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EXPERIME3lTA.L ORGANIC COOLED REaCTOR 

CONCEPTUAL DESIGN 

S U M M A R Y  - - - - - - -  

A t  t he  request  of t he  Idaho Operations Office of t he  United S ta tes  
Atomic Energy Commission, t h e  Atomic Energy Division of Ph i l l i p s  Petroleum 
Company has prepared t h e  conceptual design f o r  an Experimental Organic-' 
Cooled Reactor which w i l l  provide a f l e x i b l e  f a c i l i t y  f o r  experimentation 
t o  speed t h e  advancement of t h e  organic-cooled power reactor  toward i t s  
goal  of economic nuclear power. Basically, t h i s  c a l l s  f o r  a f a c i l i t y  
capable of i r r ad i a t i ng  simultaneously a number of d i f fe ren t  types of 
f u e l  s t ruc tures  and moderators under environmental conditions approxi- 
mating or exceeding those i n  organic power reactors .  

These requirements a re  provided by an organic-cooled and -moderated 
reactor  designed f o r  operat ion at  40 Mw at 500%' i n l e t  temperature. This 
reactor ,  as designed, can a l so  be operated at 20 Mw and 700%' or  i n t e r -  
mediate conditions t o  provide desi red t e s t  environments f o r  t h e  program. 
Plate-type f u e l  elements with s t a i n l e s s  s t  e e l  cladding over a U02- s t a in l e s s  
s t e e l  a l l oy  w i l l  be used. The reactor  w i l l  operate a t  a pressure of 150 p s i  
and a flow r a t e  of 25,000 gpm. The system i s  designed t o  operate at pres- 
sures up t o  300 ps ig  and temperatures a s  high a s  8509'. The reactor  tank, 
thermal sh i e ld s  and biological  shielding a r e  designed f o r  power l e v e l s  up 
t o  220 Mw. 

The design incorpor.ates provision f o r  i n s t a l l a t i o n  of several  experi- 
mental loops up t o  7.5 in .  i n  diameter. Of these, two loops about 6.5 i n .  
i n  diameter and t h r ee  loops 2.5 i n .  i n  diameter a r e  recommended as pa r t  
of i n i t i a l  construction.  The core l a t t i c e  spacing i s  such t h a t  d r iver  
( s t a i n l e s s  s t e e l )  elements can be replaced by large-cross-section power 
reactor  elements f o r  experimental purposes. Fuel and coolant s tud ies  can 
a l s o  be ca r r ied  out i n  l a rger  s ca l e  by u t i l i z i n g  t h e  e n t i r e  core and coolant 
system. Removable g r ids  and tank i n t e rna l s  w i l l  permit core rearrangement 
f o r  t e s t i n g  any core array not accommodated 'by t h e  o r ig ina l  g r ids .  

. . 

The estimated cost  f o r  t h e  reac tor  constructed at t h e  National Reactor 
Testing S ta t ion  (excluding loops) i s  $6,310,000 and t he  operating costs,  
not including the. experimental program, a r e  $1,510,000. annually f o r  a 
staff of 59. The estimated cost  of one 6.5-in. OD loop i s  $484,000, and 
t he  t o t a l  cost  of the  f i v e  loops which cons t i tu tes  t h e  recommended i n i t i a l  
i n s t a l l a t i o n  of experimental f a c i l i t i e s  i s  $1,800,000. 

Section 1.000 discusses t h e  general  needs of t h e  organic program and 
presents t h e  p r inc ipa l  design fea tures  of t he  EOCR. The research program 
and design objectives a r e  given i n  d e t a i l  i n  Sections 2.000 and 3.000, 
respectively.  Sections 4.000 through 9.000 present t h e  EOCR design. 
Supporting information and design d e t a i l s  may be found i n  Sections 11.000 
L1.u.ough 20.000. 
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1.000 IrJTRODUCTION AND PRINCIPAL DESIGN' FEATURES 

The Organic Cooled Reactor i s  general ly  conceded t o  o f fe r  one of t h e  
more promising avenues t o  economic nuclear power. The OMRF: at t h e  National 
Reactor Testing Sta t ion has, within i t s  ra ther  l imi ted  experimental capa- 
b i l i t y ,  demonstrated t ha t  t h e  concept i s  technica l ly  feas ib le .  However, 
much remains t o  be done i n  t h e  a rea  of research and development on both t h e  
moderator and the  f u e l  elements before it can be determined with ce r t a in ty  
whether t h e  economic po ten t ia l  believed t o  be inherent i n  t h e  organic 
reactor  concept can be rea l ized  i n  p rac t ice .  I n  t h i s  respect  t h e  organic . 

reactor  i s  subs tan t ia l ly  behind e i t h e r  t h e  pressurized water reactor  or 
t h e  boi l ing water reactor  at  t h e  present time. 

Before s t a t i ng  t h e  major problems i n  t he  appl icat ion of organic sys- 
tems t o  nuclear reactors,  a recap i tu la t ion  of t h e  present s t a t e  of the  art 
i s  i n  order. Examination of the  proper t ies  of organics, t heo re t i c a l  s tud ies  
on .the expected cha rac t e r i s t i c s  of organic reactors ,  and t h e  successful  
operation of an organic-cooled and -moderated reactor ,  OMRE, have been 
ca r r ied  out by Atomics Internat ional .  The e s sen t i a l  accomplishment of t h e  
program has been t o  demonstrate t he  technical  f e a s i b i l i t y  of t he  concept. 
The major problems i n  applying t h e  concept can now be more c l e a r l y  defined. 
However, it cannot be sa id  t h a t  the re  e x i s t s  a proven technology upon whicl~ 
t h e  design of reasonably successful  organic power reac tors  can be based. 
Considerable addi t ional  developmental work i s  required t o  advance t he  
present form of t he  organic concept t o  t h a t  s tage and t o  explore a l terna-  
t i v e  forms t h a t  may more f u l l y  develop the  po ten t ia l .  advantages of t h e  
concept. In  a l a rge  measure t h e  out standing problems, although technical  
i n  nature, a r e  r e a l l y  r e l a t ed  t o  t he  economic f e a s i b i l i t y  of t h e  concept 
and t h i s  aspect must be borne i n  mind i n  t he  planning of an e f f ec t i ve  
program with t he  objectives s t a t ed  above. 

It i s  a l s o  useful  t o  review t h e  reasons why organic substances a r e  
considered f o r  use i n  reactors .  The pr inc ipa l  advantages of organics 
over water a r e  t h e i r  low vapor pressure and low corrosion e f f e c t s .  Other 
advantages can be given but they a r e  per ipheral .  Moreover, expressing 
t h e  advantages i n  t h i s  way emphasizes t h a t  t h e  e s sen t i a l  proper t ies  of 
organics do not require  t h e i r  use a s  a moderator. Hence, it i s  necessary 
t o  consider i n  t he  long-range p ic tu re  the  p o s s i b i l i t y  of two c lasses  of 
organic systems. On the  one hand t he r e  w i l l  be t h e  organic-cooled and 
-moderated. reac tors  and, on the  other hand, organic-cooled reac tors  
moderated by substances other than organic mater ia ls .  

For e i t he r  of these  approaches, t h e  ma,jor problem areas  a r e  t h e  usual  
ones common t o  any reactor  system; namely fuel ,  coolants, technology, and 
physics. For t h e  present purpose, t h e  following l i s t  gives a representa- 
t i v e  aspect of each problem area  which i s  unique t o  organic systems or  
which requires  t h e  use of organics i n  i t s  study and which i s  a problem of 
111ajor importance i n  t he  e f f ec t i ve  appl icat ion of t h e  organic concept :. 



Problem Area Outstanding Problem 

Fuel 
Coolant 
Technology 
Physic s 

Materials .and Heat Transfer 
Radiolysis 
Waste Disposal 
Long-Term Reactivity 

These a re  approximately i n  the order of decreasing importance, .although 
f u e l  and coolant problems a r e  very nearly equal. In  the long-run the prob- 
l e m  of waste disposal may a l s o  be of equal importance but cer tainly a t  
present it i s  not as pressing even though the current way of coping with 
t h i s  problem may not be sa t i s fac tory  on an indus t r ia l  scale. 

The specif ic  s tudies  believed: necessary t o  .advance the organic concept 
f a l l  i n t o  two groups. F i r s t  a r e  those which could contr.i.bi~.t~~! mnst. quickly 
t c  the  resolution of problems i n  the organic power reactor designs presently 
under consideration. Thus, the  f i r s t  phase of the program proposed herein 
i s  s lanted toward providing t h e  remaining information needed t o  permit, 
e f fec t ive  scaleup of present knowledge and experience t o  power reactor 
condikions. Three ma,jor problems exis t  i n  the. proposed power designs and 
they may be regarded as  equally essent ia l  t o  al ternat ive designs tha t  may 
a r i s e  i n  the  future.  The investigation of two of these, the  development ' 

of low-cost fue l  assemblies such as the proposed sintered aluminum powder 
design, and the  uncertainty i n  the organic decomposition r a t e s  under power 
reactor  conditions, a r e  expected t o  occupy a prominent par t  of the ear ly 
program f o r  the EOCR. Because it .appears t o  be crucial  as well as  re la -  
t i v e l y  l e a s t  developed, the .fuel problem was placed f i r s t  i n  the above 
l i s t .  The investigation of the  th i rd  problem, the use of nucleate boiling, 
i s  not so strongly dependent, i n  i t s  ear ly stages, on the t e s t  environment 
t o  be provided by the EOCR but w i l l  be in i t . s  l a t e r  stages and thus w i l l  a l so  
be a par t  of the program. 

The longer-range group have the.object ive of more f u l l y  exploiting .all 
the  p rmis ing  possibi1it ie.s of organic systems. Thus the  second phase 
emphasizes the  development of new and modified organics and includes the 
poss ib i l i t y  of studying other moderator-coolant combinations. 

On the  basis of t h i s  program of' studies the design obJectives of the. 
proposed organic reactor have been establi-shed i n  terms of the  conditions 
which must be provided i n  order t o  carry out the proposed 01,el and coolant 
research. These t e s t  conditions w i l l  exceed those of proposed power reactors 
and a re  s igni f icant ly  beyond those provided by t e s t s  t o  date. (,see tables  
and discussions i n  Section 2.000 for  de ta i l s ) .  For example, heat fluxes 
of 27,000 ~ t u / h r - f t ~  i n  power reactor fue l  elements have been obtained 
i n  OMRE experiments, whereas fluxes a s  high as  165,000 .are planned f o r  
organic-cooled and -moderated power reactors with a poss ib i l i ty  of 500,000 
being required for  an organic -cooled deuterium-moderated power react or. 
It i s  planned tlmt values greater  than 500,000 can be provided i n  t h e  
EOCR t e s t  posit ions.  Similarly, t h e  required t o t a l  radiati.on in tens i ty  
f o r  power reactor conditions is. 2.6 w / ~ ,  which i s  higher than OMRE by a 



f ac to r  of 2, and the  required r a t i o  of. neutron-to-gamma . in tens i ty  i s  higher 
by a fac tor  of 4. A f i n a l  example of conditions t o  be provided is  the  
pos s ib i l i t y  of performing ful l -core  t e s t s  under power reactor  conditions. 

In tu rn ,  the  experimental conditions f i x  the  spec i f ic  requirements 
, on neutron f lux,  hea t  f lux,  and dosage ra tes .  These considerations a re  

discussed i n  Section 3.000. For the  usual  reasons, an  add i t iona l  condi- 
t i o n  i s  imposed t h a t  the  design and construction of the  reactor  e n t a i l  a 
minimum of development. A f i n a l  l imi ta t ion ,  which i s  e s sen t i a l l y  an 
economic one, i s  t h a t  of the  power. A l l  of these  design requirements 
s e t  fo r th  a problem which might not be solvable and could only be s e t t l e d  
by de ta i l ed  calcula t ion of the  proper t ies  of various core designs. For 
t h e e  purposes, severa l  core designs were examined. The r e s u l t s  of the  
study show t h a t  it i s  feas ib le  t o  design the reac tor  with the  proper t ies  
and within the  l imi ta t ions  s t a t ed  above. Sole ly  f o r  reasons of s impl ic i ty  
and cost  these i n i t i a l  cores were organic-moderated a s  well  a s  organic- 
cooled. 

Al ternat ive  possibilities, such a s  D20-moderated systems o r  H2Q- 
moderated systems and the l i k e ,  could s a t i s f y  some of the  objectives.  
A l l  of these have been ruled out because they add complexity and lbiit 
the f l e x i b i l i t y ,  f o r  t e s t i n g  f u e l  elements. It should be noted t h a t  the  
proposed organic reactor  w i l l  operate under conditions well beyond those 
of 'ihe OMRE and w i l l  thus,  i n  i t s e l f ,  be a s ign i f ican t  advance i n  t he  
operating experience and technology ofarganic reactors .  

D20-moderated systems f o r  power reactors  may have some long-range 
po ten t ia l s ,  bu t  the  use of 320 i n  the  EOCR would introduce an add i t iona l  
corxplexity t h a t  it would be desi rable  t o  avoid i n i t i a l l y .  Even i f  no 
other  fac tors  were involved, the  D20 inventory would add the  order of 
a mil l ion do l l a r s  t o  the cost .  The use of organics a s  'a coolant only 
should be explored a t  a l a t e r  stage i n  the  development of the  program. 

Some comments should be made i n  regard t o  the  r e l i a b i l i t y  of 
the s tudies  which have been made f o r  t h i s  report .  For a conceptual design 
it i s  necessary t o  accept a l imi ted degree of accuracy i n  order t o  use 
methods which a r e  fast and r e l a t i ve ly  inexpensive. The reactor  physics 
s tudies  have been made with these requirements i n  mind. Calculated 
values, a s  determined 'by EOCH methods, of  keff f o r  the  OMRE over a range 
of temperatures were compared with measurements by Atomics In te rna t iona l  
and the  r e s u l t s  used t o  determine an experimental correct ion f o r  EOCR 
work. The calculated values a r e  always higher but  a t  no temperature do 
they d i f f e r  by more than th ree  per  cent from the  measured values. This 
agreement i s  su f f i c i en t  t o  e s t ab l i sh  t h a t  the r e l i a b i l i t y  of t he  methods 
i s  adequate f o r  the  purposes of t h i s  p ro jec t .  It should be generally 
real ized t h a t  a very l imi ted amount of information e x i s t s  on experiments 
o r  on comparioon of thcory and calcula t ion.  Thus, a t  present, it i s  
d i f i ' i cu l t  t o  make more than an approximate evaluation of computational 
methods. I n  addi t ion,  there  i s  considerable uncertainty i n  t he  values 



of the cnoss sections and other constants required for  the computations. 
Therefore, it i s  doubtful i f  use of more exact methods can be jus t i f ied .  
Developmental work t o  obtain a consistent s.et of constants and' computa- 
t i o n a l  techniques i s  currently under way by Atomics International and 
w i l l  undoubtedly improve t h i s  s i tuat ion.  The detailed optimization of 
the f i n a l  design can incorporate the resu l t s  of t h i s  work and can be . 
made o.n the basis  of intensive studies fo r  which more exact methods 
w i l l  be feasible .  

The pr incipal  features  and design specifications of the f i n a l  concept 
f o r  the EOCR are  presented i n  Table 1.OA. The loop s izes  available are  
dependen% on f i n a l  mechanical design'of the system and, hence, cannot be 
precisely defined a t  t h i s  time; however, the maximum s ize  fo r  the standard 
core, with one dr iver  element displaced, i s  7.5 in .  i n  diameter. The 
top and bottom heads are  provided with holes which match the gr id p la te  
holes a t  every location i n  order to  permit the ins t a l l a t ion  of a loop 
of some s i ze  i n  any posit ion o r  to  completely i so la t e  sections of the 
core by ins t a l l ing  a very large loop with coolant routed t o  t h i s  section 
v i a  the holes i n  the bottom grid.  A l l  variations are not described i n  
t h i s  report .  The loops tabulated i n  the table  are  only those needed 
f o r  the i n i t i a l  phase of the program. Proven components were selected 
t o  avoid the need f o r  a comprehensive research and development program 
t o  support the EOCR design. The replaceable grids, top-head a d  brbt.brn-, 
head permit t e s t ing  major variations i n  core design, including organic 
cooling with heavy-water moderation. 



- '  Table 1 .OA ' .  

Reactor Core 

Design Operating Power 
La t t i ce  Spacing, Square Array . . 
Number of Posit ions i n  Core 
Number of Posit ions i n  Reflector '  . . 
Fuel Elements ' 

Control Rods 
jc . . .  

Loop Posit ions ( i n  core) 
6.5" OD 
2.5" OD 

Capsule. Posit ions (1.0" t o  1.5") 
Rabbit F a c i l i t i e s . .  .. . 

Fuel Elements ( ~ e f  . t o  Fig. 4 . 2 ~ )  

Number of Assemblies 
Active ',core- ~ e n g t h  
Length of Assembly 
Size of Assemblies 
Fuel Pla tes  per  Assembly 
Fuel P la te  Thickness 
Core Alloy Thickness. .. 
Core Alloy Material 
Cladding Thickness 
Box and Rib ~ h i c l i e ~ c  
Coolant Channel. Thickness 
Nominal Spacing Between Elements 
u235 per  Element 

40 ' M w  ( . ~ o o ~ F )  ; 20 Mw (700'~) 
5.75 i n .  

37 
20 
20 
12 

20 
35.5. i n .  
13. f t  . - . . I  

4 i n .  sq. i 

46 
0.030 in .  
0.020 i n .  

UO2- SS 
: 0.005 i n .  

0.050 i n .  
0.12,5 in .  $0 0.2'55 i n .  
1.75 i n .  
1 . 6  kg 

Control Rods ( ~ e f e r  t o  Fig. 4 . 3 ~ )  

Number . 12 
Type Fuel Follower 
Size. Fuel Section 4 in .  sq. 
Size Poison Section 4 i n .  sq. 
Clad Poison Material B ~ O - S S  or  B ~ C  

* Includes i n i t i a l l y  i n s t a l l e d  loops only. Space i s  provided f o r  more 
loops i f  required. ' 



Table 1. OA ( ~ o n t  inued) 

'EOCR CHARACTERISTICS 

Reactor Physics 

Active Core Volume, l i t e r s  
Vert ical  Max/~ve Power Ratio i n  Fuel 
Horizontal Max/~ve Power Ratio i n  Fuel 
Core MaxL~ve Power Ratio i n  Fuel 
Average Specific Power, &/kg U 
Total U235 i n  Core 
I n i t i a l  Core Effective Reactivity 
Control Rod Worth, a l l  12 Rods 

615 
1.4 
3.3 
4.6 

770 
52 kg 
1.16 

31% A k  eff  

Reactor Heat Transfer 

Coolant Santawax R or OMP 
Flow i n  Fuel Elements and Control Rods 20, 5ooOgpm 
Reactor In l e t  Tel11peratu.e 500 F 40 Mw); 7 0 0 ~ ~  (20 Mw) 
Reactor Outlet Temperature 525'~ k o h )  ; 715'~ (20 Mw) 
Maximum Coolant Velocity i n  Fuel 

I 
37.5 f t /sec 

Minimum Coolant Velocity i n  Fuel 9.0 f t /sec 
Core Pressure Drop 

2 
40 p s i  

Average Heat Flux, Btu/hr-ft (40 Mw) . 
Sta r t  of Cycle 144,000 
End of Cycle 108,000 

Maximum Heat Flux (40 MW) 660,000 
Maximum Fuel Element Surface Temperature 850 '~ 
Burnout Heat Flux, Btu/hr-ft2 2,140,000 

Reactor Vessel 

Height 
Inside Diameter 
Design Pressure 
Design Temperature 
Design Maximum P&er 
Wall Thickrles s 
Number and Size of Nozzles 
Material 

18 ft 9 in.  
7 ft 

300 ps i  
850 '~ 
220 MW 

1.25 in .  
8 : 8 in .  OD 

347 ss 
Process System 

Number cf E~mps 
Coolant Flow 
Total System Pressure Drop 
Heat Removal Capacity 
Purif icat ion System 
Degasification Systei~i 
Design Temperature 
Design Pressure 

1 
25,000 gpm 

75 p s i  
45 Mw (500%) 

2000 1bIh.r 
200 By111 

8 5 0 ~ ~  
300 p s i  



. . .. 
Table 1 . O A  (continued) .. . . 

.-. 
doc;: CHARACTERISTICS 

\( . . 

- 
Experimental Fuel Power Density. + 
i n  ,Central Loop a t  40 Mw (w/cc) . 

- 
2.5% Enriched Fuel '  
7.5% Enriched Fuel 

13.5% Enriched Fuel 

.? Experimental Fuel Power Density 3t 

i n  Central  Core Posi:tion (no loops) at 20 Mw 

2.5% Enriched Fuel 
7.5% Enriched Fuel 

13.5% Enriched Fuel 

Average 

135 
257 
320 

. 101 
192 
240 

Maximum 

* The maximum power densi ty  i n  proposed organic-cooled and -moderated 
reactors  i s  about 200 w/cc. 



2.000 RESEARCH PROGRAMS TO BE PERFORMED I N  EOCR 

I n  formula t ing  the  fo l lowing research  and development programs 
cons ide ra t ion  was f irst  given t o  the  s t a t u s  of the  organic r e a c t o r  program 
a s  i n d i c a t e d  by a survey of t h e  p e r t i n e n t  experimental  work; secondly, t o  
proposed organic-cooled power r e a c t o r s  which a r e  e i t h e r  organic- o r  D2O- 
moderated; and f i n a l l y ,  t o  recommendations of Atomics internationali which 
were supplied a t  t h e  r eques t  of  P h i l l i p s  Petroleum Company. 

Based on these  cons idera t ions ,  the  immediate program f o r  the  EOCR 
i s  t o  v e r i f y ,  i n  t h e  t e s t  f a c i l i t i e s  and core p o s i t i o n s  provided f o r  t h a t  
purpose, t he  performance of f u e l  elements of proposed power r eac to r s2 ,3 r4  
so  t h a t  proven technology i s  a v a i l a b l e  t o  permit a c t u a l  cons t ruc t ion  of t h e  
r e a c t o r s ,  The longer-range needs inc lude  seve ra l  o t h e r  a r e a s  of r e sea rch  
t o  be undertaken i n  EOCR. These a re  t abu la t ed  below and d iscussed  i n  the  
fol lowing sub-sect ions.  

I. Develop new f u e l  elements  f o r  organic-cooled power r eac to r s .  

2, Develop new o r  modified coolant  ma te r i a l s  f o r  use i n  organic- 
cooled r e a c t o r s  moderated by D20, g raph i t e  o r  organics.  

3. Develop improved methods of f u e l  and moderator separa t ion  f o r  
organic-cooled, solid-moderated r e a c t o r s ,  

4. Conduct h e a t  t r a n s f e r  t e s t s  with f u e l  elements cooled by organics.  

5. Conduct phys ics  t e s t s  wi th  d i f f e r e n t  core conf igura t ions .  

6. Conduct t e s t s  wi th  core arrangements and f u e l  elements proposed 
f o r  power r e a c t o r s  a t  t h e i r  des ign  power d e n s i t i e s .  

7 .  Tes t  a u x i l i a r y  processing equipment. 

-- 

1. J. E. S tewar t ,  "Suggested Experimental F a c i l i t i e s  f o r  the  Experimental 
Organic Cooled Reactor ( EOCR) ", ~ e ~ d r  t NAA-SR-MEMO-4319, September 29, 
1959. 

2. Bechtel  Corporat ion and Atomics I n t e r n a t i o n a l ,  "Organic Cooled Power 
Reactor  Study - Summary of Study", Report TID-8501 ( p a r t  l ) ,  July.1959. 

3. Bechtel  Corporat ion and Atomics I n t e r n a t i o n a l ,  "Organic Cooled Power 
Reactor Study - Reactor Concept Evaluation", Report 'TID-8501 ( p a r t  3)  , 
Ju1.y 1.959. 

4. Bechtel  Corporat ion and Atomics I n t e r n a t i o n a l ,  Iforganic Cooled Power 
Reactor  Study - 300 Mw Power P l a n t  Conceptual Design", Supplement 
No. 2, Report BCPI-I, June 26, 1959. 



2...100 .. Fuel Testfag 

The minimum fue l  element environmental conditzons t h a t  a re  
needed i n  t.he EOCR a re  shown i n  Table 2.1A which l i s t s  t he  maximum design 
power density and heat f l ux  f o r  fue l  elements i n  the  proposed organic 
power reactors  and a l so  shows the  values which have been at ta ined i n  OMRE 
t e s t s .  The design objectives f o r  EOCR f u e l  t e s t s  a r e  given i n  Section 
3.000. 

Table 2.1A 

FUEL ELEMENT ENVIRONMENT IN PROPOSED POWER REACTORS 
AND TEST EWRONMENT TO DATE I N  OMRE 

Fuel Elements 

------ 

1. "Preliminary Safeguards Report fo r  the  Piqua Organic Moderated Reactor 
( ~ e v i s e d ) " ,  Report NAA-SR-3575, April 13, 1959. 

2. Bechtel Corporation and Atomics International,  "Organic Cooled Power 
Reactor Study - 300 Mw Power Plant Conceptual Design", Supplement 
No. 2, Report BCPI-I, June 26, 1959. 

3. E.s t imated from "Proceedings of t he  OCDR Symposium "at  Atomic Energy 
of Canada Limited, Chalk River, Ontaria, June 15, 1959, Civi l ian 
Atomic Power Department, Canadian General E lec t r ic  Company Limited. 

4. Personal communication with Mr. J. E. Stewart and Mr. M. A, Perlow 
of Atomics Internat ional .  

*. Volume 5 volume of f u e l  and organic i n  the core. 



The i n i t i a l  t e s t  program on fue l  elements i n  the EOCR w i l l  be 
directed a t  valuating fue l  elements similar t o  those proposed fo r  ,the 
300 Mwe OCR.' These f u e l  elements a re  made with s in tered  U02 pe l l e t s  
clad with finned tubes of aluminum powdered metal (APM). Tests i n  the 
EOCR ' w i l l  be designed t o :  

1. Evaluate s t ruc tu ra l  in tegr i ty  of APM and the  closures of the 
f u e l  tubes a t  OCR maximum design operating conditions. 

2. Determine fouling r a t e  on finned surfaces of APM cladding. 

3. Determine r a t e  of f i s s ion  product release through APM cladding. 

4. Determine creep strength and other strength properties of APM . 
a f t e r  exposure t o  i r rad ia t ion  a t  elevated temperatures . 

5. Determine maximum permissible operating veloci t ies  and tempera- 
tu res  su i tab le  f o r  APM use. 

I n  additYon t o  t e s t s  re la ted  t o  development of APM clad fue l  ele- 
ments, f u e l  element t e s t s  w i l l  a lso be conducted i n  the  EOCR t o :  

1. Evaluate cladding materials fo r  uranium metal, oxide, and carbide 
fue ls .  

2. Evaluate s t ruc tura l  s t a b i l i t y -  of fue l  materials a t  different  
temperatures, burnup, and heat generation ra tes .  

3. Determine maximum heat generation r a t e s  of organic cooled fue l  
elements as  a function of f u e l  element size, geometry, and cladding. 

4. Evaluate new fabricat ion techniques fo r  fuel  elements proposed 
Yor use i n  organic reactors.  

5. Prove production type fue l  elements by tes t ing  s t a t i s t i c a l  quanti- 
t i e s  of f u e l  elements. 

6 .  Test unclad uranium metal, plated uranium metal, and carbon clad 
uranium metal exposed t o  organic coolant. 

7. Evaluate new fue l  types such a s  uranium impregnated graphite or 
others which may be proposed f o r  organic cooled power reactors.  

The organic t e s t  program proposed for  the  EOCR w i l l  study the  pyroly- 
sis and radiolysis  of many possible organic reactor coolants under power reactor 

1. Bechtel Corporation and Atomics International, "Organic Cooled Power 
Reactor Study - 300 Mw Parer Plant Conceptual ~es ign" ,  Supplement 
No. 2, Report BCPI-1, June 26, 1959. 



conditions and evaluate new coolant materials and additives tha t  may re- 
su l t  i n  lower radiolyt ic  damage, improved heat t ransfer  and lower pumping 
costs. 

The objective of the f i r s t  t e s t s  i n  t h e  EOCR .is t o  ver i fy  the  pre- 
dicted radiolysis of organic coolants, such a s  Santuwax R and Santowax OMP, 
under conditions duplicating those t o  be encountered i n  proposed organic 
cooled power reactors.  These conditions, which are  l i s t e d  i n  Table1 2.2B 
with previous t e s t  conditions, show tha t  most organic t e s t s  performed t o  
date have been i n  environments a t  much lower in t ens i t i e s  than those proposed 
for  the power reactors; also, damage t o  organic materials may be dependent 
on the r a t i o  of f a s t  neutron in tens i ty  t o  gamma in tens i ty  and temperature. 
A t  the present time there i s  no sui table  f a c i l i t y  t o  study the  e f fec ts  of 
different  r a t i o s  of neutron-to-gama radiat ion on organic decomposition r a t e s .  

Table 2.2B 

Parer Reactors 

ORGANIC RADIATION ENVIRONMENTS I N  TESTS TO DATE 
AND I N  PROPOSED POWER mACTORS 

Ratio of 
Tot a 1  Neutron Gamma Neutron- 

Intensity, Intensity,  Intensity,  to-Gamma 
Environment 

Test ~ a c i l i t i e s '  

OMRF: (6 MW) 
BEPO 
MTR Canal 
MTR In-Pile 
Van de Graff 
(1 Mev ~ l e c t r o n s )  

1 ,  R. E. J. Gercke, C. A. Tr i l l ing,  "A Survey of the  Decomposition Rates 
of Organic Reactor Coolants", Report NAA-SR-3835, June 10, 1959. 

~i qua OMR 
Average 
~aximwn 

300 Mwe O C R ~  
( ~ o r c e d  convection) 

Average 
Maximum 

2. Personal communication with M r .  J. E. Stewart of Atomics International.. 

1 .2  
0 .008 
0.046 

0.33 
0.6 t o  7.3 

3. Bechtel Corporation and Atomics International, "Organic Cooled Power 
Reactor Study - 300 Mw Power Plant Conceptual Design", S~ppleanent 
No. 2, Report BCPI-I, June 26, 1959. 
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1.3 
5 2 

2.6 
7.8 

0.34 
0.0043 
----- 
0.04 
----- 

0.8 
3.2 

1.6 
4.9 

0.86 
0.0037 
0.046 
0,29 
---..- 

0.4 
1.2 
o 
0.14 
---- 

0.5 
2.0 

1.0 
2.9 

1.6 
1.6 

1.6 
1.6 



The general a rea  of invest igat ion f o r  a l l  organics w i l l  be aimed 
at  co l lec t ing  suf f ic ien t  data  t o  predict  rad io lys i s  i n  any reactor system 
( such a s  organic -cooled and -moderated, organic-cooled and D20-moderated, 
organic-cooled and graphite-moderated, and organic-cooled and zirconiwn- 
hydride-moderated) and t o  explore p o s s i b i l i t i e s  f o r  improving power reactor  
economics by modifying coolants or operating conditions. Some of the  areas . 

t o  be studied a re :  

1. Effect  of temperature and pressure on radiolysis .  

2. Effect  of r a t i o  of neutron-to-gamma dose r a t e  on radiolysis .  

3. Effect  of r a d i a t i ~ n  in t ens i ty  on radiolysis .  

4. Testing of ce r t a in  very cheap petroleum fract ions  which a re  r i c h  
i n  t h e  radiat ion r e s i s t a n t  aromatics and substant ia l ly  f r e e  of l e s s  r e s i s t an t  
napthenes and paraff ins .  

5. Testing of synthetic coolants made especially f o r  nuclear reactor 
cooling. One area considered promising which has not been studied i s  n i t ro-  
gen containing analogues of t h e  poly-phenyls such a s  pyridine r ing types. 
Another group of compounds not f u l l y  investigated a r e  t he  a lky l  phenanthrenes; 
f o r  example, retene.  

6. Effect  of addi t ives  on rad io ly t ic  damage. Considerable promise fo r  
add5tives has already been shown. Specifically,  several  condensed r ing 
nitrogen compounds and some .sulfur  compounds re la ted  t o  thianthrenel a r e  
being considered. Another approach suggested by previous work i s  the  use 
of compounds absorbing and emitting fluorescent energy. The use of con- 
densed r ing  aromatics w i l l  a l s o  be studied. 

7. Modification of t he  coolant t o  reduce viscosi ty  a t  operating tempera- 
t u re s .  The use of addi t ives  f o r  viscosi ty  control, a s  i s  done i n  lubr icat ing 
o i l  technology, seems a d e f i n i t e  poss ib i l i ty .  Since it i s  desired t o  reduce 
v i scos i ty  a t  high temperatures, with not too much in t e r e s t  i n  t he  viscosi ty  
a t  I& temperatures, an addi t ive  with a negative viscosi ty  index i s  indi-  
cated. Such addi t ives  a r e  found among t h e  perfluorinated o i l s .  These 
were developed i n  connection with isotope separations a t  Oak Ridge and 
a r e  reputed t o  be very skable .cliemf'oally. 

8. Modification of the  organic coolant t o  s t ab i l i ze  t h e  l i qu id  s t a t e  
a t  temperatures below the  normal so l id i f i ca t ion  point. This has been 
ca r r i ed  out on some other aromatic l iquids ,  using cer ta in  c lasses  of 
surfactant  organic compounds. 

1. California Research Corporation, AEX Contract No. ~ ~ ( 1 1 - 1 ) - 1 7 4 ,  Report 
No* 13, "The Radiolysis of IYospective Dyllaiiilc ReucLur Cuularli;~," p.27, 
Compiled by W. I{. Wests August 13, 1959. 



9. Effect  of "in-pile" ca ta lys i s .  Additions of t r a c e  amounts of 
metals o r  metal complexes t o  catalyze t h e  back react ion or  t o  change t he  
end product composition appears t o  be a p o s s i b i l i t y  s ince  s i m i l a r  e f f ec t s  
have been observed i n  petroleum processing as wel l  a s  rad io lys i s  i n  in-  
p i l e  aqueous solutions.  

10. Fouling cha rac t e r i s t i c s  of a l l '  proposed coolants. 

11. Effect  of water content on rad io lys i s  and fouling.  

2.300 I-Teat ;Transfer Tests 

The power dens i t i es  that a r e  present ly  being considered f o r  organic- 
cooled reac tors  a r e  r e l a t i v e l y  l o w  because of poor heat t r ans f e r  charac- 
t e r i s t i c s  of organic coolants. An im@ortant p a r t  of t he  organic reactor  
program i s  t h a t  of evaluating t h e  heat t r ans fe r  performance of f u e l  e le-  
ments and organic coolants and developing methods of improving t h e  heat 
t r ans f e r  t o  increase reactor  power dens i t i es .  The i n i t i a l  heat t r ans f e r  
t e s t  program w i l l  be di rected toward determining whether finned APM 
f u e l  proposed f o r  organic cooled power reac tors  can 'be  operated at t h e  
conditions assumed f o r  t h e  design. Concurrent t e s t s  w i l l  dupl icate  condi- 
t i ons  proposed fo r  %.he forced convection cooled power reactor  and t h e  
nucleate bo i l ing  power reactor  .' I f  loop t e s t s  demonstrate t h a t  nucleate 
boi l ing presents no problems, an ea r ly  solut ion of flow s t a b i l i t y  considera- 
t i ons  w i l l  be sought by operating an e n t i r e  core of power reac tor  elements ' .! 

under.nuc1eat;e bo i l tbg  conditions. ,, ; 
i <I .. 

The general  areas of heat t r ans f e r  research shouldbe t he  following: 

1. Evaluate methods of improving heat t rans feq  such a s  varying f u e l  ' ~ r  

element geometry and using coolant addi.tiveS; such a s  v i scos i ty  improvers. 
- 1 

' I.( 

2. Determine maximum operating l i m i t s  of f u e l  elements and organic .' si, 
, L coolants without surface fouling or f u e l  element burnout. 

3. Co~npare heal; . t ransfer by forced convection, nucleate bo i l ing  and 
bulk boil ing.  

4. Study flow s t a b i l i t y  with forced-convection nucleate bo i l ing  and 
natural-convection nucleate boil ing.  

5. Study fouling with fue l  elements cooled by natural-convection, 
forced-convection, and nucleate-boiling heat t r a n s f e r .  

2.400 Auxiliary Tests 

A reac tor  f a c i l i t y  capable of operating a t  a rali.g.e o.f power 1evei.S 
and acc ammodat ing d i f fe ren t  core c u~iflgura-Lions of f u e l  elements and moder- 
a t o r  can y ie ld  many r e s u l t s  s ign i f ican t  i n  predic t ing performance of other 

1. Bechtel Corporation and Atomics Internat ional ,  "Organic Cooled Power 
Reactor Study - 300 Mw Power Plant Conceptual ~ e s i g n " ,  Svpplkment 
(Yo., 2 ,  Report BCPI-J, June 26, 1959. 



reactors  i n  the f i e l d  of physics, organic technology and general opera- 
t i o n a l  information pertaining 'LO maintenance and instrumentation. Some 
of these t e s t s  a r e  mentioned i n  the following paragraphs. 

2.410 Low Power Physics Tests. Much of the  physics of organic 
reactors  i s  based on theory with very l i t t l e  attempt to e~pe~:i1ne:ntax1'y 
ver i fy  calculations.  Some of the  areas which can be explored i n  EOCR are 
power f la t tening,  s t a t i c s  and dynamics of f 'ull  cores, moderator control 
s tudies  and D20-moderator systems. 

2.411 Parer Flattening. Studies. The organic reactor 
designs which have been proposed have very high maximum t o  average heat 
f lux  which r e su l t s  i n  an economic disadvantage caused by increased reactor 
s i ze  and pumping cost since t h e  thermal design must be based on the hot test  
point i n  t h e  reactor.  Several methods of f la t ten ing  the heat f lux  a re  
considered feasible .  Some of these .are variation of moderator rad ia l ly  
i n  t h e  core, var iat ion of f'uel density both rad ia l ly  and vert ical ly ,  o r  
a combination of these. The EOCR can be used t o  t e s t  yarious.l;me.thb?is 
proposed f o r  power f la t tening.  

2.412 S ta t i c  and Dynamic Physics of Cores. The EOCR can 
be used t o  obtain experimental information concerning the  s t a t i c s  and 
dynamics of the reactor  cores being studied. These data, a s  well as  
bcing valuable peryse, permit evaluation of calculational methods. The 
following topics  a r e  i l l u s t r a t i v e :  variation of r eac t iv i ty  with tempera- 
ture ,  void coeff ic ients  and loca l  f lux  variations due t o  control rod 
perturbations. Zero-power reactor frequency response studies provide 
valuable safeguards information. The EOCR can a lso  pe used t o  establ ish 
some of the  reactor physics constants f o r  the  cores being studied, e.g,, 
7, L2, E , f ' , f  s2, Beff, a n d x e f f -  

2.413 Moderator Control Studies. It i s  theore t ica l ly  
possible t o  control an organic power reactor by the use of moderator with 
varying hydrogen density or by the use of hydrocarbons having poison addi- 
t ives ,  & , g , ,  borated hydrocarbons. The benefi ts  of t h i s  type of control 
a re  the  elimination of complicated mechanical control rods with a resul tant  
increase i n  average power density and a decrease i n  s ize  of the  reactor 
f o r  a given power output. Reactor s ize  i s  fur ther  reduced by u t i l i za t ion  
of t h e  space aormally used by control rods fo r  power producing elements. 
The EOCR can be used f o r  t h i s  type of study i f  the gr ids  and in terna l  
components a re  removable so a s . t o  allow tes t ing  of cores designed specif ical ly  
f o r  these t e s t s .  

2.414 Dp0 Moderation Systems. The use of DzO as  a, mnder- 
a to r  and o r g b i c  as  a coolant offers  some poss ib i l i ty  for  improvement i n  
power reactor economics because of the  poss ib i l i ty  -of reduced fue l  cost 
and higher operating coolant temperatures. It w i l l  be desirable t o  
mock<-up a section of the core which i s  moderated by D20 and cooled by 
organic t o  determine the actual  organic damage rates .  This mockup can 
a lso  be used t o  determine cer tain physics parameters f o r  the  D20 system; 



however, a f u l l  scale  o r  near f u l l  sca le  moclrup i s n e e d e d  f o r  f i n a l  re-  ' 
s u l t s  on D20 systems. The EOCR reactor'  v e s s e l  i s  designed i n  such a 
manner t h a t  a D20 calandr ia  can be i n s t a l l e d  at'some fu ture  date.  

2.420 Core Tests a t  High'l?ower Levels. Since very l i t t l e  ex- 
perience has been developed with operation of organic-cooled reactors ,  
EOCR can make s ign i f ican t  contr ibut ions  by operation of t e s t  cores t o  
obta in  the  following information: (1) change i n  f l u x  with time i n  oper- 
a t i ng  cores, ( 2 )  e f f ec t  of core layout on radiolys is ,  and (3 )  s t a b i l i t y  
of an organic-cooled reactor  operating with nucleate bo i l ing .  

2.421 Burnup Effects  on React ivi ty  and Heat Flux. The ' 
change i n  r eac t i v i t y  and heat d i s t r i bu t i on  with time i s  ippor tant  i n  pre- 
d i c t i ng  the  performance of power reac tor  cores.  It would be extremely 
valuable t o  have ac tua l  operating da ta  on a l a rge  core t o  checlr ca lcula ted 
values; however, useful  data  f o r  checking calcula t ions  can be obtained 
from medium-sized cores .  For t h i s  purpose it would be desi rable  t o  operate 
EOCR with a simulated power reactor  core and monitors t o  determine power 
s h i f t s  and r eac t i v i t y  changes a s  a function of burnup. 

2.422 Effect  of Core Composition on Radiolysis. Very low 
rad io ly t ic  damage r a t e s  a re  predicted from the  avai lable  da ta  f o r  systems 
having a high metal-to-organic r a t i o  and pa r t i cu l a r l y  f o r  systems employing 
graphite o r  heavy water moderation. The predicted r a t e s  can be ve r i f i ed  
f o r  the  most promising systems by operating one core with cha rac t e r i s t i c s  
s imi la r  t o  power reactor  cores.  This t e s t i n g  w i l l  be preceded by loop 
t e s t s  t o  define the  areas of importance. 

2.423 S t a b i l i t y  of Organic Cooled Reactor Operating with 
Nucleate Boiling. Loop t e s t s ,  out-of-pi le  heat t r ans f e r  t e s t s ,  and ana- 
l y t i c a l  ca lcula t ions  can be performed t o  predic t  the  problems involved i n  
operation of a reactor  with nucleate bo i l ing  heat  t r ans f e r .  However, ac tua l  
operation of a core i n  nucleate bo i l ing  i s  recommended t o  f i n a l l y  demon- 
s t r a t e  the  problems t o  be encountered due t o  flow i n s t a b i l i t y  and fouling.  
The EOCR can be used t o  t e s t  the  operation of an organic reactor  a t  high 
power densi ty  with iluclea Le boi l ing.  

2.430 Process Studies.  A number of d i f f e r en t  methods o fma in t e -  
nance of t he  coolant i n  organic reactors  should be t e s t ed  because of the  
econosnic importance generated by the  cos t  of replenishing the  organic 
and the  cos t  of d isposal  of t he  waste organic. I n  a l a rge  power reactor  
such a s  a 300 Mwe organic cooled reactor  the  volume of makeup i s  estimated 
t o  be about 5000 gallons per day. Since a l l  the  radioactive wastes eventu- 
a l l y  end up i n  the  decomposition products, the  problems of waste disposal  
may be extremely severe. The EOCR o f f e r s  an i d e a l  f a c i l i t y  f o r  exploring 
the  problems of proposed systems such a s  burning of the  HB, degasi f icat ion 
systemc, pur i f i ca t ion  sg s.Le~us, arld f i s s i o n  gas removal and holdup systems. 
Of more economic importance t o  the  organic reactor  program a r e  t he  possi- 
b i l i t i e s  of (1) reconst i tu t ion of the  HB* by thermal o r  c a t a l y t i c  cracking, 
( 2 )  decreasing the  production of the  HB by addi t ion of hydrogen d~rlor. 

* HB i s  defined a s  polymerization products which a r e  l e s s  v o l a t i l e  than 
para- terplienyl . 



materials  t o  the  circulat ing stream, and (3) changing the  decomposition 
r a t e s  and/or end products by "in-piletr catalysis .  The EOCR i s  readi ly 
adaptable t o  studies of the  l a t t e r  type on a l a r g e  scale a f t e r  promising 
techniques a re  developed i n  small scale loop systems 



3.000 DESIGN OBTECTIVES 

The design object ives  f o r  the  EOCR a re  defined by the  t e s t  pro- 
gram discussed i n  Section 2.000. The design spec i f ica t ions  f o r  t e s t  
f a c i l i t i e s  a r e  developed from avai lable  information on proposed organic- 
cooled and -moderated power reactors,  proposed organic-cooled D20-moderated 
power reactors,  and the  projected needs of the  organic-cooled reactor  pro- 
gram. Despite the  advances i n  technology required f o r  these  proposals t o  
be successful, prudent design pract ices  suggest t h a t  they may be conser- 
vat ive  i f  used a s  t he  bas i s  f o r  planning a developmental program. There- 
fore,  t e s t  conditions i n  excess of those f o r  proposed power reactors  a r e  
necessary t o  check the  l im i t s  of extension of the  technology. For t h i s  
reason the  design object ives  f o r  environmental condit ions of organic t e s t s ,  
f u e l  t e s t s  and heat  t r ans f e r  t e s t s  given i n  Tables 3.1A, 3.2A, and 3 . 3  
a re  i n  excess of s imi la r  conditions i n  power reactor  proposals. 

Tests w i l l  be conducted i n  the  EOCR i n  loops of several  s i zes ,  
i n  fuel. e1.emen.t posi t ions  i n  the  EOCR core by p a r t i a l l y  o r  . t o t a l l y  re-  
placing the  EOCR core d r iver  elements with power-reactor f u e l  elements 
and i n  small s t a t i c  t e s t  posi t ions  cooled by EOCR coolant. It w i l l  be 
possible t o  u t i l i z e  each loop f o r  fuel ,  heat  t r ans fe r ,  and organic t e s t s ,  
although not necessar i ly  a t  the  same time, and a s  many loop posi t ions  a s  
economically feas ib le  should be provided i n  the  design. Table 3.OA 
summarizes the  s i ze  and number of i n -p i l e  loops proposed f o r  i n i t i a l  in-  
s t a l l a t i o n .  Design object ives  f o r  o ther  research programs a r e  s a t i s f i e d  

Table 3.OA 

SUMMARY OF TEST POSITIONS REQUIRED FOR FUEL, 
ORGANIC AND HEAT TRANSFER TESTS I N  EOCR 

* These f a c i l i t i e s  a r e  cooled by reactor  coolant. 
** The la rge  loop required f o r  heat  t r ans f e r  t e s t s  w i l l  be shared with the  

f u e l  and organic t e s t  program. 
*-x-++ Refer t o  Section 8.000 f o r  de ta i l ed  loop design. 

Type of F a c i l i t y  

Number of 
Fuel Tests 
Number of 
Organic Tests 
Number of Heat 
Transfer Tests 

Total  
External 
F a c i l i t i e s  

Capsule o r  
T R R . ~ .  m e *  

4 

6 

4 
14  

Minor 

Small 
h o p s  

2 
ppp 

--- 

1 
3 

Complete loop 
f a c i l i t y  ex- 
cept f o r  puri-  
f i c a t i o n  sys- 
tem. 

Large 
Loops 

1 

1 

1** 
2 

Complete 
loop 
facility*** 

In-Core 
Posit ions 

10 

--- 

4 
14 

Flow and 
tempera- 
t u r e  moni- 
toring.  



by removable g r ids ,  replaceable ' top and bottom heads, &:sign of the  
tank and sh ie lds  f o r  high power l eve l s ,  and design of the  primary 
system f o r  8 5 0 ' ~  and 300 psig.  

3.100 Fuel Testing 

The program out l ined  f o r  f u e l  t e s t i n g  i n  the  EOCR requires. 
r eac tor  f a c i l i t i e s  to:  ( 1 )  t e s t  small f u e l  capsules, ( 2 )  t e s t  pro- 
to type f u e l  elements i n  loop posi t ions ,  and ( 3 )  t e s t  s t a t i s t i c a l  
quan t i t i e s  of f u e l  elements i n  core posit ions.  The number, s i z e  
and t e s t  condit ions f o r  f u e l  t e s t i n g  a r e  s.mmari.zed i n  Table 3.U. 

Table 3..U 

I 

Lslr.69 

.1. 

6.5 d i a  

50 t o  300 

100,000 t o  
300,000 

25 

850 . 

300 

Ent i re  loop 
f a c i l i t y ,  i .e .  
pumps, heat  
exchangers, 
1-11.'-rific.a.t,jnn 
system, e t c .  

Type of F a c i l i t y  

Number of F a c i l i t i e s  

Size  of Loop, Capsule, 
or Test Posit ion,  
inches 

Power Density, 
wat ts lcc  

Heat Flux 
~ t u / h r / f t '  

,Maximum Coolant 
Velocity, f t / s ec  

~aximum Coolant 
Temperature, OF 

Maxim* Pressure, . 

External  F a c i l i t i e s  
Required 

< 

J 

In- Co r e  

10 '  

5.5 d i a  o r  
5.5 square 

50 t o  300 

100,000 t o  
450,000 

.30 

850 
\ 

300 

- 

Monitor; t o  
determine 
power pro- 
duction i n  
eacheldmer ' . .  

Small 

6 

1.0 t o  2.5 d i a  

50 t o  300 

30,000 t o  
450,000 

30 

850 

600 

Two e n t i r e  loop 
f a c i l i t i e s  ex- 
cept  f o r  puri-  ' 
f i c a t i on  sys- 
tem. Minor 
out-of-pi le  
equipment f u r  
o the r - t e s t s .  



3.110 Small Test F a c i l i t i e s .  These S a c i l i t i e s  a r e  provided 
f o r  evaluation of individual  segments of elements i n  t he  areas  d i s -  
cussed i n  Section 2.100. Out-of-pile ' loop f a c i l i t i e s  .are,provided 
f o r  two 2.5-in. OD loops. One o ther  2.5-in. loop i s  provided f o r  
the  heat  t r ans f e r  program which may be used f o r  f u e l  t e s t s  when ava i l -  
able .  Additional capsule o r  lead-type experiments may be cooled by 
reactor  primary coolant. Many spaces f o r  t h i s  ty-pe of t e s t  a r e  provided. 

3.120 Large Test Fac i l i t y .  This loop t e s t  f a c i l i t y  f o r  t e s t -  
t ing  of f u l l - s ca l e  power reactor  elements includes out-of-pi le  equipment 

such a s  pumps, heat  exchangers, flow cont ro l  equipment, temperature con- 
t r o l  equipment, pur i f i ca t ion  and degassing equipment f o r  maintenance of 
coolant, and reactor  in ter locks .  Since t h i s  type of t e s t  f a c i l i t y  i s  
qu i te  expensive, only one f a c i l i t y  i s  recommended i n  the  i n i t i a l  phases 
of the  program. Another f a c i l i t y  o f . i d e n t i c a 1  s i z e  i s  proposed f o r  the  
organic t e s t  program which may a l so  be used f o r  t he  f u e l  t e s t  program. 
A t yp i ca l  design of t h i s  f a c i l i t y  i s  described in .Sec t ion  8.000. Five 
su i t ab l e  posi t ions  f o r  t h i s  type of f a c i l i t y  are ,provided i n  the  core; 
however, it i s  proposed t h a t  th ree  of these  posi t ions  w i l l  i n i t i a l l y  be 
occupied by smaller loops a s  shown i n  Fig. 4.1A. 

3.130 In-Core Tests. The l a t t i c e  spacing of t he  EOCR has 
been chosen such t h a t  power reactor  elements a s  l a rge  as  5 .5  in .  square 
may be used t o  replace any d r ive r  f u e l  element not adjacent t o  a large  
loop. This makes it possible t o  t e s t  several  po.wer reac tor  elements 
o r  an, :ent.iye care. Inorder  t o  achieve the  temperature condit ions de- 
s i r e d  f o r  most t e s t s  it w i l l  be necessary t o  r a i s e  t he  bulk coolant 
temperature of EOCR which i n  t u rn  causes a reduction i n  t h e  allowable 
power level ;  however, the  permissible power at  higher temperatures i s  
su f f i c i en t  t o  provide power dens i t i e s  i n  excess of those proposed f o r  
power reactors .  These in-core t e s t s  r e s u l t  i n  a requirement of a high 
bulk coolant design temperature f o r  EOCR. No addi t ional  flow i s  pro- 
vided f o r  these  t e s t s  since these  f u e l  elements w i l l  normally require  
l e s s  flow than the  displaced d r ive r  elements. 

3.200 Organic Testing 

In  order t o  ca r ry  out the  organic-coolant t e s t  program a s  
out l ined i n  2.200, t he  design includes f a c i l i t i e s  f o r  t e s t i n g  organic 
mater ia ls  a t  temperatures, pressures, f l u x  dens i t i e s  and neutron-to- 
gamma r a t i o s  i n  excess of those proposed f o r  power reactors  and pas t  
t e s t  condit ions.  This should culminate i n  t e s t i n g  of the  organic by 
use as  the  primary coolant f o r  the  EOCR. Laboratory f a c i l i t i e s  f o r  
determination of t he  resu l t ing  a l t e r a t i ons  i n  coolant proper t ies  and 
decomposition products formed are,  an e s sen t i a l  requirement i n  accom- 
p l i sh ing  these  object ives .  The design should provide means f o r  t e s t -  
ing organics in three general categories: ( 1 )  simple, br ief  t es t s  
f o r  rapidly  screening numbers of new and modified coolants; ( 2 )  mar? 
in tensive  small scale  t e s t s  under a var ie ty  of radia t ion and tempera- 
t u r e  conditions; ( 3 )  dynamic loop t e s t s  i n  contact  with f u l l  s i z e  f u e l  
elements. The number and s i z e  f o r  each of these categor ies  a r e  
summarized i n  Table 3.2A. 



Table 1.2A 

REQUIREDENTS FOR INITIAL ORGANIC TESTS I N  EOCX 

3.210 Small Short-TermFacilities. Provisions are  required f o r  .- -- .. 
screening small s'atqJes--o3' new coolant compositions i n  t e s t s  of a few 
hours t o  a few days duration, i n  re la t ive ly  large numbers on a continuing 
basis .  Out-of-pile equipment can be designed t o  provide for  inser t ion 
and removal of samples without reactor shutdown. Sample s ize w i l l  
approximate 100 cc i n  most cases. Capsule t e s t s  of t h i s  type could be 
done i n  a rabbit  f ac i l i t y ,  f o r  instance. Provisions to  t e s t  a t  two f lux 
dens i t ies  are  provided. One of these f a c i l i t i e s  i s  provided i n  the 
r e f l ec to r  and the other i n  the core. Temperature control i s  not s ta ted 
a s  a requirement; however, operation a t  reactor coolant temperature ,or. 
above i s  desirable. 

3.220 Small Long-Tern Fac i l i t i e s .  In the next category, t e ~ t ~  
a re  required i n  which small t o  moderate s ize  samples are  subjected t o  
a var ie ty  of temperatures, pressures, and f lux  densit ies.  Such condi- 
t ions  a re  provided, fo r  example, i n  capsules with limited out-of-pile 
equipment such as sample tubes, f i l l  tubes, temperature and pressure 
control. F a c i l i t i e s  of t h i s  type are  i n  the core as shown i n  Fig. 4.U. 
Other posit ions a re  available fo r  these t e s t s  i n  the space between fue l  
elements and i n  the ref lector .  

'I 

Large 
3 

1 

6.5 

2.0 to  12 

0.5 to  3.0 

500 to  850' 

10 t o  300 

Entire loop 
f a c i l i t y ,  
i .e .  pumps, 
heaters, 
coolers, 
purif icat ion 
system, etc.  

Small 
Long Term 

4 

1.5 

2.0 t o  12 

0.5 t o  3.0 

500 t o  850' 

10 t o  300 

Sample tube, 
f i l l  tube, 
pressurizing 
tube, and 
temperature 
control. 

L 

Type of Fac i l i t y  

Number of 
F a c i l i t i e s  

Diameter of 
Fac i l i ty ,  inches 

Radiation Intensi ty  
Total, w I g  
Ratio Neutron 

t o  Gamma 

Temperature, OF 

Pressure, psig 

External F a c i l i t i e s  
Required 

C 

Small 
Short Term 

2 

1- 5 

2.0 to  12 

0.5 to  3.0 

.. - - 
--- 

Equipment to  
in se r t  and 
remove cap- 
sules  during 
reactor opera- 
t ion. 



3.230 Dynamic Loop Tests. One la rge  loop should be provided 
i n  which coolants a r e  t e s t ed  i n  contact  with f u l l  s i z e  f u e l  elements. 
Because of the complexity and cos t  of such loops t h i s  t e s t  work may 

, use the  same loop as,  and be in tegrated with, f u e l  element and heat .  
t r ans fe r  t e s t i ng .  It would therefore need t o  be l a rge  enough t o  t e s t  
a t b i c a l  power reactor  element. It .should have i t s  own independent 
pur i f i ca t ion  system. Five possible posit ions a r e  provided fo r  t h i s  
loop. Two posi t ions  a r e  i n i t i a l l y  provided a s  shown i n  Fig. 4.1.A. 
Out-of-pile equipment i s  i den t i ca l  with t h a t  shown foe th.e f u e l  t e s t  

- loop. Small scale  dynamic t e s t s  may a l s o  u t i l i z e  one of t he  three  fue l  
element t e s t  'loops. 

3.300 Heat Transfer Studies 

Some of the  heat  t r ans fe r  t e s t s  proposed i n  Section 2.300 re-  
quire higher heat  f luxes and more extreme temperatures than required 
fo r  f u e l  element t e s t s .  These can be conducted i n  t he  cen t r a l  loop. 
One 2.5 i n .  loop i s  a l s o  provided i n  the  core f o r  heat  t r ans f e r  t e s t s .  
Other f a c i l i t i e s  f o r  long-term t e s t s  a r e  provided i n  the r e f l e c t o r  or  
between dr iver  elements. Finally,  nucleate bo i l ing  t e s t s  may 9e per- 
formed i n  the  core. The same loops proposed f o r  f u e l  and organic 
t e s t s  can be used fo r  heat  t r ans fe r  t e s t s  t o  some extent .  

The f a c i l i t i e s  provided t o  conduct heat  t r ans f e r  t e s t s  f a l l  i n t o  
three  catagor ies :  

1. Small t e s t  f a c i l i t i e s  up t o  2.5 i n .  i n  diameter a re  provided 
i n  the  core or  i n  the  r e f l ec to r .  Out-of-pile loop f a c i l i t i e s  a r e  pro- 

:vided f o r  one 2 .5  i n .  diameter loop. Other t e s t s  w i l l  be cooled by 
. r eac to r  coolant and w i l l  have a minimum out.-of-pile equiment .  

2; One la rge  f a c i l i t y . l o c a t e d  i n  the  highest  f l ux  region of the  . 
reactor  w i l l  be used fo r  heat  t r ans f e r  t e s t s  of power elements o r  
burnout t e s t s  of small elements. The large  f a c i l i t y  i s  shared with 
the f u e l  and organic programs. 

3. In-core posi t ions  w i l l  accommodate power reactor  f u e l  elements 
and w i l l  be used f o r  nucleate bo i l ing  t e s t s  o r  long-term foul ing t e s t s .  
No out-of-pile equipment i s  required except f o r  instrumentation. 

Table 3.3A summarizes the  number, s ize ,  and t e s t  conditions 
of loops required fo r  heat  t r ans f e r  t e s t s .  



Table - 3 . 3  . 

REQUIREMENTS FOR KEAT TRANSFER TESTS I N  EOCR 

* A separate f a c i l i t y  i s  not proposed f o r  heat  t r ans f e r  test.s,  For 
economic reasons t h i s  f a c i l i t y  i s  shared with the  f u e l  o r  organic 
program. 

3.400 React0.r Physics 

Type of F a c i l i t y  

Number 

Size,  inches 

Maximum Power 
Density, wat ts lcc  

Heat Flux 5 ~ t u / h r - f t  
- 
Maximum Coolant 
Velocity, f t / s e c  

Maximum Coolant 
Tcmpcrsture, OF 

Maximum Pressure, 
p s i 8  

External  F a c i l i t i e s  
Required 

t 

I n  o rde r  t o  ca r ry  out  t he  EOCR-startup physics invest igat ions  
and the-physics  research program out l ined i n  Section 2.410, the EOCR i s  , 

a s  f l ex ib l e  and access ible  as prac t ica l .  For example, many of these 
measurements 'involve the  i r r a d i a t i o n  of  f l ux  wires and fo i l s ;  therefore,  
it i s  des i rab le  t h a t  f a c i l i t i e s  be provided f o r  the  convenient in t ro -  
duction and removal of these wires and f o i l s .  I n  order t o  conduct in-  
ves t iga t ions  at  various temperatures during i n i t i a l  operation with each 
type of core, it i s  des i rable  t o  have a non-nuclear source of heating 
f o r  the organic; the  f r i c t i o n  energy developed i n  the  c i r cu l a t i ng  or-  
ganic coolant can produce temperature l eve l s  up  t:o T0O0F The EOCR , 

i s  designed t o  penmi t inves:ti.gations u2tb o ther   moderator.^.; f0.r ex- 
ample., provi.s:ions for intro'duction of a carlandri:a t o  provfde D20 moder- 
.atio.n. There a r e  o ther  design objectives,  impo~~tan t  $0 the  reactor  

Small 

5 

1 . 0 t o 2 . 5 d i a  

500 

100,ooo t o  
500,000 

30 

850 

300 

One complete 
loop f a c i l i t y  
except f o r  
pur i f i ca t ion  
system. 

Large* 

1 

6 . 5 d i a  

300 

200,000 t o  
1,000,000 . 

2 5 

850 

300 

Complete loop 
f a c i l i t i e s .  

In- Core, 

4 

5.5 square 

300 

500,000 

30 

850 ' 

300 

Flow and 
temperature 
monitoring. 



physics t e s t s ,  whlch are  discussed in the fu1lowi.ng s.ech2on under 
"Tests of Power Reactor Cores"* . 

3.500 Test of Power Reactor Cores 

Tests are.proposed f o r  the  EOCR t o  study the  engineering per- 
formance and physics of power reactor  cores. These t e s t s  require  
t h a t  the  EOCR be designed so t h a t  the  reactor  core configuration can 
be completely changed and any desi red core layout studied by operating 
a t  t he  maximum power l eve l  permitted by the capacity of the  EOCR heat  
removal system. Removable f u e l  element g r ids  a r e  needed i n  order  t o  
study cores with various combinations of f u e l  element s i z e  and core 
l a t t i c e  spacing. Removable top and bottom reac tor  heads are pro- 
vided f o r  future use, i . .e.,  t o  make possible the  use of -vai-2o.m can- 
t r o l  rod systems, the  monitoring of individual  f u e l  assemblies of 
d i f f e r en t  core arrangements, and spec ia l  measurements. 

3.510 Core Layouts. The s i ze  and descr ipt ion of the  cores 
proposed f o r  organic-cooled power reactors  a r e  given i n  Table 3.5A. 
It is not an objective t o  design t he  EOCR t o  accommodate the  f u l l -  
s i z e  power reactor  cores; however, .portions of the  l a rge r  cores and 
possibly a fu l l - s i z e  Piqua core can be .accommodat.ed. The. reacto:r 
i s  designed t o  t e s t  f u e l  elements of the  power reac tor  design i n  
lengths up t o  a t  l e a s t  4.5 f t  without modification of g r ids  o r  o ther  
i n t e r n a l  components with l a t t i c e  spacings a s  shown i n  Table 3.5A and 
o ther  var ia t ions  by replacement of g r ids  and, i f  necessary, the  -top 
and bottom heads. 

Table 1.5A 

DESCRIPTION OF PROPOSED ORGANIC-COOLED POWER FEACTOR CORES 

1. J. Jacobson, "Preliminary Safeguards Report f o r  the  Piqua Organic 
Moderated Reactor ( ~ e v i s e d ) " ,  Report NAA-SR-3575, Apri l  13, 1959. 

2. Bechtel Corporation and Atomics Internat ional ,  "Organic Cooled 
Power Reactor Study - 300 Mw Power Plant  Conceptual Design", 
Supplement No. .2( Report BCEI-1, J m e  26, 1959. 

Number of 
Fue 1 

Elements 

78 

396 

310 

Length 
u f  Cure, 

inches 

54 

144 

144 

Lat t ice  
Spacing, 

inches 

6.00 
Triangular 

6.30 
Triangular 

5.88 
square 

. 
Reactor 

P i  qua 1 

300 hlwe2 
Forced 
C-onvec t i o n  

300  we^ 
Nucleate 
Boiling 

4 

Diameter 
o r  Core, 

inches 

6 o 

132 

153 

Fuel Element 
Cross Section, 

inches 

5.25 OD 

5.16 OD 

5-38 
square 



3.520 Permissible Power Levels. Power flattening over a 4-ft- . 

diameter by 4.5-ft high core operating at a power densitx of 200 w/cc 
results in a power level of about 220 Mw. The primary coolant system 
flow rate is adequate to remove 220 Mw when extended surface fuel 
elements are used. To accommodate power levels of this magnitude the 
reactor tank, thermal shields, and biological shielding are designed $or 
220 Mw. These features do not add significantly to the overall cost. 
The fin-fan heat exchangers are designed to allow additional units to 
be added to bring the heat removal capacity up to 220 Mw. 



4.000 EOCR Comb 

Several possible cores were studied p r io r  t o  se lect ion of the  
f i n a l  configuration t h a t  bes t  su i ted  the  design object ives .  The cores 
studied and the  ba s i s  of se lec t ion  of the  f i n a l  core a re  described i n  
Section 11.000. The preferred EOCR core design i s  presented i n  t h i s  
section.  This core i s  re fe r red  t o  as the  "standard" core throughout 
the  remainder of the  repor t .  Physics ,calculat ions were made on the  
standard core with several  d i f f e r en t  experiment and f u e l  arrangements. 
These var ia t ions  a r e  described :in Section 5.000. 

4.100 Core Arrangement 

The standard core, shown i n  Fig. 4 . 1 ~ ,  i s  made up of 4-in. square 
f u e l  assemblies and control  rods equally spaced on 5.75-in. square centers .  
Of the  37 major core posit ions,  20 a r e  occupied by f u e l  assemblies, 12 
by control  rods with fue l  followers, and 5 by experiments. f i e1  element 
or ienta t ion i s  required throughout the  core a s  shown t o  loca te  high- 
ve loc i ty  channels i n  the  high f l ux  region of each posi t ion.  The 5.75-in. 
squme l a t t i c e  i s  continued i n t o  the  r e f l e c t o r  region t o  provide addi t ional  
experimental space. For i l l u s t r a t i v e  purposes e ight  typ ica l  power reactor  
elements a r e  shown. Fission chamber thimbles and t he  neutron source a re  
a l so  located i n  the  r e f l ec to r  region. The core height i s  36 in .  with 
provisions t o  ul t imately  accommodate core heights up t o  4.5 f e e t .  It i s  
recommended that ,  i n i t i a l l y ,  two 6.5-in. OD loops, three  2.5-in. OD loops, 
two rabbi t  f a c i l i t i e s  and posi t ions  f o r  several  capsule o r  lead-type 
experiments be provided. 

The core. is. 'cooled., moderated' and re f lec ted  with Santowax R a t  
5 0 0 ~ ~ ' .  The power i s  40 Mw (500QF knlet  tempeyature) or  20 Mw ( 7 0 0 0 ~  

. . i n l e t  temperature.) .' 
. . .  . < . . 

4.200 . Fuel Elements 

A conceptual drawing of.  an EOCR f u e l  element i s  shown i n  Fig. 4 . 2 A .  
The design ' i s  based on proven fabr ica t ion  technology and very l i t t l e  de- 
velopment and t e s t  work i s  foreseen i n  adapting t h i s  f u e l  element f o r  
use. These f u e l  elernenLs are re fe r red  t o  a s  "driver" assemblies or  
"driver" fue l  elements throughout t h i s  repor t  t o  dis t inguish them from 
the  power reactor  f u e l  elements' which a re  t e s t ed  i n  the  core. 

The f u e l  element 'is 4'ii.l. square and i s  made. of 23 f l a t  fue l -p la tes  
i n  each of two 4-in.-by-2-in. sect ions .  The 0.030-in. th ick f u e l  p la tes ,  
which have a f u l l y  enriched U02-SS f u e l  core c lad with 0.005-in. th ick 
s t a in l e s s  s t e e l ,  a r e  contained with a O.05O-in. th ick  s t a in l e s s  s t e e l  
box so t h a t  coolant flow t o  the  f u e l  element can be o r i f i c ed  and i so la ted  
rruu Wle muderalur flow between f u e l  elements. Cooling o r  t he  Yuel p la tes  
i s  optimized by non-uniform flow d i s t r i bu t i on  throughout the  element. 
This w i l l  provide high ve loc i t i e s  i n  areas  where neutron f l ux  peaking 
causes high heat  f lux,  a s  described i n  d e t a i l  i n  Scction 6.000. The 
fue l  assembly i s  fabr icated by a t taching the  f u e l  p l a t e s  t o  the  f u e l  



element box by some mechanical means such as  used i n  the OMRE fue l  element, 1 

i f  necessary, t o  re l ieve  thermal s t resses  tlmt develop because the  operating 
temperature of the  f u e l  p l a t e s  i s  about 300'~ higher than the temperature 
of the  containing box. 

4.300 Control Rods 

A conceptual d rahng  of a control rod assembly i s  shown i n  Fig. 4 . 3 ~ .  
The control rods thEt; w i l l  be used a re  the fuel-follower type with the  f u e l  
section similar t o  the  f u e l  element. A 0.25-in. thick hollow square box 
i s  t o  be use6 fo r  the  poison section. The poison, which i s  meither B~~ i n  
the  form of boron s t a in l e s s  or boron carbide powder, i s  clad with s ta in less  
s t ee l .  

4.400 Regulating Rods 

Two of t h e  control rods, which are  t o  be used as  r egu la t iw  rods, 
a r e  provided with automatic control instrumentation. 

4.500 Experimental Positions 

The core i s  designed t o  accommodate many experiments both i n  loop 
posi t ions and core posit ions.  Loops a s  large as  7.5 in.  can be installec? 
i n  any f u e l  element posi t ion by removal- of a fue l  assembly. Any or a l l  
of t he  dr iver  f u e l  assemblies can be replaced by t e s t  elements as  large 
a s  5.5 in .  square, except i n  core posit ions adjacent t o  large loops. 

Fig. 4 . 1 ~  shows a typica l  core layout with two 6.5-in. diameter 
loops, three  2.5-in. diameter loops and twenty-six 1.5-in. diameter 
posi t ions f o r  capsule- and lead-type t e s t s .  I n  addition, the core shows 

1 eight experimental f u e l  assemblies i n  the ref lector .  Additional experi- 
mental space i s  available i n  the re f lec tor  fo r  t e s t s  up t o  5.5 in.  square. 

Sufficient space ex i s t s  i n  the core t o  allow considerable freedom 
i n  locat ing loops or t e s t  capsules, providing t h i s  i s  considered i l l  the  
f i n a l  design-of grids, bottom head and support or hold-down grids.  

4.600 Ref l ec to r  

The core w i l l  use the  organic moderator as the re f lec tor .  A maxi- 
mum re f lec tor  thickness of about 12 i n . , o f  organic w i l l  be provided between 
the  core driver f u e l  elements and reactor inner tank. The ref lec tor  w i l l  
change i n  thickness i f  experimental fue l  assemblies a re  loaded in120 t h i s  
area. 

1. C. T. Armenoff and M. H. Binstock, "Fuel Elements for  the Organic 
Moderated Reactor Experiment", Report NAA-SR-1934, December 15, 1957. 
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5.000 mACTOR PHYSICS 

The reactor physics studies described i n  t h i s  section have been 
made t o  provide information required fo r  a conceptual proposal. It i s  
expected t h a t  fur ther  calculations and perhaps some experimental work 
w i l l  be needed t o  f ina l i ze  the design. However, the studies ar'e suf- 
f i c i e n t l y  complete tha t  changes required should be minor and limited 
t o  items such a s  fuel-plate and fuel-element spacing;, fue l  loading, 
and placement and number of control rods. 

The calculationalmethods have been selected on the basis  of 
t h e i r  acceptabi l i ty  fo r  a conceptual proposal, i .e. ,  a l imited degree 
of accuracy i s  acceptable i n  order t o  provide the  rapid and r e l a t ive ly  
inexpensive r e su l t s  needed. The f lux  and power dis t r ibut ions a re  
determined by two-dimensional diffusion theory. Reactivity e f fec ts  a re  
calculated using one-dimensional diffusion theory with transport-theory 
corrections t o  account f o r  the  f lux depression i n  the fue l  resul t ing 
from the  heterogeneous s t ruc ture  of the  core. Two neutron groups are  
used i n  all of the  EOCR calculations.  

Two general types of core arrangements .are considered. The 
reference core, t he  'first type, has 37 driver elements and contains no 
experirhental f a c i l i t i e s .  The standard core, the second type, has 32 
dr iver  elements (20 fue l  elements and 12 control  rods with fuel  followers) 
and a number of t e s t  f a c i l i t i e s  i n  the  core. Flux and power dis t r ibut ions 
and the  e f fec t ive  multiplication factor  have been found f o r  the standard 
core with two d i f fe rent  .experimental loadings. Neither of these i s  
ident ica l  with the  proposed i n i t i a l  experimental loading a s  described 
i n  Section 4.000. The differences i n  the loadings are not great but 
these differences combined with uncertainties i n  the  calculations may 
require  .sl ight adjustments i n  the  fue l  loading or number of fue l  ele- 
ments t o  achieve the  desired react ivi ty .  The core arrangements used 
a s  a bas is  f o r  the  calculations are  described i n  Section 5.200. The 
r e s u l t s  of the reactor  physics studies a re  summarized i n  Section 5.100 
and the  f lux  and power dis t r ibut ions given i n  Section 5.300. Several 
a l t e rna te  designs have been considered, and these a re  discussed i n  
Section 11.000. Supplementary information on the reactor physics 
methods and on the proposed design i s  included i n  Section 14.000. 

The design of the  core i s  determined t o  a large extent by the 
following constraints which a r e  imposed by the  design objectives or 
by heat removal and mechanical considerations: 

(1) the  requirement tht a 6,s-in.  OD loop or a parer reactor 
f u e l  element can be placed i n  any l a t t i c e  location; 

(2)  the  l imi t  of 25,000 gpm on the  organic flow; 

( 3 )  the  d e ~ i r e  t o  maximize the f lux  i n  the  t e s t  f a c i l i t i e s  rather  
than i n  the  driver elements; and, 

(4) the  r e s t r i c t ion  ' t o  s ta in less  s t e e l  fo r  the s t ruc tura l  material 
i n  the core. 



The requirement t h a t  a l a rge  loop or  power reactor  element can 
be placed i n  any l a t t i c e  locat ion has l e d  t o  t h e  se lec t ion  of a square 
l a t t i c e  on 5.75-in. centers.  With t h e  l a t t i c e  s i z e  f ixed t h e  f u e l  
element design i s  then influenced by t h e  other t h r ee  f ac to r s .  

The l i m i t  on t he  organic flow and t h e  use of s t a in l e s s  s t e e l  
make it necessary t o  p a r t i a l l y  separate t h e  coolant and moderator 
functions of t h e  organic. I n  order t o  minimize t h e  f u e l  loading and 
thus maximize t h e  thermal neutron f l u x  i n  t he  d r iver  elements it i s  
des i rable  t o  keep t h e  metal-organic r a t i o  i n  t h e  core low. With a low 
metal-organic r a t i o  and uniform d i s t r i bu t i on  of f u e l  p l a t e s  throughout 
t h e  core t h e  pumping requirement becomes e:;cessive. By use of 4-in.  
square f u e l  elements on 5.75-in. centers  and by control l ing t h e  flow 
of the  organic outside of t h e  f u e l  element with an o r i f i c e  t h e  organic 
flow i s  reduced t o  t he  desired ' l i m i t  while maintaining an acceptable 
metal-organic r a t i o .  

For f u e l  elements of t h e  EOCR type t he r e  i s  a spacing 
minimizes t he  f i e 1  requirement and maximizes t h e  thermal f l u x  i n  t he  
d r iver  elements. This spacing i s  somewhat smaller than t h a t  used i n  
t h e  EOCR a s  i s  discussed i n  Section 14.300. The l a t t i c e  spacing which 
minimizes t h e  f u e l  loading i s  not optimw f o r  t h e  EOCR because of t h e  
des i re  t o  maximize thermal f l u x  i n  t h e  t e s t s  r a the r  than i n  t h e  d r ivers .  
As i s  shown i n  Section 14.300 a subs tan t ia l  increase  i n  f l u x  can be 
obtained by having an adequate moderator channel around a t e s t .  I n  
addi t ion t o  t h e  increase i n  f u e l  requirement, t h e  spacing of t h e  e le -  
ments cannot be a r b i t r a r i l y  increased because of t h e  pos i t ive  component 
of t h e  temperature coef f ic ien t  t h a t  r e s u l t s .  The choice of f u e l  element 
s i z e  and spacing i s  seen t o  be t he  r e s u l t  of compromises among a number 
of fac to rs .  Some fur ther  considerations a r e  included i n  Section 14.300. 

The replacement of all o r  a subs tan t ia l  por t ion of t h e  s t a i n l e s s  
s t e e l  i n  t h e  core by aluminum would make poss ible  a nwnber of improve- 
ments i n  t h e  EOCR. I f  aluminum were simply subs t i tu ted  i n t o  t h e  present 
design t h e  f u e l  requirement would be lowered t o  an extent  t h a t  would 
~ i g n i f i c a n t l y  increase t h e  thermal f l u x  and increase t h e  f u e l  burnup. 
With aluminum,more f u e l  p l a t e s  could be used t o  reduce t h e  organic flow 
r a t e  o r  increase t h e  core power. The reduced neutron absorption with 
aluminum and t h e  lower f u e l  loading would reduce t h e  maximum-to-average 
f l u x  rat io  i n  t h e  core. While aluminum i s  not considered f ea s ib l e  f o r  
i n i t i a l  use i n  t h e  proposed design, it i s  expected t h a t  development of 
power reac tor  elements w i l l  eventually make t he  use  of some form of 
aluminum p r a c t i c a l  f o r  the  EOCR. 

5.100 Selected Design 

A numbcr of proper t ies  of the  EOCR w e  11s Led l n  Table 5. PA. 
I n  general, t h i s  t a b l e  appl ies  t o  t h e  standard core with t h e  s m a l l  
c e n t r a l  loop a s  .shown i n  Fig. 5.213. The f luxes  i n  t h e  core a r e  f o r  



t he  45 kg loading used i n  the  calculations. With the operational loading 
of 52 kg (see Section 5.600) . the thermal 'fluxe's i n  the core w i l l  be about 
15% lower a t  t he  start of the cycle. The. r eac t iv i ty  requirement and 
temperature coeff ic ient  ape given f o r  the  reference core of Fig. 5.2A. 
For the  purposes of a conceptual design, Table 5 .1A i s  applicable t o  the  
standard core with the  proposed i n i t i a l  loading as  described i n  Section 
4.000. 

Table 5.1A 

EOCR WTMMARY 

Xenon Override 

A l l  12 Rods 

A l l  Rods Gut 

Outer Rods I n  

Outer Rods In  

NOTES: Values a re  f o r  500'~ 
Fluxes i n  dr ivers  a re  for  core of Fig. 5.2B with fue l  loading of 
4.5 kg. < 

.With 20-Mw operation a t  7 0 ~ ' ~  the flux values i n  the dr ivers  a re  
approxka,tely ha l f  of those reported above. 



Table 5,lA ( continued) . .. . 

: EOCR .SUMMARY . .. . 

NOTES : Values a r e  f o r  500°F. 
Fluxes i n  d r ivers  a r e  f o r  core of Fig. 5.2B with f u e l  loading of 
45 kg. 
With 20-Mw operation at  7 0 0 ~ ~  t h e  f l u x  values i n  t h e  d r ivers  a r e  
approximately half  of those reported above. 

d 

Volume - 1 

Unit Ce l l  

Fuel Element 
I 

Reference Core, 37 Cel ls  

Standard Core, 32 Cells  

Active Height 
Core and Fuel Element 

Total  Axial Reflector  saving^ 

Fuel Loading f o r  Calculations 
Fuel Element 
Reference Core 
Standard Core 

Operational Fuel Loading , 
Fuel Element 
Standard Core 

Fuel Enrichment 
Organic Coolant-Moderator 

Metal-Organic Ratio 
Fuel Element Region 
Homogenized Core 

cu in .  
l i t e r s  
cu i n .  
l i t e r s  
cu i n .  
l i t e r s  
cu i n .  
l i t e r s  

i n .  
cm 
cm 

kg of U-235 
kg of U-235 
kg of U-235 

kg of U-235 
kg of U-235 

atom % of U-235 

1,157 
18.96 

568 
9.31 

43,430 
711.6 

37,560 
615.5 

35.5 
9 - 1 7  
14 

1.406 
52 
4 5 

1.625 
52 

93.5 
Sanbowax R 

0.295 
0.124 

J 



5 "200 EOCR Core Layouts 

Fig. '5.2A shows t h e  reference core used i n  calculations of reac- 
t i v i t y  e f f ec t s  and the correlat ion of one- and two-dimensional calcula- 
t i ons .  The standard core i s  shown with two different  experimental loadings 
i n  Figs. 5,.2B and 5.2C. The standard core with the .  proposed i n i t i a l  
loading i s  discussed i n  Section 4.000. The PDQ problem numbers shown on 
t h e  f igures  are  the  ident i f ica t ion  numbers f o r  the  two-dimensional calcu- 
l a t ions .  The core arrangements, PDQ problem numbers, and control rod 
posi t ions a re  tabulated i n  Table 5 . i A ,  A l l  control rod worths a r e  de- 
termined f o r  the  core of Fig. 5.2B. When a control rod , i s  withdrawn, it 
i s  equivalent t o  a dr iver  f u e l  element and when inserted i s  black t o  
thermal neutrons. Except a s  noted i n  Table 5.2A a l l  o.ontro1 rods are 
withdrawn. 

Table 5 . a  

- 'OCR CORE ARRANGEMENTS 

The experimental loadings used fo r  the  calculations must be con- 
sidered as only typica l .  To make these loadings r e a l i s t i c  the fue l  t e s t s  
and the  power-react r-type f u e l  elements a re  similar t o  those proposed 
f o r  power reactors.' I n  a l l  cases the  fue l  enrichment has been changed 
t o  7.5% f o r  the EOCR calculations.  The stainle.ss s t e e l  surrounding the  
t e s t  experiments was similar t o  the  loop descript,ion given i n  Secti.on 
8.000.. 

Core Arrangement 

Reference 
Standard, small loop 
Standard, s m a l l  loop 
Standard, s m a l l  loop 
Standard, s m a l l  loop* 
Standard, large loop 
Standard, large loop 

a 

5.300 Flux and Parer Distributions 

5.310 Distributions i n  Driver Fuel Elements 

P1igureNumber 

5 2A 
5 . B  
5.23 
5.2B 
5.2B 
5.2C 
5.2C 

5.311 Overall Core Distributions. The neutron f lux  
d is t r ibut ions  have been obtained f o r  a number of c0re.s from the two- 
dimensional PDQ calculations and a re  shown i n  Figs. 5.3A through 5.3F. 

PDQ 
ProblemNumber 

11-1 
12-1 
12 -2 
12-3 
12-4 
14-1 
14-2 

1. Bechtel Corporation and Atomics International, "Organic Cooled Power 
Reactor Study - 300 Mw Power Plant Conceptual Design", Report TID-8501 
(Part  2),  Ju ly  1959. 

Control Rods 
Inserted 

None 
None 
4 Inner Rods 
8 Outer Rods 
All 12 Rods 
None 
None 



The f l u x  values a r e  fo r  t h e  horizontal  midplane and f o r  a power of 40 Mw 
with a f u e l  loading of 45 kg of U-235. i n  t he  d r ivers .  The cores f o r  
which t h e  f l u x  d i s t r ibu t ions  a r e  -determined a r e  shown i n  Figs. 5.2A, -B, 
and -C. 

A l l  of t h e  f l u x  p l o t s  a r e  f o r  t h e  khermal-neutron 
group except t h a t  of Fig. 5.3F which shows t h e  fast-group f lux .  The f l u x  
p l o t s  a r e  taken along t h e  center l i n e  except i n  Figs. 5.3C, -D, and -F, 
which a r e  taken along a diagonal. Fig. 5.3D concerns t h e  case i n  which 
t h e  outer eight  control  rods a r e  fnserted,  and t h e  high thermal f l u x  
peaking i n  the  center can be seen i n . t h e  f l ux  p lo t .  

5.312 Flux Dis t r ibut ion Within an EOCR Cell .  The one- 
dimensional thermal-flux d i s t r i bu t i on  across a s ing le  cy l i nd r i ca l  c e l l  
i s  used ' to  make t he  corrections i n  t h e  thermal-groip constanks, described 
i n  Section 14.100, because t h e  d r iver  assemblies a r e  not i n  a close-packed 
array.  A cy l i nd r i ca l  P3 transport- theory code i s  used t o  obtain t h i s  
disi tr ibution i n  one dimension. Fig. 5.3G shows t h i s  f l u x  p lo t  along 
with one obtained using one-dimensional d i f fus ion  t heo ry . '  These a r e  both 
normalized t o  un i ty  a t  t h e  f u e l  region boundary. From these  curves one 
can see how much more t h e  P3 t r a s p o r t  theory accounts f o r  t h e  f l u x  
dipping i n  t he  f'uel region and peaking i n  t h e  moderator region. A 
f'urther i l l u s t r a t i o n  of t h i s  i s  t h e  maximum-to-average f l u x  r a t i o s  i n  
t h e  f u e l  region, which.for t h e  P3 f l u x  i s  1.92 whereas f o r  t h e  di f fus ion 
theory i s  only 1.58. A thermal-flux contour map f o r  t h e  c e l l  has been 
obtained from the  two-dimensional'PDQ reference core, shown i n  Fig. 5.2A 
problem No. 11-1. The dr iver  assembly chosen i s  located on t h e  diagonal, 
one element off  center .  This map i s  shown i n  Fig. 5.3H. The f luxes  
shown a r e  mid-plane values, with t he  power normalized t o  40 Mw i n  t h e  
&ti-ver assemhl..ies. 

5.320 Power-Density Dis t r ibut ion i n  Fuel Test Posit ions.  The 
power dens i t i e s  have been obtained f o r  t h e  loop posi t ions  from t h e  two- - 
dimensional PDQ problems and a r e  shown i n  Table 5.3A. These power 
dens i t i es  a r e  given f o r  a l l  core arrangements studied which contained 
loops. This t a b l e  a l so  gives t h e  power dens i t i e s  i n  t h e  per ipheral  
power-reactor elements which were i n  t h e  control  rod study problems 
12-1, 12-2 and 12-3. Table 5.3B l i s t s  t he  f i s s i o n  power generated i n  
t h e  loops. The maximum powers and power dens i t i e s  given include 'both . 

t h e  v e r t i c a l  and horizontal  peaking f ac to r s .  

A l l  of t h e  above information appl ies  t o  experiments with 
a f u e l  enrichment of 7.5%. The e f f ec t  on t h e  power generation.  of varying 
t h e  enrichment has been s tudied f o r  a l a rge  loop i n  t h e  center  of a one- 
dimensional cy l indr ica l  representa t ion of t h e  EOCR core. Except f o r  
enrichment t he  loop i s  i den t i ca l  with that-  de:s:cribed i n  Se.ction.4.000. 
The power density i n  t h e  t e s t  versus f u e l  enrichment i s  shown i n  Fig. 
5-31. 



Table 5.3A 

POWER DENSITY I N  LOOPS WITH 40-MW OPEZW'ION 
(watt s/cc) 

, 

* See Table 5.2A fo r  core arrangements corresponding t o  PDQ problem numbers. 

PDQ Roblem ~umbe? 12-1 12-2 12-3 14-1 14-2 

Table 5.3B 

Small Center Loop 

Large Center Loop 

Large Off-Center Loop 

ha11 Off-center Loop 

Peripheral Power 
Reactor Assembly 

b 

TOTAL MEGAWATTS OF PClWER GEXIIZRATED I N  LOOPS 
WITH 40-MW OPERATION 

Avg. 245 
Max. 425 

Avg. ---- 
Max. --a- 

Avg. 113 
Max. 300 

Avg. 138 
Max. 211 

~ v g .  83 
MU. 281 

* 
See Table 5.2A f o r  core arrangements corresponding t o  PDQ problem numbers. 

* 
PDQ Problem Number 

Small Center Loop 

Large Center LOOP 

Large Off -Center Loop 

 ma^ ~ f f  -Center LOOP 

Peripheral Parer Reactor 
Assembly 

123 
207 

---- ---- 
114 
270 

118 
218 

108 
417 

12-1 

.46 

---- 
1.44 

.26 

1.42 

430 
740 

---- 
---- 
143 
385 

182 
300 

62 
231 

12-2 

23 

---- 
1.45 

.22 

1.84 

---- 
---- 
178 
341 

137 330 

168 
361 

- - - - 
---- 

---- 
---- 

146 
281 

119 
284 

137 
220 

---- 
---- 

12-3 

.81 

---- 
1.82 

34 

1.~6 

14-1 

---- 
2.26 

1.74 

-32 

- - - - 

14-2 

---- 
1.85 

1 . 5 1  

.26 

---- 



The power generation increases monotonically with enrich- , 

ment, but the  r a t e  of increase rapidly becomes smaller. The power density 
can be  increased by about 25% by increasing the  enrichment from 7.5% t o  
about 13.5%. Further increase i n  enrichment produces only a small increase 
i n  power density. 

Some of the calculations on a l te rna te  cores described' i n  
Section 11.000 used 2.5%-enriched f'uel, and these pmer  densi t ies  should 
be multiplied by 1.9 for  comparison with the  values of Table 5.3A. 

Table 5.3C gives the  power densi t ies  a t ta inable  i n  a large 
central  loop with t b e e  different enrichments and with the  four central  
control rods withdrawn and eight peripheral control rods inserted, i .e., 
corresponding t o  PDQ problem 12-3. These power densi t ies  were developed 
by adjustment of values obtained i n  PDQ problem 14-2 with appropriate 
factors  obtained from problems 12-1 and 12-3 and from Fig. 5.31. 

Table 5.3C 

POWER DENSITY I N  LARGE CENTER LOOP AT 40 MW 

Table 5.3D presents e.stimates of the pmer densi.ti.eS 
obtainable i n  pmer-reactoritype f u e l  elements not i n  a loop a t  a reactor 
power of 20 Mw. Removal of the  s ta in less  s t e e l  i n  the  loop from around 
the  t e s t  element increases thermal f lux  i n  the  t e s t  per megawatt of core 
power by about 50$. 

Table 5.3D 

POWER DENSITY I N  CENTER POSITION (NO LOOP) AT 20 MW 

I Fuel Enrichment 
Power Density, watt s/cc 

Average I Maximum 



5.330 Neutron and Gamma Fluxes i n  Organic Te.st Positions. The 
neutron fluxes i n  t h e  organic t e s t  posit ions,  'shorn i n  Figs. 5.2B and. 
-C, have been abtained from two-dimensional PDQ calculations. These are  
presented i n  Table 5.3E where the maxim-to-average r a t ios  include both 
t h e  horizontal a d  v e r t i c a l  peaking factors .  

Table 5.3E 

NEUTRON FLUXES I N  ORGANIC TEST LOOPS 

K- 
See Table 5.2A f o r  core arrangements corresponding t o  PDQ problem numbers. 

Local gma-heat ing  varies  consi derably depending upon 
control  rod con$'igwatlon and  experiment,^ i n  the  core; however, detailed 
calculat ions are not necessary for  the conceptual design. The values 
obtained from t h e  l imited calculations performed indicate  tha t  design 
.objectives can be met. They a lso  provide a basis  f o r  the  design of , 
.experiment-loop pressure tubes. The r a t e  of energy t ransfer  t o  the  
organic by f a s t  neutrons i s  found by taking the  proituct of the  f a s t  
f l u x  a t  a point and the  removal cross section and assuming tha t  each 
neutron loses  2 Mev on being t ransferred from the f a s t  t o  the  slow group. 
Table 5.3F presents midplane gamma and neutron heating i n  the 0rgani.c i n  
t e s t  loops at three  locations i n  the core of Fig. 5.2C. 

PDQ Problem Nt~mber* 

Fast 

Thermal 
I 

Table 5.3F 

~ v g .  

- 
Avg . 
A V ~  . 
- Max* 
Avg . 

Neutron Fluxes x 10" 14  

.HEQaNG RATES Ill ORGANIC 

12-1 

1.88 

1.50 

.82 

1.85 

12-2 

.81 

1.67 

31 

2-23 

12-3 

3-19 

1.48 

1.38 

1.89 

14-1 

2.78 

1.46 

1.00 

1 -62  

14-2 

2.31 

1.46 

-83 

1.62 



For investigations on the  mechanisms of radiat ion damage 
t o  organics it i s  desirable t o  vary the r a t i o  of neutron-to-gamma power 
density over a wider range than shown by Table 5.3F. This variat ion can 
be achieved by placement of the  organic t e s t  i n  a region where the compo- 
s i t i o n  of the  surrounding medium can be controlled. I f  the t e s t  i s  sur- 
rounded by a moderator, t he  f a s t  neutron f lux  is dras t ica l ly  reduced, 
whereas the  effect  on the gamma f lux  i s  small, and t h e  r a t i o  of neutron- 
to-gamma puwer density i n  the  t e s t  i s  l-ow. Placement of a metal of re la -  
t i v e l y  high atomic number around the  t e s t  w i l l  keep the fast-neutron f lux  
high while attenuating the  gamma f lux  more severely and thus yield a higher 
neutron-to-gamma power density r a t i o .  

5.340 Gamma Heating i n  the  Reactor Structure,Vessels, Thermal and 
Biological Shielding. The basic objective of t h i s  section i s  t o  provide 
gamma-heating data fo r  the design of the  reactor structure,vessels, thermal - 
shields, and-biological shielding. .Since it i s  proposed tha t  the EOCR w i l l  
be used fo r  the experimental operation of l o w  enrichment power reactor -cores, 
the  design premises used t o  determine gamma heating i n  t h i s  section are  t h a t  
a low-enrichment core operates a t  220 Mw with 1.85% uranium a s  fuel ;  the core 
&s h.5sfk.h@li and 4 e . f ~  3n diPcmetcr; the okgtmfc m~dera ta r  temperature is. 6000~;  
and the c r i t c c a l  mass i s  ,118 .kg df U-235. Since the amrage .power .density 
of t h i s  core i s  approximately twice that of the  standard core, it i s  evident 
tha t  if the  neutron and gamma shielding a re  t o  be adequate fo r  both cores, 
it must be designed t o  meet the requirements .of the  power reactor core. 
Since neutron f lux  dis t r ibut ions have not yet been calculated fo r  the  power 
reactor core, upper-limit estimates of the  required neutron and gamma 
shielding a re  considered sat isfactory fo r  the conceptual design. Several 
important fac tors  contribute t o  t h e  "approximate nature" of the  shielding 
requirements as  they are  considered here. 

1. The c r i t i c a l  mass and f l u x  levels  of the power reactor core haye 
been estimated by elementary considerations. The general properties of 
the  core, such as  metal-organic r a t io ,  were based on the  Piqua OM.. 

2. Since detai led multigroup fluxes a re  not available fo r  the re- 
f l ec to r  and shield regions, simple models have been used t o  determine the 
capture-gamma production leve ls  i n  the  re f lec tor  and thermal shields.  

3. Energy-dependent buildup fac tors  fo r  the  complex mixtures of 
core materials and heterogeneous shielding have been estimated because 
l i t t l e  dataare available concerning organic-metal mixtures, and time 
would not permit separate studies of t h i s  nature. 

As  s ta ted previously the approximations made were 
governed by a desire  t o  predict  the m a x i m u m  gamma heating leve ls  t o  be 
expected at various points i n  the  reactor s t ructure vessel, thermal shields, 
and biclogical  concrete. Fig. 7 .1C  indicates the  geometry of the  reactor 
s t ructure vessels and thermal shields i n  re la t ion  t o  the  core and biologi- 
c a l  shielding. It was determined that three one-inch-thick s t e e l  thermal 
shields would reduce the gamma and neutron heating i n  the  reactor pressure 
vessel t o  permissible levels.  Furthermore, it was determined tha t  a three- 
inch-thick lead shield exterior t o  the  pressure vessel would be necessary 
t o  reduce the  gamma heating i n  the  concrete biological shield t o  a per- 
missible l i m i t .  The calculated heating levels  i n  the  various s t ruc tura l  
members a re  given i n  Table 5.3G. 



Table 5.3G . . 

Table 5.3H l i s t s  the  heating which was determined i n  the 
s t ruc tu ra l  members l i s t e d  above fo r  220-Mw operations. The tab le  gives 
the  contribution t o  the  gatma heating i n  the  various s t ruc tura l  members 
from t h e  gamma f lux  ar i s ing  i n  three separate regions of the  reactor:  
(1)  f l u x  from the  core proper, (2)  f lux  originating i n  the ref lector ,  
and (3)  f l u x  originating i n  the  shielding region. Four discrete  average 
energies were chosen a s  representative of all of the gamma rays a r i s ing  
i n  t h e  reactor .  This division i s  a l so  indicated i n  Table-5.3H. No fa s t -  
neutron heating i n  the  s t ructure vessels and concrete i s  indicated because 
it w a s  determined tha t  t h i s  i s  negligible i n  comparison with the  gamma 
heating r a t e s  . 

HEATING UVELS I N  STRUCTURAL' MEMf3ERS 

A general discussion of the gamma-heating calculations 
and the  approximat5ons used i s  given i n  Section .14.400. 

Table 5.3H 

BREAKDOWN OF GAMMA I-BATING I N  STRUCTURAL MEMBERS AND SHIELDS 

' 
Structural  Member ' 

Inner Reactor Tank. 
Reactor Pre.ssure Vessel 
Lead Shielding 
Biological Concrete 

A 

Heating Level j w / ~  
,' ..., . . 

, ,9937 
0.025 
0 .03 
0.00014 

Total Gamma 
Heat, w / ~  

0.109 
0.078 
0.080 
0.105 

0.372 

0.0096 

0 ,0065 ' 
o . o o y  
0.0252 

o.oooo 53 
0.00004 
o.oooo46 

0.00014 

Energy Group 
Mev 

1 
2.2 . 

3 
7 

y b t ; ~  

1 
2.2 
3 
7 

Tot a 1  

1 
2.2 
3 
7 

Total 

Gamma Flux from Indicated .Source w/cm 2 

Core Reflect or Shiel'd Tot a 1  

0.5-in. Inner Reactor Tank 

4.2 4.2 
3 06 0 -075 3.7 

3.8 3.8 
0.43 4.0 4.4 

1.25-in. Steel  Reactor Pressure Vessel 

0.12 0.25 0 .$dl8 0.37 

0.31 0.31 
o -08 u. 3u u .  38 

Concrete Beyond 3-in. Lead Shield 

o .oo25 o .0025 
0.002 0.002 . 

. o .0002 0.0017 0.0019 . 



5.400 Temperature Coefficient 

The EOCR temperature coefficient of r eac t iv i ty  fo r  the reference 
core, Fig. 5.2A, bas been calculated by finding keff a t  a number of 
temperatures and plot t ing the r e su l t s  a s  shown i n  Fig. 5 . 4 ~ .  The tempera- 
tu re  coefficient i s  defined a s  ( l /keff)  (dke f f /d~)  and i s  shown as a 
M c t i o n  of temperature i n  Fig. 5 . 4 ~ .  The derivatives have been determined 
graphically from Fig. 5 . 4 ~ .  The calculations of keff have been made fo r  
an equal-area cyl indrical  model using two-neutron-group d i f f i s ion  theory. 
Corrections have been made a t  each temperature fo r  f lux  depression ef fec ts  
i n  the  heterogeneous core as  described i n  Section 14.111. 

The temperature coefficient calculated i s  t h a t  for  a slowly varying 
isothermal change i n  temperature throughout the  core and ref lec tor .  The 
expansion of the core and the change of the ax ia l  re f lec tor  savings with 
temperature were neglected. The calculation was made f o r  Santuwax R 
without high boi le r  residue. 

Core arrangements which substant ial ly  increase the amount of 
moderator i n  the  core above tha t  f o r  t h e  reference core have a tempera- 
tu re  coefficient more posit ive than shown by the calculations. Placenent 
of a number of power reactor elements on the  periphery of the  core intro-  
duces a posit ive component because of the reduced leakage, but i f  these 
elements a re  close-packed there,  i s  a compensating negative e f fec t .  

. .  2 . . 
The posi t ive component of the temperature coefficient i n  the  

spaced l a t t i c e  of the  EOCR a r i se s  largely from the presence of moderator 
between the  fue l  elements. In  a rapid t ransient  the heating i s  confined 
mainly t o  t h e  fue l  element region, and the t ransient  temperature coef- 
f i c i en t  i s  negative. No calculations have been made for  t h i s  e f fec t  for  
the EOCR. Studies on the  AETR i n  which the  temperature i s  changed only 
i n  the region occupied by the fue l  element give a value of -1.3 x 10-4 

(Akeff/keff)/O~ as compared with +3.3 x 10-5 f o r  the isothermal coef- 
f i c i en t .  Thus, the  temperature coefficient can be expected t o  give 
more protection against t ransient  power increases i n  the EOCR than 
indicated by the  isothermal value. 

Since the  temperature coefficient i s  the  result, of the difference 
between posi t ive and negative effects , .  a sa t i s fac tory  calculation i s  
quite d i f f i c u l t .  Until  the variations with temperature of the  age and 
other constants a re  be t t e r  knawn, it i s  doubtful i f  consideration of the 
neglected ef fec ts  and the  use of more exact methods can be jus t i f i ed  i n  
the  sense tha t  s ignif icant ly more confidence can be placed , i n  r e s u l t s  
tha t  have not been ver i f ied  experimentally. 

. , 

The calculated value of the  temperature coefficient meets the  
requirement of being negative a t  the  operating temperature of 500'~. 
However, the. calculated magnitude of about 1 .5  x 10-5 (keff /keff) /oF 
i s  not, suff ic ient  t o  assure that the  actual  temperature coefficient i n  
the EOCR w i l l  .be negative. The most prac t ica l  method. of making the 

1. D. R. deBoisblanc, "An Advanced Engineering Test Reactor ~omplex", 
Report IDO-16555, September 30, 1959, 
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coeff icient  pore negative i s  probably t o  decrease the  spacing between 
f i e 1  elemenks by decreasing the  center-to-center distance of the l a t t i c e .  
Holding t h e  l a t t i c e  constant and increasing the s i ze  of the fue l  element 
i s  not quite a s  effect ive.  Some f'urther discussion of the effect  of the 
l a t t i c e  s t ruc ture  on the  temperature coefficient i s  given i n  Section 14.300. 

5.500 Excess Mult i p l i ea t ion  Requirements 

5.510 Effective M u l t  i p l i ~ a t ~ o n  Factors, The effect ive multipli-  
cat ion factors ,  keff, of a number of EOCR cores a r e  tabulated in 'Table '5;5A. 
A l l  values a re  f o r  a temper.ature of 500'3'. The designations 1 D  and 2D 
indicate  whether the  calculations were made with a one- or with a two- 
dimensional model. The terms P3 and Pl  corrections r e fe r  t o  the corrections 
described i n  Section 14.1l.l and a r e  applicable only t o  one-dimensional calcu- 
l a t ions .  S.L. indicates  a s m a l l  cen t ra l  loop, L.L. a large cent ra l  loop. 
Except as indicated f o r  the  cases with a small cen%ral loop all control 
rods a r e  completely with&awn. 

Table 5.5A 

EOCR EFFECTIVE MULTIPLICATION FACTORS 

Standard, S . L . 
2D, 4 Inner Rods I n  

Standard, S.L, 2DJ 8 Outer Rods I n  
Standard, S.L. 2D, 12 Rods In  
Standard, L.L. 2D, 4 Elements Removed 
Standard, L. L. 

NOTES: S.L. indicates  a s m a l l  cen t ra l  loop i n  the  core. 
L.L. indicates  a la rge  cent ra l  loop i n  the  core. 

5.520 Addition of Thermal Neutron Absorber. The change i n  k,ff 
produced by addi-utron absorb& is  found by changing 
t h e  value of CZaJ t he  thermal absorption cross section, i n  the  c.alculation 
of r eac t iv i ty  of the  homogenized.EOC.R reference core. The r e su l t s  a re  
shown i n  Fig. 5.5A. This procedure gives .the e f fec t  of adding a poison 
uniformly throughout the  core. This makes the poison about twice a s  
e f fec t ive  on a cross section bas is  as i f  it' were dis t r ibuted uniformly 
i n  the  f u e l  e1ement.s only. The curve of Fig. 5:5A i s  used t o  f ind  the  
r eac t iv i ty  e f f ec t s  produced by the  formation of f i s s i o n  products. The 



e f f e c t s  of added poison are  found by subtract ing keff f o r  the  poisoned 
core from tha t  f o r  t he  clean core and are  given i n  terms of Akeff o r  
excess mul t ip l icat ion ra ther  than i n  r eac t i v i t y .  

5.530 Eauilibrium Xenon and Samarium. The excess mul t ip l icat ion 
requirement f o r  xenon and samarium i s  estimated t o  be 3.7%. This value 
i s  found by computing the  equilibrium concentration of xenon and samarium 
atoms i n  a medium having t he  same U-235 atom concentration as t h e  EOCR 
dr iver  e3ements and. a uniform thermal f l u x  equal t o  t h e  average f l u x  i n  
the  EOCR reference core operating at 40 Mw. The thermal cross sect ion 
resu l t ing  from the  formation of xenon and samarium i s  found and the  
r eac t i v i t y  l o s s  obtained from Fig. 5.5A. The r eac t i v i t y  l o s s  t o  equi- 
l ibrium xenon and samarium var ies  slowly with t he  thermal f l u x  l e v e l  and 
i s  qui te  well known f o r  operating reactors .  As t he  l o s s  i n  t he  MTR i s  
4.9% at 30 Mw, t he  v d u e  quoted f o r  t he  EOCR can hardly be i n  e r r o r  by 
more than 1% of excess mul t ip l icat ion.  

5.540 Other Fission Products. The amount of poisoning from 
f i s s i o n  products o ther  than xenon and samarium i s  obtained from a report  
by J. W .  ~ e b s t e r . ~  While t he  exact value depends on t he  f l u x  i n  the  
core, t h i s  dependence i s  su f f i c i en t l y  small t o  be neglected as  can be . 
seen by comparing t he  values f o r  t he  same number of megawatt-days at 
30- and 300-Mw core power i n  t he  Webster repor t .  Approximately 480 cm 2 

of poison .from low-cross-section f i s s i o n  products i s  formed i n  t h e  EOCR 
care during a cycle. Assuming t h i s  t o  be homo enized throughout t he  f u e l  
elements the  added cross sect ion i s  0.0014 and t he  excess m u l t i -  
p l i c a t i on  requirement i s  2.9%. 

The formation of t he  low-cross-section f i s s i o n  products 
i s  based on a uniform Plux i n  the  core, and t h i s  procedure i s  known t o  
underestimate t he  r eac t i v i t y  e f f e c t .  However, taking t he  change i n  
kerf from Fig. 5.5A with the  assumption of a uniform d i s t r i bu t i on  of 
poison throughout t he  core while assuming t h a t  t he  f i s s i o n  products 
are  confined t o  the  f u e l  elements provides a correct ion t h a t  should 
prevent the  f i n a l  estimate from being ser iously  i n  e r ro r .  

5.550 Xenon Override. The excess mul t ip l icat ion requirement 
above equilibrium f o r  xenon override i s  shown as a function of time i n  
Fig. 5.5B. 'The xenon cross sect ion i s  calculated assuming a uniform 
f l u x  d i s t r i bu t i on  i n  t he  EOCR a f t e r  operation at 40 Mw u n t i l  xenon 
equilibrium i s  obtained and neglecting t he  e f f e c t  of f u e l  b u m p .  
Standard d i f f e r e n t i a l  equations are  used t o  obta in  t he  xenon conce,n- 
t r a t i o n  as  a function of time a f t e r  s h ~ t d o w n . ~  The xenon cross sect ion 
includes the  non l / v  contribution at 500'~. The excess mul t ip l icat ion 
requirement is  then found i n  Fig. 5.5A. The assumption of a uniform 
f l u x  i s  known t o  &bs tan t ia l ly  underestimate t he  r e a c t i v i t y  l o s s  during 
the  xenon t r ans i en t .  The xenon atom concentration was calcule,ted f o r  a 

1. J. W. Webster, "The Low Cross Section Fiss ion Product Poisons", 
Report 1110-16100, (1953) . 

2. S. Glasstone and M. C .  Edlund, "The Elements of Nuclear Reactor 
Theory", Ch. X I ,  D. Van Nostrand, New York, (1952). 



homo~eneous core, and Fig. 5.5A does not provide a correction. ~o@arisdn  
of calculated and measured xenon t ransients  i n  t h e  MTR indicates the peak 
l o s s  t o  xenon i n  t h e  EOCR rnay be about lo$ instead of 5.6% as  sl1am:in 
Fig. 5.513. Provision of 5% excess nlultiplication for  xenon .oire.rride .should 
permit two hours f o r  s tar tup a t  any time during the  cycle even allowing 
fo r  e f fec ts  of non-uniform xenon formation. 

5.560 Burnup Requirement and Cycle Time. The cycle time i s  
selected on the bas i s  of using three cores a year while operating a t  a 
power of 40 Mw with a 70% duty cycle. Thus, there  are  3360 Mwd per 
cycle. It i s  assumed t h a t  1.25 g of U-235 a re  consumed per Mwd. This 
value i s  compatible with MTR experience and i s  sat isfactory f o r  the 
purposes of estimating EOCR f u e l  burnup. The burnup of fue l  i s  4.2 lrg 
of U-235 per cycle and t h i s  value can be considered quite re l iab le .  
The burnup of f u e l  i s  greater  i n  posit ions of hieh s t a t i s t i c a l  wei& 
than i n  those of low weighc. As a r e su l t  considerably more fue l  must 
be added t o  y ie ld  the  desired fuel cycle than i s  consumed. E,qerience 
with the  iWR indicates  tha t  a factor  of 1 .7  sllobld be applied, This 
i s  of course only apprordmate but should make the  estimates of f i e 1  and 
excess multiplication requirements r e a l i s t i c .  Thus, 7.1 kg i s  the e s t i -  
mated f u e l  t o  be added fo r  burnup. Fig. 5.5C shows the variatioil of 
&ff with fuel content. From t h i s  a value ofm3.8$ i s  found fo r  the 
excess mult ipl icat ion requirement for  burnup. A precise calculation of 
the  cycle tinle f o r  a given f u e l  loading i s  quite d i f f i c u l t  and must 
consider the  e f fec t  of the experimental loading. However, neither the  
uranium concentration i n  the  f u e l  meat nor the r eac t iv i ty  requirement 
limits a substant ial  increase i n  the  f u e l  loading, and there &auld be 
no serious problem i n  obtaining a,n adequate cycle. 

The amount of . t he  fue l  loading t h a t  i s  burned i n  a cyc'le 
i s  approximately 8$. This i s  quite low, and it inay eventually be desira- 
b l e  t o  use a mixed loading of ilew a d  used fue l  elements i n  a manner 
similar t o  the MTR t o  increase the  'uurnup. The development of fue l  ele- 
ments i n  which a su:bstantial amount of the  s ta in less  s t e e l  i s  replaced 
with aluminum w i l l  permit a significant increase i n  the  per cent of 
f u e l  burnup per cycle. 

5.570 Effect of Water Flooding. The organic i n  the  EOCR i s  
replaced with water when .changes a re  made i n  the  core, and the  change 
i n  keff produced by the  subst i tut ion must be considered. This effect  
has been investigated for  the a l te rna te  design using c i rcu lar  fue l  
elements on a hexagonal l a t t i c e ,  described i n  Section 11.000, On 
changing from Santowax R a t  500'~ -to water a t  70°F the- effect ive 
multiplication fac tor  decreased Prom 1.189 t o  1.164. This occurs 
because of the increased absorption i n  hydrogen resul t ing from the  
increased hydrogen a'~om density and f lux  peaking between elements. 
It i s  expected t h a t  a t  some intermediate hydrogen density, a t  the 
350 '~ temperature of the water-flooding operation, with a mixture of 
organic and water tlie value of keff may be higher than with e i ther  
material  alone. However, t he  shutdown 11 i s  so great t ha t  the calcu- 
l a t i o n  of r eac t iv i t i e s  f o r  the  system a t  350'~ with various mixtures of 
Santowax R and water i s  not necessary for  the conceptual design. 



5.580 Control Rod Worths . The EOCR has 12 control rods. When 
a rod i s  completely withdrawn, it has a section i n  the  core tha t  i s  
equivalent t o  a driver fue l  element. When a rod i s  completely inserted, 
it has a section i n  the  core tha t  i s  black t o  thermal neutrons. The 
control rod worths have been de tepined  for  the  'core of Fig. 5.2B. The 
worth of a group of rods i s  expressed as  the  difference i n  kerf with all 
rods withdrawn and with the designated rods inserted. The values of 
keff a re  determined by two-dimensional calculations.  The poison sections 
of the inser ted rods a re  represented by imposing a boundary condition t h a t  
makes the slope of the  thermal f lux  equal t o  tha t  produced by a black rod. 

The worths a re  summarized i n  Table 5.5B. 

Table 5.5B 

CONTROL ROD WQRTHS 

5.590 Summary, Excess Multiplication. The excess multiplication 
requirements a t  500°F a r e  tabulated i n  Table 5.5C. 

Table 5.5C 

EXCESS MULTIPLICATIQN REQUIREMENTS FOR THE EOCR AT 500'~ 

Since the  required available excess multiplication of the  c0r.e 
a t  500'~ i s  15.4$, the  t o t a l  worth of the control rods of 30.7% i s  ample 
fo r  control and provides an adequate shutdown capabili ty.  The standard 
core with the  s m a l l  loop i n  the center has a value of 17.3% f o r  the  
excess multiplicati-on as  computed fo r  a two-dimensional model. Two 



corrections a r e  made t o  t h i s  value t o  br ine the  predicted k,ff i n to  be t t e r  
agreement with exper inlent a s  determined by .Atomic s-Internat ional measure- 
ments on OMRE. Cox~parison OK the kerf f o r .  the .refereace core a s  computed 
by one- and by two-dimensional methods indica te . tha t  about 3;7$ 'should be 
subtracted from the  two-d~ilensional value. Comparison of calculated and 
measured values f o r  the  OMRE, ' a s  ' described i11 Sect ioli 14.200, show tha t  
1.8% .should be subtracted a s  an additional correction. The. available 
excess r eac t iv i ty  of the standard core i s  11.876 a f t e r  these corrections.. 
a r e  made. The .addition of f u e l  t o  increase t h i s  value t o  15.'4$'as re-  
quired i s  discussed i n  Section 5i600. 

5.600 Fuel Loading 

I n  order t o  reduce t h e  number of computations a l l  investigations 
have been made with a f u e l  loading equivalent t o  45 kg of U-235 i n  32 
i'uel elements, and a correction i s  necessary t o  increase the  fue l  loading 
t o  bring keff t o  the  value required fo r  an operational loading. . The 
reference core with 37 fue l  .elements contains approximately 52 kg of 
U-235. The required keff a t  5 0 0 ~ ~  13 calculated a s  1.154 while the  
standard core of Fig. 5.2B had a keff of 1.118 aftek the corrections 
described i n  Section 5.590 a r e  made.. From Fig. 5.5C an increase of 7 lcg 
.of U-235 i s  found. to be necessary t o  bring keff t o  the desired value. 
This increase makes the  f'uel loading of the standard core 52 kg of U-235. 
The correction is, of course, only approximate but should make a s ignif icant  
improvement i n  the  estimate of the required fue l .  

The i n i t i a l  f u e l  loadings can be adjusted by the  addition or re-  
moval of f'uel elements i n  the  core. Subsequent loadings can be a l te red  
by varying the amount of f'uel i n  an element. The fue l  loading of a tes.k 
reactor  i s  dependent upon the  experimental loading, and even a very 
accurate calculat ion w i l l  probably not determine t h e  loading t h a t  i s  
eventually used. Operating experience i s  usually required t o  determine 
t h e  most sa t i s fac tory  loading a s  has been the  case with both the  MTR and 
Em. 
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Heat t ransfer  studies described i n  t h i s  section show t h a t  cooling 
of the  standard core can be accomplished within t h e  l imi ta t ions  of allowable 
f u e l  p l a t e  surface area, available coolant flow, and required power level .  
Limitations on f u e l  p l a t e  surface area and coolant flow a re  deterdined by 
physics and economic considerations, respectively, and the  power l eve l  
requirements a r e  s e t  by power density requir*ements i n  experiments. Power 
dens i t ies  i n  loop experiments i n  excess of design objectives a r e  provided 
by operating the  reactor a t  40 Mw with a coolant i n l e t  temperature of 
500°F and the  objective of in-core t e s t i n g  of power reactor  f u e l  elements 
a t  t h e i r  design temperatures and power density i s  met by operating at 
increased primary coolant temperature and lower reactor powers, e.g., 20 Mw 
i s  permissible a t  a bulk temperature of 700°F. Optimization of coolant 
flow has been provided by (1)  non-uniform channel spacing within t he  f u e l  
element t o  adjust  flow t o  t h a t  required by loca l  heat f luxes  and (2)  o r i -  
f i c ing  of the  f u e l  elements t o  reduce t o t a l  flow i n  f u e l  elements i n  t he  
low f lux  regions of t he  core. Thermal conditions upon l o s s  of coolant 
pumping power have been determined i n  addit ion t o  normal operating condi- 
t ions .  The design premises upon which the  calculations a r e  based follow. 

1 .  Fuel p l a t e  surface tern erature  and coolant veloci ty  a r e  chosen 
t o  prevent s ignif icant  fouling,? i . e., l e s s  than 8 5 0 ~ ~  scale-f luid  i n t e r -  
face temperature and greater  than 8 f t / s ec  coolant velocity;  

2. Limited fouling of f u e l  p l a t e  surfaces i s  to le rab le  because 
s ignif icant  increase i n  the  s t a in l e s s  s t e e l  f u e l  p l a t e  temperature can 
be to le ra ted  without undue lo s s  of p l a t e  strength; 

3. Operating pressure i s  greater  than t h a t  required t o  prevent 
nucleate boil ing; 

4. Burnout heat f l ux  i s  a t  l e a s t  twice the  hot-spot heat flquc. 

Table 6.0A surmnarizes the  r e su l t s  of t he  calculations and supple- 
mentary s tudies  a r e  given i n  Section 15.000. Discussion of the  heat flux, 
shutdam conditions, coolant velocity, e tc . ,  a r e  given i n  t he  following 
sub-sections. 

6.100 Heat Flux 

The loca l  heat f lux  a t  any point on the  fue l  p l a t e s  i s  aetermined 
by the  power level,  the  heat t ransfer  area, ,and t h e  r a t i o  of l oca l  t o  
average neutron flux.  ' The loca l  t o  average neutron f lux  r a t i o  i s  obtained 
from physics calculations described i n  Section 5.000. 

1. X. R.  Martini, "summary of Or&nic* coolant   eat Transfer", Report 
NAA-SR-MEMO-4183, July 23, 1959. 



Table 6 . 0 ~  

,?4ax/Avg ' Heat Flux i n .  Driver ~sskmbl ies  

i n  Fuel Element Channel 

Minimum coolant veloci ty  i n  Fuel 
Element Channel 

Coolalit Flow  ate. Through Driver 

. , 

M a x i m  Pressure Drop Through 30 ps i  
Unorificed Element 

Core Pressure . . ~ r o p  . 40 p s i ,  , 

. . 
. . 2 .  . 

Heat, Transfer ,Are& per Element., , ' ,  ' 39.5 ft  

Total Core Heat TransFer Area 1260 f t 2  
(32 Element core) 

* ~ - -  

CORE AND COOLANT OPERATING CONDITIONS 
8 ,  

I I 
I 



For purposes of determining heat  t ranerer ,  f l u x  has been aVesa-od gnly 
over the  f u e l  elements. Two cases (PDQ problems 12-3 and 32-17 which 
correspond t o  the  start and end of the  cycle were considered. PDQ 
problem 12-3 ( four  center  rods withdrawn and t he  e igh t  outer  rods 
insertedl)which i s  representative of the  s t a r t  of the  cycle r e s u l t s  
i n  f lux  peaking i n  the  center  f u e l  elements. Problem 12-1 (with a l l  
rods withdrawn) r e s u l t s  i n  f l ux  peaking i n  t he  f u e l  elements near 
the  r e f l ec to r ,  t yp i ca l  of t h e  end of the  cycle. These two rod con- 
f igura t ions  include the  most severe conditions throughout the  cycle 
f o r  a l l  elements. The flow through each element i s  designed t o  pro- 
vide cooling f o r  the  highest  hea t  f l ux  ex i s t i ng  i n  e i t h e r  case. 
'Ille peak heat  f l ux  i s  obtained i n  any element by determining t he  
average hea t  f l ux  over the  core (power i n  ~ t u / h r  divided by f u e l  
a rea )  and multiplying by t he  r a t i o  of the  maximum neutron f l ux  i n  
the  element t o  the  average neutron f lux  i n  t h e  core f u e l  volume. 
For s impl ic i ty  the  core was divided i n to  symmetrical quadrants and 
the  f u e l  elements numbered a s  shown i n  Fig. 6 . 2 ~ .  The peak hea t  
f l u x  a t  40 Mw f o r  each element f o r  the two cases described above i s  
given i n  Table 6.1~. The maximum r e l a t i v e  f l ux  across t he  f u e l  e l e -  
ment used f o r  flow optimization, discussed i n the  next section,  i s  
shown i n  Fig. 6 . 1 ~ .  

Table 6. IA 

MAXIMUM HEAT FLUX AT 40 MW AND MAX/AVG NEUTRON FLUX 

* A l l  control  rods withdrawn. See Section 5.000. 
+w Four center  control  rods withdrawn, See Section 5.000. 

3 

4 

5 

6 

1 The proposed control  rod program i s  t o  p.ull the  four center rods, 
followed by one control-regulating rod, followed by gang withdrawal 
of the  remainder of the  rods. This program r e s u l t s  i n  highest  f lux 
f o r  the  cen t r a l  t e s t  hole. 

3.11 

2.37 

2.70 

2-55 

3-36 

2.56 

2.92 

2- 75 

3 40 

1.30 

Rod I n  

1.82 

4.90 

1 -93  

Rod I n  

2.62 

4.90 

2.56 

2.92 

2.75 



6.200 Coolant veloci ty  Optimization 

, . 
The fue l  'p la tes  are. cooled by forced7 convection, and the loca l  

w a l l  temperature can be determined by the normal relationship . . 

.. . . 
where 

. . 

tmli = scale- f l u i d  interface temperature . (OF) 

A t b u ~  = temperature increase of-coolant from the i n l e t  of 
' t l i e c h a n n e l t o  t h e p o i n t  inques t ion(OF)  . . 

, , 

Q/A = l oca l  o r  maximum heat flux ( ~ t u / . h r - f t 2 ) '  , ' . . 

h = lOcal heat t ransfer  coefficient (~tu/hk-ft2-OF) .. . 

The heat  t ransfer  coeff ic ient  i s  dependent upon the hydraulic diameter . 
of the coolant channel, coolant velocity, and properties of the coolant,. 
The heat t r ans fe r  coeff ic ient  correlation1 used in  t h i s  study i s  
reproduced i n  Section 15.000. This correlation i s  for  Santowax R 
with 30% HB. 

The coolant flow 'required by each element i s  kept t o  a minimum 
by providing wider channels i n  the region within the element where 
f lux  peaking occurs. The choice of channel thickness i s  based on a 

the highest flux elements i n  the core, posit ion 1 i n  Fig. 6 . 2 ~ .  The .. 
m&imum f lux  for  each channel of posit ion 1 i s  shown i n  Fig. 6 . 1 ~ .  
The channels nearest the center of the core a re  wider than those i n  
lower flux regions t o  provide high coolant velocity in  the high 
f lux  region and reduced veloci ty  in  the low flux region. The velo- 

' c i t y  i n  the widest channel i s  selected t o  l imi t  the w a l l  temperature 
of the f u e l  p la te  t o  850'~. Table 6 . 2 ~  gives the channel thickness, 
coolant velocity, and maximum plate  temperature of each channel. 

Table 6 . 2 ~  

OPERATING CONDITIONS OF VARIED CHANNEL ELEMENT I N  POSITION 1 

1 W. R. Martini, "summary of Organic Coolant Heat ~ r a n s f e r " ,  NAA-SR-MEMO- 
4183, July 23, 1959. - 64 - 

, .  . 

Channe 1 
Number 

1 

2 

3 

4 t o  24 

Channe 1 
Thickness, 

Inches 

9.255 

0.180 

0.150 

0.125 

. Coolant 
Velocity, , 

f l ? ~  

37.1; 5 

32.5 

29 5 

26 .O 

Maximum 
Wall 

Temperature, 
OF 

850 

845 

843 

797 t o  850 
L 



The same f u e l  element design i s  'used i n  a l l  core posi t ions-  
Each f u e l  e.1ement %s oriificecl t o  provide. the. flow iledessary t b  ,mai.n- 
t a i n  the ho t t e s t  f u e l  p la te  .a t  8 5 0 0 ~ .  Flow requirements f o r  the 
various,  core posi t ions  a re  given. i n  Fig. 6.21, me., t o t a l  flow through 
a l l  d r iver  f u e l  elements and control  rods i.s 20,500 gal/min. 

An a l te rna te  method by which flow requirements may be minimized 
i s  t o  space fu.el. p l a t e s  equally and t o  reduce the f u e l  content of 
p l a t e s  i n  high f lux regions. This poss ib i l i t y  may be more a t t r a c t i v e  
than the spaced p l a t e  element; however, it was not proposed fo r  the  
conceptual design because it would have required re-evaluation of 
.core physics. This a l t e rna t e  method should be evaluated'before f i n a l  
design of the fue l  element. 

6.300 Operating Power a s  a Function of Bulk Coolant Temperature 

Santowax R with 30% HB i s  most e f f i c i e n t  as a heat  t r ans fe r  
f l u i d  a t  about 500°F, a s  shown i n  Section 15.000. A n  i n l e t  coolant 
temperature of 5 0 0 ~ ~ -  was therefore chosen t o  give the highest  per- 

' . missible operating power. For some t e s t s  i n  the EOCR it is  desired 
t o  use i n l e t  coolant temperatures above 5009 .  I f  the  same reactor 
flow r a t e  and surface temperatures a r e  maintained a s  specified i n  
Section 6.200, the allowable reactor power would decrease a s  shown 
i n  Fig. 6.31, t o  about 22 Mw a t  TOOOF i n l e t  temperature 

The heat- t ransfer  c r i t e r ion  f o r  safe reactor  operation i s  
based upon a comparison between predicted heat f lux and burnout heat 
f lux.  The correla t ion used t o  calculate the burnout heat f lux i s  
t h a t  developed by Core and satol  f o r  Santowax OMF (see Section 1 5 . 2 ~ ) ) .  
To maintain a high burnout heat  f lux and t o  keep the poss ib i l i t y  of 
boi l ing in the core t o  a minimum with a maximum scale-fluid-interface 
temperature of 850°F, an operating pressure of 150 psig  was chosen. 
A t  t h i s  pressure the saturat ion temperature of Santowax R is  about 
1 0 0 0 ~ ~ .  Because of uncer ta int ies  i n  the predicted heat f lux,  a hot- 
spot heat f lux was determined .for each posit ion a s  described i n  
Sec'l;io~i 15.00.0. 

Table 6 . 4 ~  gives the  maximum nominal heat  f lux,  the  hot- spot 
heat f lux,  the burnout heat f lux,  and r a t i o s  of the  burnout t o  
nominal and hot-spot heat f lux a t  the  ho t t e s t  point  i n  each element. 
This i s  the point a t  which the minimum r a t i o  of burnout t o  nominal 
o r  hot spot heat  f lux occurs. The minimum r a t i o  of burnout heat  
f lux t o  maximum nominal heat f lux i s  3.2. The minimum r a t i o  of 
burnout t o  hot-spot heat  f lux i s  2.2. This i s  believed t o  be an ade- 
quate margin of safety,  erpeci a1 1 y since QMRE experience has shown 
t h a t  even extensive bumout produces no serious rcactor operating 
problems. 

1 K. Sato and T. C. Core, "Determination of Burnout Limits of Santowax 
OW", Space Technology .Division, Aero j e t  General Corporation, Azusa, 
California, September 15, 1959. 



Table 6 . 4 ~  

COMPARISON BETWEEN MAXIMUM OPERAENG HEAT F D S  AND BURNOUT HEAT FIXTX 

* bca%ion of 850% surface temperature not a t  point of maximum heat 
flux. 

6.500 Shutdown cooling 

.The shutdown cooling of the EOCR depends upon natural circulation 
of thd coolant. The exact conditions a t  short shutdown times are d i f f i -  
c u l t  t o  predict  because of redistribution of flow in the "core a t  low 
flows, uncertain-Lies a s  t o  resistances in  the primary system, and lack 
of knowledge of low flow heat t ransfer  properties of Santowax. An 
estimate of the effectiveness of thermal circulation shutdown cooling 
was made with the assumption t h a t  no changes in core flow distr ibut ion 
took place upon fa i lu re  of the puxp. The estimate i s  conservative in  
the sense tha t  with upflow through the core, thermal convection in 
the -separate channels should increase the flow of the hot ter  channels 
relat ive t o  the average when t o t a l  flow becomes small. A pressure loss  
of 5 velocity heads through the pump was a69umed in  the calculation of 
the thermal circulat ion rate.  The va l id i ty  of t h i s  assumption should 
be evaluated when the pump is selected and i t s  charact,ari st. ics are 
known. Table 6.5A summarizes the resul t s  of shutdo~m cooling calcu- 
la t ions  and indicates tha t  the maximum fue l  surface temperature in  the 
driver  fue l  elements a f t e r  shutdown from 40 Mw operation with 500°F 
coolant i n l e t  temperature w i l l  be 680'~.  

Ratio of 
Burnout &/A 

t o  
Nominal &/A 

3.24 

3.34 

3-37 

4.52 

4.48 . 

4.38 , 

Burnout 
Heat Flux 

a t  
850' Point 
~ t u / h r l f t ~  

x 10-5 

21.4 

19.9 

16.5 

10.5 

10.7 

10 .g 

Ratio of 
Burnout Q/A 

t o  
Hot Spot &/A 

2.26 

2-33 

2.36 

3.16 

3.13 

3.06 

Hot Spot 
Heat Flux 

at  
850' Point* 
~ t u / h r - f t 2  

x 10-5 

9.44 

8.53 

7.00 

3 32 

3.42 

3-56 

Core 
Posi t  ion 

1 

2 

3 

4 

5 

6 
* 

Maximum 
1 

Nominal 
Heat Flux 

a t  
8500 Point 
~ t u / h r - f t 2  

x 10-5 

6.60 

5.96 

4.90 

2.32* 

2*39* 

2.49* 



.Table 6 . 5 ~  

SHUTDOWN COOLING 

. 

Flow 
Rate, 
gpm 

1100 

800 

680 

Ap ) 
f t  of 

Liquid 

o .60 

o .&o 

0.29 

Time After 
Pump o r  
Power 

Failure 

1 minute 

10 minutes 
(steady State  
Flow obtained) 

( c ~ Z Y ~  Laminar 
 low ) 

+ 
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Vertical 
Pipes i n  
Primary 
Coolant 
b o p ,  OF 

25 

16 

12 

Assumed 
In le t  

Temperature 
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4-00 
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Fuel Element 
Temperature, 

OF 
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600 

5 50 
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This section describes the reactor internals ,  reactor structure,  
buildings, process equipment, and s i t e  fo r  the EOCR. Since t h i s  i s  , a  
conceptual design, many of the mechanical features of the reactor are  
not detai led but do give a proposed method t o  meet the design objective 
i n  question. Suff icient  layout of the s i t e  and buildings has been pro- 
vided to  form the basis  fo r  a preliminary .cost estimate. The process 
system and u t i l i t i e s  a re  based on calculated usage and.experience with 
o ther  s imilar  reactor  f a c i l i t i e s  and are  suff ic ient  t o  form the basis 
f o r  the f i n a l  design. 

7.100 Reactor and Reactor Structure 

The f u l l e s t  u t i l i z a t i o n  of EOCR requires inser t ion  and removal 
of componenrts of many shapes and s izes  such as  fue l  elements, t e s t  loops, 
reactor inner tank, and gr id plates .  For t h i s  reason a handling system 
which is  more ve r sa t i l e  than the cask handling i n  use at OMl?E and proposed 
f o r  the Piqua power reactor i s  used. Investigation and limited experi- 
mental da ta  indicate  tha t  it w i l l  be possible t o  handle the EOCR com- 
ponents and experimental equ ipen t  through cold demineralized water by 
use of the  "water floodingr technique. Basically, "water flooding" con- 
sists of purging hot (approximately 3 5 0 ~ ~ )  organic from the reactor with 
hot derdmeralized water and then removing the hot water with high-pressure 
cold demineralized water. (see Section 7.470 fo r  description of Water 
  loo ding). Certain design and operating features peculiar t o  t h i s  reactor 
natural ly  a r i s e  from water flooding and are  included i n  the design c r i -  
t e r i a ,  plant  systems, and s t ructures  i n  t h i s  proposal: 

1. A l l  reactor  internals ,  reactor vessel and heads, and primary 
coolant l i n e s  t o  and including the main block valves a re  fabricated from 
s ta in less  s t ee l ,  although more detailed study and t e s t s  may indicate the 
f e a s i b i l i t y  of using carbon s tee1. l  These components should be designed 
t o  eliminate pockets o r  dead spots where organic o r  water may be d i f f i -  
c u l t  t o  displace during the water flooding operation o r  during the time 
the reactor i s  being r e f i l l e d  with organic coolant. 

2. Some organic .and water mixing w i l l  occur i n  the water flooding 
process, and it w i l l  be necessary t o  remove t h i s  water from organic 
coolant before re-using it as react0r.p-ary coolant. 

3. It appears there wi l l . be  some scum formation i n  the canal and 
i n  the reactor  p i t  as  a r e su l t  of water flooding. The .canal and reactor 
p i t  are t o  be equipped with scum drains. 

Another novel feature.of  the EOCR i s . t h e  elimination of the . 
reactor discharge chute by placing the reactor vessel'  a t  the bottom of 
the reahkor p i t  which i s  d i r ec t ly  connected t o  the canal, but i s  . separated 
from tha t  canal by a removable bulkhead with inf la tab le  seals .  During 

1. See Sections 17'. 000 and 20.000. 



reactor operation, the reactor p Z t . i s  dry, and the reactor top head with 
the control  and regulating rod drives i s  located there.  After reactor 
shutdown and water flooding of the reactor vesse1,the reactor top head 
i s  removed and the reactor p i t  i s  f i l l e d  with demineralized water. This 
permits handling operations d i r ec t ly  between the reactor and the canal. 

Other fac tors  which must be careful ly  considered i n  EOCR reactor  
and process design, but which are  not the  d i r ec t  r e su l t  of water flooding 
include: d i f f e r e n t i a l  expansion between reactor  components as a r e su l t  
of the moderately high operating temperatures; gal l ing problems associated 
with a l l  s t a in l e s s  s t e e l  reactor internals ;  expansion s t resses  i n  process 
piping; thermal s t resses  due t o  gamma hea t ing . in  the reactor g r id  o r  other  
reactor components; arrangement of steam tracing network.on a l l  process 
l i nes  containing organic; f i r e  hazards natural ly  inherent with the  use of 
hot organics; heat  removal from main process l i n e  pipe trench; and other 
factors .  

The followiing sectYons describe the reactor  vessel ,  reactor  in te rna ls ,  
and Peector stmc%irre as- shorn i n  the  fohlawing figures, .(An a l te rna te  
reactor aasangement. i s  d e s c ~ i b e d  i n  Sectaon 16.000). 

Fig. 7 . M  EOCR Reactor Structure Cross Sectional Elevation 
Fig. 7 . U  EOCR Reactor Structure Horizontal. Section through Nozzles 
Fig. 7 . 1 C  EOCR Reactor Structure Horizontal Section through Core 

Centerline 

7.110 Pressure Vessel. The reactor vessel  i s  t o  be constructed 
as  specified i n  the  ASME Unfired F'ressure Vessel Code, and i s  t o  be fabr i -  
cated of AISI Type 347 s t a in l e s s  s t e e l .  (see Sections 17.000 and 18.000 
f o r  Materials of Construction and pressure vessel  design da ta ) .  The design 
bulk coolant temperature i s  85003'; the design pressure i s  330 psig; and the 
design reactor power i s  220 Mw thermal. The vessel  I D  i s  7 f t  0 i n .  with 
a flange-to-flange length of 18 f t  9 in .  and a .wa l l  thickness of 1.25 inches. 
The en t i r e  vessel, including the top and bottom heads, i s  covered with 
approximately 4.5 i n .  of high temperature insulat ion.  Two 24-in. pipes 
provide coolant i n l e t  and ou t l e t  passages, and a re  permanently welded t o  
the vessel .  Eight 8-in. nozzles arranged r ad i a l ly  below the top flange 
(see Fig. 7 . m )  a re  provided f o r  use i n  conjunction with the experimental 
loops. Suff ic ient  thermocouples a re  attached t o  the vessel  external wall  
t o  give comprehensive operating temperature data.  A de f in i t e  a i r  flow 
pat tern around the vessel  i s  t o  be designed t o  carry o f f ' h e a t  l o s t  through 
the vessel  insulation.  

The vessel  i s  closed a t  each end with f l a t  heads of code 
design. The top f l a t  head i s  made up of two par ts ,  an inner seal.$ng 
head, and an outer shielding head which w i l l  remain cool during reactor  
operation. The inner head w i l l  have insulat ion applied t o  it and an a i r  
space w i l l  be maintained between t h i s  insulat ion and the shielding head. 
The top head w i l l  be f i t t e d  with replaceable sea l s  f o r  t en  control  rod 

.d r ive  rods and two regulating rod drive rods. Drive rod seals  should be 
a s  leakproof a s  possible, and may be pressurized with nitrogen t o  prevent 



leakage of  organic vapors t o  t he  reac tor  building.  Non-pressurized -seals ,  
i f  used, shou&d".vent any es:caping organic vapors t o  a su i t ab l e  f reeze  p o t  
which i s  vented t o  t h e  EOCR stack.  Replaceable monitor tube assemblies 
f o r  each f u e l  element posi t ion and f i v e  plugs t o  allow the  f u l l - s i z e  
penetra t ion of any of the  major experimental loops a r e  a l so  located i n  
t h e  top head. These loop posi t ions  a r e  the  four  spaced equally about the  
core  cen te r  on an 11.5-in. radius plus the  cen te r  loop posi t ion.  

Since the  monitor tubes a r e  mounted i n  the  top head and 
t h e  t i p s  of these  tubes extend approximately 6 , i n .  i n t o  t he  f u e l  element 
upper extension and may a l so  extend through a removable o r i f i c e  p l a t e  
located a t  the  t op  of t h i s  extension, dowels o r  o ther  guides a r e  u t i l i z e d  
t o  guide t he  top head i n to  pos i t ion  over i t s  l a s t  12 i n ;  of downward 
t r a v e l .  

The vesse l  bottom head has t he  same general configuration 
as the  t op  head. Penetrat ions i n  t h i s  lower head include those For a l l  
loops and experimental posi t ions  shown i n  Fig. 4.1.A) the  two f i s s i o n  
chamber tubes, t he  rabb i t  f a c i l i t y  tubes, and t he  vesse l  d ra in  piping. 
I n  addit ion,  penetra t ions  a r e  t o  be provided under a l l  core f u e l  ele~lient 
loca t ions  and r e f l e c t o r  posi t ions  wherever possible.  These penetrat ions 
should approach the  s i z e  of the  EOCR f u e l  element bottom end-box, i f  
poss ible .  Bottom head penetrat ions a r e  provided with s e a l  glands, valves, 
o r  o ther  devices a s  necessary t o  s e a l  t he  loops o r  experimental . in-pile 
assemblies i n  t he  bottom head. In-pi le  assemblies a r e  i n s t a l l e d  and re- 
moved from above the  reactor  when the  vesse l  i s  f i l l e d  with cold water. 
Shielding plugs with su f f i c i en t  thickness t o  approximate the  two lower 
heads w i l l  be placed i n  these  pentra t ions  when they a r e  not occupied by 
loops.  

In -p i le  experimental tubes a r e  generally considered t o  
be of t he  re-entrant  type from the  reac tor  subpile room, al.€hongh through 
loops could be i n s t a l l e d  i n  c e r t a i n  locat ions .  Instrumentation leads  
from in -p i l e  experiments may be brought out  through the  piping penetrat ing 
t h e  bottom head, out  through top  head penetrat ions,  o r  out  through t he  
reac tor  vesse l  nozzles. Top head experimental penetrat ions should be 
avoided wherever possible,  and must be of a nature which can be broken 
when the' r eac tor  i s  shut down f o r  in-tank.work. 

7.120 . Reactor Vessel In te rna l s  . The nuclear proper t ies  of 
t h e  organic coolant used i n  t h i s  reactor  have allowed score configuration - 

well-suited t o  a research-type reactor .  Spacing between elements, as  
shown i n  Figs. 4 . 1 ~  and 7.lC i s  such t h a t  various s izes  and shapes of 
elements, experimental loops, o r  experimental f a c i l i t i e s  may be i n s t a l l e d  
without d r i ve r  element reposit ioning.  A v e r t i c a l  sect ion of the  reactor  
s t r uc tu r e  i s  shown on Fig. 7 .U.  

The basic  functions of the  reac tor  vesse l  in te rna l s ,  ex- 
cluding t he  inner  thermal shie lds ,  a r e  t o  provide support and t o  posi t ion 
t h e  d r ive r  and t e s t  elements and the  experimental loops and f a c i l i t i e s ,  
and t o  channel t he  coolant flow where desired.  I n  t h i s  reactor  these  



primary functions a re  handled by three core components: a grid with i t s  
support base; a spider located a t  the top of the inner tank; and the 
inner tank. 

Coolant flow enters the reactor vessel through the lower 
24-in. i n l e t  pipe located above the inner thermal shields, flows down 
through the shield annuli, passes horizontally through perforations i n  
the grid support base, and proceeds up through fue l  elements and the 
large loop cooling-jacket annuli, emerges above the spider, and flows 
horizontally t o  the e x i t  o r  upper 24-in. out le t  pipe. The coolant flow 
requirement i n  the space between the gr id and spider i s  2000 - 4000 gpm. 
Less than 2000 gpm resu l t s  i n  excessive organic heating; more than 4000 
g ~ a n  resu l t s  i n  excessive pumping requirements. 

7.121 - Grid. The gr id i s  made of a heavy austeni t ic  
s ta in less  s t e e l  plate,  and has holes f o r  the fue l  element lower end- 
boxes, fo r  the various experiment loops and facilities, and f o r  the 
rabbit  tubes and f i s s ion  chamber tubes. Preliminary design data indicate;.; 
t ha t  the two large loop experimental positions w i l l  have an approximate 
&in. diameter penetration i n  the reactor bottom head and an approximate 
6.4-in. diameter penetration i n  the grid.  The other three basic loop 
positions w i l l  have approximately 5.5-in. diameter penetrations a t  these 
locations. Cbnt'rol- and regulating-rod guide tubes a re  mounted on the 
gr id and project below the gr id and above the gr id  up to  a posit ion just  
below the lower boundary of the core fue l .  This grid may also be f i t t e d  
with a valve which w i l l  allow rapid l iquid  passage i n  the space between 
the grid and spider during the water flooding operation o r  when r e f i l l i n g  
the vessel with organic. This valve may be operated from the subpile 
room. 

The grid supports the fue l  elements and pmvides 
l a t e r a l  support f o r  the experiment loops and f a c i l i t i e s  and fo r  the 
rabbit  and f i s s ion  chamber tubes. The grid is  mounted on a support base, 
which Zn turn may be mounted on the lowerhead. The inner tank i s  
fastened. t o  the grid i n  .a manner which w i l l  minimize coolant l e a a g e  and 
which w i l l  allow easy remote removal when the vessel i s  f i l l e d  with cold 
water. Since the coolant flow i n  the space between the gr id and spider 
i s  severely restr ic ted,  seals  are  provided where the fue l  elements and 
loops penetrate t h i s  grid. . Plugs o r  adapters are  provided f o r  positions 
occupied by loops o r  f a c i l i t i e s  and f o r  the twenty power reactor element 
positions shown i n  the ref lector .  The gr id must withstand a d i f f e ren t i a l  
pressure of 50 ps3 over i t s  gross area during reactor o.ge,rati'on.. 

7.122 Spider. The spider provides l a t e r a l  support fo r  
the tops ,of the fue l  elements and f o r  the large experimental loops. A 
plan view of t h i s  component i s  shown on Fig. 7.lB. Approximately 5.5-in. 
square holes are  furnished over a l l  gr id  basic element locations. The 
control rod and fue l  element positions immediately surrounding the two 
large loop positions are furnished with approximately b i n .  square holes. 



Circular  holes'approximately 6.4 in .  i n  'diameter 
a r e  furnished over t h e  two l a rge  loop posi t ions ,  and holes approximately 
5.5 i n .  i n  diameter a re  furnished over t he  th ree  remaining bas ic  loop 
loca t ions .  This sp ider  is  t o  be fabr icated of an aus t en i t i c  s t a i n l e s s  
s t e e l ,  and fas tened t o  the  top  of t he  inner ' t ank  i n  a manner t h a t  w i l l  
allow easy removal. The spider  i s  not removed f o r  normal reac tor  
operations,  including fue l  and control  rod removal o r  inse r t ion ,  in -p i le  
experimental tube i n se r t i on  o r  removal, e t c  . 

7 . 1 2 3 .  Monitor Tubes. Mounted i n  t he  reac tor  vessel  top  
sea l ing  head a r e  f u e l  element monitor tubes. These tubes monitor individ- 
element coolant temperature and flow. They a re  a lso  used t o  draw of f  
samples of organic coolant during reac tor  operation. The monitor tube 
assemblies extend down t o  t h e  top of t h e  spider  and hold t he  f u e l  elements 
i n  pos i t ion  v e r t i c a l l y .  Provision i s  t o  be made i n  t he  top  head f o r  mount- 
ing monitor tubes over all f u e l  elemen* locat ions .  The tubes a re  t o  be 
strong enough t o  withstand t h e  upward force  on t he  f u e l  elements, and the  
l a t e r a l  fo rce  of t h e  coolant moving hor izontal ly  t o  t h e  e x i t  pipe.  Upward 
fo rce  on t he  f u e l  element occurs as a r e s u l t  of spring-loading on the  f u e l  
element and t h e  pressure  drop (50 p s i )  across t he  f u e l  element cross- 
sec t iona l  area.  in or fu r the r  discussion on f u e l  monitoring, see Section 
7.172) 

7.124 Experimental F a c i l i t i e s .  The core includes the  
following experimental f a c i l i t i e s ,  as  shown ~n Figs. 4 . 1 ~  and 7.lC: 

1. Two Large Loops. These two are  t h e  major l a rge  re-entry o r  
through loop pos i t ions .  The pressure tube OD i s  approximately 6 in.  and 
t h e  cooling jacket  OD i s  about 6.4 inches. A de ta i l ed  discussion of 
these  f a c i l i t i e s  is found i n  Section 8.000. 

2. Three Other Basic Loops. These th ree  loops occupy the .core  loop 
pos i t ions  not used by t he  two loops described above, and may be used f o r  
s ing le  experiment f a c i l i t i e s  o r  f o r  mult iple f a c i l i t y  appl icat ions  t h a t  
do not require  a l a r g e  tube. A rabbi t  f a c i l i t y  i s  i n s t a l l ed  i n  one of 
these  posi t ions .  Discussion of small loops i s  included i n  Section 8.000. 
A descr ipt ion of a rabbi t  f a c i l i t y  i s  found i n  Item 4 of t h i s  l i s t .  

3. Twenty Small F a c i l i t i e s .  These posi t ions  are  included.for  
fu tu re  i r r a d i a t i o n  use. The s i z e  i s  about 1.5-in. OD, o r  as l a rge  as  
feas ib le ,  dependent upon f i n a l  reactor  design. Penetrat ions i n  t he  
g r i d  and bottom head only (none i n  the  sp ider )  are  required. Inser t ion 
of samples i s  accomplished from the  subpile room. 

4. Rabbit Fac i l i t y .  Two rabbi t  f a c i l i t i e s  are  planned f o r  t h i s  
reactor,  one i s  incorporated i n  a 5-in. loop posi t ion,  and the  other  i n  
t he  outer  r e f l e c t o r  posi t ion.  These f a c i l i t i e s  are  about 1.5-in. OD. 
They are used f o r  i r r ad i a t i on  of capsules, and may be driven pneumatically, 
hydraul ical ly ,  o r  mechanically. Provision i s  made t o  allow piping t o  the  
rabb i t  pos i t ions  t o  be i n s t a l l ed  from e i t h e r  t he  subpile room o r  through 
t he  vessel  8- in .  nozzles located below the  top flange.  



5 .  Powcr Reactor Element Pusitions. Power reactor elements under- 
going t e s t s  may be placed i n  a l l  core element positions except those 
immediately surrounding the two large loops. This requires tha t  the 
overal l  length and end-box configurations be the same as the standard 
b i n .  square dr iver  ehemehts. In addition, there are  twenty power 
element positions included i n  the spider and gr id  immediately surround- 
ing the driver dement core. 

6. Alternate b o p  Positions. The reactor vessel bottom head in- 
cludes provisions f o r  the ins t a l l a t ion  of a loop f a c i l i t y  i n  any feasible  
fue l  element position, including the-twenty power reactor t e s t  element 
positions outside the core. The f e a s i b i l i t y  of incorporating the neces- 
sary penetration and sea l  devices i n  the bottom head i s  t o  be determined 
by the space available a f t e r  design of the other loop positions and 
equipment incorporated i n  the bottom head. The s i ze  of the penetration 
should be as  large as the fue l  element end-box hole i n  the grid, i f  
possible. 

Since the flow velocity i n  the space between the 
spider and gr id  is  very low, the experiment loops, f a c i l i t i e s ,  rabbit  
tubes, o r  f i ss ion  chamber thimbles may be positioned i n  the core area 
without reqLLirihg support a t  the upper ends of the tubes. Thus, they 
can enter the vessel through sea l  devices i n  the lower head, pass 
through minimum leakage seals  i n  the grid, and project i n  a cantilever 
manner in to  the core zone. Penetrations a re  not provided i n  the spider 
f o r  the twenty s m a l l  f a c i l i t i e s  o r  fo r  the f i s s ion  chamber thimbles. 
Only those loops o r  f a c i l i t i e s  requiring top access need project through 
the spider. Access t o  top closures i n  the loop f a c i l i t i e s  may be 
accomplished by dropping the water leve l  below the loop closure. In  
rare  cases, the fue l  elements, control rod, and regulating rods may have 
to  be removed from the core to  reduce background radiation. 

Ins ' tallation of loops o r  f a c i l i t i e s  i n  the reactor 
i s  accomplished with the reactor .vessel f i l l e d  with cold. demineralized 
water. Generally, i n s t a l l a t ion  and removal of these in-pile-components 
w i l l  he done from the top of the reactor vessel. 

7.125 Fuel Elements. The fue l  p la te  section of the 
fue l  elements i s  described i n  d e t a i l  i n  Section 4.200 and ts show 
on Fig. 4.2A. 

The spacing between the gr id and spider re- 
quires a re la t ive ly  long f u e l  element structure.  The lower end-box, 
which incorporates a spring, is approximately three f ee t  long. This 
end-box i s  c i rcu lar  i n  cross section, and i s  as large as i s  compatible 
with the design of the remainder of the core components. A t rans i t ion  
section i s  employed i n  joining the end-box t o  the square fue l  section. 

The fue l  element. upper extension i s  b i n .  square 
i n  cross section. The top of t h i s  extension i s  enlarged t o  approximately ' 

5.5-in. square t o  f i t  securely i n  the square holes i n  the spider, and 



extends above the  spider  approximately 1 in .  i n  the  non-loaded ( top head 
o f f )  p o s i t i m .  View A-A o n . ~ i g .  4.2A shows a removable o r i f i c e  p la te  
which:.is at tached t o  the  enlarged section of the  upper extension, and the 
monitor tube t i p  i s  inser ted in ,  the center  hole of t h i s  pla te ,  nominally 
sehl ing t h e  center  .hole by' means Qf a f l a t  o r  cupped p l a t e  mounted on , the  
monitor tube body. The monitor tube and the  center ,  hole i n  the' removable 
o , r i f ice  p l a t e  .should be sized fo r  maximum clearance between the t i p  and 
the edge of the  hole since the monitor tubes a r e  mounted i n  the reactor  
top  head, and it i s  ant ic ipated t h a t  the head w i l l  be subject t o  minor 
misalignments -due t o  tolerances of manufacture, clearances on dowels o r  
other  guides, e t c .  The o r i f i c e  p la te  might a lso be attached t o  the 
monitor tube i n  such a manner t h a t  the o r i f i c e  p la te  contacts the f l a t  
top surface of the  f u e l  element upper extension as  the  top head i s  
lowered i n t o  posi t ion,  In  t h i s  instance, the o r i f i c e  p la te  must be 
readi ly  removable. This arrangement gives more clearance between the 
monitor tube t i p  and the  f u e l  element upper extension; but leakage 
between the  o r i f i c e  p l a t e  and f u e l  element wilL,probably be greater .  

The spr ing on the  element lower end-box i s  pre- 
loaded upon manufacture. This preload supports the weight of the element 
when it r e s t s  on the gr id .  When the top head i s  put i n  place, the monitor 
tubes press the  elements down approximately .25 t o  .50 in . ,  which i s  
enough t o  allow f o r  element and vessel  fabr icat ion tolerances. This 
configuration provides a firm support f o r  the f u e l  elements, but does 
not allow element movement during lo s s  of coolant flow i n  reactor opera- 
t i r n .  The spring on the element lower end-box must be long enough t o  
compensate f o r  any growth i n  t he  f u e l  element due t o  increase i n  temper- 
a ture .  

Any experimental f u e l  elerpents tes ted  i n  the core 
posi t ions  w i l l  have upper and lower end-boxes s imilar  t o  the standard 
dr iver  elements. 

7.126 Control .and Regulating Rods. The control. and 
regulating rods a re  of similar design, the only difference being perhaps 
i n  the  f u e l  loading. The ~0ntr63.  cod i s  shown on Big.. I+..%. .This rod . 
i.ncoq.orat.es a k - b .  by.4-:in. po.&son sectigil approxbahe2y 36-mn. lo.n.g, and 
a b i n .  by b i n .  f u e l  p la te  sect ion of the  same length. The construction 
of the  control  rod i s  such t h a t  there  i s  minimum v e r t i c a l  spacing (0.125 
t o  0.25 ZL) between the bottom of the nuclear poison and the top of the  
fue l .  Appreciable space a t  t h i s  point might r e su l t  i n  unstable control  
charac te r i s t ics  due t o  f l ux  peaking between the f u e l  and poison sections. 
The control.and reguhating rods a re  connected t o  t h e i r  drive rods by 
some device t h a t  w i l l  allow remote disconnection and connection with the 
top head i n  place. This i n t e rna l  connect1 on elimina-1;es Lhe necess i ty  
of passing the dr ive rod completely through i t s  s e a l  i n  the  top head 
when the head is  removed o r  replaced. 

The lower ends of the control  and regulating 
rods a re  f i t t e d  with end-boxes tha t  t r a v e l  i n  the guide tubes fastened 
t o  the, g r id .  These end-boxes have hard-faced rubbing bosses t o  guide 
the rod and provide low f r i c t i o n  movement. The lower end of the guide 
tube has a s top t h a t  w i l l  prevent the  rods from dropping down on the 
reactor bottom head when the dr ive rods a re  disconnected. 



7.127 Source. A neutron source i s  provided f o r  use 
i n  reactor s tar tup and operation. It w i l l  be inserted through the spider 
in to  i t s  receptacle adjacent t o  the core fue l  elements when the vessel 
top head i s  removed. The source i s  located d i rec t ly  opposite the re- 
f l ec to r  rabbit  f ac i l i ty ,  and a t  r ight  angles t o  the two f i ss ion  chamber 
thimbles. 

7.130 Inner Tank. The reactor vessel incorporates .an inner 
tank which contains the i n l e t  coolant flow and d i rec ts  .it downward through 
the annuli formed by the inner tank, reactor vessel, and in terna l  themal  
shields. The flow then turns upward i n  the plenum above the reactor 
bottom head and passes through the core components. The inner tank i s  
made.of AISI Type 347 staznless s t e e l  and i s  designed fo r  '50 ps i  external . 
pressure a t  8 5 0 ~ ~  maximum bulk coolant temperature ,and .a reactor core 
power of 220 Mw thermal. This tank must be secured t o  the yessel w a l l  
between the inle-k and out le t  24-in. pipes by a .method. which w i l l  .allow 
i t s  remote removal under water and also one which'will minimize coolant 
leakage past t h i s  connection. The bottom end of the. inner tank,must also 
be fastened t o  the grid i n  a.manner which will.minimize leakage. and which 
w i l l  allow remote disassembly. A valve i s  mounted i n  the horizontal top' 
section of the inner tank to:allow l iquid passage during water flooding 
o r  organic f i l l i n g .  .This valve may be self-act ing.or ,  formore positive 
action, may be operated from outside the reactor vessel. 

7.140 Thermal Shields. Thermal shie1ds:are provided for .pl&e- 
ment both inside and outside the reactor vessel t o  reduce thermal s t r e s s  
i n  the vessel wall and i n  the concrete biological shield t o  safe values. 
These shields are  calculated on the basis of a reactor-core power of 
220 Mw thermal. 

7.141 Internal Thermal Shields. Three l - in .  thick 
concentric internal  thermal shields a re  .plac.ed .insLde of the reactor 
vessel w a l l  and outside of the. inner  tank. These sh ie lds .a re  fabri-  
cated of AISI Type 347 stainless  s tee l ,  and are designed fo r  highest 
coolant velocity . in  the annulus adjacent t o . t h e  inner tank. Coolant 
flow'.enters the reactor vessel through the i n l e t  pipe lbcated jus t  
above. these shields .and flows 'downward i n  the four .annuli, then turns 
upward t o  pass through the reactor.co.re. Shields should be designed 
fo r  easy insertion o r  removal. 

7.142 External Thermal Shield: Ar-external s tee l -  
jacketed lead thermal shield i ip rov ided  fo r  the protection of the 
concrete biological shield. This shield i s  approximately 3-in. thick, 
and i s  placed outside the reactor vessel thermal insulation. Cooling 
water c o i l s  are  embedded i n  the lead to  carry off radiation-induced 
heating. This shield i s  separated from the vessel insulation and 
the conci-ete biological shield by a i r  spaces. 

7.150 Control Rod Drives. The reactor core includes ten 
positions for  control rods and two positions f o r  regulating rods. 
Control and regulating rods are  described i n  Section 7.126. 



The control  and regulating rod drives are..mo.unted on 
t h e  reactor  vessel top head and make connection with t h e i r  respective 
rods by means of drive rods which penetrate the top head through re- 
placeable seals .  The control  rod drive must .be a re l iab le  uni t  f u l l y  
meeting a l l  operating requirements while functioning i n  i t s  environ- 
ment. Adequate fac tors  of safety a re  t o  be incorporated i n  the design. 
The drives must be capable of scramming the control rods with f u l l  
upward coolant flow and.maximum system operating pressures, and.must 
lock the rods i n  the f u l l  down position.. After remotely breaking 
the  dr ive rod.connections t o  the control and regulating rods, it 
must be possible t o  remove the  reactor. top head without passing the 
dr ive rods through the top head seals.  .Hydraulic, pnetimatic,-mechanical, 
o r  purely mechanical drives may be considered f o r  these drives, but .the 
performance of these un i t s  should be proved .pr ior  to  actual  use on the 
.. . reactor .  

7.160 Regulating Rod Drives. Two regulating rod drives are  
used i n  t h i s  reactor. These drives are  of a design similar t o  the 
cont ro l  rod drives, and a re  mounted adjacent t o  the control rod drives 
on the  reactor top head. Their chief functional difference i s  t ha t  
they w i l l  be capable of approximately twice the motor-driven speed 
a s  t h a t  of the control  rod drives.  While the function of the control 
rod drives i s  primarily t o  r a i s e  and hold the control rods t o  operating 
posi t ion,  the  function of the regulating rod drives i s  t o  continuously 
vary the regulating rod posit ion i n  a manner which tends t o  leve l  out 
the  reactor power, Conventional regulating rod drives incorporate 
e l e c t r i c  servo motors which a re  driven by reactor control c i r cu i t s .  
Thus, the regulating rod drives w i l l ,  of necessity, be more rugged 
and w i l l  be capable of continuous long term use. Again, as  with the 
control  rod drives, various systems mwbe considered f o r  t h i s  appli- 
cat ion.  These drives must be capable of driving the rods i n  ;a&: f u l l -  
ra ted  veloci ty  against  f u l l  coolant flow and system operating pressure, 
and must lock the rods i n  the down position. When removing the top 
head, requirements s imilar  t o  those specified f o r  the control rod drives 
must a lso be met. Only one of these drives w i l l  be u t i l i zed  a t  any 
one time. The spare rod functzons as . a  normal control rod when not 
i n  use. 

7.170 Reactor Instrument Fac i l i t i e s .  Fac i l i t i e s  a re  necessary 
t o  provide accommodations f o r  instrumentation such as the neutron sensi- 
t i v e  chambers, resis tance thermometers for. measurement..o% inlet  and 
o u t l e t  coolant temperatures from which the reactor power i s  calculated, 
and the temperature and pressure sensors a t  the out le t  of each individual 
f u e l  element. 

7.171 Neutron Sensing Chamber Fac i l i t i e s .  The f i s s ion  
chamber f a c i l i t i e s  used f o r  s t a r t ing  up the reactor from complete shut- 
down are  located i n  the re f lec tor  region of the core as shown i n  Fig. 
7 . 1 C .  This location i s  required t o  allow the proper sens i t iv i ty  t o  
neutrons present during reactor s tar tup.  These tubes are  6-in. inside 
diameter and are inser ted from the bottom of the reactor through the 



bottom head. The maximum operating temperature rating of commercially 
available chambers is 175OC. Since such chambers have an outside 
diameter of approximately 2 in., this allows a 2-in. annular space around 
the outside of the chamber for insulation and cooling, The design of 
the insulation and the determination of either air or water cooling will 
be a part of detailed design. 

Itj is necessary to have a drive system which can 
remotely position the two fission chambers at any desired location within 
limits in the two tubes, since these are withdrawn during full power 
operation to lengthen the life of the chambers. This drive system is 
operated by a motor located on the bottom plug of the reactor tank. 
The control system for the motor is then tied iato the reactor control 
system and is actuated from the reactor console. 

There are five other neutron-sensing ionization 
chamber positions located around the perimeter of the lead shield of 
the reactor tank. The chamber tubes extend from a trench around the 
reactor pit parapet and into the lead outer thermal shield to a point 
approximately 1 ft below reactor centerline. Access to the tubes is 
from the reactor trench around the top of the reactor tank. At this 
chamber position no temperature problem should exist. 

The drive system to control the positions of 
these chambers can be much more simple than that for the fission 
chambers, since the chamber tubes are essentially vertical. The 
adjustment of chamber position is not as drastic as in the case of . 
the fission chambers which involves position changes during reactor 
operation. After the location of the ion chambers has been made 
originally it is seldom necessary to move them more than 12 in. compared 
to the 3 to 5 ft necessary for the fission chambers. In addition, 
-gravity can be used to allow insertion and withdrawal of the chamber 
by a manual drive actuated at the top of the tube conne~~ted by a steel 
cable to the chamber proper and its shielding. 

7..172 Fuel Monitoring. Three fuel element coolant 
variables are monitored intermittently in the reactor. These are 
temperature flow, and organic composition (drawing off samples for 
laboratory -analysis). This monitoring is ac~complished by the use of 
mon5tor tubes which are installed in the reactor vessel top head and 
which extend down into the upper end-box of the individual fuel elements. 
The tips of the monitor tubes extend through the orifice plate mounted 
in the fie1 element upper end-box. (see Sections 7,.123 and 7.125 for 
further description of the .moni-b~r tubes and fuel .elements.). The 
monitor tubes consist of a thermocouple well and a tube which may 
be used for either pressure-sensing or coolant-sampling. Reading of 
the monitors duri-ng reactor operation i,s accomplished by a technician 
standing on the reactor vessel top shielding head. No leads running 
to other parts of the reactor building are used. 

Monitor tubes are initially supplied for 
the twenty driver fuel element po.sitions, and provisions are incorporated 



i n  the  reactor top  head f o r  the .future addition of other tubes i n  a l l  
f u e l  element posit ions.  ' Seals are  t o  be designed f o r  minimum leakage 
and easy replacement. The monitor tubes a re  t o  be constructed t o  
withstand the upward force of '.the f u e l  element during reactor operation, 
and a lso  the l a t e r a l  force of the coolant flowing horizontally across 
the vessel  t o  the ex i t  pipe. 

7.180 Biological Shielding. The biological shield i s  designed 
t o  at tenuate  the gamma and neutron radiations produced during reactor 
operation a t  f u l l  design power of 220 Mw t o  safe  reasonable levels .  In 
areas  where continuous personnel occupancy i s  necess.ary, suff ic ient  
shielding i s  provided t o  attenuate the radiations t o  l e s s  than one-half 
the  permissible occupational exposure..levell a t  the outer surface of 
the biological  shield.  

Two di f fe rent  types of concrete were.investig@ted for  
use i n  the biological shield surrounding the sides of the cyl indrical  
reactor  tank--ordinary concrete having a '  density 2.3 g/cc and high 
.density concrete having a density 3.5 g/cc. Using the gamma f lux  .at  
the inner surface of the biological shield determined i n . t h e  gamma 
heat derivations i n  Section 5.340, calculations were made to  determine 
the thickness of concrete required t o  attenuate the radiation t o  0.75 
mrem/hr on the outside surface of the shield.  Using ordinary concrete, 
9. f t  are . required.  Ustrig high density concrete, 6 St a re  required. 
High density concrete was chosen f o r  the biological shield because 
(1) there  i s  no s igni f icant  difference of in-place cost  between 6 . f t  
of high' density concrete and Q f t  .or ~ r d i n e r y  corneke,  (2) a smaller 
f loo r  .area.would be required, and (3 )  there are  be t t e r  heat t ransfer  
character is ti.^^ with the thinner shield.  

The ETR biological shield i s  constructed of 8 f t  
of magnetite concrete. However, the basic shielding calculations gave 
a thickness of approximately s i x  f ee t .  The additional ,2 \ . f t  .were. added 
t o  provide f o r  the  radiations produced by experimental loops which pass 
through l - f t  diameter v e r t i c a l  sleeves i n  the biological shield; thus, 
the EOCR shield thickness compares with ,the ETR calculations.  

The top and bottom of the EOCR t a n k . i s  shielded by 
2 f t  of s t e e l .  m e  top head i s  removable t o  permit refugzing :of the 
reactor and t o  permit inser t ion  and removal of.experiments during 
shutdowns. , The bottom'head h a s - a  number of penetrations fo r  entry of 
experimental loops, f i s s ion  chamber thimbles, e tc .  When the penetra- 
t ions  - a re  not i n  use, they a re  plugged with material  of equivalent 
density .and thickness t o  prevent streaming of radiation into the sub- 
p i l e  room. 

7.181 Power. During operation of the reactor the top 
head w i l l  be i n  place. :TW allows personnel t o  work .on the reactor top 
without time restri .ctions.  

1. "Maximum Permissible Radiation Exposures t o  Man", Addendum to  
Na5ional Bureau of Standards Handbook 59; April 15, 3958.. 

- & ) :  



Entry in to  the subpile room, the primary coolant 
valve cubicle, and the reactor coolant pipe tunnel w i l l .  be prohibited 
by the high radiation f i e l d s  which ex i s t  while the reactor i s  i n  opera- . 
t ion.  A l l  other areas are  accessible t o  personnel. 

7.182 Shutdown. The reactor i s  shut down f o r  refueling 
and for  inser t ing and removing experiments. Sufficient shielding i s  
necessary t o  attenuate the residual . ac t iv i ty  emanating from the core 
region t o  permit as  much,working.time as  possible on the reactor top and 
i n  the subpile room. 

The spent fue l  w i l l  be removed from the reactor 
and. t ransferred t o  the storage canal t o  reduce the radiation source i n  
the' reactor tank. Shielding f o r  fue l  t ransfer  i s  provided by .flooding 
the .reactor p i t  above the reactor tank with water t o  the l eve l  of the 
canal. Removal of the bulkhead then permits d i rec t  t ransfer .of '  the 
spent fue l  t o  the canal with special  handling tools.  The reactor tank 
top i s  located 13 f t  below the surface of the water. Careful handling 
during the t ransfer  operations i s  necessary t o  prevent the f u e l  section 
of the f u e l  element from coming closer  than 6 f t  t o  the surface of the 
water; otherwise, the momentary radiation exposure dose-rate becomes 
prohibitive. 

7.183 Fxperimental Tube Instal la t ion.  Ins ta l la t ion  : 

of an .experimental in-pi le  tube requires considerable work i n  the sub- 
p i l e  1-00;, on the reactor top, and-in the reactor tank. Before t h i s  
work commences, the spent f u e l  elements are  removed t o  the canal t o  
reduce the radiation source i n  the tank. 

To prevent streaming of radiation from the core 
through the .in-pile tube t o  the subpile room and reactor top, removable 
lead plug shields w i l l  be placed i n  the tube. These plugs a re  removed 
a f t e r  the tube has been ins ta l led  and f i l l e d  with water o r  organic. 

In-tank work i s  acc.om~li'shed. by lowering' the 
water l eve l  i n  the tank and l imit ing the  worker"^ in-tank time as 
necessary t o  maintain h i s  exposure within pe'rmissible l imits .  

7.190 Reactor and Canal Structures. Referring t o  Figs. 7.lA, 
7:U, 7 . l C ,  7 . 6 ~ ,  7.63, and 7.6F, some of the main features of the 
reactor and canal structures may be seen. These structures a re  des- 
cribed i n  the following sections: 

7.191 Reactor Structure. The reactor vessel i s  s e t  
a t  the bottom of the 14-ft  deep reactor p i t  and i s  shielded by 6 f t  of 
high ( ~ j . 5 )  density.concrete. High density concrete may use barytes, 
magnet.it.e, o r  hematite as aggregate, but must meet the density re- 
quirements s ta ted above. This biological shielding will extend from 
the top shielding.head to  the bottom shielding head of the reactor and 
w i l l  support the reactor vessel proper. The reactor p i t ,  reactor 
vessel, and biological shielding are' supported by a c i rcu lar  wall of 
concrete forming the reactor subpile room. 



Figs. 7.lA and 7.lB show the two primary -cooling 
l i n e s  through the west s ide of the s t ructure and the  eight nozzles which 
penetrate the reactor .structure, The nozzle trench covers 1800 near the 
top of the reactor vessel.  

The inside surface of the biological shielding 
i s  l ined  with and may be formed from carbon s t e e l  plate .  This s t e e l  
l i n ing  extends from the bellows sea l  at  the vessel top flange down to  
the  reactor  subpile room. Between the s t e e l  l in ing  and the pressure 
vesse l  i s  a water-cooled lead shield.  The lead shield i s  separated 
from and supported by the s t e e l  l in ing  and i s  also separated from the 
vessel  by an a i r  gap. 

7.192 Canal Structure. The. c i rcu lar  reactor p i t  above 
the  reactor  vessel  opens into., the canal, but may be isolated from the 
canal by means of . a  removable bulkhead with inf la tab le  seals .  This " 
canal i s  8 - f t  widc, 13-f t  deep, and 30-ft long, from the bulkhead t o  
the  end of the canal. The south end of the canal should be designed 
i n  a fashion which would permit southward extension of the canal i n  
the future.  Encompassing the canal and reactor p i t  i s  a 3-ft  high 
parapet. The canal and reactor p i t  has a posit ive l i n e r  sea l  of s ta in-  
l e s s  s t ee l ,  f iberglass,  o r  some other sui table  substance. This sea l  
r e s t r a ins  any demineralized water from coming in to  contact with o r  
leaching out into the concrete structure,  and must also r e s i s t  radiation 
damage from spent f u e l  elements, e t c .  The biological shielding around 
the canal i s  also high density concrete. The thickness on the sides 
and bottom i s  5 f e e t .  The south end has a thinner, temporary wall t o  
allow remova1,af a l a t e r  date  should it be desirable t o  expand the 
canal.  





FIG 7.1 B 
EO C R 

REACTOR STRUCTURE 
HORIZONTAL SECTION THROUGH NOZZLES 



FIG. 7.1 C 
E O C R  

REACTOR STRUCTURE 
HORIZONTAL SECTION THROUGH CORE CENTERLINE 



7,.2OO Reactor Post-Shutdown, Handling, and Pre-Startyp Procedures. 

S.ince the EOCR reactor  i s  cooled and moderated by organic coolant 
which i s  opaque and s o l i d i f i e s  a t  elevated temperatures (approximately , 

300'~ fo r  Santowax R or  OW), considerable e f f o r t  has been expended i n  an 
attempt t o  eliminate or  simplify the  blind handling procedures and.elevated 
temperature conditions now contemplated .for some proposed organic power 
reactors.  As'a d i r ec t  r e su l t  of t h i s  e f for t ,  it appears feasible t o  purge 
the organic from the reactor  tank with hot (350'~) demineralized water, 

' 

displace the hot water with ambient temperature high-pressure demineralized 
water, and conduct a l l  in-tank handling and other operations under water 
which i s  a t  room temperature. The term "water-flooding" i s  applied t o  

' 

t h i s  procedure. Tests performed %o demonstrate water flooding f eas ib i l i t y  
a r e  discussed i n  Section 12.000. The following sections w i l l  discuss the 
reactor  shutdown, flushing, and handling procedures involved i n  the 
operation of the EOCR. 

7.210 Reactor Post-Shutdown Procedures. After the reactor has 
been sh .d  down, the organic coolant w i l l  continue t o  be circulated while 
'the coolant and tank temperatures are  reduced a t  controlled ra tes  t o  a 
temperature .of approximately 3500F.' The reactor ' tank and a small section 
of primary coolant piping are  then isolat.ed by closing the main primary 
coolant-loop block valves. The next operation i s  t o  displace the organic 
i n  the reactor tank with water. Fig. 7 . 4 ' ~  shows the equipment associated 
with the water-flooding operation. Valves a t  the top and bottom of the 
reactor  a re  opened, and hot demineralized water w i l l :  force the organic 
from the reactor tank t o  the degassing tank. After the organic i n  the 
reactor  tank has been displaced by hot water, cold high-pressure demin- 
e ra l ized  water i s  pumped in to  the bottom of the reactor tank a t  controlled 
ra tes ,  displacing the hot water back t o  the water-flooding storage tank 
and reducing the temperature t o  1 8 0 0 ~  o r  less.. The water-flooding valves 
a re  then closed, the water l eve l  i n  the reactor tank i s  dropped 6 t o  8 
inches, and the reactor top head i s  removed t o  dry dock. 

7.220 Reactor Handling Procedures. Those .experimental loops 
i n  which f u e l  elements, samples, or capsules a re  scheduled .for changeout 
during the reactor shutdown w i l l  a l so  be'purged with hot water and then 
f i l l e d  with cold demineralized water a t  the same time o r  a f t e r  completion 
of water-flooding of the reactor tank. After the reactor top head i s  
removed .to dry dock, the loop top closures w i l l  be opened, instrumentation 
leads broken, e t c . ,  preparatory t o  removal of thee-rimental samples. 

After completion of the above operations, the 14-ft  
deep reactor p i t  located immediately above the reactor tank is  f i l l e d  
with demineralized water. (see Section 7.190 for  description of the 
reactor  p i t .  ) The i so la t ion  bulkhead between reactor p i t  and water- 
f i l l e d  canal may then be removed, allowing d i rec t  t ransfer  of fue l  
elements, control rods, experimental samples, etc.,from the reactor t o  
storage racks located i n  the  canal. Hot samples stored i n  the canal, 



but scheduled for reinsertion in the reactor,would be transferred to,the 
reactor and inserted into their respective sample positions. 

Since all reactor handling is to be conducted through 
demineralized water, it is not expected that handling problems connected 
with the EOCR will be any more severe than those connected with any 
test reactor. As in any reactor, special allowances must be made for in- 
pile tube. insertion and removal, but.it is expected .the these in-pile - 

tubes will be installed on a semi-permanent basis, and that experimental 
equipment will be.designed to adapt to the in-pile tubes available. 
Section 8.1~1 discusses insertion and removal of in-pi1e.tubes. 

After all "hot" transfers have been .effected between the 
reactor and canal, the bulkhead'is replaced in .the canal and the reactor 
pit ?s drained to the plant sump. Cold fuel ahd experiments may now be 
placed in their respective positionsj experiment loop'top closures re- 
installed, and experimental instrumentation letids routed out of the 
reactor vessel via the nozzles located near the top o.f.the .reactor tank.. 
In the case where the experimental ins%rumentation lead drawbar penetrates 
the reactor top head, the instrumentation lead would.be connected after 
the t q  head is replaced on the reactor. 

7.230 Reactor Pre-Startup Procedures. After the reactor top . z 
head has been installed and experimental instrumentation connected, hot , .:*. 
demineralized water from the water-flooding storage tank is again ad- .; 

mitted at the top of the reactor vessel at controlled rates. The cold 
water in the reactor tank is drained to the plant sump for disposal. C. 

After the reactor tank and bulk coolant reach a temperature: 
of approximately 350°~, the degasif ier-prassurixer system pump is started. 
This pumps organic at 350°F into the reactor tank and displaces the hot : 
water back to the water-flooding storage tank. After the hot water has . 
been displaced and the reactor tank is again full of organic, the degassing: 
system processes the organic in the reactor tank to remove any water that 
has been trapped in the vessel and piping.  o or detailed descriptions and 
flow diagrams of the water-flooding system and degasifying system, refer 
to Sections 7.470 and 7.4'30 of this report). 

After completion of the above procedures, the main coola.& 
loop block valves may be reopened, arid the reactor may be brought -to 
temperature and begin nuclear operation. 



7.300 Reactor Controls and Instrumentation. - 

The instrumentation system may be diviaed into three main cate- 
gories for' purposes of discussion: the control system which utilizes 
three modes of shim rod actuation to allow automatic operation of the 
reactor under pre~set conditions; the safety syste'm which functibns to 
protect the reactor throughout all conceivable operating situations, 
intended or accidental; and auxiliary instrumentation which provides 
control on peripheral functions necessary for continuous gre-set Qpera- 
tion of the reactor. The above mentioned functions are discussed in 
Sections 7.310 through 7.330. 

7.310 Control System. The control system provides a means 
far continwusly measuring the power level and indicating the neutron 
flux lev.el in the reactor-and a means .of controlling both their long 
and short time variatior-s. 

7.311 Power Level Instrumentation. The ultimate 
measurement of reactor power is, of course, a calorimetric measurement. 
The reactor power may be determined continuously by the multiplication 
of the main coolant flow rate by its temperature rise across the.core 
.&nd the appropriate constant. Measurement of the flow rate is accomplished 
by the placement of a Gentile tube or orifice plate in the main coolant 
line. The differential pressure across the orifice plate is converted , 

by a Lransmitter to an electrical signal which is directly proportional 
to the flow rate. Such a device is non-linear and is specially 
designed for the purpose. These transmitters are in common use and are 
available coxnmercially . The temperature rise (AT) is measured by 
standard means, with either thermocouples or resistance bulbs being 
used.. The output signals from the flow and AT are then multiplied 
analogically by electronic instrumentation. A periodic check on the, 
power level may be .obtained by reading both variables from strip- 
chart recorders, accurate to 20.25%. The resulting hand calculation 
thus may be computed to ?0.50%. In this reactor several resistance 
bulbs are used in order to allow better averaging of the inlet and . . 

outlet temperatures, thereby reducing the effect of stratification 
of the coolant in the piping. The block diagram for this system is 
shown in Fig. 7.3A. 

The other indications of reactor power level . 
come from neutron-sensitive ionization chambers. These are relative 
indications and vary as the neutron flux distribution changes through- 
out the reactor for a constant integrated reactor power. This flux 
distribution may change for various changes in control rod positron as 
the control rods are withdrawn to compensate for fuel burnup and for 
changes in experimental loading. Two of the~e chambers indicate the 
neutron flux on a six-decade logarithmic scale and the other three 
indicate. on a linear scale reading from 0 to 1 5 6  of full reactor 
power. These are the same ionization chambers shown in the reactor 
safety instrumentation in Fig. 7.3B. 



A s ix th  ionization chamber connected t o  a 
d i f f e ren t i a l  galvanometer as  shown i n  Fig. 7.3C allows a more sensit ive 
indication of the  d r i f t  of power l eve l  than can be obtained by normal 
f u l l  scale indication. A careful ly  controlled zero of fse t  allows a 
very sensi t ive measurement. In addition, with ba t te r ies  a s  the high 
voltage supply, the system i s  a l so  used as  a fai lure-free power leve l  
indication independent of ac power generation. 

7.312 Power Regulating System. The reactor i s  con- 
t ro l l ed  by the  use of the 12 control rods dis t r ibuted through the  
reactor core as  shown i n  Fig. 7.lB. The coarse control i s  accomplished 
by adjusting 11 of these rods while the  one remaining rod i s  used t o  
automatically control the  power level .  These control rods a re  the 
fuel-follower ty-pe where a neutron absorbing material  i s  gradually 
replaced by a fue l  section as  the rod i s  pulled out of the  reactor core. 
This i s  accomplished by operator demand on the  11 coarse control rods 
as the reactor control system allows. 

The one remaining control rod, which can be 
chosen as  desired, i s  connected t o  a servo control system such a s  tha t  
shown i n  Fig. 7.3D. The rod inser t s  and withdraws from the reactor 
core t o  damp small reactor power fluctuations a s  dictated by the servo 
control system. The ionization caused by neutrons i n  the  compensated 
ion chamber allows current proportional t o  the neutron f lux t o  f l o w  
through the  motor-operated rheostat .  The rheostat a c t s  as  a set  point 
t o  produce a voltage from the ion current tha t  i~ balanced against a 
fixed voltage i n  the servo amplifier. As the rheostat i s  varied a 
different  power leve l  i s  determined and the motor drives the  control 
rod i n  a manner t o  allow a correction t o  be made t o  bring the  voltage 
i n  balance. Two decades of power leve l  a re  controlled by t h e  servo 
system.' 

This ty-pe servo system, where a re la t ive ly  large 
slow-moving control-rod i s  used a s ' t h e  servo rod; i s  not a high per- 
formance system. This requires tha t  suff ic ient  analygis of the heat 
generation i n  the  system be made -to assure that under any conceivable 
experimental condition, the low performance servo control i s  suff ic ient  
t o  protect the  reactor against any potent ial ly  destructive incident 
up t o  the  point where the safety system takes over tha t  responsibi l i ty .  
For a,' system such as  tha t  described i n  t h i s  conceptual design, the 
most sat isfactory arrangement i s  t o  simulate the  reactor, the  control 
system, the reac t iv i ty  effects  such as  rod movement, temperature 
coefficient,  and external disturbance, and response times on an elec- 
t ronic  analogue device. The kinet ic  behavior can then be evaluated 
and adjusted such that t h i s  overlap i n  control protection i s  obtained. 
This w i l l  be accomplished i n  the detailed design. 

The moCor drive on thc one control rod used 
i n  the  servo system merits special discussion. The servo system may 
be one of two types. It may be a proportional controller or an on-off 
controller.  The proportional controller requires a motor which varies 



i n  speed proportional t o  the  error  derived a t  the input t o  the  servo 
system. The on-off control ler  uses a fixed speed motor which turns on 
at a constant speed a t  a given amount of error  i n  the  servo network, 
continues a t  t ha t  constant speed u n t i l  the error  returns,  below the  
given amount then turns o f f .  The proportional controller usually 
&lows more constant control of the  reactor power. However, a care- 
f u l l y  designed on-off control ler  w i l l  allow control of the  reactor power 
t o  b e t t e r  than 0.5$. 

I n  the  case of the'EOCR the choice of one of 
t h e  twelve control rods fo r  the  servo system w i l l  probably be one of 
the  outside eight rods. Since these a re  worth about 1.25% i n  react ivi ty ,  
approximately the  upper one-third of the  rod w i l l  be used as  the  oper- 
a t ing  regi'on of the  servo control. This rod w i l l  move with a r a t e  that 
w i l l  give it an over-riding r a t e  of change of reac t iv i ty  per uni t  time 
compared t o  any of the  other control rods. This w i l l  allow a continuous 
withdrawal- or inser t ion of a control rod with the servo control rod 
maintaining the  servo er ror  a t  essent ial ly  zero. Otherwise, the  servo 
rod cannot catch up u n t i l  withdrawal or insertion has stopped which i s  
an undesirable operating character is t ic .  

For operational convenience the motor must be 
considered careful ly  i n  the  detai led design. The motors chosen for  
a l l  rods may be of the  type that w i l l  allow changing of the nwnber of 
poles (and thus the  speed) on the  s t a to r  by merely rearranging the  
windings with a re lay  switching arrangement. This w i l l  allow the one 
rod chosen a s  the  control rod t o  be, say, doubled i n  speed by a mere 
switching choice. A second technique i s  the  use of a wound rotor  ac 
motor whose speed can be changed by inser t ing a r e s i s to r  i n  ser ies  with 
the  armature. Thus all rods except the  one servo rod can be cut t o  
half  -normal speed. A t h i r d  technique i s  t o  switch motors mechanically 
fo r  the  control rod chosen t o  be the  servo rod. This, perhaps, i s  not 
as  operationally desirable a s  the other two prospects. The desired 
operating char.acteristics of motor speed, however, can eas i ly  be 
at ta ined.  

7.320 Safety System. The safety system receives i t s  activation 
from f i s s i o n  chambers and gamma-compensated ionization chambers which, 
e i the r  separately or i n  combination, .provide a continuous indication -of 
the  neutron leve l  i n  t h e  reactor from the cold clean reactor (with neutron 1 

source) t o  greater, f o r  example, than 150$ of f u l l  power rat ing.  These 
channels a re  ad,justed t o  i n i t i a t e  shutdown of the  reactor for  unsafe - 
operating conditions i n  whatever region of neutron leve l  the reactor i s  i 

operating. 

7.321 Startup ~nstrumentation. The s tar tup instru- 
mentation consists of two channels of counting r a t e  instruments t o  
c b t  t he  f i ss ions  i n  two f i ss ion  chambers. The output from the  log- 
count-rate meters a s  shown i n  the' block diagram i n  Fig. 7.3E i s  
recorded. On the  recorder there a re  microswitches se t  so tha t  the 



control system will.not allow the reactor to start up without having at 
least one of the count rate channels reading on-scale. These channels 
allow observation of the neutron flux in *he cold .clean reactor region 
with a reasonable size neutron source from which to multiply.. 

7.322 Mechanical .Safety Rods. The .same rods referred 
to as "Control Rods" in other portions of this report are also the 
safety rods, any of which render the reactor suboxibl;kal upon being 
inserted. Rapid insertion of these rods is called a "scram". An 
appropriate signal from the reactor safety instrument discussed in 
Section 7.323 will modif'y the rod-holding characteristics of the 
suspending mechanism sufficiently to cause a rapid insertion (scram) 
into the core. The me'ans for allowing this to occur depends on the 
particular control rod drive design. 

7.323 Safety Instrumentation. The safety instru- 
'mentation for the reactor makes.use of many of the desirable features 
in the MTR. The block diagram of the safety instrumentation is shown 
in Fig. 7.3B. The signals from three level channels and two 
period channels originating from five separate neutron sensitive 
ionization chambers are tied to a common sigma bus. This sigma bus 
acts as an input signal to the nonlinear rod release .arhpL.$fiers.. The rod 
r-se, amplifiers have characteristics such that as the input from the 
sigma bus goes either up.above a certain voltage or down below a 
certain voltage, the output signal to the cod holding o~ 1.atehi.w 
mechanism goes down. Thus, for reactor power increasing and the 
resulting sigma bus voltage increase, or for shorting of the sigma 
bus resulting in a voltage decrease, the output signal decreases 
sufficiently to release the safety rods into the reactor. This 
system is commonly referred to as the "Fast Scram" oy'"~1ectronic 
Scram" instrumentation since it can occur in the millisecond range 
and 'does not require any mechanical relay operation. The "Slow 
Scram" a d  ."~everse " , discussed in the following paragraphs, are 
usually initiated by recorder level switches using relays. 

It 'is necessary to emphasize reasons for the 
application of either the reverse or scram in a reactor of this type. 
If the reactor core were to be only'of one type, fid PuCther, if this 
type is not modified substantially, a set of non-vari&ble limits could 
be established for such parameters as coolant'pressure, temperature 
and flow rate and, as a back-up, the neutron flux level. ,There should 
be adequate flexibility for the ope.rators to set these limitations 
according to each -individual core, after detailed engineering calcu- 
lations have substantiated these numbers. The same considerations 
should govern the use of these power reductions as dictated by the 
conditions under which the various experimental loops will be 
operated. The method by which an experiment can shut down the reactor 
is discussed in Section.7.335. There are, however, some corrections 
which must take place (if necessary) in the routine startup of any 
reactor. Among these are startup period limitation, and interlocks to 
assure the core adequate startup source strength. Table 7.3A contains 
some parameters and suggested'set points: 



Table 7.38 

CORRECTIVE' SIGNALS 

The, Reverse i s  an action, the purpose .of .,rhich i s  

- C.  
reduce power by running the rods i n  by t h e i r  .drive motors. .Reac t iv i tyr  
i s  reduced approximately uniformly unti1,th.e actuating condition i s .  
relieved. When the trouble condition has been relieved the rods 
w i l l  s top driving in, but the reactor w i l l  then be subcr i t ica l ,  perhaps 
by a per cent or two, and the reactor power a f t e r  a typical  incident 
w i l l  be down by two or three decades depending, of course, on how long 
the rods have been reversed. The reactor i s  l e f t  i n  a contiition from 
which it i s  easy t o  recover and the or iginal  operating conditions 
can be reached with. minimum d i f f i cu l ty  and time. 

' 

km- 

Corrective Action 
- 

R 
E 

V 
E 

R 
S " 

E 

S 
C 

R 
A 
M 

* NF 5 Full Power 

** NL 5 1% Ful l  Power 

The Scram i s  the f i n a l  and most dras t ic  
correct ive action which may be taken by the control system and re su l t s  

' i n  complete shutdown. The ultimate safety of the reactor depends on 
the existence of numerous independent means fo r  achieving the scram 
so t h a t  the probabili ty of simultaneous f a i lu re  of a l l  i s  made 
vanishingly small. 

,- - 

' Parameter 
.- 

Neutron Level > - 1 . 3  NF * 
Thermal Power Level > N 1.3  NF 
Coolant Tenperature 
Coolant Flow 
Coolant Pressure 
Manual Operation above ~ N L  ** 
High Radiation Level a t  Coolant 

Outlet 
Experiment Interlocks 
Reactor Pesiad < 5 Seconds 

Neutron Level > - ' 1 . 5  NF 
Reactor Period <' 1 Second 
Thermal Power Level > .v 1 . 5  N F 
Coolant Temp. < ~ ~ o O F ,  > 1 .5  N~ 
Coolant Pressure 
coolant A P 
Coolant Flow 
Loss of Instrument Voltage 
Loss of Purchased Power 
Loss of Relay'Bus Voltage 
Experimental Interlocks 

b 

I n -  the Table 7. -3 an experimental inteslock 
allows the choice of any of the  two. corrective signals dessred. 



Thus, calculations are  made of possible incidents tha t  may occur f o r  
each individual experiment inserted i n  the reactor. The same c r i t e r i a  
are used as are used i n  the evaluation of the servo system and i t s  over- 
lap with the scram system discussed i n  Section 7.312. The choice of 
the. corrective s ignal  required i s  made &d when the experiment reaches 
tha t  par t icu lar  . l i m i t  of temperature, pressure, e tc . ,  the corrective 
action is  taken. 

7.330 Auxiliary Instrumentation. 

7.331 Process Instrumentation. A l l  important process 
variables are recorded and displayed i n  the appropriate locations.  Since 
t h i s  instrument at ion i s  f a i r l y  standard and straightforward as related 
t o  reactor operation and control, it i s  not detailed here. 

7.332 Fission Break Monitoring Instrumentation. There 
are two f i s s ion  break detectors, one on the vapor out le t  on the degassing 
tank and one on the stack. The degassing tank monitor w i l l  see d i rec t  
radiation increase from degassing of the organic coolant within approx- 
imately a minute a f t e r  the coolant has passed through the reactor. It 
i s  expected tha t  a d i rec t  radiation technique i s  sat isfactory f o r  t h i s  
measurement as compared t o  the integrating technique used on the stack. 
The stack has t h i s  same gas plus 16,000 cfm of a i r  from the cubicles 
passing through it. Scin t i l la t ion  counters with t o t a l i z e r s  are used 
f o r  both gas and par t icu la te  monitors. The instantaneous level, of 
each i s  recorded i n  the control room. 

7.333 .Health Physics Instrumentation. Both d i rec t  
radiation and/or a i r  monitoring i s  performed i n  each uni t  area of the 
EOCR layout &d all indications are  remotely indicated and some 
recorded i n  the  Health Physics off ice.  These monitor types are standard 
i n  reactor areas and need not be considered i n  d e t a i l  i n  t h i s  report .  

Adequate protection is provided f o r  personnel 
monitoring including hand and foot counters and f r i skers  f o r  d i rec t  
radiation detection a t  entrances t o  the reactor building. 

7.334 Auxiliary Thermocouples. With the temperatures 
encountered i n  the organic coolant, the s t ructure temperatures f o r  the 
reactor can be high. Thermocouples w i l l  be located a t  many points i n  
the container vessel, thermal shields, lead shield,  concrete biological 
shield, e tc . ,  i n  order t o  allow monitoring of pertinent points. These 
w i l l  be recorded on multi-point recorders. , 

7.335 Experiment Interlocks. Near each experiment 
cubicle i s  located a panel with a switch and multiconductor plug f o r  
access t o  the reactor supe rv i s~ ry  safety system (scram, reverse).  
The conduit carrying t h e ~ e  wires w i l l  connect each cubicle t o  the  
instrument room. 
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7.400 Primary Coolant System. 

The reactor coolant system components a re  designea to  provide 
suf f ic ien t  organic coolant flow to  adequately cool the reactor core a s  
well  a s  t o  d iss ipa te  the thermal energy of the reactor t o  the atm~sphere 
i n  a safe  and e f f i c i en t  manner. The primary loop i s  designed t o  remove 
45 Mw of heat a t  a flow r a t e  of 25,000 gpm with a reactor i n l e t  tempera- 
tu re  of 500°F and an ou t l e t  temperature of 52h03'. Systems f o r  mainten- 
ance of coolant gas, HB, and water content a re  included i n  t h i s  section 
as well  as  the pressurizing system fop the primary coolant system. 

7.410 Primary Coolant b o p  ( ~ i g .  7,4A) a The primary coolant 
system provides the  necessary f ac i l i t . i e s  to  remove.the heat generated 
i n  %he reactor core. The system ' i s  designed .for a niaximun hea t .  load 
of  45 Mw a t . .  the normal .operati.ng conditions 0% 500°F reactor i n l e t  
temperature, .526OF ou t l e t .  temperature; 25,0130 gpm flow and 150 -psig 
pressure, and, the .system i s  designed f o r  a maximum pressure of 300 psig 
at. a temperature of . -8500~.  

The s y s t e m  includes one main circulat ing pump, a l iquid- 
to-forced-air  heat exchanger, a pressuriztng and degassing' system, a 
pur i f ica t ion  system, valves, and instruaentation necessary t o  safely 
cool the reactor f u e l  elements under normal and emergency operating 
conditions, 

The priaary pump (25,000 gpm, 170 f t  tdh, 1250 hp) .dis- 
charges coolant through the main 24-in. loop piping, through a but te r f ly  
control  valve and a.main i n l e t  block valve in to  the reactcr  vessel. . The 
coolant flows down through the in te rna l  thermal shield, up through the 
reactor core, and out .of the 24-in. ou t l e t  pipe. The cooaaiil then flows 
through the m a i n  out le t  block valve and the Gentile flow tube t o  a finned- 
tube forced-draft a i r  heat exchanger where the reactor thermal heat i s  
diss ipated t o  the atmosphere. The coolant, a f t e r  being cooled i n  the 
heat exchanger, returns t o  the suction aide of the main coolant pump. 

A 500-gal capacity surge tank i s  connected t o  the main 
24-in. coolant piping on the pump discharge t o  dampen'press.ure t ransients  
which C o u l d . ~ e ~ u l t  due t o  .rapid coolant temperature fluctuations,  when 
the reactor i s  scrammed. 

The system i s  pressurized by means of two pressurizing 
and degassing pumps (200 gpm, 550 f t  tdh, 40 hp), one .of which i s  a 
spare. The pumps take suction from a 10,000-gal, capac i ty  degassing tank, 
and discharge coolant in to  the main system near the auction side of the 
main coolant pmp. The flow from the two degassing and pressurizing 
pumps i s  measured by.means .of an o r i f i c e  which, v ia  a flow recorder- 
control ler ,  posit ions a flow control valve t o  maintain a constant flow 
from the degassirig system i n t o . t h e  main 24-in. coolant loop, Organic 
i s  bled from the main loop'system via  a 3-in. pressure control valve 



positioned by means of a pressure recorder-controller which senses the 
reactor coolant i n l e t  pressure. The volume of coolant flowing through 
the back pressure control valve to  the degassing tank i s  equal t o  the 
volume of l iquid being pumped in to  the main system continuously by . 

the pressurizing pump, so tha t  a constant primary coolant pressure i s  
maintained. More de ta i l s  of pressurizing system are given i n  Section 
7.430. 

< 
7.411 Heat Exchangers. Three finned-tube heat ex- 

exchangers, mounted on s t ruc tura l  s t e e l  supports west of the reactor 
building a t  an elevation of approximately 60 f t  above the reactor core 
center are  connected i n  pa ra l l e l  t o  the 24-in. reactor out le t  l i n e j  
Coolant from the three heat exchangers discharges in to  the 24-in. pump 
suction piping. Coolant f r m  the reactor flows through the tubes of 
the heat exchanger and i s  cooled by forced-draft fans which blow a i r  
across the finned tubes. Specifications fo r  the heat exchangers a re  
as  l i s t e d  i n  Table 7.4A. Since future reactor operation may be at 
higher than design temperature, the performance of these exchangers 
was calculated fo r  several out le t  organic temperatures a t  a 25,000 gpm 
organic flow ra te  and the resul t s  are summarized i n  Table 7 .4~ .  

The reactor coolant temperature i s  controlled 
by a temperature recorder-controller which automatically positions the 
heat exchanger top shutters t o  vary the a i r  flow as  required. Commercial 
power fai lure,or  low reactor coolant flow,automatically completely opens 
the top shutters fo r  maximum cooling a t  t h i s  time. An override t o  t h i s  
feature i s  provided so tha t  the shutters can be manually closed a f t e r  !? 

the coolant temperature has decreased sufficiently.  The reactor i s  
scrammed by low coolant flow and loss  of commercial power; Shutdown 
cooling i s  provided by thermal circulat ion since no emergency cooling . u -  

pumps are provided. A manual by-pass valve i s  ins ta l led  around the .d 
' hea t  exchangers so tha t  the coolant can be circulated through the pr i -  ,1. 
mary system with the heat exchangers shut off. - 

).I 

- C .  . -% 

An o i l - f i red  heater equipped with a blower i s  
mounted below the heat exchangers so tha t  the coolant i n  the exchangers 
can be melted i f  it has sol idif ied while the reactor i s  down. 

7.412 Primary Pump. The primary coolant pump i s  a 
four-stage ve r t i ca l  in-tank uni t  which pumps the coolant from the heat - - 

exchangers into the reactor tank. .The pump i s  mounted outside the 
reactor building i n  a pump p i t  connected t o  the primary.pump tunnel. 

.Specifications f o r  the pump are given i n  
Table 7.4.3. 



HEAT EXCHANGER SPECIFICATIONS . * . +  . 

Liquid Data 
Specific gravity at 500'~ 
specific heat,' ~tu/lb-OF 
Flow, lbs/hr 
Inlet temperature, OF 
.Outlet temperature, OF, . . 

Heat exchanged, Btu/hr 

Air Data 
. Elevation; ft 

Air temperature, maximum ambient, OF 
.Flow, .lbs/hr. . 

Materials and Construction 
Tubes' ' 

Heat transfer area,. ft2 
..OGerall heat transfer coefficient, Btu/hr-ft?-OF 
Log me& t&mperaturk difference, ' OF 
Design,pressure, psig 

I Design '$Pmpekature., . . OF ; .  

. . 
0.95 , '  

0.50 
11.9 x lo 6 

526 
500 
154 x lo6 

5400 
100 
2.74 x 106, 

.Seamless Steel 
1.295 x 105, 
4.18 
29 0 
300 
1000 

,* a . r I L .  

. . Table 7.4~ 

,ORGANIC TEMPERATURE VS NEAT EXCHANGER CAPACITY* 

Organic Temperature Organic Temperature Heat Removal 
Leaving Heat Exchangers, OF Difference, OF , Capacity, Mw 

C__-- 

500 26 " 45 - 

600 3 3 57 

700 39 68 ' 

800 46 80 
* 

X The aSSumptions used ax.: ..(1) the air and organic mass flow .rates' are 
constant, (2) the specific heat of the'organic and air a ~ e  constant'at 
0.5 and 0.25 .~tu/lb-O~ respectively, and (3) the overall heat transfer 
coefficienl; is corls:l;arL. 



Table 7 . 4 ~  
. . . . 

.. . PRIMARY PUNL"SPECIFICATI0NS 

.. Ty-pe 
: .Stages 

Design Pressure 
Head, f t  
Flow 
Temperature, OF ' 

Material 
Connections 
Seals 
Motor, hp . .. 

. ,volts , 

phase 

Vertical Turbine 
Four 

300 psig 
170 

25,000 gpm 
1000 

Stainless  S tee l  
Flanged, 300 psig, 

Double-Mechanical Non-Leaking 
1250 
2400 
3 

Although the use of only one pump fo r  pumping 
the primary coolant may re su l t  i n  some reactor down time, proper prevent- 
a t ive  maintenance during scheduled reactor shutdowns w i l l  reduce t h i s  
down time t o  a minimum; however, some unplanned shutdowns are  anticipated 
from pump component fa i lures .  One pump i s  most economical and, because 
it eliminates pump headers and isolat ion and check valves, it results.  
i n  a simpler system. 

7.413 Valves. The two main 24-in. block valves on the 
main loop piping are  constructed of s ta in less  s t e e l  because these valves 
must be corrosion r e s i s t an t  t o  the hot demineralized water used i n  the 
flooding operations. The valves are  located i n  a valve p i t  i n  the'reactor 
building and are  accessible f o r  servicing by removing a hatch cover. 
The valves a re  motor-operated from the process control room and are  also 
equipped with hand wheels fo r  manual manipulation. Position interlocks 
on these valves, connected t o  reactor instrumentation, prevent closing 
the valves while the reactor i s  a t  power or  s t a r t ing  the reactor i f  
ei,ther of the two valves i s  closed. 

The flow-control valve i s  a but te r f ly  vaIve which 
is  motor-operated and manually controlled. This valve i s  a l so  equipped 

L with reactor instrumentation interlocks t o  prevent closing the valve 
while the reactor i s  a t  power or s t a r t ing  the reactor while the valve i s  
closed. This valve i s  capable of withstanding t o t a l  pump head so tha t  - 

> the pump can be s ta r ted  with t h i s  valve closed, a f t e r  which the valve 
i s  slowly opened u n t i l  the required .flow i s  established. 

7:414 Instrumentation. The primary coolant system 
instrumentation i s  designed t o  measure and control flow, pressures, and 
temperatures which are  necessary fo r  safe operation of the -reactor. 



The required coolant flow i s  controlled by 
adjustment of the main process but te r f ly  valve. !t'he position of t h i s  
valve i s  s e t  pr ior  t o  reactor s ta r tup  with minor adjustments being made 
as the. reactor  is  brought t o  operating power.and the coolant temperature 
increases. The coolant flow is measured by means of a Gentile tube, 
and the  flow i s  recorded i n  the  process control room.and the reactor 
control  room. Reactor power reductions are  i n i t i a t e d  by low flow as  
measured by the flow tube. 

Four resistance bulbs, located i n  the main i n l e t  
piping upstream of the bu t t e r f ly  valve, monitor the reactor coolant i n l e t  
temperature. This temperature i s  recorded i n  both control rooms,and the 
temperature recorder-controller positions the heat exchanger shut ters  t o  
automatically maintain the required coolant i n l e t  temperature. Loss of 
commercial power and low coolant flow overrides temperature control of 
the shut te rs  so t h a t  maximum cooling i s  obtained under conditions of low 
flow o r  lo s s  of commercial power. 

Four additional resistance bulbs ins ta l led  i n  the 
reactor  coolant ou t l e t  l i n e  measure the coolant outlet .  temperature. 
Signals froni the coolant- i n l e t .  and .-outlet  temperature recorders are  .-' . 

transmitted t o  a temperature difference recorder whose s ignal  i s  combined 
with one from the flow recorder, and the integrated flow and temperature 
difference i s  recorded on a power recorder. Reactor power reductions 
a re  i n i t i a t e d  by high AT, high i n l e t  or out le t  coolant temperature, and 
by high reactor  power. These parameters a re  recorded 'in both the reactor 
control  room and the process control room. 

The reactor coolant- i n l e t  and -0Gtle.t: pre sswres 
a r e  a l so  recorded - in  both control rooms. The i n l e t  pressure recorder- 
cont ro l le r  posit ions the back pressure valve which i s  controll ing t h e '  
reactor  coolant pressure. Loss of commercial e l ec t r i c  power or low 
i n l e t  coolant pressure closes the  back pressure 'valve completely s o  tha t  ' 
i n  an emergency coolant pressure is  maintained. 

The pressure drop through the reactor i s  measured 
and recorded and.also i n i t i a t e s  reactor power reductions when the pressure 
drop decreases t o  a preset level .  This device serves as backup instrumenta- 
t i o n  f o r  the. ..flow recorder. 

The pressure drop across the heat exchangers and 
the ou t l e t  temperature from each heat exchanger nozzle a re  recorded 
so t h a t  fouling or plugging of the heat exchanger tubes can be detected. 
No reactor  power reductions a re  associated with these instruments. 

Direct radiation instruments record the ac t iv i ty  
of the reactor  i n l e t  and ou t l e t  coolant, and high out le t  radiat ion r e su l t s  
i n  a reactor power reduction. 

7.415 Surge Tank. A 500-gal surge tank located i n  the 
,main coolant va lve 'p i t  and connected t o  the 24-in. reactor-coolant i n l e t  



l i n e  serves t o  dampen pressure surges i n  the  coolant system., Nitrogen 
pressure i s  maintained above the coolant contained i n  t h i s  tank by 
means of a pressure-controlled nitrogen header. The nitrogen i s  
supplied from Six cylinders.  Under normal operating conditions, the 
tank i s  two-thirds fill of organic while the other t h i r d  i s  nitrogen 
a t  system pressure a t  the discharge of the primary coolant pump. The 
surge tank i s  equipped with a l eve l  indicator,  high- and low-level 
alarms, a pressure recorder, high- and low-pressure alarms, and a 
pressure-relief  valve t o  prevent excessive tank pressures. 

7.416 Miscellaneous Mechanical Design. The thermal 
expansion problem i s  a major consideration i n  t h i s  system because .the 
piping and equipment w i l l  vary from ambient t o  850'~. To eliminate 
large expansion loops i n  the system, expansion jo in t s  a r e  i n s t a l l ed  as  
required with pipe guides, anchors, and hangers which a re  a l so  designed 
t o  handle thermal expansion and contraction. 

Four pressure r e l i e f  valves a re  i n s t a l l ed  i n  
the main process piping. Two of the four valves a re  located between the 
reactor  vessel  and the reactor main ou t l e t  block valve. The other two 
r e l i e f  valves a re  located on the  discharge side of the main coolant 
pump. These valves re l ieve in to  the coolant dump tank. 

Drain valves, i n s t a l l ed  throughout the system 
a t  low points on the piping, permit draining the organic t o  the 'dump 
tank. Vent valves a t  a l l  high points i n  the  system piping provide a 
means of venting gases trapped i n  the system. Vents and drains a r e  
manually operated with no automatic features .  

7.420 Emergency Shutdown Cooling. Cooling of the  reactor  under 
emergency c.onditions, i . e . ,  l o s s  of commercial power, i s  accomplished 
by natural  c i rcu la t ion  of the coolant i n  the main coolant loop. The heat 
exchangers, being mounted 60 f t  above the core, provide the necessary 
hot and cold legs  t o  e f f ec t  na tura l  c i rcu la t ion  of the  coolant on lo s s  of 
the main coolant pump. 

A difference of 25OF between the temperature of the coolant 
t o  and from the heat exchanger r e su l t s  i n  a density difference equivalent 
t o  a driving force of about 0.6 f t .  This head i s  calculated t o  produce 
an i n i t i a l . n a t u r a l  c i rcu la t ion  flow r a t e  of 1100 gpm, ( r e f e r  t o  Section 
6.500) providing the pump does not add any res is tance t o  flow when 
shutdown. The pump charac te r i s t ics  should be studied pr ior  t o  estab- 
l i sh ing  the f i n a l  design o f t h e  system and provisions made t o  by-pass 
the pump i f  necessary f o r  adequate natural  c i rcu la t ion  cooling a f t e r  
a commercial power f a i l u re .  

7.430 Degasification and Reactor Pressurization (Fig. 7 . 4 ~  
and 7 . 4 ~ ) .  The degasification and reactor pressurization system i s  
provided t o  (1) remove gaseous decomposition products which r e s u l t  from 
rad io ly t ic  and pyrolytic damage t o  the organic coolant, ( 2 )  remove water 
from the coolant which i s  introduced a s  a r e s u l t  of reactor  water-flooding 



operations, (3)  maintain uniform pressure i n  the reactor and main heat 
t ransfer  loop system and, (4 )  provide fo r  thermal expansion .of the coolant. 
The degasification vessel a lso serves as  a reservoir for  the displaced 
coolant during reactor water-f looding operations. .(see section 7.470). 

. 7.431 Design Bases. The design bases for  the degasifi- 
cat ion and pressurizing system are given below. 

- 
1. Pressurtzation. The system i s  desigaed to  maintain reactor in- 

l e t  pressures' up t o  300 psi .  

2. Coolant Dewatering. The degassing system i s  designed t o  reduce 
the water content of the reactor vessel coolant from 4000 ppm to  600 p p  
i n  a period of two hours p r io r  to .  reactor s tar tup while the system i s  
maintained at a temperature of 3 5 0 ~ ~ .  

3. Coolant Degassing. The degassine system i s  designed to  remove 
water remaining a f t e r  the dewatering operation and up t o  3.5 scfm of cool- 
an t  decomposition gases by $lashing 2 gpm of coolant and recovering -the 
vaporized organic by p a r t i a l  condensation. Calculated soluble gas con- 
centrations i n  the main coolant , loop a t  52'j°F and 850°F, as  maintained . 

by the degassing system, are shown i n  Table 7 . 4 ~ .  

Table 7 . 4 ~  
CALCULATED DEGASIFIER OPERATING PRESSURES 

AND 14Al.N LOOP GAS CONCEXJTRATIONS 
AS A FUNCTION OF REACTOR OUTUT TENPEW= 

Basis: 200 gpm flow t o  degassing system with 1% flashed. 
Total Gas Generation: 0.5 scfm a t  525'~ and 3.5 scfm at 850°F 

* Approximate only as pressure i s  varied as  necessary to  f lash 1% of the 
feed flow. Actual operating pressure w i l l  vary depending on coolant 
composition, actual  gas generation ra tes  and coolant water content. 

Degasifier 02erating Pressure, 
~ s i a *  

Gas Concentration Maintained 
i n  Main Coolaiii; Loop, 

cc ( s T P ) / ~  Coolant 

Saturation Gas Concentration at 
50 ps i  Reactor Operating P~essure ,  

cc ( sTP) /~  Coolant 

Saturation G a s  Concentration a t  
150 ps i  Reactor Operating Pressure, 

cc (STP )Ig Cvulau L 

Saturation Gas Concentration a t  
300 ps i  Reactor Operating Pressure, 

cc ( s T P ) / ~  Coolant 
i 

J 

Reactor Outlet 
525'~ 

1.2 

0.03 

0.3 

0.8 

1.7 

Temperature . 
8 5 0 ~ ~  

53 

0.4 

0.2 

1- 3 

2.6 



4. Coolant Expansion. The coolant system volume expands by about 
4000 ga l  a s  the system temperature i s  increased from 350°F t o  850'~. The 
degassing vessel  i s  sized t o  hold t h i s  volume and s t i l l  leave adequate 
f r ee  space f o r  cool.ant degassing. 

5. F i l t r a t i on .  Very few da ta  are  available on coolant .filtra- 
t i on  requirements f o r  organic-cooled reactor systems a t  t h i s  time. It 
has been assumed f o r  t h i s  design t h a t  f i l t r a t i o n  of the 200-gpm side 
stream flow t o  the &gas i f ie r  through a 50-mesh screen f i l t e r  wi l lmain-  
t a i n  the so l ids  concentration i n  the reactor  and main coolant loop sys- 
tem a t  an acceptable level.  Finer f i l t e r  media can be in s t a l l ed  a f t e r  
reactor startup,  i f  necessary. 

7.432 ,. System Description. The degasif icat ion and 
reactor pressuri.zation system i s  a complete c i r c u i t  or iginat ing i n  the  
reactor ou t l e t  piping and terminating i n  the reactor  tinlet piping. The 
flow of coolant from the degasif ier  i s  regulated t o  the desired flow 
ra t e  by a , f low cont ro l le r  located downstream of the pressurizing pumps. 
The pressurizing pumps discharge up-stream of the  main-loop coolant pump 
during normal operation and downstream of the main-loop reactor  i n l e t  
block valve during the dewatering operation. Flow of coolant t o  the  
degasif ier  i s  regulated by a pressure control  valve t o  maintain the 
desired operating pressure i n  the reactor core. When the bulk coolant 
temperature changes, the flow automatically var ies  t o  compensate f o r  
the volume change. Under steady-state operating conditions, the  flows 
t o  and from the degasif ier  a r e  equal. Two horizontal  centr i fugal  
pressurizing pumps a r e  provided. Each pump i s  capable of del iver ing 
the design flow of 200 gpm. 

The degasif ier  i s  a 10,000-gal horizontal  
carbon-steel tank f i t t e d  with spray headers, t o  f a c i l i t a t e  dif fusion of 
gases out of: the organic feed stream, and a small s t e m  hea te r  provided 
t o  maintain a 350°F temperature during dewatering operations. The 
degasif ier  operates a t  pressures varying from about 1 ps ia  t o  60 psia,  
as  required t o  f l a sh  1% of the feed stream; i t s  operating pressure 
depends on the composition and temperature of the entering coolant 
and i s  regulated by a pressure cont ro l le r  operating a control  valve 
nn tShp v8,por out.let. of the after condenser. 

Vapors leaving the degasif ier  pass through a 
condenser, after-condenser, freeze trap,and water-vapor condenser t o  
remove condensible vapors and a re  then discharged t o  the  cubicle ex- 
haust system through e i the r  of two 10-scfm sliding-vane vacuum pumps. 

'The condenser and after-condenser a r e  operated a t  e x i t  temperatures 
approximately 7 5 ' ~  t o  150'3' and 2 0 0 ~ ~  t o  250°F lower than the degasi- 
f i e r  operating temperature, respectively, and a t  the same pressure a s  
the  degasif ier  t o  condense the bulk of the organic from the vapor 
stream and return it t o  the degasif ier .  The Sreeze t r a p  i s  operated 
a t  approximately 1-psia  pressure with a 150°F o u t l e t  temperature. 
Under these conditions the organic vapors remaining i n  the vapor 
stream freeze out on the heat t ransfer  surfaces, and the water vapor 



passes on to the water vapor condenser where it is condensed at approxi- 
mately ~ O ~ F .  Two freeze traps are provided, each with a 1'50-lb. organic 
capacity. The capacity of one.trap is sufficient for the entkre'.de-- . 

watering operation or for 24 hours of normal operation. When a trap is 
loaded, as indicated by inability to maintain the 150'~ outlet tempera- 
ture, the alternate trap is placed 'in service, and the organic. in t,he 
loaded trap is melted and returned to the degasifier. On*- one water 
vapor trap is provided because it will not be necessary to remove water 
vapors from the gas stream after the removal of water from the.coolant 
following system startup. (The 50-gal water capacity is adequate for 
the entire dewatering operation). 

Temperatures and pressures maintained by the 
control instruments w.hen the degassing system is operating with the 
normai 5250F inlet temperature are indicated in Fig. 7 . 4 ~ .  The heat 
loads indicated-in this figure are the maximum loads anticipated for 
the degassing or dewatering operations. Maximum ratings of the de- 
watering heater, freeze traps, and water-vapor condenser are deter- 
mined by:the requirements of the dewatering.operation. Maximum ratings 
of the degasifier condenser and after-condenser are determined by the 
requirements of the degassing operation. 

The coolant for the degasifier condenser and 
after-,condenser must be a-t: a temperature which .is high enough to pre- 
vent'freezing of the orghic.liquid.. A 250 psi pressurized water 
system is used to supply high-temperature water for use as coolant. 
This system i's.also used to cool the purification stili condenser and 
is shown in Fig. 7 . k .  

particulate matter (which may be present in 
the circulating coolant as a result . of coolant "decomposLtion, corro- 
sion or debris. remaining from construction) is removed in 50-mesh 
cartridge-type ' filters located upstream of the degasifier vessel. 
Provisions are made to allow the substitution of other filter media, 
such as sintered stainless steel 'cartridges, if filtration through 
a finer media proves necessary in the .future. 

7.440 Purification System (Fig. 7 ;  4~). ' The radiolytic and 
pyrolytic decomposition of the organic coolant produces high-molecular- 
weight compounds (high boilers or HB) which must be removed from the 
coolant, The coolant purification system continuously removes these 
compounds by a vacuum distillation process. - .The system also removes 
particulate matter and decontaminates.the coolant? as all solids and 
most of the radioactivity in the coolant remain in the still-bottom 
stream. In' addition, all new coolant is processed through the puri-. 
fication -it before addition to the coolant system to insure that it 
is free from impurities. 

7.441 Desi n Bases. The purification system is de- 
signed to separate 2000 ,+olant feed containing 10$ HB into 
a distilied 'product stream containing 1.5-wt$ HB and a residue stream - 



containing 99.5-wt$ HB. This design rate is adequate to maintain a 10% 
/ HB content in the coolant system at the maximum anticipated reactor 

operating temperature of 850~~. At normal reactor operating temperatures 
and higher coolant HB concentrations,.the excess purification unit capa- 
city is used to build up and maintain a 15,000-gal inventory of distilled . 
coolant to allow rapid replacement of the entire coolant system inventory, 
if necessary. 

7.442 System Description.. Coolant is withdrawn from 
the main coolant loop, blended with the new coolant makeup stream, and 
fed at a controlled rate to the 130 kw electrically-heated still pre- 
heater. The preheater supplies the heat necessary to vaporize most of 
the feed stream. The heated feed enters the upper section of the vacuum 
distillation column where about 70% of it flashes to vapor. Both the 
preheat temperature and still operating pressure are controlled to give 
the desired exit vapor stream composition. Unflashed feed flows down 

. through a packed stripping sectton where a countercurrent vapor stream 
rising from the reboiler strips the terphenyl concentration down to 
about 0.5 wt$. Reboiler heat is supplied by a 20-kw heater controlled 
from the still-bottom temperature. The flash section of the distilla- 
tion column is 30 in. in diameter by 5 ft high with a tangential feed 
entry nozzle. The stripping section is 16 in. in diameter by about 
12 ft high with an 8-ft-high packed section of l-in.-by-l-in. Raschig 
rings. 

The HB residue stream leaving the bottom of 
the distillation column flows to the 100-gal HB receiver vessel. From 
this vessel it is pumped to the HB storage tank where radioactivity is 
allowed to decay before it is ultimately discharged to drums for burial. 

Vapors from the top of .the distillation column 
are condensed in the still condenser and flow to the disti'llate receiver,, 

. from which the distillate is pumped to the distilled-coolant storage 
tank. Distilled coolant 'from this tank is pumped back to the coolant 
system via the degassing tank as necessary to maintain-the desired 
coolant system inventory. 

. 
Temperatures and pressures shown in Fig. 7.41, 

correspond to the operating requirements for the normal .entering cool- 
ant temperature of 52'j0F. At entering feed temperatures above TOOOF, 
the still operating pressure must be increased in order to keep more 

, than the desired quantity of coolant from flashing and thus increasing, 
the HB content of the distillate. At an entering feed temperature of 
8500F, the still operating pressure'will be maintained at .about 5 psia. 

. The degassing-system vacuum pumps are the 
vacuum source for the purification unit. The distillate condenser is 
cooled by high-temperature pressuri.zed water from the system des- 
cribed in Section 7.430. . 



7.450 Receiving, Storage and Makeup Systems (~ig . 7.4~). New 
coolant is received from the manufacturer .at a rate of about. 7500 gallons 
per month in tank trucks. The coolant is melted within the truck by means 
of a contained steam coil and discharged to the new-coolant storage tank. 
The capacity of this tank (15,000 gal) is equivalent to a two-month - 
supply. The new coolant is pumped to the purification unit from the 
storage tank via a 5-gpm pump as required to maintain the distilled- /' 

coolant storage-tank inventory at the desired level. J 

A 15,000-gel distilled-coolant storage tank is provided ta 
receive puri.fied coolant from the,purifi'cation unit. This tank maintains 
a distilled coolant inventory large enough to completely displace all 
coolant from the reactor and main coolant loop, Coolant from this vessel 
is normally pumped via either of two 5-gpm makeup pumps to the degasifier 
tank at rates conirolled to maintain the degasifier tank at the desired 
ogerating level, Coolant from this vessel can also be pumped directly 
into the system .via the 100-gpm coolant fill-pump, This routing is used 
during initial filling operations or when it is desired to displace con- 
taminated coolant from the system., The distilled coolant tank is blank- 
eted with dry nitrogen to prevent the coolant from absorbing water during 
storage. 

High-boiler wastes from the coolant purification system 
are stored in a compartmented 10,000 gal storage tank to allow time 
for -the decay of the radioactive components of this stream before it is 
loaded into d&s for disposal by burial. Average holdup time for the 
wastes in this tank is about 30 days. D m  loading is accomplished via 
a 5-gpm positive-displacement pump. 

A 15,000-gal system dump tank is provided to contain the 
entire reactor and main coolant loop coolant inventory should it become 
necessary to drain the system for maintenance or to displace contaminated 
coolant. Coolant from this tank may be routed back to the main coolant 
loop via the 100-gpm. system fill pump or to the purification unit via a 
5-gpm feed pump. 

The new-coolant and distilled-coolant storage tanks are 
Located above ground outside of the reactor building. The high-boiler- 
residue storage tank is located underground i.n the same area outside 
the building. The system dump tank is located underground next to the 
subpile room under the reactor building. All of 3 these vessels and 
their connecting lines are steam-traced and insulated to keep the con- 
tents above the 310~~' freezing temperature of Santowax R. 

7.460 Insulation and Steam-Tracing. The piping and,equipment 
in.the process system (except for heat exchangers) is insulated to 
minimize heat losses so that air temperatures in cubicles and pj.ts do 
not become excessive,and thermal heat in the equipment isconserved 
when the reactor is not operating. An additional function of insu- 
lation is to permit melting the organic with a minimum steam load to 
the steam tracing. 



, 
Piping w i t h - a  nominaI.&iameter of 2 i n .  o r  l a rge r  i s  . 

insula ted with - a high- temperature insu la t ion  made from calcined diatoma- 
ceous earth,  magnesium carbonate and binders.  This insu la t ion  mate r ia l  . 

i s  covered with eighty-five per cent  magnesia. .PipingSwith a nominal 
dPameter of l e s s  than 2 i n .  i s  insula ted with high-temperature insula-  
t i o n  only, and no eighty-five per  cent  magnesia covering i s  used t o  
cover the  high temperature insu la t ion .  Tanks and vessels  a r e  insu la ted  
i n  a manner s imilar  t o  t h a t  used t o  i n su l a t e  l a rge  piping. 

Steam-tracing i s  i n s t a l l e d  on a l l  organic piping and 
equipment so t h a t  the  organic does not f reeze  during reactor  shutdowns 
and can be melted i n  piping and equipment i n  case it s o l i d i f i e s .  

The steam-tracing i s  banded t o  the  piping and equipment 
and the  t r a c e r s  a r e  covered with a ,heat-conducting cement t o  increase  
the  e f f ec t i ve  heat  t r ans f e r  a rea  between the  t rac ing  and t h e  piping and 
equipment. Steam t o  the  t rac ing  i s  manually control led a s  needed. 
Traps a re  i n s t a l l ed  t o  adequately d ra in  the' condensate from the  t racing,  
and.pressure r e l i e f , v a l v e s  a r e  i n s t a l l e d  on t he  t rac ing  t o  prevent ex- 
cess ive  steam pressures i f  water i s  trapped i n  t he  t rac ing  l i n e s  when 
the  coolant temperature increases above 350°F. 

7.470 Water-Flooding (Fig.  7.43). When the  reac tor  i s  shut- 
down forin-tankwork,  the  primary coolant w i l l  continue t o  be c i rcu la ted  

- u n t i l  t h e  temperature of the  organic coolant i s  reduced t o  350'~. The 
reactor  tank i s  then i so la ted  from the  primary coolant system by c los ing 
the  24-in. main block valves. The water-flooding valve a t  the  top  of 
the  tank i s  opened, and the  remotely operated motor valve a t  the  bottom 
of the  reactor  tank i s  slowly opened. Hot demineralized water a t  3 5 0 9  
t o  375OF flows from the  water-flooding storage tank i n to  t he  top of the  
reactor,  d isplacing organic from the  reac tor  tank i n t o  the 'degassing 
tank. The organic continues t o  flow out t he  bottom of t he  tank while 
350°F demineralized water flows i n  t he  top. Flow i s  maintained a t  
about 200 gpm u n t i l  a l l  of the  organic has been t rans fe r red  from the  
reactor  tank t o  the  degassing tank. When hot water begins t o  flow 
out t he  bottom of t he  tank, a pressure increase  on the  pressure gauge 
down stream of the  motor valve is noted due t o  f lashfng of the hot 
water down stream of the  water valve. Flow t o  the  degassing tank in -  
creases  a s  the  350'~ water f l ashes  down stream of t he  motor valve. A t  
t h i s  time, the  bottom dra in  valve i s  closed t o  prevent water from en- 
t e r i n g  t he  degassing tank. The 2-in. d ra ln  l i n e  containing organic 
and some hot water i s  now i so l a t ed  from the  3-in. degassing l i n e  and 
drained t o  the  system dump tank. The two 24-in. primary coolant l i n e s  
between the  main 24-in. block valves and the  tank a r e  a l so  drained t o  
the  system dump tank u n t i l  water appears i n  t he  s i gh t  glasses,  and 
then t he  d ra in  valves a rc  closcd. 

The reactor  tank and 24-in. coolant piping t o  the  
block valves now contain 3 5 0 ~ ~  water. The water f looding pump i s  now 
s t a r t ed ,  and t he  cold demineralized water i s  admitted t o  t he  2-in. tank 



d r a i n  l i n e  at 100 t o  200 gpm as  indicated by t he  high-pressure de- 
mineralized water flow ind ica tor .  The hot wate,r i n  the  reac tor  tank 
i s  d isplaced i n to  t he  water-flooding storage tank, u n t i l  t he  reactor-  
t ank  water temperature has been reduced t o  1 8 0 ' ~  o r  l e s s .  A t  t h i s  time, 
t h e  t op  and bottom flooding valves are  closed, the  high pressure deminer- 
a l i z ed  water pump i s  shut o f f ,  the  tank water l e v e l  i s  lowered 6 t o  8 
inches, and t h e  t o p  head i s  removed t o  dry dock. That sect ion of the  
canal  over t h e  r eac to r  vesse l  i s  f i l l e d  with demineralized water at a 
flow r a t e  of 1000 gpm. When t h i s  sect ion of t he  canal i s  f u l l ,  t he  I 

bulkhead i s  removed, and f u e l  t r a n s f e r  and in-tank work are  s t a r t ed .  

When all in-tank work i s  completed, the  bulkhead i s  
replaced i n  t he  canal, t he  canal sect ion over t h e ' r e a c t o r  i s  drained, 
and t h e  t op  tank c losure  i s  replaced. Hot demineralized water from 
t h e  wat'er-flooding storage tank i s  again admitted . t o  the  top of t he  
r eac to r  vesse l ,  and t h e  cold water i s  drained t o  warm waste. When 

0 
t h e  water i n  the  vesse l  reaches a temperature of about 350 F ( a  steam 
i n j e c t o r  i s  provided t o  supply addi t ional  heat  t o  t h e  water), t he  hot 
water flow i s  shut o f f ,  and a pressurizing pump i s  s t a r t e d  which pumps 

0 
organic at 350 F i n t o  t h e  reac tor  tank, pressur iz ing the  hot water back 
i n t o  t h e  water-flooding storage tank. Four 2-in. check valves spaced 
aro~ind t h e  top  of the  inner  tank open by grav i ty  when there  i s  no flow 
i n  t h e  reac tor .  When t h e  main flow i s  ra ised t o  25,000 gpm, t he  pressure 
drop across these  checks w i l l  be equal t o  t h e  core pressure drop which 
w i l l  c lose  these valves.  ~ h e s e  valves are  needed'only when the  organic . 

i s  returned t o  t h e  tank . a f t e r  water flooding so t h a t  t he  water between 
, t h e  ou t e r  tank and t he  inner  tank can be purged out by organic. When 

t h e  reac tor  vesse l  i s  f u l l  of organic, and all the  hot water has been 
displaced,  t h e  degassing system processes the ,coolant  i n  t he  reactor  
tank t o  remove any water t h a t  has been trapped i n  t he  vessel  and piping. 
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7.500 u t i l i t i e s  (Summary given i n  Table 7.5A a t  end of sect ion)  

The EOCR s i t e  (except .for commercial e l ec t r i ca l  power, organic 
coolant, f u e l  o i l ,  and chemicals) i s  essent ia l ly  self.- suff i c i en t  . Water 
i s  pumped and, t rea ted  a t  t he  s i t e ,  a i r  i s  furnished by motor-driven air 
compressors, heat. i s  furnished by o i l - f i red  boilers,  aqueous wastes. a r e  , 

disposed of i n  a leaching pond, and gaseous wastes a r e  discharged t o  the 
' 

atmosphere. 

commercial e l e c t r i c  power i s  f'urnished from SPERT substation v i a  
a two mile 13.8 kva feeder; organic coolant, fue l  o i l ,  and chemicals a re  
transported t o  the s i t e  by commercial carr iers ; ' te lephone service i s  . 

furnished by commercially in s t a l l ed  and serviced te1ephone.s; .and mobile f i r e  
protection i s  furnished by the  MiTS f i r e  department. Hot. waste bur ia l  i s  
provided a t  the  exis t ing NKTS 'burial ground. 

/ 

7.510 E lec t r i ca l  Power (Fig. 7 . 5 ~ ) .  E lec t r ic  power f o r  the  EOCR 
is  provided by commercial NRTS power from SPERT substation and by a plant- \ 

i n s t a l l e d  motor-generator~battery unit ,  which provides fa i lure- f ree  power 
f o r  20 t o  30 minutes a f t e r  power f a i lu re .  

- 7.511- Commercial Power. The t o t a l  connected plant load 
i s  about 3400 kva. These loads a re  summarized i n  Fig. 7.5A. 

7. $12 Failure-Free Power. One 125 .kw-generat or, driven 
by a 200 hp e l ec t r i c  motor, supplies the  t o t a l  fa i lure- f ree  parer require- 
ments f o r  the  plant and experiments. One 15-hp dc motor-driven 10-kw ac 
generator se t  supplies reactor instrumentation power. The ba t t e r i e s  for  
t h i s  uni t  a r e  charged by the  ,125 h-generator  s e t .  

7.520 Water Systems. 

7.521 Raw Water,(Fig. 7 . 5 ~ ) .  Water from the  deep well 
i s  pumped from 400 t o  500 f t  below grade by 'one deep well  pump (500 gpm; 
600 f t  tdh, 100 hp) . The water i s  chlorinated by means of an automatic 
chlor inator  before it enters  t h e  storage tank. The water i s  stored. i n  a 
200,000-gal ground-level s t e e l  storage tank. The storage tank i s  equipped 
with a l e v e l  indicator, high- and law-level alarms, and high- and low-level 
well  pump s t a r t ing  switches. A bypass around the 'storage tank permits 
.operation of the water systems .when the  storage tank i s  cleaned or repaired. 

Two service water pumps (150 gpm, 175 ft tdh, 10 hp), 
one of which serves as  a standby, furnish raw water fo r  the  sanitary.  require- 
ments, demineralizer feed, a i r  canpressor cooling, a i r  conditioner cooling, 
experimental requirements, and the  purif icat ion system freeze t raps .  

Firewater t o  the building sprinkler system an.d the 
f i rewater  loop which encircles  the  building i s  furnished by-either of 
two '2000.-gpm, 175 f t  -head. firewater pumps. The normal firewater pump ' is  
driven 'by a 125-hp e l ec t r i c  motor and i s  s ta r ted  automatically wheneverw 
the  f i rewater  pressure decreases t o  50 psig.  A s m a l l  l i n e  between the  



service water system and the firewater system maintains pressure i n  the 
firewater system u n t i l  a f i r e  hydrant i s  opened or u n t i l  t he  sprinkler 
system i s  actuated. The standby firewater pump i s  powered by a diesel  
engine and i s  s ta r ted  manually i n  the  event of a power f a i lu re  or f a i lu re  
of the normal firewater pump. Additional f i r e  protection i s  provided by 
dry chemical systems for  the  experimental: cubicles, the purif icat ion and 
degassing cubicle, and the pipe tunnel and pump p i t .  

7.522 Demineralized Water (Fig . 7 . 5 ~ ) .  Demineralized 
water for  the carial, for  the  water flooding operation, f o r  experimental 
heat exchangers, and. for  boi le r  makeup i s  provided by t rea t ing  raw water 
i n  a conventional two-bed demineralizer. The demineralized. water pro- 
duced has' a specif ic  resistance .of 200,000 t o  500,000 ohms and a t o t a l  
so l id  content of one t o  two ppm. Two sulfur ic  acid regenerated cation 
units,  one degasifier equipped wi.th a blower, two degasifi.ed water 
pumps (60 gpm, 140 f t  tdh, 2 ,5  hp)--one of which i s  a spare--and two 
caustic regenerated anion un i t s  produce 60 gprn of demineralized water. 
The demineralized water i s  stored ' i n  a 50,000-gal s ta inless-  s t e e l  ground- 
l eve l  stosage tank. The tank i s  equipped with an overflow, a water leve l  
indicator, and high- and low- l eve l  alarms. 

Water for  the laboratory, canal, experiments and 
boi le rs  i s  furnished by e i ther  of two demineralized water pumps (75 gpm, ' 

400 f t  tdh, 10 hp) . A t h i r d  pump (200 gpm, 400 f t  tdh, 25 hp) i s  used 
intermit tent ly  t o  supply demineralized water fo r  the water flooding opera- 
t ion .  

The canal purge i s  estimated t o  be 10 gpm, but, i n  
case f a s t  f i l l  of a section of the canal i s  required, an 8-in. s ta inless-  
s t e e l  l i n e  from the  demineralized water storage tank t o  the canal provides 
f o r  f i l l i n g  a t  a (?ate of 1000 gpm or more by gravity. . 

One 1 0  80-gal concentrated-sulfuri c-acid-storage 
tank and one 1 0  0 &gal 50%-caustic storage tank, located outside the  
u t i l i t i e s  section of the  building, s tore  suff ic ient  demineralizer chemicals 
for  a month or more of operation a t  a maximum flow ra te .  No acid or caustic 
t ransfer  pumps a re  provided since the  chemical proportioning pumps for  
anion and cation regeneration take suction from the  bottoms of tne  storage 
tanks. The caustic tank i s  heated t o  85% by means of an in te rna l  steam 
heater t o  f a c i l i t a t e  pumping. 

. 7.530 Plant and Instrument. M r  (Fig. 7 5 ~ ) .  Two 200-scfm two- 
stage reciprocati.ng a i r  compressors, one of whkh i s  a standby, deliver 
a i r  . a t  1 5 0 - ~ s i ~  t o  a 1000-cu-ft a i r -  receiver.  The two- inch plAt a i r  
header i s  -supplied d i rec t ly  from the  receiver through a two-inch motor 
valve which automatically closes i f  t h e  receiver pressure drops t o  100 psig 
.so t ha t  an adequate a i r .  supply i s  reserved i n  the receiver t o  operate instru-  
ments and motor valves: . The .iastrument a i r  i s  dried i n  one of two st;eam- 
regenerated s i l ica-gel  dr ie rs .  The instrument a i r ,  a f t e r  leaving the 
dr iers ,  i s  reduced to'100 psig by means of a pressure-controlled motor 
valve. Instrument a i r  a t  100 psig i s  d.elivered t o  the  two-inch instrument 



a i r  header. Instrument a i r  i s  fur ther  reduced to  15 o r  30 psig by small 
l oca l ly  mounted pressure reducing valves. 

No emergency o r  fai lure-free power i s  supplied to  the a i r  
compressors, because the a i r  receiver i s  large enough to  supply instrument 
a i r  requirements f o r  t h i r t y  t o  s ix ty  minutes a f t e r  power f a i lu re .  This 
i s  estimated to  be suf f ic ien t  time t o  permit an orderly shutdown of the 
plant  before a l l  instrument a i r  pressure i s  l o s t .  

7.540 . Steam Plant ( ~ i ~ .  7 . 5 ~ ) .  Two 5000-pound-per-hour water 
tube boi lers ,  one of'which i s  a standby, are  located i n  the u t i l i t i e s  
area.  These boi le rs  supply saturated steam t o  the plant f a c i l i t i e s  and 
the experiments v i a  a 2.5-inch steam header. The boi lers  are  packaged 
type, equipped with the conventional sa fe t i e s  and controls, and burn 
steam-atomized No. 6 fue l  o i l .  Demineralized water I s  supplfLed f o r  
make-up. 

Auxiliary equipment includes a 12,500-pound-per-hour 
deaerating feed water heater, -two motor-driven feed water pumps (25 gpm, 
700 f t  tdh, 7.5hp) and a 500-gal blowdown tank. Chemical feed systems 
are  a l so  provided t o  t r e a t  the boi le r  water with disodium phosphates fo r  
pH control  and t o  t r e a t  the feed water with sodium s u l f i t e  f o r  residual 
oxygen removal. 

A 5 0 0 - ~ a i  condensate surge tank iocated i n  the basement 
area serves as  a col lect ion and surge tank f o r  the condensate return 
from the various f a c i l i t i e s .  Two motor-driven condensate pumps (25 gpm, 
125 f t  tdh, 1 hp) return-the condensate from the tank to  the feed water 
heater.  

One motor-driven fue l  o i l  unloading pump (50 gpm, 5 hp), 
two motor-driven fue l  o i l  t ransfer  pumps (2.5 gpm, 200 f t  tdh, 0.5 hp), 
two duplex fue l  o i l  s t ra iners ,  and two fue l  o i l  heaters a re  located i n  
the o i l  pumphouse adjacent t o  the fue l  o i l  storage tank. 

1 

The fue l  o i l  storage tank has a storage capacity of 
50,000 gallons. This storage volume i s  suff ic ient  t o  f i r e  one boi le r  
a t  a maximum ra te  fo r  a period of 30 t o  40 days. The storage tank i s  
insulated and equipped with a suction heater. The o i l  pumped t o  the 
bo i l e r s  i n  excess of t h a t  burned i s  recirculated to  the storage tank. 
Two displacement type meters, ins ta l led  i n  fue l  o i l  supply and return 
l ines ,  measure the quantity of o i l  burned. 

7.550 Utilities f o r   experiment.^. Raw water, demineralized 
water, pressurized water, instrument a i r ,  steam, cubicle exhaust air, 
fa i lure- f ree  and commercial.power a re  supplied to  the experiments by 
plant- instal led u t i l i t i e s .  The experimental u t i l i t y  requirements have 
been included i n  the estimates made i n  sizing the plant equipment. The 
quant i t ies  requ.ired fo r  experiments a re  given i n  Section 8.500. 



7.560 Heating and Vent i la t ing System ( ~ i ~ .  7 . 5 ~ ) .  For heating 
and veh t i l a t i ng  purposes the  building i S  divided i n to  .four general  areas: 
( 1 )  the  r e a c t o ~  f i r s t  f loor  -and .basement, ( 2 )  t he  reactor  ' con t ro l  and 
instrument rooms, ( 3 )  the  o f f ice  building, and ( 4 )  the  u t i l i t i e s  building.  
A l l  areas,  except the  u t i l i t i e s  area,  a r e  heated and ven t i l a ted  by in-  
d ividual  pystems consis t ing of in take a i r  f i l t e r s ,  steam heating co i l s ,  
blowers, and supply and re tu rn  ducts. The u t i l i t i e s  a rea  i s  heated by 
wall-mounted un i t  heaters.  Air conditioning i s  provided i n  the  reactor  
con t ro l  and instrument rooms; a l l  o ther  areas  have summer ven t i l a t i on  
only. 

\ 

7.561 Reactor F i r s t  Floor and Basement Areas. The 
heating and ven t i l a t i ng  equipment f o r  t he  reac tor  f i r s t  f l o o r  and base- 
ment areas  i s  located i n  t h e  heating and ven t i l a t i ng  room, which i s  in -  . . 

the  basement.below t h e  o f f i c e  area. The equipment cons i s t s  of an out- 
s ide  screened intake and. intake plenum (common t o  three  heating .and 
ven t i l a t i ng  systems), washable f i l t e r s ,  s t e m ,  heating c o i l s  (equipped. . . 
with temperature-controlled dampers and by-pass dampers), two 16,000-. : .. 

c f m  15-hp blowers, and a supply duct t o  the  reac tor  area  f i r s t  f l oo r  ' . .:,;'.' 
where the  air  i s  d i s t r ibu ted  through o u t l e t  g r i l l s .  .. .. 

' _  . 

The blowers a r e  s ized f o r  s i x  a i r  changes per  
hour, th ree  of which a r e  re tu rn  a i r  during winter operation when 16,000 
cf'm of a i r  i s  returned t o  the  hilower room from the  reactor  f i r s t  f l oo r  
area.  For summer operation, no a i r  i s  returned from the  f i r s t  f l o o r  
a rea  and 16,000 cf'm of air i s  exhausted by two' 30-inch roof-mounted 
exhaust fans (8000 cfm, 3 hp ,each).  

Half 'of the  32,000-cfm supply a i r  t o  t he  f i r s t  
f l oo r  passes i n t o  the  reactor  a rea  basement through openings through 
f i r s t  f l oo r  provided aroma the  periphery of t h e  area.  A l l  of the  
supply air  t o  t he  basement i s  exhausted t o  the  s tack v i a  the  cubicle . 
exhaust header and blowers. Since the  experimental cubicles a r e  
located i n  the  basement and a r e  po t en t i a l  sources of air  contamination, 
no air  i s  returned from the basement area.  

7.562 Reactor Control and Instrument Rooms. S ix  a i r  
changes per  hour a r e  supplied t o  t he  con t ro l  and instrument rooms-by 
one blower (1000 cf'm, 1 hp). Supply a i r  f o r  t he  blower i s  taken from 

-, the  intake a i r  plenum through washable f i l t e r s  and steam heating c o i l s  
which a r e  provided with temperature-controlled dampers and by-pass 

1 

dampers, The blower discharges through g r i l l e d  openings i n  the  supply - 
L duct i n  t he  reactor  control  and instrument rooms. The system f o r  these 

rooms i s  a once-through system, and t he  i n l e t  air i s  discharged through 
louvered openings i n  t , h ~  doors. 

Refrigeration c o i l s  i n  t h e  i n l e t  a ir  duct  cool 
the  air  f o r  ~ummertime operation. One 7.5-ton packaged r e f r i ge r a t i on  
un i t  supplies t he  necessary cooling requirements of  these two rooms. 



7.563 Office Area. 'me off i ce  a rea  heating and venti-  
l a t i n g  equipment cons is t s  of washable f i l t e r s , ,  steam heating co i . 1~  (which 
a r e  equipped with temperature-controlled dampers and by-pass dampers ), 
and one supply blower (3000 cf'm, 2.5 hp),  Four a i r  changes per hour, two 
of which a r e  re turn air during the winter, a r e  provided. For summer 
operation, a l l  of the  supply a i r  leaves the building through windows and 
doors . 

7.564 U t i l i t i e s  Area. The u t i l i t i e s  area  i s  heated by 
two wall-mounted un i t  heaters .  The un i t s  a re  equipped with i n l e t  and 
r ec i r cu l a t ing  dampers t h a t  a r e  manually controlled.  The two blowers 
(2400 cf'm, 1 hp) provide . for  two a i r  changes per hour. Two roof-mounted 

. + exhaust fans (4500 cfm, 1 . 5  hp) provide s i x  a i r  changes per hour for  
summer vent i la t ion  purposes. 

7.570. Waste Disposal. A l l  aqueous wastes a re  d i ~ p o s e d  of a t  
the  EOCR s i t e  using plant  i n s t a l l ed  f a c i l i t i e s .  Solid wastes and HB are  
disposed of by t ransport ing them t o  the NRTS bu r i a l  ground. Gaseous 
wastes a r e  exhausted t o  the  atmosphere through a stack f o r  d i lu t ion  with 
atmospheric a i r .  ' 

7.571 Gaseous Waste. ( ~ i g .  7 . 5 ~ ) .  The t o t a l  volume of 
air  h p p l i e d  t o  the  reactor  basement a rea  i s  exhausted by means of two 
cubicle-exhaust blowers (8000 cfm, 1 5  hp) which discharge t o  a 30-inch 
diameter s t e e l  s tack mounted on the building roof. A suction header, 
consis t ing of 24-in. and 36-in. diameter pipe, i s  i n s t a l l ed  near the 
basement ce i l i ng  and a long . the  basement' walls. Six 12-inch nozzles 
with adjustable dampers a r e  connected t o  the ,experimental cubicles 
and the  one experimental pur i f ica t ion  cubicle, and exhaust 1000 cfm 
from each of - these  cubicles.  These volumes of a i r  enter  the cubicles 
from the  general basement area .  Four 12-inch nozzles with adjustable 
dampers exhaust the  basement area  d i rec t ly .  One 20-inch nozzle 
exhausts 4000 cf'm from the  primary coolant pipe tunnel and the pump 
p i t .  

A 14-inch nozzle i s  provided t o  exhaust 1500 
cfm of a i r  from the  pur i f ica t ion  and degassing cubicle. Another 14- . 

inch nozzle which terminates on the reactor area  f i r s t  f loor  i s  pro- 
vided t o  exhaust the  reactor  p i t  when the top closure i s  removed. An 
estimated 1000 cf'm of a i r  i s  exhausted from the subpile room. The 
bui lding sump i s  a l so  vented t o  t h i s  header, but the volume exhausted 
from t h i s  source i s  small. 

The t.~lt.a!- qi.l-l.ant.it,y of gtts Ciisrh8,rged t.0 the 
\ s tack i s  measured and recorded i n  the process control  room. Gaseous 

and par t icu la te  a c t i v i t i e s  a r e  a l so  measured and recorded i n  the 
process control  room. 



..7.572 . Aqueous Waste (J?ig; 7 . 5 ~ , )  .' .. The. aqueous p lan t  
wastes -(from the  u t i l i t i e s  a rea ,  the  reactor  .area,. the  laboratory,  and 
t he  canal  overflow and d ra in s )  flow by grav i ty  t b  a 3000-gal concrete 
sump located below the  basement f loor .  The sump i s  vented t o  the  
cubicle exhaust header t o  el iminate the  p o s s i b i l i t y  t h a t  gaseous 
a c t i v i t y  might contaminate t he  basement air.  Two sump pumps (250 gpm, . . 
100 f t  tdh,, 10 hp), one of which i s  a spare, pump the  .aqueous wastes 
from the  sump t o  a 6-inch v i t r i f i e d  c lay  l i n e  through which the  waste 
flows t o  the  leaching pond. A ,  l e v e l  ind ica tor  con t ro l l e r  automatically 
stops and s t a r t s  t he  sump pumps. When a sump pump s t a r t s , . a  small 
sampling pump a l so  s t a r t s  and continuously samples the  waste being 
discharged t o  the  leaching pond so t h a t  a representa t ive  . - waste .sample. 
i s  col lected and i s  .analyzed f o r  rad ioac t iv i ty .  Elapsed time meters 
actuated by the  pump motor s t a r t e r s  ind ica te  the.gump running time so 
t h a t  t he  gallons of waste discharged from the  sump can be calcula ted.  

The demineralizer wastes, being highly corrosive, 
a r e  dischareddirect ly  t o  t he  v i t r i f i e d  c lay  l i n e  and a r e  not discharged 
t o  the  bui lding sump. Waste piping wi thin  the  building i s  constructed of 
c a s t  i ron.  ' Demineralizer sump dra in  l i n e s  a r e  Duriron, and yard piping 
i s  v i t r i f i e d  clay.  

The san i ta ry  wastes d ra in  t o  a 6-inch concrete 
sewer main and flow by gravi ty  t o - a  concrete l i f t  sump a t  t he  west end 
of the  s i t e .  E i ther  one of two level-control led sewage l i f t  pumps 
(50 gpm, 50 f t  tdh, 1 hp) discharges t he  sewage t o  a fenced s t a b i l i z a t i o n  
pond located west of the  main p lan t  area .  The sewage pond i s  constructed 
above grade and has an a rea  of about one acre .  The dikes and bottom a re  
compacted t o  minimize percolation.  The s t a b i l i z a t i o n  pond e f f l uen t  flows 
through a 4-inch concrete pipe t o  the  leaching pond. The overflow i s  
control led by means of a shear gate i n s t a l l e d  i n  the  overflow l i n e  so 
t h a t  the  depth of t he  pond can be varied.  

* -- 
7.573 HB Disposal. HB, a f t e r  su f f i c i en t  decay'time i n  

the..HB storage t a n k , - i s  pumped t o  55-gal used o i l  drums and shipped t o  
t he  NRTS b u r i a l  ground. A t  t h i s  time it does .not appear .economically 
sound t o  i n s t a l l  a bo i l e r  f,or burning KB. 

7.574 ' Radioactive Sol id  Wastes. The disposal  o f . a l l  
so l id . rad ioac t ive  wastes i s  made by t ranspor t ing the  wastes by t ruck 
t o  the  NRTS S u r i a l  ground. 

7.580 Communications. The communication system cons i s t s  of 
four,main par t s .  Two-way intercom un i t s  with c a l l  buzzers a r e  located 
i n  all normal working areas and a t  .all experimental con t ro l  panels, and 
a r e  connected t o  a master s t a t i o n  i n  the  reactor  con t ro l  room. The 
paging system u t i l i z e s  the  intercom system with addi t ional  paging horns. 

Two sound-powered c i r c u i t s  a r e  a l so  i n s t a l l e d  t o  provide 
communications from the  experimental con t ro l  panels and remote areas  
t o  the  reactor  con t ro l  room. 



A manual automatic-coding f i r e  alarm system i s  i n s t a l l ed  
and consists of alarm boxes connected t o  a centra l ized re lay and te-minal  

' s t r ip  un i t .  Low f i rewater  pressure, low raw-water- storage-tank leve l ,  
s t a r t i n g  of the f i r e  pump, ac t iva t ion  of a dry chemical system o r  the  . 
spr ink le r  system,is coded and a i~nui~c ia tes  a t  the  NRTS cen t r a l  f i r e  
s ta t io i i  a s  well  a s  a t  the  p lan t  a rea .  

The above communication systems supplement a commercially 
i n s t a l l e d  and serviced telephone system which i s  connected t o  the ex i s t -  , 
i ng  NRTS commercial system. 

7.590 Nitrogen Blanketing. The primary-coolant surge tank i s  
blanketed with nitrogen supplied from a nitrogen header which 2s supplied by - 
s i x  ni t rogen bo t t l e s .  The header pressure i s  reduced from cylinder 
pressure t o  required pressure by means of a reducing valve. The surge 
tank i s  protected from overpressure by means of a su i tab le  pressure - 
r e l i e f  valve i n s t a l l e d  on top of the  surge, tank.  High- .and low-pressure 
alarms a r e  a l so  i n s t a l l e d  on the  nitrogen header. 

A dry ni t rogen blanket, a t  two-inch water gauge, i s  
provided on the d i s t i l l ed-coolan t  storage tank -to prevent the absorption 
of atmospheric moisture. Twenty nitrogen cylinders,  connected t o  a 
header, furnish t he  nitrogen through a pressure- reduc ing valve t o  the  
s torage tank. A pressure r e l i e f  valve and a high-pressure alarm, in-  
s t a l l e d  on the  nitrogen header, p ro tec t  the  storage tank from over 
pressure.  No nitrogen blanketing has been provided f o r  the  o ther  s t o r -  
age tanks. These tanks a r e  vented t o  the  atmosphere. The f i r e  and 
explosion hazards associated with t h i s  type of venting system should 
be f u r t h e r  investigated.  

Table 7.5' - SUMMARY OF UTILITIES 

Elec t r ic  Power 
Commercial, 13.8/2.4 kv 
Failure-Free, 480 v o l t s  

Raw Water 
Demineralized Water 
Plant and Instrument A i r  
S t e m ,  250 ps ig  
Gaseous Waste 
Leaching Pond 
Sewage S t ab i l i z a t i on  Pond 

3,400 kva 
125 kva 
500 gpm 
60 gpm 

200 cfh 
5,000 lb /hr  

250 gpm 
10,000 f t 2  

1 acre  
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7.600 S i te ,  Buildings and F a c i l i t i e s  

The following sections include a br ie f  engineering description 
of the EOCR s i t e ,  buildings, s t ructures  and f a c i l i t i e s .  For purposes 
of t h i s  report ,  it i s  assumed tha t  the EOCR s i t e  i s  located i n  o r  c losely 
adjacent t o  the SPERT - OMRE complex a t  the National Reactor Testing 
Stat ion located west of Idaho Fa l l s ,  Idaho. 

7.610 S i t e  Plan. The proposed plot  plan f o r  the EOCR s i t e  
i s  shown on Fig. 7 * 6 ~  - EOCR S i t e  Plan. The more important assumptions 
used i n  the layout o f ' t h e  proposed area include the fol'lowing: 

1. Reactor containment she l l s  w i l l  not be necessary. 

2. Reactor primary coolant systems w i l l  be shielded o r  i so la ted  
from areas normally occupied by personnel, 

3. Prevail ing wind d i rec t ion  w i l l  be as  shown on the p lo t .  

4. An adequate supply of ground water w i l l  'be available.  

5 .  Liquid and gaseous wastes may be returned t o  the environment 
under controlled conditions through a leaching bed and stack. 

6 .  Reasonable space w i l l  be provided f o r  future  expansion. 

7. The EOCR complex i s  dependent .upun other  area's f o r  adminis- 
t r a t i ve ,  engineering, maintenance, finance., careteria. ,  warehou-sipg, 
and o the r .  functions. , 

The EOCR s i t e  i s  400 f t  wide i n  an.east-west.directiori  
by 370 ft- long i n  a north-south direct ion,  po t  including the leaching 
pond and sewage s t ab i l i za t ion  pond located west of the plant,  o r  the 
parking area located eas t  of the plant .  The s i t e  proper w i l l  be en- 
closed, by 7-ft  high chain 1.in.k fence topped by three strands of barbed 
wire. Access t o  the s i t e  w i l l  be v i a  the guard house and truck gate  
located near the southeast corner of the s i t e .  Yard l igh ts ,  located 
on poies ins ide the fence, w i l l  provide perimeter l ighting.  around the 
enkire EOCR s i t e .  Adequate roadways and sidewalks -a re  provided t o  
serve various buildings and f a c i l i t i e s  a s  necessary. 

Final  location of the leaching pond and sewage s tab i -  
l i z a t ion  pond w i l l  be dependent upon sub-surface drainage. These -ponds 
w i l l  'be fenced with net  o r  barbed wire . as  specified by :the .ID0 Engineering 
Standards Manual. The sewage s t ab i l i za t ion  pond i s  t o  be located a t  
l e a s t  800 f t  from the nearest oceupded building. 

' An asphalt-paved. parking area approximately 100 f t .w ide  
by 150 f t - long i s  provided. east. of the EOCR s i t e  and north of the plant  
guard house f o r  bus and other veh.i.cle parking, 
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Buildings and f a c i l i t i e s  associated with the EOCR 
complex should be located and designed t o  allow f o r  reasonable future 
expansions, such a s  lengthening the reactor canal and reactor area. 
Future additions (such as  maintenance shops, of f ice  and laboratory 
areas, e t c . )  can be placed south o r  southwest of the reactor building. 

7.620 Reactor Building. The reactor building i s  the only 
large building s t ruc ture  t o  be located a t  the EOCR s i t e . '  The reactor,  
operating area, o f f i ce  area, health physics lab, experimental equip- 
ment and consoles, reactor  process equipment, and the majority of the 
p lan t  u t i l i t i e s  a re  a l l  located i n  t h i s  building. The following 
sections include a br ie f  description of the reactor building as shown 
on Yigure.~.: 

Fig, 7 . 6 ~  ROC33 Sie8.c t n r  R11.i.l.d.in.g Fri.rit Floor Plan. 
Fig. 7 . 6 ~  EOCR R e a c t o r ~ u i l d i n ~  Basement Plan 
Fig. 7 . 6 ~  EOCR Reactor Building Sub-Basement .Plan 
Fig. 7 . 6 ~  EOCR Reactor Building Sectional Elevation "A-A" 
Fig. 7 . 6 ~  EOCR ReactorBuilding SectionalElevation "B-B" 
Fig. 7 . 6 ~  , EOCR Reactor Building East Elevation 
Fig. 7 . 6 ~  EOCR Reactor Building North Elevation 

7.621 Reactor Area F i r s t  Floor. The f i r s t  f loor  plan, 
shown on Fig. 7 . 6 ~ )  includes the reactor area and off ice area; most of 
the functions associated with these areas consist  .of hods'l.ng arid 0,gerating 
the :reactor. 

The reactor area i s  located on the west side of 
the south end of the reactor building and i s  76 ft . . long by 55 f t  wide. 
The reactor vessel i s  located a t  the bottom of a 14-ft deep reactor p i t  
a t  the north end of an 8 ~ f t  wide by 30-ft long water-fi l led storage 
canal, but i s  i so la ted  from the canal by means of a removable bulkhead 
with inf la tab le  seals .  

During reactor operation, the reactor p i t ,  w i l l  
be dry, and the reactor top head, including drtves, w i l l  be located , 

there. When the reactor i s  shut down, the top head 'wil l  be removed, 
and the react0r.pi-L w i l l  be flooded with water so tha t  fue l  assemblies, 
control  rods, etc. ,  may be transferred d i rec t ly  t o  the canal without 
u t i l i z i n g  shielded dasks. (see Section 7.200 f o r  handling f a c i l i t i e s  
and procedures). 

Truck access to  the reactor area i s  provided 
by a truck door located i n  the south end of the building,, Pers~nne.1 
access from outside of the reactor building o r  from other areas of the 
reactor building is-provided as indicated on the above figure. Experi- 
mental equipment, fork l i f t ,  o r  other items to  be located or,used i n  
the reactor  area basement w i l l  be dropped through hatches located i n  the 
f i r s t  f loo r  by a 30-ton bridge crane operating over the reactor area and 
running i n  a north-south direction. This crane should have a 25-ft hook 
clearance above the canal parapet. A 2-ton handling crane i s  located 
above the  bridge crane and operates.over the reactor p i t  and canal. 



Other items located bn the  f i r s t  f l oo r  of the  
reactor  a rea  a r e  a dry ddck f o r  the  reactor  top head and two s p i r a l  
stairways f o r  personnel access t o  the  reac tor  a rea  basement l eve l .  . 

The o f f i c e  area  i s  located ea s t  of t he  reactor  
a rea  and i s  76 ft: long by 57 f t  ,wide. This a r ea  inc11zd.e~ the  reactor  
control  room, reactor  instrument room, instrument repa i r  room, hea l th  
physics o f f ice ,  change room, s h i f t  supervisor ' s  o f f ice ,  reactor  
 superintendent.'^ o f f ice ,  . r es t  roams, matn .entryway t o  the  F;OCR 
reac tor  buiIdTng., and a s ta i rwel l  leading t o  t he  reac tor  a rea  
basement l eve l .  

7.622 Reactor Area Basement. The reactor  area  
baserrient i s  located d i r e c t l y  beneath the  reac tor  a rea  and the  o f f i c e  , 

area  and provides a ne t  area  approximately 75 f t - long by 110 f t -  
wide. (see Fig. 7 . 6 ~ ) .  !The reactor  and canal  s t ruc tures  extend down- 
ward through t h i s  area.  Surrounding these  s t ruc tures  a r e  fu ture  shielded 
experimental-equipment cubicles and the  primary-coolant valve cubicle.  
Piping o r  instrumentation-lead access from in-p i le  experiments i s  pro- 
vided by means of nozzles rad ia t ing  from the  reactor  vesse l  below the  
top head and by means of piping corr idors  'around the  reac tor  sub-pile 
room located below the  basement l eve l .  The experimental consoles would 
be located ea s t  of t he  equipment cubicles..  Net usable height above the  
baccment f l oo r  i s  approximately 20 f t ,  and experimental consoles could 
be i n s t a l l e d  on two l eve l s  by the  fu ture  addi t ion of a balcony i n  t he  
console area, i f  required. 

The reactor  a rea  basement a l so  contains the  
reactor-building heatingtand ven t i l a t i ng  equipment, access stairway 
.to t h e  sub-basement areas,  and th ree  stairways f o r  access t o  the  f i r s t  
f l oo r  l eve l .  Equipment t o  be i n s t a l l e d  o r  used i n  the  basement areas. 
would be dropped through hatches i n  t he  reac tor  a rea  f i r s t  f l oo r  by 
means of the  30-ton bridge crane. 

7.623 Reactor Area Sub-Basement . (see  Fig. 7 . 6 ~ ) .  The 
reac tor  sub-pile room, piping corr idors  f o r  experimental piping t o  the  
experiuental  equipment cubicles located on the  basement Tloor, r eac tor  
building sump and sump pumps, system dump tank (organic)', system f i l l  
Y U I I ~ J ,  'apd dump tank feed pump a r e  located i n  the  sub-basement areas .  A 
6 - f t  wide stairway beginning near the  ea s t  s ide  of the  basement a rea  
extends d i r e c t l y  down and west t o  the  reac tor  sub-pile room. The ex- 
perimental piping from in -p i l e  tubes would extend through the  reactor  
vesse l  bottom head i n to  the  sub-pile room, out  through r a d i a l  holes i n  
the  sub-pile room walls  t o  the  piping corr idors  around the  sub-pi'le 
room, and up t o  the  experimental equipment cubic les  located i n  the  
basement area.  Two f i s s i o n  chamber dr ives  a l so  operate i n  the  reactor  
sub-pile room. 

Access t o  a l l  o ther  sub-basement areas  i s  pro- 
vided from the  corr idor  leading t o  the  sub-pile room. Immediately out- 
s ide  of thc  sub-pile room shie lding w a l l  and on both s ides  of the  corridor,  



access doors lead- t o  the piping corrcdors encircling the reactor sub- 
p i l e  room structure.  Immediately eas t  of these doors a re  doorways 
leading t o  the plant  sump ,and system duinp tank. The plant sump 
(aqueous) i s  10 f t  .wi'de by 10 f t  long by 5 ft, .deep, and i s  located 
below the sub-pile room floor  leve l  on the north side of the corridor. 
Two sump pumps pump aqueous plant  wastes to  the leaching pond. The 
system dump tank, system f i l l  pump, and dump tank feed pump are  
located south of the stairway leading t o  the sub-pile room, and should 
be below the l eve l  of the reactor vessel bottom head. The reactor.dump 
tank i s  a horizontal  pressure vessel rest ing on reinforced concrete 
saddles, i s  insulated and coated since it contains high temperature 
organic (approx. 375'~) and i s  buried, and has a s k i r t  on the north , 

end which i s  attached to  the south side of the pump room. The pressure 
vesse l  -attachment t o  the pump room .should be water t igh t .  

7.624 Reactor Area Construction ~ e t a i l g .  The founda- 
-. 

t ions,  cur ta in  w a l l s ,  basement floor,  and-f i r s t  f loor  of the reactor : . '  
and o f f i ce  areas are' of reinforced concrete construction as  showri on 
F igs . . 7 . . 6~  and 7 * 6 ~ ,  Representative f loor  loadings fo r  various areas 
should have approximately the following values : 

Reactor Area F i r s t  Floor 3000 lb/ftE 
Reactor Area Basement 3000 l b / f t  
Control Room, Instrument Room, 

and Health Physics Office 300-500 l b  f t 2  
Other 0,ffice Areas 150 l b / f t  
Canal 

4 
3000 lb / f t2  plus 

Water Load 

The high bay section of the reactor building over 
the reactor area i s  of insulated panel o r  equivalent construction, and ' 

w i l l  extend approximately 50 f t  above grade. Means are  provided f o r  
i so la t ing  t h i s  area from the of f ice  area and from the u t i l i t i e s  area. 

The of f  ice  area sec tiorl of t h e  reactor 'building 
i s  of concrete o r  pum'ice block construction with prestressed concrete 
roof s labs and built-up gravel-covered roofing. This section w i l l  be 
approximately 11 f t  high. 

7.625 U t i l i t i e s  and Process Areas. The procezs area 
i s  located i n  the north end of the reactor building, and i s  approxi- 
mately 49 f t  long by 112 f t  wide as  i l l u s t r a t e d  by Fig. 7 . 6 ~ .  The pro- 
cess control room, laboratory, two fai lure-free power motor-generator 
se t s ,  two boi lers ,  two f i r e  pumps, two plant a i r  compressors, service 
pumps, water flood pump, demineralizer uni t  and demineralized water 
pumps, and the primary.coolant degassing, purification, and d i s t i l l a t i o n  
systems a re  a l l  located i n  the u t i 3 i t i e s  area, .In d d i t i o n ,  the elec-- 
t r i c a l  switchgear , i s  located over the 'process control room and the 
ba t te ry  room i s  located over the laboratory. The primary coolant, 
degassing, and purif icat ion systems are  located i n  a high bay reinforced 
concrete cubicle located i n  the southwest corner of the u t i l i t i e s  area. 



This cubic le  w i l l  sh ie ld  these  process systems and w i l l  a l so  support 
the  30iinch diameter stack whose top i s  a minimum of 100 f t  above 
grade leve l .  The experimental equipment cubicles , process degas s ing 
system, and other  areas  which might discharge o r  re lease  contamination 
w i l l  be vented t o  atmosphere v i a  t h i s  stack.  The experimental equipment 
cubicle exhaust blowers a r e  a l so  located i n  a pumice block cubicle  lo-  
cated on ' the  roof of the  u t i l i t i e s  area,  and the  cubicle exhaust duct i s  
brought from the  basement v i a  a duct extending up through the  southwest 
corner of the  process control  room. Descriptions of process and u t i l i t y  

, systems a r e  given i n  Sections 7.400 and 7.500 of t h i s  repor t .  

The u t i l i t i e s  a rea  sect ion of t he  reactor  build- 
ing i s  of concrete o r  pumice block construction wi th .pres t ressed concrete 
roof s labs  and bui l t -up gravel-covered roofing, except t h a t  the  degassing, 
pur i f icat ion,  and f i l t r a t i o n  cubicle  w i l l  be of reinforced concrete con- 
s t ruct ion.  The u t i l i t i e s  area  of the  reactor  building w i l l  be approxi- 
mately 21-ft-high, except t h a t  the  above cubicle  and cubicle  housing the  
experimental equipment exhaust blowers w i l l  extend above t he  roof l i ne .  

Access t o  the  u t i l i t i e s  a r e a . i s  provided by 
access doors from the  reactor  area,  o f f i c e  area, and by a truck and 
personnel door located i n  the  north wal l  of the  area.  

Signif icant  port ions of the  primary coolant 
system a re  shown on Figs. 7 . 6 ~ ,  7 . 6 ~ ,  and 7 . 6 ~ ,  and w i l l  be discussed 
here. The 24-inch diameter process l i n e s  extend westward 'from the  
reactor  vessel ,  through t he  primary coolant valve cubicle located i n  
the  reactor  a rea  basement, and en t e r  the  primary coolant pump p i t  
located west of and jus t  outside of the  reactor  building.  After  leaving 
the  primary coolant pump p i t ,  the  process l i n e s  extend westward through 
a concrete pipe trench approximately 50 f t  where  hey r i s e  t o  the  a i r -  
cooled primary coolant heat  exchangers. These heat  exchangers a r e  lo -  
cated approximately 36 f t  above grade on ftreproofed s t e e l  columns with 
reinforced concrete foundations. 

A l l  port ions of the  primary coolant piping and 
other  organic process piping w i l l  be insula ted and s tean , t raced ,  and 
w i l l  be shielded by high densi ty  o r  reinforced concrete wal ls ,  except 
the  r i s e r s  t o  the  heat  exchangers a r e  not .shie lded.  The a rea  around 
the  heat  exchangers w i l l  be fenced t o  con t ro l  personnel access. In 
the  event of a f i s s i o n  break, it may be necessary t o  c lose ly  con t ro l  
personnel access t o  t h a t  a rea  west of the  reactor  building where the  
primary pump and heat  exchangers a r e  located. 

7.630 Miscellaneous Buildings and Structures.  Usage of o ther  
buildings and s t ruc tures  shown on Fig, 7.6A-M)CR S i t e  Plan i s  s e l f  
explanatory. The 50,000-gallon fue.1 o i l  s torage tank i s  located i n  a 
diked a rea  i n  t he  northwest sec tor  of the  s i t e .  Outside of the  dike  
and south of t h i s  storage tank i s  the  f u e l  o i l  pump house. linmediately 
ea s t  of the  f u e l  o i l  storage tanks a r e  the  water well,  caus t ic  and acid  



&torage tanks, raw-.'water storage tank, ,demineralized water .st.oragg . 

tank, and tr,ansformer yard. Power wil1,be brought t o  the transformer . 

yard from the SPERT substation via  a h igh ' l ine ,  and the capacity of 
the SPERT substation' w i l l  be .expanded t o  include the power ,require-. . , .  . , .. ' . . ' 

ments f o r  the EOCR s i t e .  

The air receiver i s  located just  north of the,  
' 

u t i l i t i e s  area of the reactor building and west of the truck.access , . 
-door leading to  t h a t  area.  West of the u t i l i t i e s  area and north 
of the  pr in lae  coolant heat exchangers are  three organic s torage.  
tanks. The westernmost tank i s  buried with a small pump p i t  over 
o r  near it. This tank w i l l  be used fo r  HB storage, and HB w i l l  be 
pumped from t h i s  tank in to  drums fo r  disposal as required.. The 
other ,  two organic storage tanks are located .above gr*de and w i l l  .be , 
used f o r  new organic and d i s t i l l e d  organic storage. . . . , .  .. . _ .  . - .  . , .  . . 

. '. . , 

The guard house i s  located near the southeast corner:. 
of t he  EOCR s i t e .  , This building w i l l  be of pumice b l o c k o r  equivalent 
construction, and ~ l l  be sized to  meet the needs of the f a c i l i t y .  
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8.000 LOOP AND EXPERIMENT FACILITIES 

The standard core has two large experimental loops and three 
small experimental loops .lcrcate4 i b  the core a s  sh0.m :in FTg. 4.M.. . In 'addi t ion,  the core contains two rabbi t  f a c i l i t i e s  and space f o r  
numerous lead.-type experiments. Operation of these experiments w i l l  
require space i n  the reactor building, equipment both in-pi le  and out- 
of-pi le ,  and auxi l ia ry  u t i l i t i e s .  ' A  conceptual design of one typ ica l  - 
large loop .and. the equipment and u t i l i t y  needs f o r  a l l  o f .  the  experiments 
t h a t  a r e  recommended fo r  the i n i t i a l  EOCR loading a re  described i n  t h i s  
section. 

8.100 ~ e s i ~ n '  of a Tvmical Loon Ex~eriment 

A preliminary design of a typ ica l  large loop i s  p resen ted . to  
i l l u s t r a t e  the type of f a c i l i t y  t h a t  the E O C R , w i l l  accommodate. The 
re-entrant type loop described i s  designed t o  t e s t  a f u e l  element similar 
t o  t h a t  proposed f o r  the 300 M e  forced convection power reactor,l.except 
t h a t  the inner-most r ing of f u e i  pins  i n  the t e s t  element .,i.s removed 
t o  provide space f o r  the coolant re turn.  The bas i s  of the .design,  estab- 
l ished from the objectives .outl ined in  Section 3.000, i s  a s  follows: 

Maximum Coolant Flow 500 gPm 
Loop Coolant Temperature 9 0 0 9  
Maximum Pressure i n  Loop 300 ps'i 
Reactor Pressure . 100 p s i  
Maximum Reactor Temperature 700%' 
Maximum Gamma Heating 10 watts/grn 

The preliminary loop design was completed p r io r  t o  es tabl ishing 
the f i n a l  reactor operating parameters ; he.nce, the s e w t o r  upe.sati'ng pres- 
sure i s  150 p s i  instead 100 ps i ,  which'ms used a s  the design bas i s  
fo r  .the loop. 'This change w i l l  probably r e su l t  i n  some minor changes 
in  the w a l l  thickness of the external  tube of the in-pi le  tube assembly. 

8.110 In-Pile Equipment. The in-pi le  equipment required fo r  
a t e s t  loop consis ts  of an in-pi le  tube and associated instrumentation. 
The  loo^ i s  a re-entrant type, i n  which the coolant en te rs  and returns 
from the experiment v ia  a single pipe penetrating the reactor  bottom 
head.. A cross-section of the in-pi le  tube i s  shown i n  Fig. 8 .1A,  and 
the coolant path i s  shown i n  Fig. 8 . 1 ~ .  The f u e l  element i s  cooled by 
coolant flowing upward past  the fuel ,  which reverses d i rec t ion  above 
the t e s t  element and returns through the center hole i n  the f u e l  element. 
Two concentric pipes are  used t o  allow the flow t o  en te r  and return from 
the reactor vessel  through a single bottom head penetration.  The in-pi le  

1. Bechtel Corporation and Atomics Internat ional ,  "Organic Cooled Power 
Reactor Study - .300 Mw Power Plant Conceptual Design", Stlpp:Xement 
No., 2, Report BCP.1-1, June 26, 1959 



tube i s  designed t o  operate a t  900'~ with pressures up to  300 ps i  inside 
the  tube and 100 ps i  outside the tube. An a i r  gap i s  provided t o  insu- 
l a t e  the loop coolant from the reactor coolant. 

- The t o  of the in-pi le  tube extends to  within about 
2 .5 k t  of the t o p  headP and i s  flanged to  permit e a s y  access t o  remove : 

and inse r t  t e s t  f u e l  elements. The bottom of the tube penetrates the , 

reactor  bottom head and i s  sealed t o  the bottom head as shown i n  Fig. 
8 3 .  ,The inner and outer  pipes, shown i n  Fig. 8 . 1 C ,  a re  permitted t o  
move independently and the  en t i r e  in-pi le  tube i s  allowed t o  move upward 
t o  allow f o r  thermal expansion. The in-p i le  tube i s  supported l a t e r a l l y  
by the reactor lower head, lower grid plate ,  and upper spider, and the 
load i s  supported i n  the subpile room. 

Since -the outer pressure tilbe i s  isolated from the loop 
coolant by an air gap, the  g m a  heat (10 w / ~  maximum) produced i n  the 
outer  pressure..tube must be removed by the reactor coolant. The organic 
i n  the region between f u e l  elements flows at veloci t ies  between 0.2 and 
0.5 f t / sec ,  which w i l l  not be adequate t o  cool the ressure tube which 3 w i l l  generate a heat f lux  of about 90,000 ~ t u / h r - f t  . Provision i s  made 
t o  allow reactor coolant t o  pass the outer loop pressure tube a t  veloc- 
i t i e s  of about 5 ft[sec through a shroud around the in-pi le  tube l i k e  
t h a t  shown i n  Fig. 8 . M .  

8.111 Inser t ion and Removal of b o p s  and Test Pieces. 
Although fue l  can be removed d i rec t ly  in to  a cask i f  desired, the handling 
of 5n -p i l e  tubes and fue l  elements i n  loops i s  normally done when the 
reactor vessel and in-p i le  tubes a re  Tilled with water. In-pile tubes 
a re  inserted in to  the reactor through the top head and lowered through 
the bottom head. The bottom end of the tube i s  equipped with mating sur- 
faces tha t  f i t  and l i n e  up with the bottom head sea l  plug. m e  sea l  plug 
i s  supported by hydraulic jacks and as the tube mates the plug, the plug 
i s  lowered to  allow the tube t o  enter and pass through the bottom head. 

Fuel pieces a re  removed a f t e r  the loop coolant 
i n  the experiment tube has .been replaced with water using a technique 
s imilar  t o  tha t  described fo r  flooding the reactor vessel.  A draw bar 
attached t o , t h e  top of the fue l  element,, used t o  hold the fue l  and return 
tube i n  posit ion during operation, i s  used as  a handle t o  permit easy. 
removal of the f u e l  piece a f t e r  the top access flange i s  removed from , 

the  loop . ( r e fe r  t o  Fig. 8 . 1 ~ ) .  

8.120 Out-of -Pi le  Equipment. The out-of-pile equipment fo r  a 
large loop consis ts  of pumps, heat exchangers, degassing system, pur i f i -  
cat ion system, make-up tank, 4 dump tank and associated. valves, piping and 
instrumentation. Except f o r  s ize the equipment i s  similar to  the reactor 
primary loop. A flow diagram f o r  the loop equipment i s  shown i n  Fig. 8 . 1 ~ .  

1. Refer t o  Fig. 7 . U .  



Two 250-gpm pumps supply forced flow f o r  cooling of the  
experiment. Fai lure-f ree  power i s  provided f o r  one of the  t o  
provide .shu%aom heat  reraoxal f o r  t he  E i . r s t  35. a f t e r  :lo:Ss of corn- 

' mercial p.wer. After  t h i s  time heat  w i l l  be removed from the  experiment. 
by forcing coolant from the  make-up tank t o  the  dump tank by pressur iz ing 
the  make-up tank. If additiorliil cool ing time i s  required the .dWp 
tank may be pressurized and the  coolant forced back t o  the  make-up tank. 

The heat  exchangers a r e  organic-to-boiling-water type 
with temperature control  p r 0 v i d e d . b ~  control l ing the  water s ide  pressure 
and. by-passing p a r t  of the  main stream around the  exchanger. 

A - batch pur i f i ca t ion  system capable of handling 60 lb /hr  
i s  provided t o  control  HB content. This system s ize  i s  su f f i c i en t  t o  
service the  second large  loop. 

Pressure control  is  accomplished by maintaining a nitrogen 
blanket (from b o t t l e s )  on the  pressur iz ing tank which a l so  a c t s  a s  a 
surge t o  provide fo r  expansion and contraction of the .coolant .  

The degasifying system removes . rad io ly t ic  gases from the  
coolant by continuously f lashing a por t ion of the  coolant i n to  a 30-gal 
.v.acuum tank. The overhead. vapors from the  tank a r e  fed t o  the  primary 
condenser which i s  cooled by 300 '~  demineralized water; non-condensib:les 
from the  primary condenser a re  fed t o  a secondary condenser cooled by 
cold, water. Nitrogen i s  maintained on t he  system t o  reduce explosive 
hazards. 

8.121 Instrumentation. Loop ins t ruqentat ion i s  provided 
t o  allow automatic operation and provide a cen t ra l ly  ,located control  
center.  . This instrumentation i s  t i e d  i n to  the  reac tor  control  system t o  
provide reactor  power reduction i n  case of experiment f a i l u r e  o r  l o s s  of 
loop control .  The instrumentation i s  designed t o  measure and control  flow, 
temperature, and pressure of the  loop continuously. I n  addi t ion,  ins t ru -  
mentation may i n  some cases be at tached t o  thc  t e s t  sect ions  and removed - 
from Lhe top o r  bottom of the  reactor  a s  indicated i n  Fig. 8 . 1 C .  

The purifj.r.a.t,ion equipment used t o  remove HB from 
coolant f o r  :the loops w i l l  be operated on a batch ba s i s  and w i l l  not 
require any automatic ins-1;runen-tat ion. 

Safety c i r c u i t s  a r e  .provided on a l l  measurements 
i n  the  loop t h a t  pe r ta in  t o  parameters v i t a l  t o  the  sa fe ty  of personnel, 
the  reactor ,  o r  loop equipment. An alarm w i l l  advise the  operator of any 
abnormal conditions arid au-tomatic corrections w i l l  be provided wherever 
p r ac t i c a l .  

Radiation instrumentation w i l l  be provided t o  
monitor a c t i v i t y  i n  the  equipment cubicles . 



8.200 Equipment and Space Requirements fo r  a l l  Experiment Loops i n  
Standard Core 

The previous section discusses the d e s i p  of a typical  large loop. 
Provision i s  made i n  the design fo r  a purification system tha t  w i l l  a l so  
d i s t i l l  coolant from the other large loop. Small loop purif icat ion w i l l  
be accomplished i n  the laboratory o r  by continuous purge. I n  addition t o  
pur i f ica t ion  of the coolant, provision i s  made fo r  equipment and space - 
fo r  operation of the other loops. These provisions, as  well a s  the , 
auxi l ia ry  u t i l i t y  and supporting services fo r  a l l  loops, are  discussed 
below. 

8.210 Equipment Requirements. The equipment required fo r  the . 
second large loop w i l l  be similar t o  the equipment shown fo r  a typica l  
loop except fo r  the purif icat ion system which i s  common t o  both large 
loops. Tile heat exchanger used with the large loop not in  the center 

.posit ion of the core w i l l  be smaller than the heat exchanger fo r  the 
typica l  loop, which i s  sized fo r  the center position. 

The equipment required fo r  the small loops w i l l  be much 
simpler than t h a t  used i n  the large loops since it w i l l  be possible t o  
maintain HB content and gas cdntent of the coolant i n  the small loop by 
addition of f resh coolant o r  laboratory batch d i s t i l l a t ion .  Heat 
exchangers for  the small loops must be sized according t o  the loop. 
The type of heat exchangers probably w i l l  be similar t o  the boiling 
water type used i n  the typica l  loop design. 

. . Out-of-pile equipment i s  required for  two rabbit  f a c i l i -  
t i e s  t o  permit inser t ion.and removal of t e s t s  while the reactor i s  oper- 
a t ing.  This equipment w i l l  have t o  be shielded so the operator can 
remove radioactive samples of organic from the f a c i l i t y .  

8.220 / Space Requirements. The f ive experimental loops tha t  .are 
recomende;d fo r  the standard EOCR core require shielded cubicle space for  
process equi ment and f loor  space for  control panels. , It i s  estimated 

80 t ha t  about 3 0 square f ee t  of f1oo.r space w i l l  be required fo r  these loops. 
Fig. 7 . 6 ~  shows a typica l  f loor  plan with space allocated fo r  cubicles and 
pane 1s , 

8.230 U t i l i t i e s .  The f ive loops w i l l  require power, water, steam, 
and a i r  t o  operate. A summary of the t o t a l  u t i l i t y  requirements i s  given 
i n ,  Table 8 . 2 ~ .  

Table 8 . 2 ~  

IDOP UTILITY KEQUI-TS 

w w  

Commercial Power 190 kw 
Failure-Free Power 66 lcw 
Demineralized Water 38 gPm 

Instrument A i r  L 7.2 s c h  
Steam 35 - 200 lb/hr 
U t i l i t y  Water 8 - 26 gpm 



.. .. 

8.240 Supporting Services.  To get ,  the  desires. information. from " 

the  operation of t e s t s  i n  loops, the  organics being t e s t e d  must be 
analyzed t o  determine changes i n  proper t ies  and hea t  t r ans f e r  character ls-  . 

t i c s .  A ho t  chemistry laboratory i s  necessary t o  permit chemical analys is  
and d i s t i l l a t i o n  of organics being tes ted .  A hea t  t r ans f e r  f a c i l i t y  i s  
necessary t o  determine what changes i n  hea t  t r ans f e r  proper t ies  occur t o  
the  coolant a s  a r e s u l t  of i r r ad i a t i on  and HB 'buildup. . I n  addi t ion,  hot- 
c e l l  services  must be avai lable  t o  permit examination of t e s t  specimens 

I and f u e l  elements a f t e r  completion of the  t e s t s .  
' 
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Estimates: o f .  the  'cap%tal costs, operating'-costs ' and.personne1 
requirements a re  given i n  t h i s  sect ion.  It is  assumed, fat both c a p i t a l  
cos t  estimates and operating cos t  estimates, t h a t  t he  reac tor  w i l l  be located 
a t  the  NRTS a t  a s i t e '  removed from ex i s t i ng  f a c i l i t i e s .  

The estimated cost  f o r  the  EOCR s i t e ,  buildings, and systems 
(excluding loops) is  $6,310,000. A typical ,  very basic, l a rge  loop exqeri- 
ment i s  estimated t o  cost  $484,000. The f i v e  loops recommended f o r  t h e  
i n i t i a l  experiment loading i n  the  EOCR a re  estimated t o  cos t  approximately - 

I - $1,800,009. The estimated cos t  breakdown f o r  t he  EOCR s i t e ,  buildings, 
and systems is  presented i n  Table 9 . l A .  The cost  breakdown f o r  a basic 
l a rge  loop experiment i s  given i n  Table 9. lB. Due t o  the  conceptual - 
nature and lack of de ta i l ed  design on t h i s  project ,  t he  cos t  estimates 
must be considered t o  be approximate, 

The exact locat ion of t he  EOCR s i t e  is  not known. For purposes 
of t h i s  report,  the  EOCR s i t e  i s  assumed t o  be in, o r  adjacent to, t he  
SPERT- OMRE: complex at  the  National Reactor Testing Sta t ion lccated west 
of Idaho Fal ls ,  Idaho. 

The SPERT e l e c t r i c a l  substa t ion is  scheduled f o r  .expansion i n  
connection with other  reactor  programs at t he  NRTS. It i s  assume'd t h a t  
t h i s  s.uEstation w i l l  be fu r the r  expanded t o  cover t he  power requirements 
f o r  the  EOCR s i t e .  A proportional  share of t h i s  expansi,on cost  and . the  
cost  of two miles of power t r ansmis s ion l i ne s  a re  included i n  t h i s  estimate. 

The cost  estimate of $6,310,000 includes .experiment u t i l i t i e s  such 
as demineralized water, air,' commercial and f a i l u r e - f r ee  power, aqueous 
and gaseous waste disposal, e tc . ,  but  does not include t he  cost  of experi- 
mental i n -p i l e  t ubes .o r  out-of-pile equipment. In order t o  accommodate 
t he  experimental p.rogram approximately $200,000 ha.s 'been included i n  
t he  cos t ' e s t imate  f o r . t h e  i n i t i a l  i n s t a l l a t i o n  of u t i l i t y  systems greater  
than those required f o r  ac tua l  reac tor  operation. 

Items such as handling tools,  f u e l  t r ans f e r  cask, canal  saw, 
i n i t i a l  f u e l  charge, i n i t i a l  control  rods, i n i t i a l  organic charge, e t c .  
a r e  considered t o  be operating cos t s  and a r e  not included i n  t h i s  cost  
est imate- Other items t h a t  w i l l  a f f e c t  t he  overa l l  p ro jec t  cos t  t h a t  
a re  not covered by t h i s  cost  est imate include land acquisi t ion,  communication 
l i n e s  and access road t o  t h e  EOCR s i t e ,  land exploration and core d r i l l i ng ,  
and developmental. work necessary t o  accomplish t he  ac tua l  design of t h i s  
reac ta r  and i ts  systems. 



, 

. Table 9.1A 

COST ESTIMATE-EOCR SITE, BUILDINGS, AND SYSTEMS , 

\ 

S i t e  Development 

~ e n e r a l  Clear ing and Grading $ 500 
Secur i ty  Fencing , ' 6,800 
Perimeter Light ing 4,800 
San i ta ry  Sewage Pond and Yard Lines 15,900 
Leaching Pond and Yard Lines 9,500 
S i t e  Roads,, Sidewalks and: Parking Area 13,500 
Yard E l e c t r i c a l  67,200 
F i r e  Water Loop 20,500 
Steam and Condensate Lines 1,000 ' 
Raw Water System 75,600 
Fuel  O i l  Storage and Piping 16,000 
Storage Tanks-Demineralized Water, Acid and Caustic 69,000 
Organic Storage Tanks 29, 000 
Water Flooding Storage Tank 34,000 

Sub-Total S i t e  Development $363,300 

, Buildings 

Guard House 
Arch i t ec tu ra l  and S t r u c t u r a l  
E l e c t r i c a l  
Piping, Heating and Vent i l a t ing  ' 

Mechanical Equipment 
Communication and Alarms 

Sub-Total Guard House 

. Reactor Building 
Arch i t ec tu ra l  and S t r u c t u r a l  
E l e c t r i c a l  
Piping, Heating and Vent i l a t ing  
Communication and Alarms 
Mechanical 

Reactor and Reactor S t ruc tu re  
Reactor Instrumentat ion 
Nitrogen System 
l'rimary Coolant System 
Pressur ized Nater Condenser Cooling 
Degassing System 
P u r i f i c a t i o n  and Storage System 
Water Flooding System - Radiation Monitor-ing Equipment 
Chemistry Laboratory Furni ture  
Cranes 
Aqueous Waste System 



Table 9 . l A  ( ~ o n t  Id) 

COST ESTIMATE-E0C.B SITE., BUELD.XNGS, AND SYSTEMS . 
Plant  and Instrument Air System - $ 23,000 . . . .  
Gaseous Waste System 41,100 
Demineralized Water System . . 81,000 
Fuel O i l  System I 1,000 

. F i r e .  Protec t ion Systems 40,000 

. F i r e  Water System 28,500 . 

Ste.a,m and Condensate System 52,900 
Raw and Domestic Water Systems- 4,400 

- E l e c t r i c a l  System 177,600 
' Sub-Total Reactor Building $2,948,700 

Acceptance Test ing , 40,000 

Direct  Costs 
Ind i rec t  Costs (25%) 
Tota l  Construction Costs 
Engineering Design and Inspection (20%) 

Sub-Total 
i 

* 841. loo 
$5,046,700 

Contingency (25%) 1,263,300 

Grand Total-EOCR S i t e ,  Buildings, and Systems 



Table 9 . l B  

COST ESTIMATE-EOCR BASIC LARC;E LOOP EXPERIMENT 

1 n s t r A e n t  and E l e c t r i c a l  

Instrument Panel (complete) 
Transmitter  Cubicle 
E l e c t r i c a l  Equipment 
Labor- Instrument 
Labor- E l e c t r i c a l  

Sub-Total Instrument and E l e c t r i c a l  

Piping 

Pipe 
Valve s 
Insu la t ion  
Labpr- -Pipe f i t t e r  and Welder 

Sub-Total Piping 

~ ~ u i ~ m e n t  and Tanks 

Pumps 
Condensers 

. In-Pi le  Tube 
Tanks 
Miscellaneous Equipment 
Insu la t ion  
Labor 

Sub-Total Equipment and Tanks 

Cubicle and Sample S t a t i o n  

Walls ( ~ i ~ h   ensi it^) 
Shielded Dock 
Miscellaneous 
Labor 

Sub-Total CubicAe and Sample S ta t ion  

Direct  Costs 
I n d i r e c t  Costs (25%) 
Tota l  Construction Costs 
Engineering Design and Inspection (20%) 

Sub-Total 

Contingency (25%) 
' . 

$35,000 
16,000 
29, ooo 
7,200 

12,500 

Grand Total--Large Loop 



9 ..200 Personnel. ~equirement  s' ($403,000) 

Table 9 ..2A contains'. t h e  estimated personnel: requirements f o r  t h e  
d i r ec t  on-si te f'unctions. Administrative services  and i nd i r ec t - s i t e  
services  a r e  provided f o r  i n  Table 9.3B. Wage and sa la ry  r a t e s  current ly  
i n  e f f ec t  at t h e  MTR-ETR were used t o  est imate t he  cost  of personal  ' 

services.  This est imate includes f i v e  per  cent  f o r  employee -benefi ts  
and payro l l  taxes.  

Table 9.2A 

. Superintendent 

Operations Supervisor , 

Operations : 

S h i f t  Supervisors 4 
Senior Reactor Technicians 4 
Reactor Technicians 8 
U t i l i t y  Operator 4 , ,  . 

. . U t i l i t y H e l p e r s  8 - . 

Services : 
. - 

Health physics and Safety Supervisor 
Health Physic is ts  
Instrument and E l e c t r i c a l  Supervisor 
Senior Instrument ~ e c h n i c i a n '  
Instniment Techrici'ans . . 
Elec t r ic ians  
Special  Maintenance Supervisor 
Mechanics 
Mechmic Helpers 
Jan i to r  
Control Chemist 
Lab Technician 
Secretar ies  
Secur i ty  Guards 

EOCR Operating Staff  59 \ - - 
,~9.300 Operating Costs (Other Than ~ a b o r )  . . 

, 9.310 Fuel and Control Rods ($369,000). The est imate of nuclear 
\ 

f u e l  cos t  i s  based on the  following design c r i t e r i a :  ( a )  t he  reac tor  
operates 10,000 MwdIyr u t i l i z i n g  th ree  f u e l  cores per year; (b)  a core 
loading cons i s t s  of twenty-five f u e l  assemblies and twelve con t ro l  f u e l  - 
assemblies; and ( c )  each f u e l  assembly and con t ro l  f u e l  assembly contains 
1.625 kg U-235. 



Table 9.3A 

COMPUTATION OF ANNUAL FUEL COST 

Fabrication of. Fuel 

25 core f u e l  assemblies -x 3 loadings = 75 x $3,000 $225,000 

1 2  control f u e l  assemblies x 3 loadings = 36 x $4,000 144,000 

Total Fabrication Cost 

( ~ o t e :  In  addition t o  the 2bove it i s  estimated tha t  burnup, fue l  
reprocessing and reconversion w i l l  amount t o  $880,200 per year. 
These costs  are  nonprogram and fo r  t h i s  reason are  not included 
i n  t h i s  report .  ) 

9.320 Organic Coolants ($120,000) . The cooling system capacity 
i s  135,000 pounds of organic l iquid (15,000 gal);  tat an estimated pr ice  
of $0,20/lb the cost of the i n i t i a l  charge of coolant i s  $27,000. It i s  
estimated tha t  make-up of coolant while the reactor i s  operating a t  f u l l  
power w i l l  amount t o  2,400 lb/day or $480/day. The estimated annual 
cost f o r  make-up i s  $120,000. 

9.330 Materials and Services ($518,000). 

Table 9.3B 

OTIIER EXPENSE , 

Materials and Supplies 

Annual Cost 

$ 80, ooo 

Fuel O i l  

E l ec t r i c i ty  85,000 

~elephone  and Telegraph 10,000 , 

Administrative and Site. Services 4337 000 , 

$518, ooo 



9.400 Annual Cost ($1,510,000) 

P 

Table 9 . 4 ~  

ESTIMATED ANNUAL OPERATING COST* 

Annual Cost 

Direct  Personnel $ 403,000 

Nuclear Fuel Fsbricati.on 369, 000 

Organic Coolant 120,000 

Materials  and Services 

Total  

* Does not include depreciat ion cos t s  which a r e  non-program f o r  
t h i s  type of operation. 
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design .was based and fo r  t h e i r  a i d  i n  'obtaining materials fo r  the  water 
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~ e a c t o r  Development fo r  t h e i r  helpful  comments during the September, 
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\ 
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THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 





THIS PAGE 

WAS INTENTIONALLY 
LEFT BLANK 



11.000 SELECTION OF EOCR CORE 

11.100 Description of Cores 

Drawings of t h e  four core arrangements used f o r  physics calcu- 
l a t i o n s  a r e  given i n  t h i s  sect ion along with a summary of r e s u l t s .  
All of t h e  physics r e s u l t s  presented i n  Tables l l .U through 1 1 . 1 D  
correspond t o  rod posi t ions  at t h e  end of t he  cycle. Thus, t h e  power 
dens i t i e s  sham f o r  experiments and maxw- to -ave rage  f l u x  r a t i o s  i n  
both t h e  d r iver  elements and t h e  cen t r a l  loop a r e  not t h e  maximum t h a t  
can b,e a t t a ined  by se lec t ive  control  rod programming. 

Precise comparisons cannot be made between Tables 11.1A through 
1 1 . 1 D  because experiment ca lcu la t iona l  models and . fue l  loadings were 
d i f f e r en t .  Table 1 1 . 1 D  i s  based on 7.5% enriched f u e l  i n  t h e  experi-.  
ments whereas t h e  other ' t ab les  a r e  f o r  2.5% enriched fue l ,  i n  t h e  experi- 
ments. I n  Section 5.000 t h e  power densi ty  i n  experiments wfth 7.5% 
enriched f u e l  i s  shown t o  be about 1.9 times t h a t  of experiments with 
2.576 enriched fue l .  

11.110 'Cyl indr ical  Fuel Element Core. A core arrangement 
using 6.375 in .  cy l indr ica l  f u e l  elements, spaced i n  a 7.375 i n .  
t r i angula r  l a t t i c e ,  was considered f o r  t h e  EOCR because removal of 
one la rge  f u e l  element provided space f o r  a l a rge  experimental loop. 
Physics calcula t ions  were made f o r  t h i s  core, arranged as shown i n  
Fig. 1 1 . 1 A  with t e s t  f u e l  elements i n  each pos i t ion  containing 2.5% 
enriched fue1. l  A sumnary of t h e  r e s u l t s  of t h e  calcula t ions  i s  given 
i n  Table 11.U. The calculated kerf f o r  t h i s  core with 32 kg of U-235 
was 1.13. 

The standard core, discussed i n  ~ k c t i o n s  4.000 and 5.000, w a s  
se lected a f t e r  studying a number of designs. The other cores, one 
using cy l indr ica l  f u e l  elements, two using OMRE f u e l  elements, and one 
f l u x  t r a p  core using both EOCR and OMRE type f u e l  elements, a r e  pre- 
sented i n  Figs. 11.1A through 1 1 . 1 D . .  A br i e f  descr ipt ion of t h e  cores, 
summary of t he  physics calculations,  and t h e  b a s i s  f o r  se lec t ion  of t h e  
EOCR core a r e  given below. 

1. Bechtel Corporation and Atomics Internat ional ,  "Organic Cooled Power 
Reactoi- Study - 300 . Mw Power Plant Conceptual DesigntL, Supplement 
No. 2, Report BCPI-1, June 26 ,  1959. 



. . Table 11. lA - 

SUMMARY OF PKYSICS CALCULATIONS FOR INVOLUTE PLCITE.FUEL E ~ N T  CORE 
WITH 40 MW GENERATED I N  DRIVER FUEL ELEMENTS 

% ' .  . , .. 
. -,, ., . . 

* Power densi ty  based on 2.5 per cent enriched f u e l  i n  t e s t s .  

11.120 OMRE Fuel Element Cores. .  Two core arrangements using 
OMRE f u e l  elements were studied because OMRE f u e l  elements have been proven 
f o r  organic reac tor  use.  One core, shown i n  Fig. 11.1B, has f u e l  elements 
spaced on 4.5-in.  square centers .  This core does not allow space f o r  
loops l a rge r  than about 5 .5  in .  i n  diameter. A f l ux  t r a p  var ia t ion  of 
t h e  OMRE core, shown i n  Fig.  1 1 . 1 C ,  w a s  designed t o  provide space fo r  
a l a r g e r  center  loop. The physics ca lcu la t ions  f o r  these cores a r e  
summarized i n  Tables 11.1B and 1 1 . 1 C .  A l l  f u e l  elements i n  t e s t  
pos i t ions  were 2.5$ enriched f o r  these  calcula t ions  and arranged a s  
shown i n  the f igures .  The calcula ted keff f o r  the  OMRE-type core i s  1.19 
with 42.6 kg of U-235 and keff f o r  the  f l ux  t r a p  core i s  1.23 with 46hg . 
of U-235. 

1. Bechtel Corporation and Atomics Internat ional ,  "Organic Cooled 
Power Reactor Study - 300 Mw Power Plant  Conceptual Design", 
Report BCPI-1, Supplement No, 2, June 26, 1959. 



Table 11;'lB 

SUMMARY OF PHYSICS CALCULATIONS FOR OMRE TYPE CORE 
WITH 40 MW GENERATED I N  DRIVER FUEL ELEMFNTS 

* Power density based on 2.5 per cent  enriched f u e l  i n  t e s t s .  , 

Table 1 1 . 1 C  

Flux 14 x 10- 

SUMMARY OF PHYSICS CALCULATIONS FOR OMRE'TYPE FLUX-TRAP CORE 
WITH 40 MW GENERATED I N  DRIVER FUEL ELEMENTS 

I 

Driver 
Assemblies 

.1.52 
2.04 

0.41 
3.59 

- - - 
' - - - 

Fast  Avg 
Maxl~vg 

Thermal Avg 
Max/~vg 

Power Density* Avg 
wattslcc M ~ X  

* Power density based on 2.5 per cent enriched f u e l  i n  t e s t s .  

Large 
Center 

LOOP 

2.0 . 
1.40 

0.45 
1.74 

57 . 
9' f 

F1u)f-14 
x 10 

Small 
Off Center 

LOOP 

1.70 
1.48 

1.10 
1.6'5 

124 
199 

Driver 
Assemblies 

1.59 
2.08 

0.39 
3.48 

--- 
- - - 

Fast Avg 
M ~ X / A V ~  

Thermal Avg 
Max/~vg 

Peripheral  
Power Reactor 

- Element 

0 -77 
2.36 

0 .26 
3.18 

31. 
94 

Power D e n s i t p  Avg 
wattslcc Max 

Large 
Center 

LOOP 

2.10 
1.47 

0.99 
2.12 

113 
230 

Small 
Off Center 

LOOP 

1.60 
1.49 . 

1.10 
1.65 

aa8 
196 

Perl pheral  
Power Reactor 

Element 

0 .53 
1 -77  

0 .20  
2.87 

24 
6 3 



11.1.30 EOCR Flux Trap Core. A Slux t r ap  variaLluii of the 
standard core. i s  shown i n  Fig. 1 1 . 1 D  and a br ief  summary of physics 
calculat ions i s  given i n  Table I 1 . 1 D .  This core was made up of both 
EOCR and OMRE type fue l  elements: . A l l  t e s t  fue l  elements used for  
these calculations contained 7.5% enr:iched,f'uel, and .Gff i s  1.167 with 
45 kg of fue l  i n  the core. 

Table 1 1 . 1 D  

SUMMARY OF PHYSICS CALCULATIONS FGR EOCR FWS ?RAP CORE 
WITH 40 MW GENERATED IN DRIVER. FUEL ELEMENTS 

.* Power density based on 7.5 per cent enriched fue l  i n  t e s t s .  

11.200 Basis fo r  Selection of the EOCR Core, 

A comparison of some of the features of the cores studied with 
the design requirements i s  presented i n  Table 11.2A. The maximum power 
densi t ies  l i s t e d  fo r  a loop i n  the center of each of the cores are  those 
a t  the s t a r t  of each reactor cycle with t h e  central  control rods pulled 
and with the loops containing 7.5% enriched fue l  elements. These values 
a re  not on the same bas is  as the tables  i n  Section 11.100. The numbers - 
shown fo r  the cy l indr ica l  element core and the OMRE cores are  obtafned 
by correcting the values shown i n  Tables 1 1 . 1 A  through 1 1 . 1 C  t o  apply t o  
7.5% enriched fue l  and the different rod configurations, The coolant 
flow ra t e s  shown for  a l l  of the cores a re  based on t o t a l  reactor flows 
tha t  a re  about 5000 gpm h!igher than the flow required t o  cool only the 
core cmponents. !This flow i s  necessary t o  cool the luoderator and 
expe~imental fuel elemenLs 111 core positions and allow for  leakage between 
cmponents. The EOCR core coolant requirements are  l e s s  than the require- 
ments fo r  the other cores because the f u e l  elements fo r  t h i s  core were 
designed t o  make the most e f f i c i en t  possible use of the coolant fo r  heat 
t ransfer .  

1. Bechtel Corporation and Atomics International,  "Organic Cooled 
Power Rea,ct,or Study - 300 Mw Power ,Plant Conceptual Design", 
Report BCPI-1, Supplement, No. 2, June 26, 1.959 a 



Table 11.2A 
-, 

COMPARISON OF EOCR DESIGN REQUIREDENTS 
W I T H  CALCULATED PERFORMANCE OF CORES AT 40 MW* 

* Based on control  rod posi t ions  corresponding t o  s t a r t  of cycle. '  

+* Bower density baocd on 7.5$ enrielled f u e l  e1emen.L~. 

.x-*-x The - to ta l  flow shown allows $000 gpm for  experiment coolant flow, leakage 
flow past  t he  core components, and-for  cooling t h e  moderator. 

OMRE 
, Element Core 

4 2.5" OD 
1 6.0" OD 

40 4 . 4 " s q  

338 

7OO,OOO 

31,000 

Table 11'.2A shows t h a t  the  peak power densi ty  i n  thC t e s t  posi t ions  
f o r  the  EOCR core a r e  higher than f o r  the  other  cores a t  the  s t a r t  of t he  
cycle.  The average values fur Lhe EOCR and Cyl indr ical  element core a t  
t he  s t a r t  of the cycle a r e  about the  s&e. A t  the  end of the  cycle the 

. cy l ind r i ca l  element core gives power dens i t i es  i n  the  cen t r a l  t e s t  loop 
about 15% greater  than i n  the EOCR. However, the EOCR core w i l l  compare. 
favorably with the cy l i nd r i ca l  core a t  a l l  times i f  (1) the  outer  loops 
i n  EOCR are  replaced with f u e l  a s  i n  the. cy l i nd r i ca l  element core and ( 2 )  
the  loadings a re  adjusted t o  give the  same keff .  

Design 
Feature 

Number of 
Test 

Posit ions 

Number of 
Incore 

Posit ions 

~axi~nm** 
Power 

Density 
i n  Large 
Loops, w/cc 

Heat Flux 
Driver 

Elements 
~ t u / h r - f  t2 

Reactor*** 
Coolant 
Flow . 

Required 

Design 
Requirements f o r  

I n i t i a l  Tests 

13' 0.5" t o  1 . 5 "  
OD 

3 2.5" OD 
2 6.5" OD 

10 5.38" sq  
o r  l a rge r  

300 

- - - - 

25,000 

EOCR 
Standard 

Core 

26 1 . 0  t o  1 . 5 "  
OD 

4 2.5" OD 
2 6.5" OD 

20 5.5" s q  

495 

650,000 

25,000 

Cylindrical  
Element Core 

6 1.0" OD 
3 2.3" OD 
1 6.5" OD 

\ 

12 7 . 2 ' 0 ~ '  

405 

560, 000 

28,000 



The OMRE element core i s  i n f e r i o r  t o  the  standard core because 
t h e  smaller  l a t t i c e  does not  permit adequate moderator around a l a rge  
loop. This r e s u l t s  i n  the  OMRE element core having about 45 per cent 
lower maximum power densi ty  i n  a l a rge  loop than t h e  standard core. 

??he f l u x  t r a p  va r i a t i on  of the  standard core provided higher f l ux  
i n  a c e n t r a l  loop than the  standard core; however, the standard core 
configuration was se lec ted  because it met'the design objectives and 

, involved fewer complications i n  mechanical design. The standard core 
a l s o  allows more f l e x i b i l i t y  i n  arrangement because a l l  of the core 
components a r e  uniformly spaced. 

En summary, the  reasons f o r  se lec t ion  of t he  EOCR core, with 
4 i n .  square f u e l  elements spaced on 5.75 i n .  centers  i n  a square 
l a t t i c e ,  a r e  a s  ' follows : 

1. The core has adequate experimental space t o  accommodate the  
i n i t i a l  t e s t  requirements outl ined i n  Section 3.000, and the  core 
contains enough f u e l  ekments  t o  permit changes i n  the  core arrangement 
and addi t ion of more experiments without s i gn i f i c an t l y  changing the  
r eac to r  operation.  

2. Any o r  a l l  of t he  d r iver  f u e l  elements, except those i n  
pos i t ions  adjacent t o  l a rge  loops, can be replaced by large  power 
reac tor  fuel%elements  without making any mechanical changes within 
t he  reac tor  vesse l .  

3. The maximum power density avai lable  i n  a l a rge  center loop 
l'neets t he  maximum design object ives  wlth the  EOCR operating a t  40 Mw, 
and o ther  core pos i t ions  provide power dens i t i e s  su i tab le  f o r  
t e s t i n g  organics and fue l s  a t  conditions corresponding t o  proposed 
power reactor  operation.  

4.  The f l a t - p l a t e  f u e l  elements and control  rod assemblies 
used a s  d r ivers  can be fabr ica ted  without major development work. 
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12.000 WATER FMODING EXPERIMENTS - 

The method of handling f u e l  elements and in -p i le  equipment 
described i n  Section 7.200 was chosen a f t e r  several  t e s t s  were performed 
t o  demonstrate experimentally t h a t  hot organic could be replaced with 
hot  water and the  water cooled o r  flushed u n t i l  c lea r .  S ix  t e s t s  were 
conducted i n  a 40-gal vessel  with d i f f e r en t  Santowax compositions t o  
determine: ( 1 )  how much organic remained on components a f t e r  completion 
of the  f lushing operation, (2 )  how much mixing would occur between the  
water and organic d ~ r i n g  flushing,  (3) whether o r  not f u e l  elements would 
s t i c k  t o  other  components as a r e s u l t  of buildup of frozen Santowax, and 
(4)  how many f lushings  a r e  required before t he  water becomes c lea r .  

These t e s t s ,  as described i n  the  subsections t h a t  follow, 
demonstrated conclusively t h a t  hot  organic can be replaced with hot  
water, t h a t  3 t o  5 cold water f lushes  c l a r i f y  the  water so the core 
components a r e  v i s i b l e ,  and t h a t  t he  core components w i l l  remain f r ee  
of residue organic i f  the  water temperature during the  f i r s t  f lush  i s  
kept well  above the  freezing point  of the  organic. I n  t e s t  No. 6, 
Santowax R was replaced with hot  water t h a t  remained above 343'~ during 
the  f i r s t  f lush  and the  dummy f u e l  element was near ly  a s  Clean a f t e r  
.complet.ion of the  t e s t  as i$ w a s  befbre the  test, as shown. %l.Fig.. 12.3E. 

12.100 Organic Materials  

Four organic compositions were used i n  the  s i x  t e s t s .  Unicradiated 
Santowax OMP was used f o r  two t e s t s ,  a mixture of Santowax OMP and Santo- 
wax R was used f o r  one tes t , ,  i r r ad i a t ed  OMRE coolant with 27 per  cent HB 
was used f o r  two t e s t s ,  and Santowax R was used f o r  one t e s t .  

The water content of the  Santowax in  the  as-received-condition ' 

was approximately 250 ppm. The maximum impurit ies present were chlorine,  
2 ppm; iron,  1 ppm; sodium, 0 .7  ppm; and s i l i con ,  0 .5  ppm. The water 
content of t he  i r r ad i a t ed  O W  coolant was approximately 400 ppm. 

The melting point  of Santowax R and OMP i s  about 3000F. The 
i r r ad i a t ed  OMRE coolant was . l i ~ - l i d .  (t,h.oi.~.gh qui te  viscous) a t  room tem- 
perature.  

The density .difference between l i qu id  Santowax (both unir radia ted . 
and . i r radia ted)  and water a t  various temperatures i s  approximately con- 
s t an t  (see Fig. 1 2 . 1 ~ ) .  

0 
The solubil i ty1 of water i n  unir radia ted Santowax R a t  350 F is  

approximately 8000 ppm. 

1. R.  H. F. Gercke, F. C., Silvey and G. Asanovich, "The Proper t ies  of 
Santowax 3 ( ~ i x e d  Terphenyl ~ somer s )  a s  Organic Moderator-Coolant", 
Report NAA-SR-Memo-3223. 



, 12.200 Test Apparatus and Procedures 

The apparatus used f o r  the t e s t s  consisted of a 40-gal pressure 
vessel ,  which held organic t o  s t a r t  the t e s t s ;  a 66-ga1 tank, into  which 
the  organic was t ransferred;  and a 100-gal water tank, which supplied - 
hot  water f o r  the  replacement and flush.  The flow system is. i l l u s t r a t e d  
i n  Fig. 12.2A. 

- 
An ETR f u e l  element was inserted in to  the pressure vessel  t o  deter-  

mine how much organic would remain between the f u e l  p l a t e s  and i f  the 
f u e l  element would s t i c k  i n  simulated gr id  p la tes .  .The fuel-element 
assembLy, Fig. 12'.2B, consisted of a dummy f u e l  element held upright by 
p l a t e s  and guide p l a t e  wikh clearances between the fue l  element and the 
bottom g r id  p l a t e  of 0.002 inch. The clearance between the top square 
guide p l a t e  and face element was 0.004 inch, and t.hc fuel  element reotcd 
i n  a tapered g r id  p l a t e .  The assembly and fue l  element was constructed 
of aluminum a l loy  6061. 

12.210 Replacement of Organic. The Santowax and water for  *fits 
1, 2, 3, alld 6 were heated t o  350UF. A globe valve i n  the e x i t  l i n e  
from the  pressure vessel  was s e t  t o  control  the r a t e  of flow, and an 
attempt t o  maintain a constant pressuee difference,  and hence flow ra t e ,  
was made by applying nitrogen pressure on the water tank and by venting 
the  organic receiving tank. The OMRE i r rad ia ted  coolant and water were 
heated t o  200'~ i n  one replacement and 300 '~ i n  the  l a s t  replacement. 

The organic replacement r a t e  was measured by diver t ing 
the  stream fo r  a short  period of t.ime and a l so  by es tabl ishing the  time 
f o r  the t o t a l  replacement t o  occur. . 

12.220 Sampling. Samples of organic were taken a t  in te rva ls  
through a sampling l i n e  ( ~ i ~ .  1 2 . 2 ~ )  on the downstream side of the flow 
control  valve. Samples of f lush water were taken through the same 
sampling l i ne .  The completion of organic replacement could be detected 
by steam o r  water coming from the sampling l i n e  a s  well a s  by rapid r i s e  
of pressure i n  the  organic receiving tank. 

12.230 Measurement of  Clar'ity of the Water. The top of the 
pressure vessel  was removed a f t e r  three flushes i n  t h e  f i r s t  two replace- 
ments, a f t e r  f ive  f lushes  i n  the next three replacements, and a f t e r  four 
i n  the l a s t .  The depth of v i s i b i l i t y  of the  f u e l  element assembly and 
tank was noted both by spot l i g h t  above and i n  two replacements by use 
of a 1000-watt underwater lamp. 

12.240 Organic and Water Analyses. The organic and water 
analyses were performed by the Chemical Processing Plant s t a f f  of Ph i l l i p s  
Petroleum Company. , The analysis  of organic f o r  water content was made 
by a modification of the  Karl Fisher method using Karl F isher ' s  reagent, 
water-methanol standard, and chloroform a s  the dissolut ion medium. The 
precis ion of the organic analyses t o  be associated with the average (water 
content of most samples 1,000-3,000 ~ ~ m )  was a standard deviation of 
+ 260 ppm. - 



The analysis  of the  water f o r  organic content was made 
'by ex t rac t ing  the  organic i n to  carbon te t rach lor ide  and measuring the  
absorption of the  aromatic carbon-hydrogen bond on an infra-red spectromeher. 
The precis ion was - + 15% of the  amount present with an approximate lower 
l i m i t  of 2 ppm. 

12.250 Organic Holdup on Fuel Element Surfaces. The organic 
holdup on the  fuel-element surfaces was examined. v i sua l ly  and by est imating 
the  force t o  manually remove the  f u e l  element from the  g r id  p l a t e  assembly. 

12.300 Results  

S ix  t e s t s  were m a s  indicated i n  Table 1 2 . 3  which shows the  
temperature conditions before and a f t e r  t r ans f e r  of the organic and the 
flow r a t e s  of the  organic-water in te r face .  The t e s t s  with high melting 
Santowax R and Santowax OMP demonstrated the  importance of keeping the  
Santowax from freezing I.uring t r ans f e r .  I n  t e s t  No. 6,  where the  f lush  , 

, water was kept above 343O~, l i t t l e  f i lm remained on the  f u e l  element a f t e r  
the  f lush .  I n  t e s t  numbers 1 t o  3, where the water cooled t o  near the  
f reezing points  of the  mixtures, Santowax remained on the  surfaces of the  
f u e l  element. Table 12.3B gives the  water content of the  organic and the  
organic content of the  water. The samples indicated i n  the  t ab l e  as numbe,r 

' . 1 were taken shor t ly  a f t e r  the  organic flow s t a r t ed ,  samples number 2 
approximately i n  the  middle of the  replacement, and samples number 3 a t  
the  end, but  before the  organic-water in te r face  was detected.  

Table 1 2 . 3  

ORGANIC FLOW RATES AND TEMPERATURE: CONDITIONS 

Test Number 
and 

Organic 
Used 

1 
Santowax OMP 

2 
Santowax OMP 

3 
Santowax OMP 
+ Santowax R 

4 
I r r ad i a t ed  

OMRE Coolant 

5 
I r r ad i a t ed  

OMRE Coolant 

6 
Santowax R 

Organic 
Temperature, 
Before 

Transfer 

3 72 

383 

385 

197 

300 

390 

OF 

After  
Transfer 

285 

300 

300 

125 

--- 

230 

Water Water 
Pressure 
( lb / in2)  

140 

148 

134 

0 

58 

121 

Temperature, 
Before 

Transfer 

336 

3 50 

3 50 

200 

300 

3 50 

OF 

After  
Transfer 

320 

315 

30 5 

- - - 

287 

343 

Water 
0 

Temp. , F 
a t  

.Removal --- 
160 

150 

90 

80 

80 

137 

Flow Rate 
Through 
Ve s se 1 

( ~ t / r n i n )  

3.3 

I n i t i a l 0 . 5  
Avg. 0 .2  

I n i t i a l  0 . 5  
Avg. 0.2 

1.1 

1 . 4  

2.5 



Table 12.1B 

WATER CONTENT OF ORGANIC AND ORGANIC CONTENT OF WATER , 

* Tko phases present a f t e r  sample cooled made sampling fo r  analysis . 
w ~ c e r t a i n ,  

* Globules of organic i n  sample bo t t l e  (globules may have l e t  go 
from pipe surfaces). 

*H Numbers r e fe r  t o  volumes of flush 'water per volume of organic. 

' 12.310 Flow Measl rement and Uniformity of Samples. The flow 
measurement a t  the start of the t e s t  was used t o  predict  the sampling 
times and the time f o r  completion of t ransfer .  The estimated time fo r  
completion of t r ans fe r  agreed well .with the completion time except 
i n  t e s t  2 and 3, wherein two values a re  given fo r  the flow ra te   a able 
1 2 . 9 )  * 

Most of the water present i n  the discharge l i n e  from 
the pressure vessel was removed.by heating a t  the s t a r t  of each t e s t  
( a f t e r  draining under nitrogen pressure) . The quantity of organic 
(1-5 gal)  used fo r  flow measurement w a s  used t o  purge the l ine  before 
the f i r s t  organic sample was taken, however? sample 1 in t e s t s  1 and 2 
evidently contain wat.zr from the piping system, 

Dif f icu l ty  was a l ~ o  experienced fo r  the f i r c t  fluch 
water samples i n  which the organic phase would come through i n  globules, 
and the s ize of the globule caught i n  the sample ,causeil large deviations 
i n  the organic content of the flush water sample, It i s  t o  be noted, 
howevzr, t ha t  no d i f f i cu l ty  was experienced i n  de.temining the completion 

. 
of the  rep.la.cement. The passing of the organic-water interface down 
the f u e l  elemmt and through the pipes was reasonably sharp. 



12.320 Drainage and St icking of the  Fuel Element. After  the  
desi red number of f lushes with water had been completed, the  pressure 
vessel  w a s  opened and the  f u e l  element manually l i f t e d  out.  .In the  
f i r s t  two t e s t s  with Santowax OMP the  force required t o  l i f t  the  f u e l  
element was estimated a s  l e s s  than 50 pounds, with t h a t  f o r  t e s t  2 
l e s s  than f o r  t e s t  1. In  t e s t  3 t he  force required t o  l i f t  the  f u e l  
element was estimated a s  g rea te r  than 100 pounds ( t he  element was 
pr ied  loose before l i f t i n g ) .  I n  t h i s  t e s t  there  was so l i d  organic 
between the  f u e l  element and the  guide p l a t e s  and gr id  p l a t e s  and 
although the  channels were not  closed so l id ,  there  was some bridging 
of organic between the  f u e l  p la tes .  

Fig.. 1 2 . 3  shows the  f u e l  element a f t e r  completio'n 
of t e s t  2 which used Santowax OMP a t  3 5 0 O ~ .  (The f u e l  element 
looked about the  same a f t e r  t e s t  1). An organic f i lm can be seen 

, 03 the  surfaces with the  heavies t  f i lm on t he  surface which i s  
located between the  guide p l a t e  and top  of the  f u e l  element. It 
i s  noted t h a t  the  organic has  drained from the  s l o t s  on t he  bottom 
end box leaving a t h i n  ove ra l l  film. Fig. 12.3B shows the  f i lm on 
the  fuel .  element a f t e r  t e s t  5 with i r r ad i a t ed  OMRE coolant. The 
drainage i s  good, and the  f i lm appears t o  be of even thickness. 

Fig. 1 2 . 3 ~ ( 1 )  shows a view of the  f u e l  p l a t e s  and 
coolant channels of the  same f u e l  element shown i n  Fig. 12.3.A. The 
thickness gf the  f i lm i s  g rea te r  i n  some places,  but  a maximum of 
l e s s  than ha l f  of t he  channel i s  f i l l e d .  Fig. 12.3C(2) shows tha't 
f o r  t e s t  5 with i r rad ia ted  OMRE coolant, the re  i s  l e s s  f i lm buildup. 
Fig. 12.3E shows t h a t  f o r  t e s t  6 there  i s  l i t t l e  Santowax R remaining 
on the  surfaces o r  channels. The force required t o  l i f t  the  f u e l  
element was estimated a t  l e s s  than 100 pounds. It should- be mentioned- 
t h a t  the  force t o  remove an element i n  the  ETR varies, sometimes 
being a s  high a s  100 pounds. 

The force required t o  l i f t  t he  f u e l  element i n  t e s t s  
4 and 5 using i r r ad i a t ed  OMRE coolant was very low (not  much grea te r  
than with no organic).  

12.330 Water Cla r i ty  Evalua.tion. I n  Fig. 1 2 . 3  the  c l a r i t y  
of %he water a f t e r  f lushing i s  shown t o  be poor, a f t e r  th ree  f lushes ,  
kn t e s t  .2. The l i g h t  from t h e  underwater lamp almost rfached ex t inc t ion  
when the  lamp was a t  7.5 f e e t  (compare views (1 ) )  ( 2 ) )  and (3)  f o r  
t e s t  -2). It should be noted t h a t  t h e  temperature of the  water was 
150°F,' hence. steam bubbles contributed t o  t he  ext inct ion.  Table 12.3B 
a l so  shows t h a t  a f t e r  three  f lushes  i n  a l l  t e s t s ,  the  organic con- 
t e n t  of t he  water i s  g rea te r  than th ree  ppm, and t h i s  i s  detectable  
by s igh t  as a co l lo ida l  dispersant  i n  the  water. View (4 )  of F.ig. 
12.3D shows t h a t  i n  t e s t  5, a f t e r  f i v e  f lushes,  the  bottom of t h e  
vessel  can be detected along with some organic t h a t  was l e f t  from 
t e s t  3. The l i g h t  spots a r e  the  r e s u l t  of re f lec t ions  from scum on 
the  top of  the  water. Table 12.3B ind ica tes  t h a t  t he  organic con- 
tenL o r  the  water i s  three ppm o r  l e s s  a f t e r  f i ve  f lushes.  The 
temperature of the  water a t  the  time t he  p ic tu re  was taken was 70'~. 



The c l a r i t y  of the water a f t e r  four flushes ( t e s t  6)  a t  137 '~  was 
such t h a t  the bottom gr id  could be seen through 5 f t  of water. 

The important variables affect ing v i s i b i l i t y  through 
the water yere the  temperature of the water, the col loidal  organic 
i n  the water, t i m e  fo r  coalesc.ence, and the removal of scum on top 
of the water. 

The e f f e c t  of difference i n  the ra te  of the organic-water 
interface (though it varied from 0.2 t o  3.3 ft/min) moving past the 
f u e l  element could not be detected i n  the six replacemenbconducted. 
T.;e drainage of organic fit 3.3 ft/min i n  t e s t  1 m c  not much d i f fe rent  
'i::an a t  0.2-0.5 ft/min. A rupture d isc  broke i n  t e s t  1 (disc  was  
downstream from the flow control valve) necessitating stopping the 
flow t o  replace the disc .  An organic ring was noticed on the fue l  
element a f t e r  removal a t  a posit ion t h a t  would just  about correspond 
t o  the interface a t  the time of stoppage; however, the organic fi lm 
on the surface and i n  the channels was not much d i f fe rent  from t h a t  
shown i n  Fig. 1 2 . 3  and Fig, 12.3C view (1) for  t e s t  2. 

In, t e s t  3, i n  which the fue l  element was d i f f i c u l t  t o  remove, 
there were two variables t h a t  may have caused more organic t o  hold 
up in the clearances, i n  the coolant channels, and on the fue l  e le -  
ment surfaces. These variables a re  ; (1) lower organic temperature 
during replacement, and (2)  reuse of Santowax OW from t e s t  1 and 2 
which had picked up a small amount of rus t  par t ic les .  From Table 
1 2 . 3  it i s  seen t h a t  the water temperature in  the pressure vessel 
a f t e r  replacement of the organic was lower than i n  t e s t  2. This 
cor re la tes  with the lower water pressure before t ransfer .  Because 
of baf f l ing  in  the water tank it was possible t o  lzave and t o  re ta in  
higher temperature water in  the top of the tank, hence the reason 
f o r  the higher water pressure indicated i n  Table 12.3A f o r  the same 
water temperatures. The pressure vessel a l so  had an appreciable 
heat capacity, and fur ther  modification of the heating system before 
t e s t  6 was necessary t o  get  a f a i r l y  uniform temperature throughout 
the vessel and organic. Therefore, although the organic in  t e s t  3 
was a t  a higher temperature before t ransfer  and a f t e r  t ransfer  than 
t e s t  1 the replacement water (producing the organic-water interface) 
was a t  a lower temperature. The higher temperature of organic a f t e r  
t r ans fe r  i n  t e s t  3 a s  compared t o  t e s t  1 ( w h i l e  the organir-mtes 
interface was a t  a lower temperat~im) can be explained by the hcat 

- obtained fromthe piping systemduring the rather  long t ransfer  time 
(50 minutes). This conclusion tha t  holdup of the organic on the 
surfaces was due t o  low interface temperature i s  borne out by the 
organic which so l id i f ied  i n  the bottom of the pressure vessel a f t e r  
t e s t  3 (see Fig, 1 2 . 9  view (4 ) )  and by t e s t  6 using Santowax R. 
The water a f t e r  t r ans fe r  was a t  343'~ and very l i t t l e  Santowax remained 
on the surfaces, Fig. 12.3E. 



Any d i r t  on the surfaces (especia l ly  hor izontal  surfaces)  
does increase the  holdup gf organic, but  t h i s  e f f e c t  wi l l .decrease  
with increase i n  temperature o r  decrease i n  melting point  of organic; 
e . g. , a s  with t e s t  4 and 5. - 

The replacement r a t e  of the  organic over the  range s tudied '  
.was not found t o  a f f e c t  the  organic content of the  water nos the  
water content of t he  organic a s  seen i n  Table 12.3B. It i s  .believed - 
t h a t  the prevention of bo i l ing  during replacement and a l s o  the  method 
of steam blowoff which was used i n  order t o  f lush  with ho t  water i s  
of much grea te r  importance t o  the  problem of mixing of organic and 
water than the  flow ra te .  

The volu& of f lush  water used t o  give c l ea r  water .at t he  
bottom of the  10 foot  vessel  was approximately 5 times the  volume 
of' organic. The c l a r i t y  of t he  water apparently depends upon the  
extent  of bo i l ing  during replacement and flushing,in addi t ion t o  
the  volume of flush,and upon the  temperature of the  water and time 
of standing. The collo, idal  organic had a tendency t o  coalesce and 
s e t t l e  out  on standing. 

The completion of replacement of t he  organic was not d i f f i c u l t  
t o  de tec t ,  e spec ia l ly  a t  t he  small bleed stream from the  sampling l i ne .  
Completion could a l s o  be detected on t h e  pressure gage on the  organic 
tank. From the  manner i n  which the  water a t  the  sampling l i n e  cleared,  
it i s  believed the  organic-water interf'ace passed f a i r l y  sharply 
through the  l i ne .  As i s  seen i n  Table 12.3B t rouble  was experienced 
with only two samples from globules breaking lose  and passing i n to  
the  water samples. Results shown i n  Table 12.3B show, however, 
t h a t  there  is  water above t he  sa tu ra t ion  value passing with the  
o r ian ic  before the  in te r face  was detected,  however t he  amount of 
thirs high-water-content organlc i s  estimated t o  be low. 

When the  organic became supe r -~a tu ra t ed  with water and heat  
was applied some frothing of the  organic was noted a s  steam was 
released. This -tendency was not serious although noted with both 
unir radia ted and i r r ad i a t ed  organic. 

The number of  contacts between organic and water before 
sa turat ion i s  reached was g rea te r  than one (see Table 1 2 . 3 ~ ) .  It 
i s  real ized t h a t  some water went i n to  the  organic tank a t  the  end 
of the  replacement and was boi led o f f  so t h a t  one run represents 
more than one organic-water contact. 
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13 0000 FUEL -S C-OL RODS FOR EOCR 

!The sexection of the  type of fuel  elements for the EOCR was based 
on a study of published information on the present techno~ogy~of~organ~c-  
react or f'uel elements, discussions with personnel a t  A t  amics ~ntermat$b&l 
who developed the  6MRF fuel  element, and discussions of fhel  elirnent manu- 
facture and cost with representatives of sane of the prominent fuel  fabri- 
cators. As a resul t  of t h i s  study, the driver fuel  element design was  
established as described in  Section 4.000. Some of the materials that  
might be used i n  organic-reactor fuel  elements, the fuel  element designs 
that were considered, and the i r  fabricating costs axe discussed below. 

13,100 Fuel Elements 

Stainless-steel-clad U02-Sf3 plate type fuel  elements have been 
proven t o  operate in  organic reactorsjl whereas, as pointed aut i n  Section 
1.000,' the  accept;ability of other proposed elements, such as those employing 
aluminum cladding, has not been demonstrated. Cansequentl~~ uae of UOpSS 
fn -k&:.:&iver f'uel elements i s  desirable for  a t  l eas t  the f i r s t  reactor 
core ioading. The use of stainless s tee l  rules out the possibi l i ty of 
using extended-surface fuel  elements because l i t t l e  improvement i n  heat 
t ransfer  can be obtained with f i n s  and other types of e@ended surface 
due t o  the  relat ively poor conductivity of stainless steel.  Fuel ele- 
ment geometries studied were based on either flat or curved fuel  plates, 
and the f i na l  fue l  element selected fo r  use as  the driver fuel  element i s  
a flat pla te  fuel  element. 

13.ll0 W t e r i d s .  several materials are cmpatible with organic 
coolants and cap be used as &el and cladding materials for fuel  elements. 
The temperatire of operation, however, eliminates the use of aluminum 
alloys and other. materials when the fue l  element design depends upon the 
strength pr~p&tiee.  Although work is under way t o  develop powdered 
aluminum m a t e r i d s  as fue l  element claddingJ2,3 these materials have 
not yet been proven for  reactok use and were not considered as driver 
elements fo r  the i n i t i a l  loading, 

1 3 . m  Design. F m  different fuel  elements were considered 
during development of the  conceptual design. Two of these elements 
were cy l indr ica  i n  cross section and two rectangular with f l a t  fuel  
plates, as  sham i n  Fig. 13.1A. 

-- - 
rn 

1- C -  A. wil l ing ,  "The 0 .  - A Test of Ora;anic Moderator Coolant Concept", 
I 

Proceedings of 1958 Geneva Conference, & k p e r  A/~onf.15/~-421 (1958). 

2. General Nuclear Engineering Corporation, Power Reactor Technology, 3 
No- 4 (1959). 

3. Civilian Reactor Fuel Element Review Group, "~epor t  on Civilian 
React or Fuel Elements", June, 1959 .- 

8 ,  . a ; ,  - - - h B , - q ,  ?+k,. - , '3.' & q?&qp-md - 1 ,  



Cylindrical fue l  elements of the s ize  proposed f o r  EOCR , 

use have never been fabricated. The f e a s i b i l i t y  and.cost of fabricating 
the  two possible p l a t e  conf5gurations shown, i.e., with concentric fue l  
tubes and involute fue l  plates,  were investigated by several fabricators.  
The concentric tubular element would require fue l  p la tes  of several widths, 
whereas the  involute p la tes  could be fabricated with all the  f u e l  p1ate.s 
having the  same width. Consequently, the..cost of concentric tubular ele- 
ments w a s  estimated t o  be about twice the  cost of involute-plate fue l  
elements. Both types of elements require development.. before acceptance 
f o r  E&!R use. 

Flat-plate-type fue l  elements of t h e  OMRE design and 
proposed EOCR design a re  a l so  shown i n  Fig. 13.1A. 'Although t h e  fabri-  
cation technique i s  well established, e i ther  type of fue l  element would 
require some development and t e s t ing  a t  coolant ve loc i t ies  proposed i n  
EOCR. Since the  4-by-bin. f u e l  element selected f o r  the  EOCR core 
consists of two 2-by-bin. segments, t he  fue l  p la tes  have a span of 
two inches. Thus, the fue l  element w i l l  be strong mechanically, but 
it i s  possible tha t  thermal s t resses  developed i n  t h e  element during 
reactor operation may be excessive. Thermal s t resses  w i l l  require 
fur ther  study before a f i n a l  design i s  established. 

Three possible modified fue l  elements a re  sham i n  Fig. 
13.1B that might be developed for  use as  driver fue l  elements f o r  tlie 
EOCR. The b i n .  square f u e l  element .sham i n  Fig. 1 3 . 1 ~ ( 1 )  i s  similar 
t o  the driver element except the s ta in less  s t e e l  center support p l a t e  
h$s been removed and two additional fue l  p la tes  added t o  the assembly. 
This design change does not s ignif icant ly change t h e  amount of metal i n  
the  fue l  element. The fue l  core area p a  p la t e  i s  a l so  increased since 
the  non-fuel regions adjacent ' to  the center support p l a t e  a re  no longer 
required. The addition of two fuel plates  and the  wider f u e l  core alloys 
increases the t o t a l  heat t ransfer  area i n  the  fue l  element by about 20% 
and would s ignif icant ly reduce the  required reactor coolant flow. 

A tube bundle airranged as  shown i n  Fig. 1 3 . 1 ~ ( 2 )  could 
provide more ef f ic ien t  cooling i n  the  region of severe f lux  peaking i n  
the  Fuel e l tue~ l t .  W g e r  &iue'ter -Lubes i n  the  hfgh flux outer ring of' 
the 4-byb4-in. element would receive more coolant flow than the  smaller 
diameter tubes i n  the center of the fue l  element. Fabrication of such 
a tube bundle would be possible but would probably cost more than f l a t  
p la te  elements'of similar size.  

The concentric square tube design shown i n  Fig. 1 3 . 1 ~ ( 3 ) ,  
or a sL111lar. concentric round tGbe element, would provide an ef f ic ien t  
means of controlling the  flow within a fue l  element by spacing the 
coalmlt c l ~ a u ~ e l s  t o  ~naLch .Lhe ' f lux peaking. Fuel elements of' t h i s  type 
of construction have been fabricated but a t  a high development cost. 
It may be prac t ica l  t o  procure a few of these elements f o r  the  high 
f lux  region of the  EOCR and obtain a higher reactor parer leve l  with 
the  same pYimary coolant flow. 



13.200 Control Rods 

\ 
Control rods of both the fuel-follower type and cruciform type, 

were considered f o r  use i n  the EOCR. The fuel-follower type i s  preferred 
because t h i s  type doe-s not in te r fere  with t e s t  space between fue l  elements 
and it provides more r eac t iv i ty  control with a smaller number of rods. 

The poison materials considered f o r  use i n  the  control rods 
included those proposed fo r  use i n  organic power reactors, which a re  
boron s tainless ,  boron carbide, and europium ox.ide. For high temperature 
operation of the EOCR any of these poison materials would have t o , b e  clad 
with s tee l ,  and the cladding would provide the  required strength t o  sup- 

' port  t he  poison section. Europium oxide i s  too expensive t o  be used fo r  
the r e l a t ive ly  short  l i fe t ime exp.ected of any control rod i n  EOCR use, 
where it may be necessary- t o  change the control rods fo r  power core t e s t s  
l i k e  those proposed i n  Section 3.500. Therefore, a t  the present time 
boron carbide or  boron. s ta in less  s teel ,  i n  rod or powder form, clad with 
s t a in l e s s  s tee l ,  appears t o  be the  best choice of poison material. Some 
development and t e s t  work1 may be required t o  prove the f ilia1 design of 
any control rod assembly. 

1. Refer t o  Section 19.000.' 
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14.000 FEACTOR F'HYSICS SUPPIXMENT 

14.100 Calculational  Methods and ~ o n s . t a n t s  

14.110 Calculational  Methods. Precise calcula t ions  of keff .and 
of t he  f l ux  d i s t r ibu t ions  i n  reactors  such a s  t he  EOCR and the  OMRE a r e  
d i f f i c u l t  f o r  a number .of rqasons, The spaced' l a t t i c e  introduces a 
heterogeneity t h a t  produces serious e r ro r s  wh.en uncorrected d i f fus ion  
theory i s  used. The r e l a t i ve Iy  small s i z e  of the  core c a s t s  some doubt 
on the  v a l i d i t y  0.f- conventional methods of t r e a t i n g  heterogeneous reac tors  
a s  these methods have been developed f o r  reactors  large  enough to- be 
considered.essential1y i n f i n i t e  i n  s i z e .  The constants f o r  organic moder- 
a t o r s  and organic--stainless . s t e e l  mixtures have not 'been measured over 
the  range of temperatures required f o r  ca lcu la t ion  of r eac t i v i t y  e f f ec t s  
i n  the  EOCR. Even i n  water-moderated reactors  it i s  s t i l l  customary t o  
make empirical correct ions  t o  the  constants i n  order t o  ab t a in  satis- 
factory agreement between calculations and experiments. These empirical  
,correcti.ons a r e  not avai lable  Sor organic-moderated reac tors .  

The methods f o r  the  ca lcu la t ions  on the  EOCR have been 
chosen t o  be s a t i s f ac to ry  f o r  t he  purposes of a conceptual design without 
being inordinate ly  time consuming o r  expensive. Time r e s t r i c t i o n s  have 
permitted only a very l imi ted amount of invest igat ion and development of 
methods and constants.  The EOCR with i t s  numerous t e s t  f a c i l i t i e s  cannot 
be adequately represented by a one-dimensional model. The heterogeneous 
coice.makes it des i rab le  t o  use two-dimensional t ranspor t  theory approxi- 
mations. However, such methods require  excessive time on la rge  computers 
and have not been considered f ea s ib l e  f o r  t h i s  p ro jec t .  To a t  l e a s t  
p a r t i a l l y  circumvent the  d i f f i c u l t i e s  r e su l t i ng  from the  combination of 
a heterogeneous core and the  lack of one-dimensional symmetry two s e t s  
of calcula t ions  have been made. The f l u x  and power d i s t r i bu t i ons  a r e  
determined by two-dimensional d i f fus ion  theory. React ivi ty  e f f e c t s  a r e  
studied using a one-dimensional model and applying c e l l  t , h ~ o r y  f o r  

' 

heterogeneous reac tors .  Spherical  harmonic approximations t o  t ranspor t  
theory are used Lu  ca lcu la te  the  f l u x  d i s t r i bu t i ons  i n  a c e l l  and thus 
determine correct ions  fo r  a diffusion-theory ca lcu la t ion  of r eac t i v i t y .  
Tile rererence col'e u i '  h'lg. >.a i s  invest igated by both methods, t o  
provide t he  necessary cor re la t ion .  Two neutron groups a r e  used f o r  a l l  
calcula t ions  of keff .  Since Santowax R with no high b o i l e r  residue i s  
used as  moderator, t he  calcula t ions  apply t o  condit ions a t  s t a r t up .  

An attempt has been made t o  be r e a l i s t i c  without being 
unduly conservative. Calculations of t he  OMRE reac t i v i t y ,  described i n  
Section 1 4 . 2 ~ ~ ,  have been made and compared with measured values t o  
provide correct ions  f o r  the  calcula ted EOCR r e a c t i v i t i e s .  The f u e l  
loadirlg has been determined at  temperature and with a t m i c a l  a r ray  of 
loops and experiments i n  the  core.  I n  t he  ca lcu la t ions  of  f u e l  burnup 
and f i s s i on  product formation allowances have been made f o r  t he  non- 
uniform f l u x  d i s t r ibu t ion .  



To reduce t he  limber of calcula t ions  a f u e l  loading 
equivalent.l.Q.&5 kg of U-235 f o r  a core of 32 dr iver  f u e l  elements i s  
used i n  most of t h e  work. The final: f u e l  loading i s  determined from 
a study of t he  va r i a t i on  of keff with f u e l  loading and from the  es t&ates  
of t he  r e a c t i v i t y  requirements f o r  an operat ional  core.  Flux and power 
d i s t r i b u t i o n s  a r e  given f o r .  t he  45 kg loading. 

14.111 One-Dimensional Calculations.  Pr io r  t o  the  one- 
dimensional d i f fus ion  theory ca lcu la t ions  of r eac t i v i t y ,  correct ions  t o  
t h e  thermal-absorption, C za, and f i s s i o n  cross  sections,  C 2f, a r e  deter-  
mined using spher ical  harm0ni.c approximations t o  t ranspor t  theory. 
Separate correct ions  a r e  determined f o r  t h e  f l u x  depressions from the  
coolant  channels i n t o  t he  f u e l  p l a t e s  and f o r  t he  depression from t h e .  
s11,rrounding organic i n t o  t h e  f u e l  element. For each correct ion two 
thermal absorption cross  sect ions  a r e  found. These a r e  the  h mogeneous 

hom h P? cross  sect ion,  Cga , and t h e  heterogeneous cross  sectlori, Z2a ', which 
a r e  defined by t he  fo.lloGing equAt5ons. 

hom 
2 2 

- 3 3 
- vlCka +-V Ega + V Ega 

'2a 1 3 7 

-1 1 1 -%2 2 -3 3 3 
he t  - f12V C2a + 02 C2a +. f12V C2a 

'2a 
- 

Where: 
t he  superscr ipts  designate t he  region. 

V i s  the'volume of t h e  region. 

- P2 i s  the  average thermal f lux .  

he t  The correct ion f ac to r ,  C2a, i s  then determined from the  r a t i o  o fCZa  t o  dgrn 

A s imi l a r  treatment i s  used t o  f i nd  t he  correct ion f ac to r  f o r  the  thermal 
\ 

f i s s i o n  croEc ~ e c t i o n .  

A doiible P1 spher ical  harmonics approximation i s  
used t o  f i nd  the  average thermal f luxes , requ i red  t o  make the  correct ions  
f o r  t he  f u e l  p l a t e  f l u x  depressions. The computations a r e  made using an 
IBM-650 program developed a t  the  Atomic Energy Division of Ph i l l i p s  
Petroleum C0mpany.l 

1. DL R. Metcalf and G. A. Cazier, "Double P1 Spherical  Harmonics 
Approximation i n  Slab Geometry", 1~3-16572, t o  be published. 



- 
An i n f i n i t e  s lab  model i s  used, and three  regions 

a r e  considered: the  f u e l  .matrix, the  cladding and the  organic. The source 
i s  assumed t o  be constant i n  the  organic and zero i n  the  other  regions. 
Maxwellian cross  sections a r e  taken from a tabulat ion.  These a r e  used 
because a more pronounced f l u x  depression occurs than with Wigner-Willrins 
cross  sect ions  arid b e t t e r  .agreement with experiment i s  a t t a ined  for' keff .  

The correct ion fac tors  resu l t ing  from the  double P1 
computations a r e  designated and cgf f o r  t he  absorption and f i s s i o n  c ross  , 

sect ions  respectively.  These correct ions  a r e  r e l a t i v e l y  small, and the  
e f fec t  on the  thermal u t i l i z a t i o n  i s  negl igible  except where small changes 
i n  r eac t i v i t y  a r e  inqurtant  such a s  i n  f inding the  temperature coef f ic ien t .  

The f l ux  d i s t r i bu t i ons  within a c e l l ,  required i n  
obtaining the  correct ion f o r  f l u x  depression from the  surrounding organic 
i n to  the  f u e l  element, a re  computed by a P3 spher ical  harmonics approxi- 
mation; the  IBM-650 program was developed by vei l . '  An equal a rea  cy l indr i -  
c a l  model i s  used t o  represe i~ t  t he  square c e l l  i n  order t o  make a one- 
dimensional calcula t ion.  The c e l l  i s  divided i n to  three  regions, the  
homogenized f u e l  p l a t e s  and coolan-t channels, t he  s t a i n l e s s  s t e e l  box 
which forms the  ex te r io r  por t ion of the  f u e l  element and t he  organic 
between t he  f u e l  elements. The sources f o r  each region a r e  obtained using 
two-seutron-group d i f fus ion  theory with MUFT I11 and DONATE constants t o  
determine the  average f a s t  f l u x  i n  each region. The source f o r  a region 
i s  the  product of t he  average f a s t  f l u x  and removal cross  sec t ion  f o r  the  
region. The input da ta  f o r  t he  P3 program a re  taken fro111 the  tabula t ion 
of Maxwellian cross sections used w l t r l  the  double P1 program. 

The P3 correct ion f ac to r s  a r e  designated c$, and 

cZf. These fac tors  a r e  s ign i f ican t  and cannot be neglected. The P3 
approximation inJ~roduces an unknown arnount of e r r o r  i n to  the  determination 
of the  f l u x  depression. The one-dimensional model and the.assmiption of 
zero leakage between c e l l s  introduce fu r ther  e r ro r s .  These e f f e c t s  may 
be s ign i f ican t  i n  detcmnining reac Livity coef f ic ien t s .  However, it i s  
doubtful i f  t he  use of two-dimensional higher order  approximations t o  
t ranspor t  theory i s  j u s t i f i e d  u n t i l  the  cross sect ions  and t h e i r  va r i -  
a t i on  with temperature a re  bet ter  lrnnwn, 

The one-dimcnsional calcula t ions  of t he  e f fec t ive  
mul t ip l icat ion f ac to r  a r e  made by two-neutron-group d i f fus ion  theory. 
The DMM code f o r  the  IBM-650 i s  used t o  obta in  the  eigenvalue and f l ux  
d i s t r ibu t ions .  It i s  assumed t h a t  i n  the  a x i a l  d i rec t ion  a r e f l e c t o r  
savings can be added and the  reactor  represented by an equivalent bare 
core.  The ac tua l  core fo r  t he  EOCR i s  represented by an equal-area 
cy l i nd r i ca l  model. so t h a t  t he  ac tua l  three-dlmensiol~al problem i s  re-  
duced t o  one dimension. 

1. J. Weil and P. Cabral, I1P3 Flux ~ i s t r i b u t i o n " ,  650 program Library, 
F i l e  Number 8.2.014. 

2. E. J .  Leshan, e t  a l . ,  "Diffusion Multigroup Multiregion, DMM", 
650 Program Library, F i l c  Number 0.2.015. 



The constants required a r e  obtained from the  
MUFT I11 and DONATE programs f o r  the  IEM-650. The thermal absorption, 
%a) from DONATE i s  mul t ip l i ed  by t he  product of c1 and before 
being put i n t o  RMM. A similar correct ion i s  used %r Epf. The value * 

of t h e  removal c ross  sect ion,  CR, a s  obtained from MUFT I11 i s  modified 
by using t h e  age a s  determined i n  Section 14.121 i n  place of t he  age 
from MUFT 111. The r e l a t i v e  f l ux  d i s t r i bu t i ons  from the  D M  program 
a r e  normalized using t h e  re la t ionsh ip  between power and f l ux  shown below: 

P i s  t he  t o t a l  power produced i n  the  core.  

V i s  the volume of t h e  core. 

C i s  t he  f i s s i o  s per  second t o  produce a zui.j:t, of power. A value 
of 3.15 x 10'' f i s s i o n s  per  second t o  produce one megawatt i s  used. 

The e n t i r e  core i s  homogenized and represented by a s ing le  region. Ari. 
e s s e n t i a l l y  i n f i n i t e  r e f l e c t o r  of organic i s  placed beyond the  core.  . 

14.112 Two-Dimensional Calculations.  The two-dimensional 
f l u x  d i s t r i bu t i ons  a r e  obtained from the  PDQ program f o r  the IBM-704.l 
Two-neutron-group d i f fus ion  theory i s  used without t ranspor t  theory 
cor rec t ions .  MUFT.111 and DONATE constants a r e  used without modification 
of  t he  thermal-absorption o r  f i s s i o n  cross  sect ions .  The removal cross  
sec t ion  from MUFT I11 i s  adjusted by t he  same method a s  used f o r  the  
one-dimensional ca lcu la t ions .  The core i s  represented i n  rectangular 
geometry with equal a rea  approxinlations f o r  t he  c j r c u l a r  t e s t  f a c i l i t i e s .  
Each f u e l  element including the  f u e l  p la tes ,  'organic i n  the  coolant 
channels and t he  box i s  individual ly  homogenized. The same a x i a l  
r e f l e c t o r  savings i s  used a s  f o r  the  one-dimensional calcula t ions ,  and 
an i n f i n i t e  organic r e f l e c t o r  i s  placed outs ide  of t he  core. 

14.120 Constants 

14.121 Age Zn Hydroca.r.buris. !The Perm2 age i n  hydro- 
carbons has not been measured t o  date  a t  high temperatures. I n  pa r t i cu l a r  
no experimental da ta  e x i s t  a t  any temperature f o r  the  ages i n  Santowax 0-M 
and Santowax R. The Fermi ages f o r  pure diphenyl and a s t a in l e s s  s t e e l  - 
diphenyl mixture with a volume r a t i o  of '0.2 a t  185OF have been measured. 
The terphenyl compuurlds Salitowax 0 - M  and Santowax R a r e  qui te  s imi la r  t o  
diphenyl i n  slowing down neutrons. 

The following equation was used t o  obta in  the  
Fermi ages .for pure diphenyl and f o r  a s t a i n l e s s  s t e e l  - diphenyl volume 
r a t i o  of 0.2 as a funct ion of  temperature (see  Fig. 1 4 . 1 ~ ) .  

1. ' G. G. Bilodeau, e t  a l . ,  "PDQ an IEM-704 Code t o  Solve t he  Two- 
Dimensional Few-Group Neutron Diffusion Equations ", WAPD-Df-70, 
August 19 57. 

2. R.  0 .  Williams, Jr., e t  a l , ,  "Reactor Analysis of the  Organic 
Moderated Reactor Experiment and Comparison with Experimental 
Results", Paper No. 630, Second United Nations Internationail Con- 
ference on the  Peaceful Uses of Atomic Energy, l2, 518-524, 1958. 
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2, = age i n  pure diphenyl a t  experimental temperature To. 

V = metal-to-diphenyl .vd'hune r a t i o .  

po = diphenyl dens i t y - a t  temperature To. 

p ( ~ )  = diphenyl densi ty  a t  tempera.t~ire T, 

i3 = a constant, independent of temperature. I 

The quanti ty f3 was determined by normalizing t o  the  experimeiltal age 
values f o r  pure diphenyl ahd f o r  the  s t a in l e s s  s t e e l  - diphenyl volume 
r a t i o  of 0.2 at  185'~. 

1 . . 

The var ia t ion  of age with temperature f o r  Santowax R I 

and  anto ow& 0-M:was obtained by multtplying t he  age of diphenyl by the  
square of the  r a t i o  of the  .hydrogen atom densi ty  cf, diphenyl t o  t h a t  of 
the  terphenyl. The calcula ted 'age curves are.shown i n  Fig. 1 4 . 1 A .  

. .  , 

When the  age f o r  a mixture of Santowax and metal 
i s  des i red a t  a ' pa r t i cu la r  temperatu?e, the  ages f o r  pure diphenyl and 
s t a in l e s s  s t e e l  - diphenyl a r e  used t o  determine the  e f f ec t  of t he  s ta in -  
l e s s  s t e e l  i n  the  Santpwax. The e f f ec t  of adding s t a in l e s s  s t e e l  t o  the  
Santowax compounds i s  assumed as  being t he  same a s  adding s t a i n l e s s  s t e e l  
t o  diphenyl. 

The MUFT 111 program f o r  f a s t  group constants 
gives a lower age than determined from these  curves especia l ly  a t  high 
temperature. A s  discussed i n  Section 14.200 and shown i n  Fig. 14.2A, 
the  calcula ted ke-ff valves f o r  OMRE using Fermi ages based on Fig. 1 4 . U  
a.ppe8.r a t  gkesent t o  be too high. Thus, i f  we'were t o  use t h e  MUFT 111 
ages d i r e c t l y t h e  calcula t ions  wouldbe even fu r the r  indisagreement  , 

with experiment. 
. . 

14.122 Reflector Savings. A t o t a l  a x i a l  r e f l e c to r  
savingsof 14  cm has been used i n  a l l  calcula t ions  of EOCR and OMRE 
r eac t i v i t y .  This value i s  consis tent  with t h a t  determined f o r  a 
highly ~ n r i c h ~ d  reactor  with s t a in l e s s - s t ee l  f u e l  elements but  with 
l ight-water moderation and ref lect ion.  The a x i a l  lea?rage i s  s u f f i -  
c i en t l y  small t h a t  any reasonable value f o r  the  r e f l ec to r  savings 
used i~ &at i s f ac to ry  f o r  determining ker f .  However, the  change of 
r e f l ec to r  savings with temperature may be s ign i f ican t  i n  the  calcu- 
l a t i o n  of r eac t i v i t y  coef f ic ien t s .  The ca lcu la t ion  of the  r e f l ec to r  
savings involves an i t e r a t i v e  comparison of bare and re f lec ted  cores, 
and time has not permitted a determinativrl of it a s  a function of 
temperature. 



14.123 Ver t i ca l  Maximum-to-Average Flux Ratio. A v e r t i c a l  
maximum-to-average r a t i o  of 1 .4 '  i s  used i n  determining maximum f a s t -  and 
thermal-flux values from t h e  average values. This r a t i o  i s  computed 
assuming a cosine v e r t i c a l  f l u x  d i s t r i bu t i on  extending from the  center  of 
t h e  core  and becoming zero 7 cm, half  of the  t o t a l  r e f l e c t o r  savings, 
beyond t h e  core.  The average f l u x  i s  found by in tegra t ing  the  cosine 
from the  cen te r  t o  . t h e  edge of the  core and t he  maximum-to-average \ 

r a t i o  found from the  following equation. 

Maximum- to-Average = I 
0 s  ;r, 

2 - L+R 
dx 

where: L i s  1 /2  t he  lengtl i 'of  the  ac t i ve  core. 

R :i s 1./2' the t o t a l  a x i a l  ref.lec.Loif sav.Lngs . 
A value of 1.39 i s  found and rounded t o  1 .4 .  

14.124 Discussion and Tabulation of Constants. The f a s t -  
group cpnstants a r e  obtained exclusively from MUFT I11 program f o r  t he  
~ ~ ~ - 6 j O . " w i t h  t h e  removal cross  sect ion modified a s  described i n  Sect ion 
14.110. For a l l  d i f fus ion-  theory c,alculations t he  %.hem&-group cons ta i t s  
a r e  obtained from the  DONATE program f o r  the  LBM-650.~ This program 
averages the  c ross  sect ions  over a Wigner-Wilkins Spectrum. The' Wigner- 
Wilkins spectrum i s  known t o  be qu i te  s a t i s f ac to ry  f o r  water-moderated 
systems but  may not be a s  applicable with organic because of the  d i f f e r en t  
chemical bonding and molecular mass. However, f o r  t h i s  study it ' i s  
considered s a t i s f ac to ry  t o  assume t h a t  a hydrogen atom i n  organic i s  
equivalent  t o  one i n  water. The cross  sect ions  required as  input da t a  
f o r  MlTFT I11 and DONATE a r e  taken from Westinghouse decks. The Maxwellian 
c ross  sect ions  used i n  ca lcu la t ing  the  transport- theory correct ions  a r e  
taken from a t abu la t ion .  A value of 2.47 i s  used f o r  V i n  %be the.rmal 
group. 

Table 1 4 . 1 A  contains the  constants f o r  the  
homogenized EOCR core.  The correct ion fac tors  a r e  described i n  Section 
14.110. Table 14.m l i s t s  the  constants f o r  Santowax R used as  the  
r e f l e c t o r  i n  c a l c u l a t i o n s ~ o n  the  EOCR. Table 1 4 . 1 C  contains the  con- 
s t a n t s  f o r  the  homogenized f u e l  element including the  organic i n  the  
coolant  channels. For computations such a s  the  temperature coef f ic ien t  
t he  di f ferences  i n  the  constants a r e  important and'more s ign i f ican t  
f i gu re s  a r e  ca r r ied  i n  Tables 14.1.A and 1 4 . 1 ~  than j u s t i f i e d  by the  
accuracy of t h e  mea.surements from which $1-1.e C U ~ ~ S  Lrn1.I;~ a re  obtained. 

. . 

1. R.  L. Hellens, e t  a l . ,  "Multigroup Fourier  Transform Calculation 
of MUFT I11 Code", WAPD-TM-4. 

2 .  H. Amster and R .  Suarez, "DONATE", 650 Program Library, F i l e  
Number .8.2.005. 

3. A l W  Physics Tables of Maxwellian Averaged Thermal Cross Sect ions , '  
Second Issue, September 1958. 



Table 14.1A 

HOMCGENIZED CORE CONSTANTS 
? 

Temperature 

M/O Ratio 

H 
c 

~ 2 3 5  

u238 

OXY , 

Fe 
C r  
N i  
Mn 

VClf 
D l  
% 
C1 a 

v&f Uncorrected . 
~ Z ~ f p - 3  Corr . 

P-3 & 
VC,f DP-1 Corr. 

D2 
C2a Uncorrected 
Z2a9-3 Corr. 

P-3 & 
'2, DP-1 Corr. 

czf 
@a 

r 

300°F 

0.12377 

350°F 

0 12377 

0 -95362 

0.95544 . 
0.94885 

0 95092 
cif 
cia 

0.028542 
0.036698 
0.00018736 
O.OOOOl3O3 
0.00040077 
0.0059639 
0.0016537 
0.00088059 
0.00014295 

0.004436 
1.6998 
0.01983 
o .003045 
0 .1318 
0.06707 
0 06395 
0.3952 
0.08388 - 
0.04700 

0.04491 

0.50884 

0.56038 

6 0 0 " ~  

0 -12377 

0.029911 
0.038456 
0.00018736 
0.00001303 
0.00040077 
0.0059639 
0.0016537 
0.00088059 
0.00014295 

0.004438 
1.6402 
0.02082 
0.003055 
0 .1383 
0.06701 
0.06358 

o .3716 
0.08778 
0.04735 
0.04503 

0.48450 

0.53941 

4 0 0 " ~  

0 -12377 

Atom Densities x atoms/cm3 

- 

500°F 

0 12377 

0.32778 
0.042144 
0.00018736 
0.00001303 
0.00040077 
0.0059639 
0.0016537 
0.00088059 
0.00014295 

C .94286 

0.94522 
0 93579 
0.93849 

0.93959 
0.94210 

0.031996 
0.041137 
0.00018736 
0.00001303 
0.00040077 
0.0059639 
0.0016537 
0.00088059 
0.00014295 

0.031344 
0.040300 
0.00018736 
0.00001303 
0.00040077 
0.0039639 
0.0016537 
0.00088059 
0.00014295 

Diffusion Code Constants 

0.004441 
1.5282 
0.02283 
0.003074 
0.1541 
0.06658 
0 .06231 

0.3271 
0.09766 
0.04825 

0.04528 

0.004440 
1 5572 
0.02246 
0.003 069 
0 ! 1497 
0.06688 
0.06284 

0.3384 
0.09485 
0.04807 

0.04528 

0.004439 
1.5822 
0.02197 
0.003065 
0.1497 
0.06697 
0.06315 

0.3487 
0.09238 
0.04786 

0.04523 

P-3 Transport Correction Factors 

0.43966 

0.51803 

0.43206 

0.49408 

Double P1 Transport Correction Factors 

0.44673 

0 - 50675 



Table 14.1B 

SANTOWAX "R" CONSTANTS 

Table 14.1C 

CONSTANTS<FOR HOMOGENIZED FUEL ELEMENT AT 500°F 

Diffusion Code Constants 

0.0002g54~ 



OMRE Calculations 

calcula t ions  have been made o f .  keff a t  four tem eratures  for:the 
OMRE 31-element core and compared with measured values.f The r e s u l t s  
have been used t o  provide an experimental ba s i s  f o r  the  EOCR ca lcu la t ions .  

\ 

As nearly as .poss ib le ,  i den t i ca l  methods have been used f o r  the  EOCR and 
OMRE determinations o f .kef f .  Fig. 14.m shows calcula ted and measured 
curves of keff versus;temperature f o r  the  OMRE and indicates  t h a t  the  
measured keff i s  s l i g h t l y  lower than the  calcula ted value .througho.ut the  
range considered. I n  comparing them it should be kept i n  miad t h a t  
the re  i s  some uncer ta in ty . in  the  measured curve because it depends on 
con t ro l  rod ca l ib ra t ions  and was p lo t ted  from three  points  given i n  
Table 7-11 of reference 1. 

The agreement i s  such t ha t  t he  methods appear adequate f o r  
determining,the EOCR fue l  loading. However, t he  dif.ference i n  shape 
of the  calcula ted and mea.sured curves ca s t s  some doubt .on calcula ted 
temperature coef f ic ien t s  because these  depend on t he  slope of the  
curve. , Indications:  a re  t h a t  the  ac tua l  temperature coef f ic ien t  i s  
more posi t ive  than calcula ted.  .The reported value of t h e  measured 
0MR.E temperature coef f ic ien t  i s  approximately 0.0025% Ak/k per  0 ~ 2  
a t  5 0 0 ~ ~ :  The value taken from the  measured curve of Fig.  14.m i s  
approximately half  of t h i s .  Thus, any conclusion from comparison of 
ac tua l  and calcula ted values of the  temperature coef f ic ien t  ds some- 
what doubtful., 

14.300. Supplemen-l;aiy EOCR . Calc-ulations 

14.310 Effect  of Moderator Annulus on Flux i n  Test .  The thermal. 
flux. i n  a t e s t  can be markedly increased above t h a t  i n  t he  core by sur-  
rounding t he  t e s t  with an annulus of moderator. Since t h i s  f lux- t rap 
pr inc ip le  has been extensively invest igated f o r  heavy-water 
moderators, t he  following descr ipt ion i s  b r i e f .  

1. J.  R .  Dietr ich and W. H. Zinn, "Solid Fuel Reactors", 696-727, 
Addision Wesley, 1958. 

2. R. 0 .  , WPllims, Jr., e t  a l . ,  ,"r\cactor Analysis of tlie Organic 
Moderated Reactor Experiment and Comparison with Experimental 
Results " , Paper 630, Second United Nations In te rna t iona l  'con- 
ference on the  Peaceful Uses of Atomic Energy. 

3. R.  J. Howerton, e t  a l . ,  "Parameters of High Flux Testing Reactors", 
IDo-16406. 

4. C .  F. Leyse, e t  a l . ,  -"An Advanced Engineering Test Reactor", AECU-3775. 

5. So M e  Feinberg, e t  al . ,  "An Intermediate Reactor f o r  Obtaining High 
In t ens i t y  Neutron Fluxes", Paper 2142, Second United  ati ions In te r -  
nat ional  Conference on the  Peaceful Uses of Atomic Energy. 



Consider f i r s t  a .case i n  which the core i s  packed 
t i g h t l y  around a t e s t .  The thermal neutrons i n  the t e s t  come from 
leakage out of the  core and thermalization i n  the t e s t .  Thus f o r  
loops such as a r e  used i n  the EOCR the thermal f lux i n  the t e s t  i s  
depressed below t h a t  i n  the core. When an annulus of moderator i s  

' placed around the  t e s t ,  the thermal f lux  i n  the annulus r i s e s  above 
tha t in  the core because of thermalization of f a s t  neutrons. This 
e f f ec t  increases the source of thermal neutrons flowing in to  the t e s t .  
As the thickness of the moderator annulus i s  increased, the r a t i o  of 
the  t e s t  f lux  t o  the core f lux  increases, goes through a maximum and 
then decreases as the loss  t o  absorption i n  the moderator becomes 
excessive. 

The neutrons coming in to  the moderator annulus o r  f lux  
t r a p  a r i s e  t o  a large extent from the f u e l  i n  an a.nnulus of limited 
thickness nearest the f lux  t rap .  Thus, as the thickness of the moder- 
a t o r  annulus is  increased, the vol-ime of the core contributing neutrons 
t o  the t e s t  is  a l so  increased, and a t  constant core power density the 
core power r i ses .  Therefore two optimizations are  possible. F i r s t ,  
the attainment of the maximum thermal f lux  i n  the t e s t  per megawatt of 
core power and second, the attainment of the maximum ra t io  of t e s t  f lux  
t o  core f lux.  I n  general, the second type of optimization, which pro- 
duces the  highest t e s t  flux, requires a considerably thicker moderator 
annulus and higher amount of core power ascribed t o  the t e s t  than f o r  
the f i r s t  type of optimization. The optimization depends upon the 
propert ies  of the  core, f lux-trap moderator and the t e s t  and fo r  highest 
fluxes must consider the problem of heat removal. The s i tua t ion  i n  a 
multi-loop core such as  the EOCR i s  complex, but i n  general the EOCR 
core corresponds t o  the optimization f o r  maximum t e s t  f lux  per megawatt 
of core power. The a l te rna te  flux-trap arrangement of the EOCR core 
represents more nearly the second type of optimization f o r  the cent ra l  
loop. Provision of the large Annulus f o r  the other loops would greatly 
increase the core s ize .  

Limited studies have been made 'of the var iat ion of t e s t  
f lux  with thickness of the moderator annulus using a one-dimensional 
model with Santowax R as  the moderator. For a large cent ra l  loop the 
maximum t e s t  f lux  per megawatt of core,power occurs with a f lux  t r ap  

. thickness o f a b o u t 2 . 5  cmandthemaximumratiooftestto core f lux  
a t  approximately 8 cm. For the small loop these thicknesses .are  about 
6 cm and 12 cm, respectively. 

The equivalent equal-area moderator t h i c k n e ~ ~  i n  the 
M)CR core Is 2.5 cm .for a large .l.aap ~ . n d  7.5 cm. f o r  a ma11 loop. 
The thermal f lux  with a large loop i s  increased approximately 30% 
above tha t  which would ex i s t  i f  no f lux  t r ap  were used. That i n  the 
s m a l l  loop i s  increased about 300%. The power densi t ies  of Section 
5.320 computed on a more exact model of the core show the r a t i o  of 
the  thermal fluxes i n  the small and large loops t o  be about 1.6 in- 
s tead of 2.3 as determined from these f lux t r ap  calculations. 



The a l t e rna t e  f lux- t rap  arrangement has an equivalent 
moderator annulus of 6 cm with a l a rge  loop, and t he  t e s t  thermal f l ux  
i s  increaseddmut 25% above t h a t  i n  t he  EOCR core.  This f ac to r  i s  
reasonably consis tent  with t he  r e s u l t s  of Section 5.320. , 

In  general slowing down power i s  the  most mpor tan t  
property of a moderator, provided t he  neutron absorption i s  reasonably 
low,for use i n  a f l ux  t r ap .  Thus cold water i s  more e f f i c i e n t  i n  the  
f lux- t rap region around t he  t e s t .  The advantage from using water must 
be weighed against  t h e  neutron l o s s  i n  t he  s t r u c t u r a l  mate r ia l  required 
t o  separate the  water from the  organic moderator o f ' t he  core. I f  i n  
the  fu ture  an a l t e rna t i ve  arrangement such a s  t he  f lux- t rap  core of 
Section 11.000 i s  used, t h i s  method of increasing the  thermal f l u x  
i n  t he  t e s t  shou1,d be considered, 

14.320. Effect  of Fuel Element Spacing. The proper t ies  of the  
EOCR a r e  qui te  dependent on t he  l a t t i c e  s t ructure ,  t h a t  i s  t he  s i z e  of 
f u e l  element, the' amount of s t a i n l e s s  s t e e l  i n  t he  elements and t he  
spacing between the  f u e l  elements. Limited s tudies  have been made on 
one method of changing tKe l a t t i c e  s t ruc tu r e ,  The va r i a t i on  of keff 
with f u e l  element spacing has been determined f o r  a one-dimensional 
representation of the  EOCR reference core.  The r e s u l t s  a r e  shown i n  
Fig. 14.3A. 

It i s  apparent t h a t  the  1.75 i n .  spacing between f u e l  
elements i n  the  EOCR i s  considerably l a rge r  than t h a t  a t  which the  
lliaximm keff occurs. A change i n  .$he f u e l  elcmcnt spacing produces 
a number of e f fec t s ,  and a compromise i s  necessary i n  se lec t ing  t he  
spacing which bes tmee t s  t he  M)CR object ives .  Reduction of the  
spac.ing t o  the  point  where keff i s  maximized minimizes t he  required 
f u e l  loading and thus maximizes.the thermal f l u x  i n  t he  d r ive r  elements. 
The decreased spacing makes t he  temperature coefficient:more negative, 
and t h i s  may be desi rable .  However, decrease of t he  spacing reduces 
t he  s i ze  of the  loops and t e s t  elements which can be placed i n  t h e  

- core and thus reduces t he  f l e x i b i l i t y .  I n  addi t ion f o r  t h e  same 
s i z e  t e s t s  the  moderator ann.ulus around them i s  decreased and t h i s  
reduces t he  thermal f l u x  i n  them a s  discussed i n  Section 14.310. 

An a l t e rna t e  approach f o r  modifying t he  l a t t i c e  s t ruc-  
t u r e  i s  t o  hold tne  c e l l  s i z e  constant  while t he  s i ze  of t h e  f u e l  
element i s  increased. I f  t he  metal-organic r a t i o  and U-235 content 
of t he  f u e l  element a r e  held constant  as  i t s  s i z e  i s  increased t he  
keff of the  reactor  w i l l  decrease. The,temperature coef f ic ien t  becomes 
more negative, but  t he  change i s  smaller than f o r  t he  method of placing 
elements c loser  together because t he  leakage does not increase.  This 
method does not reduce the  f l e x i b i l i t y  t o  the  extent  t h a t  decreasing 
the  spacing does, but  i t . . s t i l l  produces t he  harmful e f f e c t  of removing 
moderator from around the  t e s t .  

I n  general,  t he  most des i rable  l a t t i c e  s t ruc tu r e  f o r  
t he  EOCR i s  the  one t h a t  produces maximum thermal t e s t  f luxes  per  
megawatt of core power. while main-Laining an acceptable temperature 



coe f f i c i en t .  It i s  probably desi rable  t o  have t he  temperature coeff i -  
c i e n t  negative with t he  smallest  absolute value t ha t  permits safe  
operation.  This allows t h e  moderator channel between elements t o  be 
as l a rge  as p r a c t i c a l  which improves the  t e s t  f luxes.  

14.400 Gamma Heating ~ $ l c u l a t i o n s  

The r e s u l t s  and general  remarks concerning t he  gamma and neutron- 
heat-ing ca lcu la t ions  a r e  given i n  Sections 5.330 and 5.340 f o r  t he  - 

. standard core and a 220-Mw power reactor  core, respectively.  The 
following discussions of t h e  gamma-heating calcula t ions  a r e  a l so  divided 
i n t o  these  two major subdivisions.  

14.410 Gamma Heating and Shielding Calculations f o r  a Power 
Reactor Core. As stated. i n  Section 5.340, t he  sh ie ld  deeign was based 
on a 220-Mw power reac tor  core  with t h e  following dimensions and. 
p roper t i es .  

Height 
Diameter 
Volume 
Enrichment of Uranium 
Mass of  U-235 
Power Level 
Average Power 
Moderator 

, Moderator Temperature 

4.5 f t  
4.0 f t  

6 1.6 x 10 cc 
1.85% U-235 
118 kg 
220 Mw 
138 watts/cc 
Santowax R 
6 0 0 ~ ~  

The -macroscopic thermal-absorption neutron cross  sect ions  
f o r  t h e  f u e l  elements were obtained b using the  volume f rac t ions  f o r  the  
330-Mw Nucleate-Boiling Fuel Element. y 

14.411 Heating From Core Sources. I n  order t o  determine 
the 'average gamma source densi ty  i n  t h e  core, it i s  necessary t o  deter-  
mine t h e  approximate neutron balance among thermal-neutron captures i n  

. core  mater ia ls .  The neutron balance i s  determined on a per-f iss ion bas i s  
i n  order  t h a t  a l l  gamma ray source dens i t i e s  max be simply ra t ioed t o  
core  power: The absorption cross sect ions  were Maxwellian-averaged at 
a temperature of 600'~. The following equations determine the  average 
thermal-neutron balance among core mater ia ls .  

VCf€P - Ca Average Leakage Neutrons - - - - .41 Neutrons 
Fissi'on r f Fiss ion 

1. Bechtel Corporation and Atomics ~ n t e r n a t i o n a l ,  "Organic Cooled 
Power Reactor Study - 300 Mw Power Plant  .Co.nceptual Design", 
Report T I D - ~ ~ o ~  ( p a r t  2), Ju ly  1959. 



Thus on the  average. the re  a re  2.47-1.41=1.06 neutrons per f i s s i o n  ava i l -  
able  for"fas t -neutron capture i n  . ~ 2 3 8  and thermal rad ia t ive  capture 
among core mater ia ls .  With an e. of 0.80, .0,.,50 ...ne.u tnons .per . f i sszon 
are captured by $38 resonances, leaving 0.56 .neutrons availLbIe 

w f o r  rad ia t ive  capture among bore mater ia ls .  The t o t &  rad ia t ive  
capture cross  sect ion of t he  core m a t e r i a l s  including u235 i s  0.038 cm-1. 
The d i s t r i bu t i on  of the  0.56 neutrons per  f i s s i o n  among core mater ia ls  
i s  given by the  following equation. 

C 

Events per  f i s s i o n  i n  element i = 0.56 
'ai 

0 A38 cm-1 

where Ca i s  the  thermal rad ia t ive  capture cross  sect ion of t he  i t h  element. 
The gamma energy produced by t he  i t h  element i n  the  core i s  given by 

Mev 
f i s s i o n  

.- - events . Binding ehergy of neutron x f issioli  
'\ 

a Three average gamma-ray energies were chosen a s  
representa t ive  of t he  gamma sources i n  the  core due t o  both f i s s i o n  and 
rad ia t lve  capture processes. The sources per f i s s i o n  a r e  de t a i l ed  i n  
Table 14.4A, and t he  volume sources of the' th ree  energies'  f o r  a mid- 
plane power densi ty  of 180 watls/cc a r e  given i n  Table 1 4 . 4 ~ .  

Table '14.4A 

DETA1L;ED POWER REACTOR CORE GAMMA SOURCES 

Table 1 4 . 4 ~  

SUMMARY POWER KMC'IUH CURE GAMMA SOURCES 

d 

Energy 
Group, Mev 

3 

3 

7 

3 
3 

Element 

Hydrogen ' 

Carbon 

I ron 

Aluminum 

$38 (Thermal) 

Event per  
Fiss ion 

0: 06 

0.0074 

0.051 

0.013 

0.25 

Total  G-la 
Energ? ~ e v /  
Fiss ion 

0.134 

0.0037 

0.52 

0.10 

1.37 

Ca, cm'l 

0.00414 

0.00051 

0.0035 

o .00089 

0.017 

Binding 
Energy, Mev 

2.20 

4.95 

10.16 

7.72 

5 -  50 



The core was assumed t o  be a f a i r l y  homogeneous 
source.of gamma r a  s with the  gamma-ray power density l i s t e d  above. . The 
following equationf w i l l  -give the gamma-ray f lux  a t  points outside of 
the  core f o r  various. shielding thicknesses, f o r  each gamma photon energy 
a r i s ing  iri the core. 

The gamma-ray f l u x  has the dimensions watts/cm2 when the core source 
density has the dimensions wattsIcm3. The gamma-ray f lux  from core sources 
w a s  calculated at the  inner tank, pressure vessel and concrete, and the 
r e s u l t s  a re  l i s t e d  i n  Table 5.3. 

- The .mass ,absorption coeff ic ient  f o r  the homogeneous 
ruixLure oP core materials 5s giGen by 

Ai = Atomic weight of element i 

Ni = Atom density of element i homogenized over the core 

(5) = Mass absorption coeff ic ient  of element i f o r  one 
P photon energy 

( )  = Mass absorption coefficient fo r  the mixture fo r  one ' 

P photon energy 

p = Linear absorption coeff ic ient  f o r  the mixture fo r  one 
photon energy 

p 1  = Homogenized density. of the mixture 

14.412 Heating From Reflector and Shield Sources. For 
the three gamma photon energies considered above, the core diameter i s  
many mean-free paths and, thus can be effect ively approximated by an 
i n f i n i t e  s lab  geometry. This approximation i s  useful i n  considering 
%gamma-ray f lux  due t o  thermal-ne~itmn c~pt.ru'e i n  the re f lcc tor  and 
the shield regions. To obtain an upper-limit estimate of the gamma 
heating a t  the inner reactor tank, reactor pressure vessel, and concrete, 
the  r e f l ec to r  was considered t o  be a homogeneous source of 2.20-Mev 
gamma photons due t o  a f a i r l y  uniform thermal-nuetron f lux  throughout 
the 9-in.  re f lec tor .  The 0.41 neutrons per f i ss ion  leaking from the 
core give an average leakage current from the core of 3.6 x 1013 

1. Theodore Rockwell IIT, "Reactor Shielding Dc~ign  ~anua l ' "  1s L Edition, 
Von Nostrand Company, Ch. 9, Section 1-6, 360. 
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neutrons/cm2. .These are e s sen t i a l l y  a l l  f a s t  neutrons because t he  net  
thermal-neutron c u r r e n t - a t  t he  core in te r face  ha sSa ,nega t i ve  gradient .  
A t  the  inner  reactor  tank vesse l  most of t he  f a s t  leakage current  from. 
t he  core has been.thermalized i n  the  9- in .  hydrogen r e f l e c t o r  so t h a t  
t h e  thermal neutron source throughout the  shie lding region can be 
neglected. The.therma1 neutron f l u x  throughout the  shielding. region 
w i l l  therefore  be considered t o  be t h a t  due t o  d i f fus ion  of an i n f i n i t e -  
plane thermal source a t  the inner reactor  tank. The value of the  thermal 
f l u x  at.,* inner reactor  tank was taken t o  be 2.5 x 1013 n/cm2-sec. 'The 
average value, of t h e  thermal f l u x  throughout t h e  9-in.  r e f l e c t o r  was, 
estimated a t  8 x 1013 n/cm2-sec . These f l ux  values have been cornpared 
with t.hose f o r  t he  Piqua OMR1 and have keen found t o  be reasonable f o r  
the  assumed 0pera.ti.n.g power and r e f l ec to r  thickness . 

The above approximations a r e  admittedly a 
s impl i f icat ion of t he  problem, however they a r e  c lose  enough t o  ac tua l  
conditions t o  give a good est imate of t he  shie lding which w i l l  be 
require&. The gamma f l ux  throughout t he  shie lding region due t o  the  
2.2-Mev gardma photons o r ig ina t ing  i n  the  homogeneous r e f l e c t o r  w i l l ,  
then be given by2 r 1 

and the  gamma f l ux  throughout t he  shie lding ' region from t h e  contr ibut ion 
a r i s i n g  i n  the  homogenized shie lding region due t o  exponential a t tenuat ion 
of ,' the. thermal .f lux i n  the  i r on  and moderator w i l l  be given by3 

The gamma-flux and -heating were determined at  
t h e  inner reactor  tank, the  reactor  pressure vessel ,  and t h e  concrete 
b io log ica l  shie ld  f o r  a number of thermal- and' lead-shield thicknesses, 
and the  f i n a l  values arr ived a t  were th ree  1 i n .  $ tee1  thermal shie lds  
and 3 in ,  of lead between t he  pressure vessel  and b io log ica l  concrete.  
The gamma-fluxes and -heating a r e  l i s t e d  i n  Section 5.000, Table 5.3H. 
The gamma heating i n  the  biological  concrete without t he  3 i n .  of lead 
shie lding i s  f a r  i n  excess of permissible l i m i t s .  The fast-neutron 
heat ing i n  the  s t r u c t u r a l  members i s  not l i s t e d  because it was deter-  
mined t o  be negl igible  i n  comparison t o  the  g m a  heating.  Because of 
t h e  s ca r c i t y  of buildup-factor data  f o r  organic-moderated heterogeneous 
mixtures, the  buildup fac tors  we e estimated from curves f o r  i n f i n i t e -  
plane sources i n  water and iron.' For the  re f lec to r ,  t he  buildup 
f ac to r s  were obtained from the  curves f o r  water; f o r  t he  shie lding 
region and the  core b'uiTdup fac tors  were obtained from t h e  curves 
f o r  i ron.  

1. D. S. Duncan, "Results of Preliminary Shield Analysis f o r  the  45.5- 
Mw OMR" , Report NAA-SR- 2234. 

2. Theodore Rockwel.1 111, "Reactor Shielding Design Manual", 1 s t  Edition, 
Von Nostrand Company, Ch. 9, Section 1-4.2, 353. 

3. Theodore Rockwell 111, "Reactor Shielding.Design Manual", 1st Edition, 
t Von NusLrand Cu~nyar~y, C11. 9, Sec.l,ion 11-4.2, 397. 

4. Price Horton and Spinney, "Radiation. Shieldingt' ,  1 s t  Edit ion,  Pergamon 
Press, Ch. 2, 48. 



14.420 Gamma Heating Calculatins f o r  the standard '~o.ce.  Limited 
calculations were made to  determine whether the heating ra tes  s ta ted i n  
the  design objectives could be met Qyinspection of the data shown i n  
Sections 5.000 and 6.000 it was determined tha t  the power density averaged 
over about two relaxation lengths from the center of the core i s  about 
200 watts/cc a t  the s t a r t  of the cycle. This average power density was 
assumed i n  calculat ing the source and methods similar t o  those i n  Section 
14.410 used t o  calculate  the  heating r a t e  near the core center.  The 
source densi t ies  of 1, 3 and 7 Mev gammas fo r  an average power density 
of ,200 watts/cc and the  standard core composition are  shown i n  ~ a b i e  14.4C. 

Table 1 4 . k  

GAMMA SOURCES I N  CORE CENTEI? , 

Using th'ese sources the  values shown i n  Section 5.000, Table 5.3F, were 
computed for  the  core center.  'The core boundary value shown i n  the source 
t ab le  was computed by assuming a power density of 95 watts/cc i n  elements , 
on the edge of the core. 

Photon Ehergy, Mev 

1 
3 
7 

Some loca l  values of gamma heat may be higher than those 
shown i n  Table 5.3F due t o  the very high loca l  power density (up t o  600 
watts/cc) i n  the inner p la tes  of the driver assemblies; however, the 
values presented are  considered suff ic ient  f o r  the conceptual design. 

~ e v / ~ i  s s ion 

13.0 
2 :2 

2.9 

Core Gamma Power, 
watts/cc 

13.5 
2.3 
3.1 



FIG. 14. IA 
AGE OF PURE HYDROCARBONS AND STAINLESS STEEL-  

HYDROCARBON MIXTURES VERSUS TEMPERATURE 
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15  ,000 HEAT-TRANSFER . SUPPLEMENT ' .. : . 
- 

A summary of t he  r e s u l t s  of t he  heat  traffsfer  calcula t ions  using 
fue l  elements with non-uniform p l a t e  spacing i s  presented i n  Section 
6.000. A more de ta i l ed  discussion of t h e  calcula t ions  and r e s u l t s  f o r  
an a l t e rna t e  fue l  element design a re  presented i n  t h i s  sect ion along 
with a discussion of the  heat  t r a n s f e r  corre la t ions  used i n  t h i s  study. 
The t r a d i t i o n a l  hot-spot hot-channel analysis  used i n  water-cooled reac- 
t o r  design was omitted i n  the  EOCR heat- t ransfer  calcula t ions  f o r  reasons 
given i n  Section 15.400. 

15 . lo0 Study Bases and Objectives 

The EOCR i s  designed t o  provide experimental f a c i l i t i e s  t o  t e s t  
f ue i  i n  power densi ty  regions i n  excess of those expected i n  organic- 
cooied power reactors .  .Thus, t h e  d r ive r  f u e l  'elements operate at higher 
power dens i t i e s  than normally encountered i n  organic reactor  designs 
and t he  d r ive r  f u e l  element coolant requirements are  r e l a t i ve ly  high. 
Flux peaking i n  d r ive r  f ue l  elements i s  severe because of t h e  open la t -  
t i c e  core design. This f l ux  peaking a l so  increases t he  d r ive r  f u e l  
element coolant requirements. I n  order t o  keep the  reac tor  coolant 
requirements (and a l so  the  s i ze  of processing equipment) t o  a minimum, 
d r ive r  f u e l  element cooling w a s  optimized by: (1) optimizing t he  in -  
l e t  temperature of t he  coolant, ( 2 )  o r i f i c ing  t he  f u e l  elements so 
t h a t  elements i n  all posi t ions  operate at the  same maximum surface 
temperature, and ( 3 )  spacing f u e l  p l a t e s  t o  adjust  cooling i n  each 
chaimel- to  permit each p l a t e  t o  operate near t h e  maxim& allowable 
surf  ace temperature. . . 

15.200 Heat Transfer corre la t ions  

15.210 Forced Convection Correlation. The most extensive work. 
on heat. t r ans f e r  with poly-phenyl coolants was done by Silberberg and 
Huberl with unir radia ted diphenyl, a 2 t o  1 mixture of ortho- and meta- 
terphenxl, and Santowax R. They obtained t he  corre la t ion:  

. , 

  heir cor re la t ion  was based on f l u i d  proper t ies  which have since been 
superseded. A revis ion of t h e i r  work was made by ~ a r t i n i ,  who prepared 

1. M. Silberberg and D .  A. Huber, "Forced Convection Heat Transfer 
Character is t ics  of Poly-phenyl Reactor Coolants", Report NAA-SR-2796, 
January 15, 1959. 

2. W .  R. Martini,  "Summary of Organic Coolant   eat Transfer", Report 
NAA-SR-MEMO-4183, Ju ly  23, 1959. 



a graphical  co r r e l a t i on  f o r  unir radia ted Santowax R and f o r  Santowax R 
containing 30% HB, which i s  shown i n  Fig. 15.2A. Since i r r ad i a t ed  
Santowax R was not ava i lab le  f o r  performing heat  t r a n s f e r  t es t s ,  t h  
coe f f i c i en t  f o r  Santowax R with 30% HB was obtained by assuming HB t o  h 

a f f e c t  Santowax R s imi l a r l y  t o  OMRE coolant, f o r  which t h i s  e f f e c t  was 
measured. This cor re la t ion ,  which i s  given i n  terms of coolant bulk : 

temperature, i s  independent of coolant property values, s ince it i s  
merely a p l o t  of  t h e  d a t a  based on t he  exponents of V and De obtained 
by Huber and Si lberberg.  Film coef f ic ien t s  a t  bulk coolant temperatures * 

l e s s  than 500 '~  were obtained by extrapolat ion of t h i s  curve. A l l  
forced convection ca lcu la t ions  given i n  t h i s  report  are  based on the  
co r r e l a t i on  given i n  Fig .  15.2A. 

1 5  .220 Burnout Correlat ion.  Core and Sato have ' measured burn- 
out  heat  f luxes  with diphenyl, Santowax R , ~  and Santowax The cor- . 
r e l a t i o n  f o r  Santowax R, based on t en  experiments, was 

.- . . and f o r  Santowax OMP, . . . 

where &/A, = t h e  c r i t i c a l  o r  burnout heat  f lux .  

The Santowax OMP used i n  t he  t e s t s  contains 12.6, 58.6, 
and 27.9 weight per  cent ortho-,  meta-, and para-terphenyl respectively; 
and d i f f e r s  from Santowax R primarily i n  t h a t  t h e  OMP i s  f ree  of pyro- 
l y t i c  polymers which corrhercial Santowax R contains t o  a varying de- 
gree .  Both cor re la t ions  were based on .propert ies of Santowax R. The 
discrepancy i n  t h e  two corre la t ions ,  up t o  35$, i s  not explained i n  
t h e  references.  The more conservative OMP cor re la t ion  was :used t o  
determine burnout heat  f l u x  f o r -  t h i s  report ;  . . 

. . 

. . 
15.300 Reactor Coolant Flow Requirements 

The f i r s t  fuel. element studied f o r  t he  se lected core was s imilar  
t o  t h e  f i n a l  elements except t h a t  t h e  f u e l  p l a t e s  were equally spaced. 

. .. 

1. T. C. Core and K. Sato, "Determination of Burnout Limits of Poly- 
phenyl Coolants", Report IDO-28007, Azusa, Ca l i fo rn ia ,  l?eb&ary '14, 
1 9 5 8 . .  . 

2. T. C.  Core and K. Sato, "~e te rmina t ion  of  urno out Limits of Santowax 
OMP", Report No. 1672, Space Technology Division, A e r ~ j  e t  General 
Corporation, Azusa, California,  September 15,  1959. . 



This arrangement r e s u l t s  i;R ve loc i t i e s  i n  exccss. o,k those. required. i n  .a l l  
but one channel of each element. A varied spacing arrangement was then 
chosen which reduced excessive ve loc i t i e s  elid . t o t a l  flow s ign i f ican t ly .  

- 15.310 Flow Requirements of Equispaced .P la te  EOCR. Element. 
Operation of EOCR-fuel.elements with equispaced f u e l  p l a t e s  was based on 
o r i f i c ing  of t h e  elements so t h a t  t h e  ve loc i ty  i n  a l l  channels of each 
element .was t h a t  required t o  remove tile maximum heat f l ux  i n  t h e  element. 
Since pe.akdng of heat f l&es within t h e  elements. i s  high, t h i s  condit ion 
r e s u l t s  i n  flows , in excess of t h e  mii~imum required to ,main ta in  a l l  f u e l  
p i a t e s  below the  maximum surface temperature. The flow require men*^. a r e  
given i n  Table 15.3A. Fuel element numbers r e f e r  t o  Fig. 6 . 2 ~ .  Total  
flow requirements f o r  t h e  d r iver  elements a r e  24,500 gpm. 

Table 1 5 . 3 A  

' COOLCU\TT VELOCITIES AND FLOW RATES 
I N  EQUISPACED PLATE EOCR FUEL GLEmNT~ 

. . . . 15.320 Flow Required i n  Core with Fuel Elements with Non-Uniform 
Plate  Spacinz . The simplest method of improving cooling efficiency, within 
t he  l imi ta t ions  imposed by physics and mechanical design of t h e  element,is 
t o  space t he  p l a t e s  t o  provide high coolant ve loc i t i e s  i n  coolant channels 
adjacent t o  f u e l  p l a t e s  having hi& heat f luxes  rela-Live 'to the  other i f e l  
p l a t e s  i n  t h e  element. S5i~de tlie highest f l u x  pealring occurs a t  one end 
of t h e  element i n  a l l  posit ions,  t h e  f i r s t  th ree  channels i n  t he  high f l u x  
region were widened. Thus t h e  ho t t e s t  f i e 1  p l a t e  may occur i n  one or a l l  
ot' t he  f i r s t  four channels or i n  -the l a s t ,  uispaced channel, depending upon 
t h e  f l u x  d i s t r i bu t i on  i n  t h e  core 'posi t ion i n  which t h e  ,element i s  used. 
The a rb i t ra ry  glaLe spacing given i n  Table 6 . 2 ~  was ehosen, based 011 one - of t he  highest-heat-flux core posi t ions .  Flow r a t e s  i n  the  element were 
based on t he  flow required by t h e  ho t tes t  channel. Bea t  t r ans f e r  calcu- 
l a t i o n s  were made f o r  a l l  channels operating near 85o0I', and t he  required - 

I- 

flows per element given i n  Fig. 6 . 3 ~ ,  are based on tile ve loc i ty  required 
by t h e  channel found t o  be the  110-ttest. No at'iemnpt was made t o  achieve 
a compromise spacing b e t t e r  adapted t o  a l l  core posi t ions .  Such a spacing 
.should reduce' core X2ow fur ther  . The present d r iver  element flow, 20,500 gpin, . 
i s  considered sa-LisfacJiory fr:om tlie standpoin-i; of process s:/stemri economics. 



15.400 Boiling and Burnout 

The common prac t ice  of designing water-cooled reactors  on the basis  
of "hot- spot hot -channelt' temperatures has been abandoned i n  t h i s  study. 
The objective of hot-spot analyses i s  generally t o  preclude t o  a high 
probabi l i ty  the  danger of operating .conditions or fue l  f a i lu res  seriously 
affect ing the  plant  or i t s '  operation or resul t ing i n  a catastrop&. The 
conditions t o  be avoided a r e  generally extensive boiling, which can af fec t  
reactor  control seriously, fue l  element f a i lu res  resul t ing i n  f i ss ion  
product release and requiring plant shutdown, and metal-water reactions 
resu l t ing  i n  t h e  destruction of large pa r t s  of the c'ore. 

I n  EOCR, nucleate boiling may occur on l imited areas of fue l  ele- 
ment surfaces i f  a l l  of the  conditions generally postulated i n  a hot-spot 
hot-channel analyses should occur i n  the  same place. Because of the large 
subcooling (about 5 0 0 ~ ~ )  Illicleate boiling void-fractions a re  insignificant 
and bulk boi l ing i s  extremely improbable unless blockage of a coolant 
channel occurs. Thus boi l ing should have no ef fec t  on EOCR operation. 
Extensive fue l  p l a t e  burnout has occurred i n  OMRF: without detection for ,  
long periods of operation, emphasizing the  minor e f fec t  upon plant ,opera- 
t ion .  The danger of core meltdown i s  extremely s m a l l  i n  t h i s  reactor 
since excessive t rans ien ts  a r e  obviated by the control system and no 
exothermic reactions occur between f i e 1  element materials and coolant. 

The heat f lux  fac tors  given i n  Table 1 5 . 4 ~  were applied t o  the  
maximum heat f lux  t o  determine the  hot-spot heat f l u ,  which i s  estimated 
t o  be the  maximum heat f lux  tha t  might occur a t  any spot On a fue l  p l a t e  
providing all the  factors  of Table 1 5 . 4 ~  occur simultaneously. This hot- 
spot heat f lux  was compared t o  the burnout heat f lux  i n  Table 6 . 4 ~ ,  and 
the  comparison indicated an adequate margin of safety between the hot- 
spot and burnout heat fluxes. 

 able 1 5 . 4 ~  

HEXC FLUX FACTORS 

Power Measurement and Control 1.05 
Heat Transfer Area per Plate 1.04 
Fuel content per Plate  1.03 

Local Fuel Core Thickness 1.05 

Local U-Densi.1;~ of Fuel Core 1.05 

E r r o r . i n  Flux Cdcuiat ions 1 .-15 

Tokal Heat Flux Factor 1.43 
w 





16.. 000 ALTERNATE REACTOR ARRANGEMENT W I T H  CASK HANDLING 

During the  ear ly s tudies  conducted i n  an attempt t o  f ind a r.apid 
and economical fue l  handling scheme, a cask handling method was investigated. 
Since t h a t  time t e s t s  have been made of the.water flooding technique, and 

if 

it appears tha t  water flooding is  acceptable fo r  t h i s  reactor.  Water 
flooding i s  described i n  the main body of t h i s  report, but a short  descrip- 
t i o n  of a cask handling method is presented i n  t h i s  section as supplementary 
information. - 

Figure 1 6 . 0 ~  shows a ve r t i ca l  cross section of the reactor vessel . 

u t i l i z i n g  cask handling techniques. The vessel i s  mounted approximately 
f lush  with the building main f loor  with provisions for  placing the  lead- 
f i l l e d  cask over the reactor.  Thus, the elevation of the reactor vessel . - 
i n  the building and the cask with associated equfpment aze the only major 
differences between the two reactor arrangements. The vessel internals  
remain basical ly  the same. Some t,anks, p ~ s ,  e tc  ., associated with the ... 
water flooding may be eliminated with the cask handling al ternate .  

1 

. The cask and i t s  shielded indexing head are patterned a f t e r  
\ the  Piqua OMR . power reactor  fue l  handling method. The prime difference 

i s  that,by maintaining hot organic in, the reactor vessel a t  a leiTel just  
below the fue l  element 'upper end-box, handling tools are kept out of the 
organic. This minimizes fouling and 'contamination problems associated 
with submerging the tools  in- the organic. l3y means o f .  a s lo t ted  shielding 
head and a traveling shielding cover plate,. the cask i s  positioned over 
any required point.  The cask i s  transported t o  the unloading s ta t ion  i n  
the  canal by the overhead crane, a t ro l l ey ,  or  other means. The unloading 
s t a t ion  consists of a shzelding r ing tha t  serves as 'a shield t o  personnel 
while the fue l  element i s  being discharged in to  the canal receiver. The 
element i s  then moved t o  i t s  canal storage rack. 

The cask handling al ternate  does not appear as a t t rac t ive  as 
water flooding f o r  the following reasons: 

1. The EOCR i s  primarily a t e s t  reactor, and, as such, should 
have maximum simplicity and f l e x i b i l i t y  b u i l t  into all phases of i t s  
operat ion, handling equipment and procedures, capacity t o  accept varied 
types of experaents,  e t c .  It i s  anticipated tha t  the majority of reactor 
shutdown time w i l l  be expended on the ' i n s t a l l a t ion  and removal of in-pi le  
experimental f a c i l i t i e s  .and experiments* Under these conditions, visual 
handling i s  more acceptable and i s  probably l e s s  expensive since it. 
requires a minimum of indexing devices, casks, etc. ,  t o  precisely 
posi t ion or  contain experiments p r io r  t o  inser t ion .or  removal. Also, 
tools, bolts,  nuts, or other miscellaneous items w i l l  be unintentionally 
dropped in to  the reactor i n  t h e  course of t h i s  in-tank work. This 
material  would be very hard t o  locate  and remove from the opaque 
organic coolant with remote handling methods. 

2. W i t h  the  reactor p i t  located over the reactor vessel, flooding 
of t h i s  p i t  and water flooding of the reactor are compatible. It i s  
anticipated tha t  most fuel, experiment, and other t ransfers  t o  the 



water-f i l led  reactor  canal  can be effected under water without u t i l i z i n g  
cask handling. Direct v i sua l  handling i s  more s a t i s f ac to ry  s ince  operations 
personnel can see what i s  happening i n  t he  reactor  and can con t ro l  movement 
of components by f e e l  ra ther  than by the:more purely mechanical remote , 
handling methods. 

3. The remote handling arrangement show on Fig. 16..0A would 
make it necessary t o  i n s e r t  handling ' t oo l s  through a cask and then p u l l  
the  component up i n to  the  cask. The cask, i t s  locating,  t r ans f e r  and 
indexing mechanism, e t c . ,  i s  estimated t o  increase the  cos t  of t h i s  
project  by $300,000 t o  $400,000. It might a l so  be necessary t o  increase 
t he  building height above t h e  reactor  t o  compensatie f o r  increased t o o l  
leng%h znd travel,.  

4. The ranoval and replacement of l a rge  reac tor  vessel  i n t e rna l  
components introduces shie lding problems when using the  cask handling 
method. Ei ther  l a rge  shie lds  a re  required o r  the  bui lding must be evacu-. 
a ted except f o r  shielded crane personnel. I n  -the water flooding method, , 
a l l  large  components would be handled e n t i r e l y  under water. 





17 i000 MATERIALS OF CO~iSTRUCTI.ON 

The primary coolant loop and reactor  vesse l  a r e  the  only port ions 
of t h e  reac tor  complex which requ i re  spec ia l  consideration of nuclear and 
corrosion e f f e c t s  on mater ia ls .  Standard i ndus t r i a l  p rac t ice  i n ' s e l e c t i n g  
mater ia ls  f o r  the  remainder of t h e  i n s t a l l a t i o n  suf f ices .  'AISI type 347 
s t a i n l e s s  s t e e l  i s  se lec ted  as t h e  mate r ia l  composing t he  inner tank, 
i n t e r n a l  thermal shields,  r eac tor  pressure vessel,  and piping up t o  .and 
including t h e  block valves .on t h e  prfmary-coolant i n l e t  and ou t l e t  1ine.s. 
Preliminary corrosion t e s t s  with a few specimens and s t rength considera- 
t ions ,  however, indicate  t h e  p o s s i b i l i t y  of t he  5 se  of a  low a l l o y  s t e e l  
such as Croloy 1-1/4 f o r  thes'e s t r u c t u r a l  pa r t s . .  The adherent p ro tec t ive  
f i lm formed i n  t h e  organic during t h e  corrosion t e s t s  w a s  not adversely 
affecte'd during t h e  replacement with water. Should fu r the r  corrosion 
t e s t s  show no loca l ized  breakdown of t h e  protect ive  film, the  use  of a  
low a l l oy  s t e e l  such a s  Croloy 1-1/4 could be recommended f o r  t h e  vessel,  
i n t e rna l  thermal shields,  and piping. 

Beyond t h e  block valves, carbon s t e e l  i s  used throughout t h e  
remainder of t h e  primary system; however, t r i m  on valves and t h e  pump i s  
AISI 347 s t e e l .  

17.100 Reactor Vessels and In t e rna l  Thermal Shields 

ASME designation SA-240 type 347 18 -8~b- s t ab i l i z ed  s t a i n l e s s  
s t e e l  i s  se lected a s  the  mate r ia l  of construction fo r  t h e  inper tank, 
i n t e rna l  thermal shie lds ,  and pressure vesse l .  Corrosion res i s tance  t o  
a l t e rna t e  contact  with organic coolant and water and t h e  a t tendant  need 
t o  guarantee vesse l  l i f e  a r e  the  main considerations i n  choosing s ta in -  
l e s s  s t e e l .  

Sta inless-c lad carbon s t e e l  was re jec ted  because the  e f f e c t  of 
the  l a rge  temperature cycle, approximately 800°F, on the  bond be-tween 
base metal and cladding i s  unknown. In  any case, the  ASME Code., Section 
V I I I ,  for Unfired Pressure Vessels spec i f i c a l l y  does not recommend t h i s  
type construction f o r  operating temperatures over 8 0 0 ~ ~ .  

The poss ib i l i t j r  of the  uce of mild c t c c l  a o  thc o t ruc tura l  
mater ia l  e x i s t s  because the  orrosion of conventional s t r u c t u r a l  inaterials  E i n  i r r ad i a t ed  organic f1uid.s i s  r e l a t i v e l y  minor. S ta in less  s'Leel, 
aluminum, and mild s t e e l  exhibited ins ign i f ican t  weight changes i n  
dynamic corrosion t e s t s e 2  There was s l i g h t  surface discolorat ion of 

1. J. R. Diet r ich and W. B. Zinn, Sol id  Fuel Reactors, Ch. 7, "Organic 
Cooled and Moderated Reactors", p.  695. Addison-Wesley Publishing' 
Company ( 1958 ) . 

2. H. E. Kline, N. J. Gioseffi ,  W. N >  Bley, "Dynamic Corrosion i n  
Polyphenyls Under I r rad ia t ion" ,  Report NAA-SR-2046, May 15, 1958. 

. JC See Section 20.000. 



%he aluminum and stainless steel specimens and blackening of the surfaces 
of the mild steel. Very similar results were obtained (see Section 20.000) 
in alternate contact of Santowax R and water; however, the number of 
specimens tested and length of testing time was inadequate for a recom- 

, mendatidn of CroPoy I-114 as the struc-hral ma,terfal. A fQrt;he.l: 
corrosion testing program may provide the basis for this recommendation. 

A search through the literature was made to evaluate the carbu- 
rization effect from the hydrocarbon coolant on cb-stabilized AISI 347 
steel. The theory generally advanced to explain carbide precipitation 
and the accompanying intergranular corrosion in austenitic steels.of the 
18-8 type is chromiurn depletion of grain boundary layers. Chromium 
carbide is believed to be precipitated along the grain boundaries and 
in the slip planes when these steels are heated to the sensitization 
range (900~~ to 1400~~). The result of the loss of chromium from a 
grain periphery is to render this region susceptible to corrosion, and 
intergranufar failure will then occur readily in service. Columbium, 
being a more active carbide-former than chromium,tends to prevent 
depletion of the corrosion-resistant chromium from 18-8 steels stabi- 
lized with this element. Type 18-8 steels have been used for years in 
high temperature-ref ining applications up to 1600~~ maximum metal 
temperatures. However, service life versus operating temperature 
data is rather meager. Tests conducted by Republic Aviation Corpora.tion 
in 1946 in evaluating steels for aircraft exhaust manifolds show that 
carburization is practically nil until metal temperatures reach the 
1300°F- to-1400~~ temperature range. l However, these were only 3-hour 
tests and were run at normal atmospheric pressure. It is known that 
carburization increases with increase in pressure of the carburizing 
gas. The carbon availability of the atmosphere (carburizing. decarbu- 
rizing potential), the temperature, and time are the important variables 
affecting carburization of a particular steel. The temperature not 
only influences the diffusion rate but determines the equilibriun 
concentration of carbon in the steel. 

-;- Tests conducted by Timken at 1680'~ show maximum carbon pene- 
tration of ,025 in. These tests had a duration of 36 hours, and each 
specimen was subjected to 20'cycles. 2 

The design temperatures of the EOCR results in metal surface 
temperatures in the 850~~- to-900'~ temperature range, or just under 
the 9 0 0 ~ ~  lower limit of the sensitization range (900'~ to 1400~~). 
Therefore, in view of the above data the EOCR vessel should have a 
satisfactory 3ife-span. A metallurgical evaluation program, with 
emphasis on weld samples, can be carried out in conjunction with the 
operation of the reactor. 

1. W. Kahn, H. Oster, and R. Wachtell, "Investigation of a Type of 
Failure of 18-8 Stabilized Stainless Steel", Transactions of the 
American Society for Metals, 37, 567, (1946). - 

2. '.'~esume' of High Temperature Investigations Conducted During 1943-44, 
The Timken Roller Bearing Company, Steel and Tube Division, 1944. 



17.200 Primary Loop - . . .  , . .  . .. . 

The primary loop ex te rna l  of the  block valves next t o  t he  - - reactor  vesse l  i s  composed of mild s t e e l :  Where t r i m  i s  required, 
.J as i n  valves,  347 s t a i n l e s s  s t e e l  i s  used. Since t h i s  p a r t  of  t h e  - 

primary loop i s  never i n  d i r e c t  contact with water during refuel ing 
operations as i s  t h e  reac to r  vessel ,  t h e r e  i s  no need f o r  t he  cor- 

- rosion res is tance  of s t a i n l e s s  s t e e l .  Mild s t e e l  possesses satis- - fac to ry  corrosion res i s t ance  t o  organic coolants.  While it i s  t r ue ,  
t h a t  f o r  shor t  per iods  of time t he  primary coolant may be sa tura ted 
with water, prel iminary corrosion t e s t s  reveal  t h i s  w i l l  not r e s u l t  
i n  any s i gn i f i c an t  metal l o s s .  I n  any case indicat ions  a r e  t h a t  the  
mild s t e e l  por t ion of the  primary loop i s  sa$isfactory  from a service-  

- l i f e  standpoint .  

*I 



18.000 DESIGN OF PRESSURE VESSELS AND THE& SHIELDS 

18.100 Design Summary 

Fig.  7 . l A  i s  a v e r t i c a l  cross-section view of t he  EOCR pressure 
vesse l s  and thermal sh ie lds .  The inner  reactor  tank immediately sur-  
rounding t h e  core i s  5 f t  11 in.-ID by 0.5-in. t h i ck  and the  reac tor  pres- 
sure vesse l  i s  7 f t  0 in.-ID by 1.25-in. th ick .  I n  t he  annulus between 
these  s h e l l s  a r e  t h r e e  1 - in .  t h i ck  thermal sh ie lds .  The diameters of t he  
thermal sh ie lds  a r e  such t h a t  the  coolant channels between them are  o'f 
the  same thickness .  Table 1 8 . 1 ~  summarizes t he  design fea tures  of each 
component except t h e  magnetite-concrete biological  shie ld .  Section 7.180 
gives t h e  design b a s i s  f o r  choosing 6 f t  0 in .  of magnetite-concrete f o r  
the  b io log i ca l  sh ie ld .  A s  f a r  as  s t rength  i s  concerned, t he  design 
parameters f o r  t h e  b io log ica l  shie ld  a re  l e s s  severe than those f o r  t he  
ETR b io log ica l  sh ie ld ;  ;therefore, s t r e s s  calcula t ions  were not made. The 
pressure vesse l s  and i n t e r n a l  thermal shie lds  are  calculated by ASME Code 
ru les  t o  be s a f e  f o r  operation a t  220 Mw reac tor  power, 8 5 0 ' ~  primary 
coolant temperature, 300 p s ig  maximum operating pressure and 40 p s i  core 
pressure drop. Calculations of t he  neutron and gamma in t e rna l  heat  
generation r a t e s  a r e  i n  Section 5:340. 

18.200 S t resses  and Temperatures 

18.210 Pressure Vessel. The 1.25-in. pressure-vessel s h e l l  
thickness i s  designed according t o  t h e  ASME Code, Section V I I I ,  Unfired 
Pressure Vessels, using t h e  following design parameters. 

Vessel I D  7 f t  0 in .  

I 
Material  , SA-240 Type 347 SS 
Maximum Operating Pressure 300 ~ s i g  
Design Pressure 33O0psig 
Maximum Metal Temperature 900 F 
Makimum Allowable Stress  - 14,100 p s i  at 900 '~  

 a able UkA-23, ASME 
Code Section VIII) 

The thermal s t r e s s  is  calculated using t he  following 
equation and assuming uniform in t e rna l  ,heat generation of 0.05 w / ~  o r  
22.4 ~ t u / h r - c u  i n .  and a f-lat  p l a t e  not f r ee  t o  bend. 

where: d = thermal s t r e s s  i n  t h e  circumferential  o r  longi tudinal  
d i r e c t  ion , 

E = modulus of e l a s t i c i t y  
a = coef f ic ien t  of thermal expansion 
p = Pois'sonf s r a t i o  
qg = uniform in t e rna l  heat  generation r a t e  I 

t = p l a t e  thickness I 
k = thermal conductivity 

T2 - TI = difference i n  temperature of t he  two faces of t he  p l a t e .  



Table 1 8 . 1 A  

DESIGN OF VESSELS AND SHIELDS' 

* Maximum allowable s t r e s s  = l o  5 times applicable value i n  Table UHA-23, 
Section V I I I ,  ASME Code f o r  Unfired Pressure Vessels (,case No. 1273-N). 
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The calcula ted maximum thermal s t r e s s  i s  4,770 p s i  tension which occurs 
at t h e  ins ide  surface  of t he  s h e l l .  Since the  mechanical s t r e s s  i s  
14,100 p s i ,  the  t o t a l  maximum s t r e s s  i s  then 18,870 p s i ,  which i s  
l e s s  than t h e  maximum allowable s t r e s s  f o r  nuclear vessels (ASME Case 
No. 1 2 7 3 ~ )  of 1 .5  times t h e  sdvalue o r  1 .5  x 14,100 = 21,150 p s i .  

The calcula ted temperature di f ference from inner t o  
ou t e r  surface i s  1 6 . 5 ' ~  based on0.05 w/g. Since the  maximum bulk coolant 
temperature i s  850°F, organic-film heat  t r a n s f e r  coeff ic ient ,  h, of 
120 Btu/hr-ft2-OF on t he  inner  vesse l  surface i s  required t o  remove t he  
hea t  generated &d keep the  maximum metal temperature below 900'~. A 
coe f f i c i en t  of 840 Btulhr-=*-OF is calcula ted f o r  t h e  inner surface of , 

t h e  ve s se l  which provides adequate cooling f o r  t he  design conditions. 

18.220 In t e rna l  Thermal Shields. The diaaneters of the thrcc  
1 - in .  t h i c k  i n t e rna l  thermal shie lds  are  based on equal coolant 
v e l o c i t i e s  i n  the Pour annuli .  E q u a  coolant veloc51;-iss on both s ides  
of a sh i e ld  tend t o  make metal skin  temperatures equal on both sides,  
thus  keeping thermal s t r e s s  at a minimum. Since t h e  outside diameter 
of t h e  inner  tank i s  5 f t ' l l  in.,  t he  ins ide  diameters of t he  in te rna l  
thermal sh ie lds  a re  73.5 in. ,  77.0 in.,  and 80.5 in . ,  respectively,  a 
t o t a l  flow r a t e  of 25,000 gpm re su l t s  i n  a coolant ve loc i ty  of 11.0 f t / s ec .  

Assuming equal skin  temperatures and no mechanical o r  
pressure  s t r e s s  and with an i n t e rna l  heat  generation r a t e  of 0 .3  w / ~ ,  
t h e  maximum s t r e s s  i s  4,580 p s i  and occurs at both surfaces.  This is  
well  wi thin  the  maximum allowable s t r e s s  of 21,150 p s i  at 9 0 0 ~ ~ .  An 
average f i lm  heat  t r a n s f e r  coef f ic ien t  of 284 Btu/hr-ft2-OF i s  required 
t o  keep maximum metal temperatures below 9 0 0 ~ ~ ~  and the  calculated 
coe f f i c i en t  i s  840 Btu/hr-ft2-OF. 

18.230 Inner Tank. The inner tank i s  subjected t o  an external  
operating pressure of 40 ps ig  due t o  t h e  pressure drop across the  reactor  
core. A design ex te rna l  pressure of 48 ps ig  was chosen, and t he  vessel  
w a l l  thickness was calcula ted t o  be 0.5 i n .  per  Paragraph ~ ~ . 2 8 ,  ASME 
Code f o r  Unfired Pressure Vessels. Maximum metal temperature was 
assumed t o  be 900'~. 

Assuming t h e  inner w a l l  t o  be insula ted and with i n t e rna l  
heat  generation r a t e  of 0.5 wig, the  thermal s t r e s s  i s  7,645 p s i .  Although 
t h e  t o t a l  stress.shown i s  about 900 p s i  over the  maximum allowable, it 
i s  s t i l l  considered a sa fe  design since no c r ed i t  was taken f o r  cooling 
on t h e  ins ide  surface i n  calcula t ing thermal s t r e s s .  Also, i f  the  
i n t e r n a l  heat genel-.ation r a t e  assumed i n  t h e  calc~flat.i.on had been 
0.43 w l g  ins tead of 0.5. wig, the  t o t a l  s t r e s s  would 'be l e s s  than the  
allowable s t r e s s .  Table 5.3G ac tua l ly  l i s t s  a value of 0.37 w/g f o r  
t h e  heat  generation r a t e  i n  the  inner tank vessel  w a l l .  

I 

18.240 External  Thermal Shield. An external  thermal shie ld  i s  
required t o  reduce t h e  heat  generation r a t e  i n  t he  b io log ica l  shie ld  t o  
an acceptable value.  A 3-in. thickness of lead i s  chosen, based on t he  



. 
ETR design of 3-1/2 inches. .Assuming t h a t  a hol .10~ cylinder of lead 
4 - f t  high and 3-in. th ick  with a mean diameter of 7 f t  6-112 in.  has 
a uniform in te rna l  heat  generation r a t e  of .03 wig, t he  cooling water 

'requirement f o r  cooling tubes i n  t he  lead i s  258 gpm with a 5o0F . 

temperature r i s e .  Design f igures  f o r  t he  ETR are  50 gpm of cooling 
water with a 1 0 . 8 ~ ~  r i s e .  Actual ETR operating conditions a t  t he  
present time are 150 gpm with a 2 ' ~  t o  3 ' ~  r i s e .  

I 

18.250 Concrete Biological  Shield. No attempt i s  made t o  
calcula te  t he  thermal s t r e s s  i n  the  concrete biological  sh ie ld  because 
(1) the calculated gamma heating incident t o  t he  ins ide  face  i s  l e s s  
than the  value used ' in  designing t h e  ETR shield,  and (2 )  t h e  thickness 
f o r  the  EOCR shie ld  i s  6 f t  0 in .  of magnetite concrete.compared with 
0 f t  0 in .  of magnetite concrete f o r  the  ETR. Both of these  f ac to r s  
reduce thermal s t r e s s  i n  the  concrete b io log ica l  shield,  espec ia l ly  -the 
smaller thickness because s t r e s s  i s  approximately proportional  t o  
thickness squared. Cooling i s  provided at t he  inner face of the  
concrete shie ld  by forced convection t o  air flowing i n  t he  annulus 
betweemthe lead and concrete. The reinforcing s t e e l  required i n  t h e  
concrete biological  shie ld  w i l l  be computed by t he  design erigineer 
contractor . 

, . ?  , . 



The EOCR design was based on known technology wherever possible; 
however, there  a r e  spec i f ic  t e s t s  which w i l l  contribute markedly toward 
improving the f i n a l  EOCR design. The objectives of t h i s  experimental 
work a re  t o :  

( 1 )  study problems of water flooding unique t o  the  EOCR .mechanical 
design; 

( 2 )  experimentally determine ce r t a in  heat t ransfer  information fo r  
Santowax not presently available;  

( 3 )  t e s t  the  dr iver  Fuel elements proposed; 

( 4 )  t e s t  the  control  rod assem'blies and drives; and, 

( 5 )  perform addi t ional  corrosion t e s t s  on low a l loy  s t e e l s  which 
might provide the  bas i s  f o r  t h e i r  se lect ion a s  s t ruc tu ra l  materials 
ins tead of s t a in l e s s  s t e e l .  

Exploratory water-flooding and. corrosion t e s t s  have already been 
completed. 

19.100 Water-Flooding Tests.  

The t e s t s  performed t o  date t o  explore the feasibility of disc 
placement of organic with water f o r  fuel-handling operations have been 
discussed i n  Section 12.000. Since water flooding has such poten t ia l  i n  
expediting the introduction and removal of f u e l  and experiment's, A l l e s t  
development of t h i s  concept i s  planned. Tests should be performed with 
the simulated end f i t t i n g s  of t h e ' f i n a l  design of various reactor 
i n t e rna l s  such a s  control-rod dash pots and fuel-element end-f i t t ings .  
These t e s t s  can be car r ied  out i n  the f a c i l i t i e s  described i n  Section 
12.000. 

Experimental Heat Transfer Program t o  Support EOCR Concept. 

The heat t r ans fe r  s tudies  with organic coolants conducted t o  
date  by several  experimenters i n  out-of-pile t e s t s  have not answered a l l  
of the spec i f ic  questions encountered i n  t h i s  design concept. Additional 
out-of-pile heat t r ans fe r  t e s t s  a re  recommended before f i n a l  design. 
These t e s t s  a re  required t o  (1) determine the r a t e  o r  fouling of f u e l  
elements. exposed' t o  EOCR shutduwn heaL f l u e s  with ccrolait Velocities 
of 0 . 1  t o  2.0 ft/se.c, ( 2 )  determine the natural  convection burnout 
heat  f l ux  with na tura l  convection flow ra t e s  similar t o  those expected 
i n  the  EOCR tank, and ( 3 )  determine the bes t  heat  t ransfer  correla t ion 
t h a t  appl ies  t o  i r r ad i a t ed  Santowax R or  OMP coolant a t  EOCR design 
conditions. The need f o r  each of these t e s t s  i s  discussed below and 
conditions recommended f o r  each of the t e s t s  a re  outl ined i n  Table l9.2A. 



. 
Table l9.2A 

RECOMMENDED TEST CONDITIONS FOR EOCR 
EXPERIMENTAL HEAT TKANSFER STUDIES 

Note: I r rad ia ted  Santowax R with 30% HI3 should be used 
fo r  a l l  t e s t s  i f  avai lable  

19.210 Fouling a t  Reactor Shutdown Conditions. Heat f l u  of 
about 5000 Btulhr-ftc i s  obtained i n  EOCR dr iver  elements during extended 
s h u t d ~ w  periods. Fouling data  a re  not avai lable  a t  the  low veloci ty ,  - temperatures, and heat  f l u x  which obtain during shutdown although some 
evidence of fouling has occurred i n  OMRF: elements. It i s  reconlmended 
tl-iat the  ouling r a t e  on heated surfaces with heat  f luxes up t o  10,000 h - ~ t u / h r - f t  be determined with EOCR coolant containing 30% HB a t  coolant 

m ve loc i t i e s  between 0.1 and 2.0 f t / s e c  and coolant i n l e t  temperatures t o  
the  t e s t  sect ion between .350°~  and 700'~. These data  a r e  a l s o  needed 
fo r  the overa l l  organic reac tor  program. The r e s u l t s  of these t e s t s  

Y w i l l  be used t o  determine whether or  not provision f o r  forced convection 
shutdown cooling w i l l  be necessary f o r  the  EOCR. 

1 

Test Cross 

Coolant 
Velocity, 
f t / s ec  

Heat Flux 9 Btu/hr-ft  

Pressure, p s i  

Number of Tests 
Required 

0 . 1  t o  2.0 

20,000 Max 

Atmospheric 

3 t o  6 
. (130 Hours 
Max Duration) 

Natural 
c i r cu l a t i on  

Burnout 
50,000 - 100,000 

Atmospheric 

2 t o  6 

10 t o  35 
f t / s ec  

700,000 M ~ X  

150 

10 
Reproducible 
Data Points 



19.220 Natural-Convection Burnout Tests. There is no published 
information on burnout with natural circulation~cooling using organic 
coolants under conditions similar to those encountered in a shutdown 
reactor with the tank isolated from the process system. These values 
are available for water-cooled systems and are usef'ul in determining the 
.time at'hich forced flow,is no longer required. Experiments are 
proposed to measure the burnout heat flux in a loop that permits natural 
convection cooling. 

The most extreme shutdown conditions expected in the 
EOCR are those encountered when the reactor is'at atmospheric pressure 
with the coolant at 500°F. Burnout tests should be conducted with test 
sections 0.12 in. by 2.0 in. in cross section and 36 in. in height. The 
test section could be connected in parallel to an unheated leg and 
heated to burnout, thus allowing natural convection cooling of the 
burnout test section. Santowax R or OMP with 30% HB should be used as 
coolant for these tests with coolant temperatures between 350'3' and 
500'~. 

19.230 Forced-Convection Heat Transfer. The forced-convection 
heat transfer correlation recommended by Atomics internationali is 
based on data obtained with unirradiated Santowax R coolant and data 
obtained with irradiated Santowax OM in the OMRE heat transfer loop. 
Tests were conducted with a maximum coolant velocity of 15 ft/sec and 
maximum heat flux of about 300,000 Btu/hr-ft2. Fue elements in the 
EOCR operate at heat fluxes up to 660,000 Rtu/hr-ft' and are cooled 
with Santowax R containing 30% IIB at coolant velocities up to 35 ft/ 
sec. It is recommended that forced-convection heat transfer tests , 
be performed with Santowax R coolant containing 30% HB at coolant 
velocities of 10 to 35 ft/sec at heat fluxes up to 700,000 Btu/hr-ft2. 
These deta will also be useful to the overall organic-cooled-reactor 
program, specifically the D2O-moderated organic-cooled system. 

19.300 Fuel Element Testing and Development. 

The fuel element shown in Fig. 4 . 2 ~  was designed so that very 
little developent work would be necessary for fabrication and,use of 
the element in the EOCR. However, extensive hydraulic testing of this 
fuel element is recommended (1) to determine whether the element is 
strong enough to resist the hydraulic forces developed with unequal 
thicknesses of coolant channels and the pressure differences between 
fie1 and moderator and (2) to obtain proper orificing for the different 
regions of the core. ~dditional hydraulic tests are recommended to - 
prove the design of flow monitors (and ppsibly temperature monitors) 
that will be used in the EOCR. 

1. M. Silberberg and D. A. Huber, "Forced-convection Heat Transfer 
Characteristics of Polyphenyl Reactor Coolants", Report W- 
SR-2796, January 15, 1959. 



Several fuel elements have been proposed to improve the heat 
removal efficiency in the EOCR; these fuel elements are discussed in 
Section 13.000. One of them, using flat fuel plates without the center 
support plate, may be developed for use in the initial EOCR core. 
Fabrication of this element is-less expensive than the proposed element 
because of fewer fuel plates, and some developent work is recommended 
to determine the feasibility of this design. Calculations indicate 
that the box required with a 4 in. unsupported span would have to be 
about 0.150-in. thick to withstand the lateral pressure differences 
between fuel and moderator. Because of the complexity of this type 
of calculation, there is some uncertainty in the results; therefore, 
it is recommended. that a fuel element of this design be fabricated 
and tested. 

The problem of thermal stress in the fuel elements may make it 
necessary to provide for expansion of the fuel plates. Methods of 
fabrication may have to be developed (e .g., adaptation of the proven 
OMRE fabrication technique) and tests performed to evaluate the 
performance of the Fuel elements. 

19.400 Control Rods and Drives. 

The test program for the control rods and drives is very 
dependent upon the final design. ' If a drive is chosen which has been 
tested, no testing should be required except pre-operational checking 
in the reactor to determine drop-time characteristics and to establish 
operability of components such as mechanical disconnects. 

If an untried control rod design is used, 'a test facility should 
be built to prove the mechanical reliability of the control-rod-and- 
drive combination, determine the drop-time of the rod, and .establish its 
hydraulic characteristics. Two control-rod-drive test facilities are 
available at NRTS which might be adapted to this testing. 

19.500 Corrosion Tests on Low Alloy Steels. 

Preliminary corrosion tests on several structural materials 
(section 20.000) with alLcl.11~. Le Gantowax H sud water contact showed 
the formation of a protective film and low corrosion rate. The 
possibility of the use of a low alloy steel such as Croloy 1 114 as 
structural material for the reactor exists. Since the number of 
specimens tested was small (only two), it was not deemed advisable to 
recommendthis material without further corrosion tests; therefore, 
additional corrosion tests are recommended to determine the probability 
of localized attack of low carbon steels. 



20.000 CORROSION EXPERIMEIVTS 

1'n the EOCR design it i s  advantageous i n  the handling of ex- 
periments and the  changing of fue l  elements to. replace the Santowax 
with water. The behavior of conventional s t ruc tura l  materials i n  : , 

a l t e rna te  contact with Santowax and water was unknown. There i s  some 
corrosion of s t ruc tu ra l  pa r t s  of the OMEE tha t  are  exposed t o  organic 
and then t o  the atmosphere. It was thkrefore desirabie t o  place samples 
of some s t ruc tu ra l  materials i n  a corrosion environment such tha t  they 
would be subjected t o  contact with organic and then water. , 

Two specimens of each of several conventional s t ruc tura l  materials 
were placed i n  an autoclave and subjected t o  al ternate  contact with 
organic and water. The good corrosion resistance of conventional struc- 
t u r a l  materials i n  Santowax R or OMRE-irradiated coolant was not adversely 
affected by replacement.of the  organic with water a t  330°F t o  3 5 0 ~ ~  fo r  
periods of time. up , t o  55 hours. It i s  well known tha t  the i n f t l a l  f i lm 
formation af fec ts  the subsequent corrosion r a t e  and, i n  addition, an 
organic f5 .h  remains which a t  l eas t  pa r t i a l ly ' p ro tec t s  the metal. Some 
corrosion of exposed areas o f . t h e  OMFZ carbon s t e e l  s t ruc tura l  par t s  
has been observed, so tha t  some breakdown of the,  film apparently does 
occur i n  localized areas; however, with the small number of specimens 
tes ted  i n  the auto.cl.ave no breakdown of the fi lm occurred. 

The replacement water does increase i n  chloride ion concentra- 
t i o n  upon contact with the organic. For approximately'equal volumes o f '  
organic and water the chloride ion content i n  the replacement water was 
between 1.5 and 2.2 ppm. 

The corrosion of the s t ruc tura l  materials tes ted i n  ten Santowax R- 
water replacement cycles was low with weighk gain of 31.4 mdd f o r  336 hours 
of t e s t i n g  occurring f o r  APM alloy M-257. 

One U-bend specimen of sensit ized type 304 s ta in less  s t e e l  and 
one galvanic couple of type 304 s ta in less  s t e e l  and APM al loy M-257 u 
were a lso  subjected t o  the al ternate  contact with organic and water with 
no evidence of s t r e s s  corrosion and l i t t l e  galvanic attack. 

The corrosion of the s t ruc tura l  materials tes ied i n  one OMRJ3 
coolant-water replacement cycle was also low. 

20.100 Introduction 
* 

I-- 

Austeaitfc s t a in l e s s  steel (as  well as some other sLruc Lcu'al I*- 

materials)  i s  susceptible t o  s t r e s s  corrosion cracking i n  high- . 
temperature chloride water environments. Intermittent wetting (wherein .. , - 
the chloride ion concentrates on the specimen) with steam and water 
produced cracks1 with water containing as  l i t t l e  as 1 p p  chloride ion. 

3 - 
- - 

1. D. J .  DePaul, ed., "Corrosion. and Wear Handbook", AEC, 187-223, 
McGraw H i l l  Book Company, N.Y., 1957. , 



Oxygen appears t o  be a strong accelerator1 of s t r e s s  corrosion of 
austeni t ic  stainle'ss s t ee l s  i n  hot-water environments. .Some corrosion 
t e s t s  on s ta in less  steels1 with' plain chloride-bearing water (degassed) 
show m s t r e s s  corrosion cracks .af ter  1 4  days ' i n  300 ppm. chloride ion 
and a f t e r  25 days i n  80 ppm chloride ion with type 310 and 347 s tain-  

, 

l e s s  s t ee l .  

The poss ib i l i ty  f o r  the replacement water i n  organic-water re- 
plac.ement cycles picking up chloride ion does ex is t  as  the organic 
  anto ow ax R and OMRE coolant2) contaTm2 ppm chloride ion. 

The corrosion resistance of APM aluminum al loy M-257 i s  reported3 
t o  be as  good as  1100 and 3003, and superior t o  2014-~4 and 6061-~6. 

I 

20.200 Test Procedures. 

Samples of AYM al loy M-257, s ta in less  s t e e l  types 304 and 347, 
and mild s t e e l  types A-201 and Croloy 1-114 were prepared by machining 
and rough polishing through 310 emery paper (see Table 2 0 . 2 ~ ) .  A 
galvanic couple of type 304 s ta in less  s t e e l  and M-257, and U-bend 
specimens from sensit ized type 304 s ta in less  s t e e l  were also prepared. 

The samples were suspended with quartz hooks from a s ta in less  
s t e e l  rack (except the s ta in less  s t e e l  specimens f o r  which s ta in less  
s t e e l  wire was used). The U-bend specimen was placed i n  the bottom 
of the s ta in less  ste,el autoclave. The organic was heated to  3 5 0 ~ ~  and 
introduced by nitrogen pressure in to  the autoclave. The temperature 
was increased t o  above 750°F and held fo r  112 hour, then cooled t o  
330'~. The ~ a t e r  (demineralized - 2.5 megohm r e s i s t i v i t y )  was heated 
to  350'~ and used t o  replace the organic i n  the autoclave. The samples 
were l e f t  i n  contact with the water a t ,  3 3 0 ~ ~  t o  350'3' from 12 t o  55 hours. 
The autoclave was then cooled and the samples removed. 

The samples were cleaned i n  benzene and weighed and the cxcle 
repeated. 

1. D. J. DePaul, ed., "Corrosion and Wear Handbook", AEC, 187-223, 
McGraw H i l l  Book Company, N.Y., 1957. 

2. J .  R. Dietrich and W. H. Zinn, Solid Fuel Reactors, Ch. 7, 
"Organic Cooled and Moderated Reactors", Addison-Wesley Publishing 
Company, ,1958. 

. . 

3. J. P. Lyle, Ji., "Aluminum Powder Metallurgy 'Products" Materials 
and Methods, 16, April 1956. 



Table 20.2A 

Mater ia l  and Condition 
I 

APM M-257 
S t r i p ,  as -Received 

S t a in l e s s  S tee l  Type 304. 
Annealed 

S t . a i n . 1 . e ~ ~  Steel. T y ~ e  347 
Annealed 

Low Alloy S tee l ,  Croloy 1-114 
Hot Rolled 

Mild s t e k l ,  A201 Grade B 
Firebox, :Hot Rolled 

Galvanic Couple of 
Tyye 304, 6s and. M-257 

U-.Bend Specimens, 1 . 5  i n .  
Radius, 0.188-in. ~ .~hicknessa  ' 

Sensi t ized by :Heating t o  
1225 '~  f o r  2 :Hours 

20.300 Results .  
\ 

A l l  of t he  samples cycled at  high temperature developed an 
adherent f i lm which d i f f e r ed  i n  co lor  and thickness.  The color  of t he  
f i lm  on t h e  aluminum samples was brown ( ~ i g .  2 0 . 3  View-1), and t h a t  on 
t he  s t a i n l e s s  s t e e l  w a s  %hill and yellowish (views-2 and - 3 )  while t h a t  
on t he  mild s t e e l  samples was bluish-black (views-4 and -5) .  The f i lm 
w a s  r e m o v e d  with 410 emery paper and found t o  be very tenacious, 
which agrees with r e s u l t s  of bend t e s t s . l  - 

MATERIALS TESTED 

Compos.ition (pe r  cent  ) 

~l o -7.8? (nominal.) 
2 3  

C-.08 m a . ;  Mn-2.0 m a , ;  
Si-1.0 max.; ~r-18; N i - 8  
(nominal) 

C - ~ 0 8  max.; M-2.0  max.; 
> . ~r-18; Ni-10 (nominal ) 

C- .lr; Cr-1.25; Mo-0.5; 
Si-0.75; Mn-0.45; Fe-bal. 
(nominal ) 

C- .17; Mn- .48; P- .017; 
S-. 028; Si-  .15; Bal. Fe 

The maximum weight addi t ion occurred during t he  f i r s t  c@le and 
over t he  remaining nine cycles increased but l i t t l e ,  So t h a t  the  cal- 
cu la ted  wekgh% change  a able 2 0 . 3 ~ )  a f t e r  the  f i r s t  cycle i s  much 
higher than the  m i g h t  change calcuh'ced on tbe  bas3s 05 the  t ~ $ $ l .  
weight gain f o r  the  t o t a l  time. 

\ 
:r 

1. H. E. Kline, N. ,. Gioseffi ,  and W.  N .  Bley, "Dynamic corrosion 
i n  Polyphenyls Under I r radia t ion" ,  Report NAA-SR-2046, May 15, 1958. 



Table 20.34 

CORROSION TEST RESULTS I N  SANTOWAX R AND WATER 

* Total  time includes 18.5 hours i n  organic a t  330 '~  - 350°F, and 
45. 5 hours i n  water a t  330'~ - 35o0I?. 

.h 

e* 

-. 

W 

(a)  Corrosion "ra te"  a s  weight change f o r  comparison purposec only. 
Weight losses  a f t e r  f i lm was removed were comparable t o  weight gain.' 

Material  
and Sample 

M257- A 
- B 

Ty-pe 304- F 
SS - 
Steel ,  
C ~ u l u y  1-1/4- P 

2 6 ~  

* Total  time includes 141 hours i n  organic a t  3300F - 350°F; 5 hours i n  
organic a t  750°F - 8 0 0 ~ ~ ;  and 190 hours i n  water a t  330°F - 350°F. , 

** Total  time includes 135 hours i n  organic a t  330°F - 3 5 0 ~ ~ ;  4 .5  hours i n  
organic a t  7 5 0 ~ ~  - 800'~; and 183.5 hours i n  water a t  330 '~  - 3500F. 

*H Total  time includes 91.5 hours i n  organic at  330°F - 350'~; 2.5 hours 
a t  750 '~  - 800'~; and 111 hours i n  water a t  330 '~  - 350'~. 

( a )  See below. 
Table 20.3B 

CORROSION TEST RESULTS I N  OMRE-IRRADIATED COOLANT AND WATER 

I 

Material  and 
Sample NO. 

M257- c 
- D 

Type 304- G 
SS - H 

m e  347- M 
SS - N 

Steel ,  A201- K 
- L 

Steel ,  
~ r o l o y  1-1/4- 0 

27A 
.a 

Corrosion 
Rate During 
One Cycle (add)& 

1 .2  
1 .2  

0.0 

0.7 
0.0 

W t  Change 
Aftcr  One 
Cycle (mg) 

+1 
+1 

0 

+1  
0 ,  

- 

Total  Time i n  
Organic and 
Water a t  330'~ - 
350 '~ (hours ) 

64s 
6 4 
64 

64 
6 4 

Wt Change 
After  F i r s t  
Cycle (mg) 

+ 3 
+ 4 
+1 
+1 

0 
+2 

+ 3 
+2 

+4 
+1 

Corrosion 
Rate During 
A l l  Cycles 
(mdd )a 

1. 3 
1 .4  
0.2 
0.2 

0.2 
0.4 
0.7 
0.8 

1.1 
1 . 2  

Total  Time 
I n  Organic 
and Water 
Above 3 3 0 ~ ~  
(hours ) 

336% 
336 

336 
336 

323** 
323 

336 
336 

205- 
336 

W t  Change 
A l l  Cycles 
(mg) 

+5 
+6 

+1 
+1  

+1 
+2 

+6 
+6 

+ 5 
+4 

Corrosion 
Rate During 
F i r s t  Cycle 
(mdd ) " 

20.7 
24.7 

5.3 
5 -  3 
0.0 
2.8 

9 6 
6.5 

9 8 
7.7 



The samples Df able 2 0 . 3 )  cycled i n  O W - i r r a d i a t e d  coolant and 
water a t  330 '~ t o  350'~ f o r  64 hours showed very l i t t l e  f i lm formation and 
ins ign i f ican t  weight changes. The APM a l loy  M-257 samples showed s l i gh t  
local ized f i lm formation and the mild s t e e l  a s l i gh t  brown color.  A 
U-bend specimen placed i n  the  bottom of the  autoclave as  with the Santowax R 
t e s t  a l so  showed ins ign i f ican t  corrosion. 

The U-bend specimen i n  Santowax,.R showed negligible intergranular 
corrosion upon v i sua l  and metallographical examination a t  l O O X  a f t e r  
sectioning, polishing, and etching with an etchant of n i t r i c  and hydro- 
f l ou r i c  acids.  The galvanic couple developed the same type of f i lm as  
i n  the  individual  samples, except i n  the  area under the  bo l t  head-and 
between the  d i ss imi la r  metals, where s l i g h t  p i t t i n g  at tack of the  M-257 
%oolr plaoe . 

The water a f t e r  contacting the organic and samples during tl cy.cle 
w a s  analyzed f o r  chlor ide ion concentration and found t o  contain from 
1 .5  t o  2.2 ppm chlor ide ion. The water a f t e r  contacting the OMRE-irradiated 
coolant contained 1.7 ppm chloride ion. - 
20.400 Discussion. 

I 

The corrosion of conventional s t ruc tu ra l  mater ia ls  exposed f i r s t  
t o  Santowax R and then water a t  3300F t o  750 '~ (organic a t  higher temper- 
a tu re )  i s  r e l a t i ve ly  low and not g rea t ly  d i f fe ren t  from re~u1 t s :~ob ta ined  
i n  in -p i le  and out-of-pile t e s t s  with polyphenylsl a t  550°F t o  6 0 0 0 ~ .  
For example, the  ca lcu la ted~corros ion  r a t e  over a 14-day period i s  given 

I i n  Table 2 0 . 4 ~  f o r  comparison purposes only. These values a re  not s ign i f i -  
can t ly  d i f f e r en t  from those given i n  Table 2 0 . 3  f o r  somewhat s imilar  
mater ia ls  fo r  a comparable period of time, except i n  the  case of aluminum 
a l loys  M-257,and 2s. These values d i f f e r  by l e s s  than a fac tor  of three.  

Table 2 0 . 4 ~  

CORROSION RATES FOR COMPARISON PURPOSES ONLY - 
corrosion Rates f o r  

Material  14-day Period (mdd) 

Type 410 SS . 
( i n  Santowax R )  0.4 

Type 304 SS 
( i n  Diphenyl ) 0.1 

4130 Alloy S tee l  
( i n  ~ e r p h e n y l )  0.4 

ASP4 A7 Carbon S tee l  
( i n  ~ e r p h e n y l )  - 0.9 

, 
2s Aluminum 
( i n  Santowax R )  0.5 

i b 

1. H. E. Kline, N. J, Gioseffi,  and W. N. Bley, "Dynamic Corrosion i n  
Polyphenyls Under Irradiation",  Report Nu-SR-2046, May 15, 1958. 



The i n i t i a l  rapid corrosion ra t e  i s  normal fo r  protective 11m 
formation. Comparison of these i n i t i a l  corrosion r a t e s   able 20. w) 
with data i n  the l i t e r a t u r e  reveals tha t  these ra tes  are  low; e.g., i n  
H20 mild s t e e l  (0.1 $C) at 195OF with negligible C02 and 02 corrodes at 
a r a t e  of 16.4 mdd.? ?he corrosion r a t e  of 99.0$ aluminum alloy2 would 
be calculated as  22.9 mdd f o r  334.5 hours tes t ing  a t  480'~ i n  water. 
The weight gains given fo r  the  s ta in less  s t ee l s  i n  Table 20.3A are 
insignificant.  

The chloride ion apparently does concentrate i n  the water, 
since approximately equal volumes of organic and water were used; but 
the resul tant  concentration would be expected t o  cause s t r e s s  corrosion 
i n  s ta in less  s t ee l s  only i n  those areas al ternately wet with steam and 
water. 

20.500 Summary 

The corrosion of the conventional s t ruc tura l  materials tested 
i n  al ternate  organic-water autoclave t e s t s  was re la t ive ly  low. The 
film formed on the carbon s t ee l s  and aluminum was  protective i n  tha t  
the overal l  corrosion ra tes  were much lower than the i n i t i a l  corrosion 
ra te .  The film formed on the carbon s t ee l s  was  bluish black with no 
Fe203 formation observed. 

The concentration of the chloride ion i n  the replacement water 
of 1.5 t o  2.2 p p  did not produce any indication of s t r e s s  corrosion i n  
the sensitized type 304 s ta in less  s t e e l  U-bend specimens tested. The 
galvanic couple of type 304 SS and M-257 showed s l igh t  p i t t i n g  attack 
of the M-257 under the bol t  head and between the metals where the film 
did not form. 

The corrosion rates  i n  t h i s  section are f o r  comparison purposes 
only. The film was removed with 4/0 emery paper and the wei@t loss  
was  comparable with weight gain (within a factor  of 3). 

1. H. H. Uhlig, "The Corrosion Handbook", 128, John Wiley and Sons, 
19 48, 

2. P. 0. Strom, L. M. Litz andM. H. Boyer, "Reproducibility of 
4.80'~ Sta t ic  Adueous Corrosion of Pure Aluminum", Report LRL-112, 
March 1954. 
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FIG. 20.3A 
CORROSION S P E C I M E N S  FROM ORGANIC-WATER AUTOCLAVE T E S T S  
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