
ATOMIC ENERGY DIVISION 
(UNDER CONTRACT NO. AT (10.1)-265) 

IDAHO OPERATIONS OFFICE 
U. S. ATOMIC ENERGY COMMISSION 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



PRICE $3.50 

Avqilablq from $he 
0hce ef ~e~hn id -~e&"e8 '  ' 

'U. S. Department of Commerce 
Washindon 25, D. C. 

7 LEGAL N O T I C E  

1 Th* report wan prepred as an account of Govul~menr spemmed work. Neithtr s h e  Uaited 
I Stat@, nor the Commislion, nor any pmon acting on behalf of the Commirsion: 

A. Maker any w-ty a representation, express or implied, with nspect to the accuracy, 
campleteneas, or wfulness of the information contained in this report, a that the use of any 
~urwuiuu, ap,lwalur, ureclrurl, ur pruer?r& cliselubd in  &par1 u a y  n& 3 r h g r  privately 
owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damam resulting from the use 
of ajny information, apparatus, method, or process disdoPed h thi, report. 

. As used in the above, "ptmon acting pn behalf of the Commiuion" includca any employee or' 
contractor of the C h s i o n ,  or e m p l o ~ s  of such contractor, to the extent rhat such employe 
or contractor of the Commission, or employee of such contractor pr-, disJmrinates, or 
pro* access to, any inionnation purrWt  to hia employment or contract with the Commission, 
or Bia empioyment wit6 such contractor. 

I 



   1            2



PROPOSAL FOR AM ADVANCED ENGINEERING TEST REACTOR - ETR I1 

D. R .  d e ~ o i s b l a n c ,  Director   arch 17, 1960 

ETR I1 Conceptual Design Group 

R .  L. Barnett  
J .  M. Beeston, Materials  
A. W. Braun 
A.  W .  Brown 
E .  S .  Brown 
E .  E .  Bwdick, EII'RC Experiment 
M. L.  Burkholder 
W .  J .  Byron, Hazards Evaluation 
S .  E. Craig, Heat Transfer  
J .  M.  Crighton 
L-. S .  Cut ler  
G. M .  Davis 
H.  W.  Davis 
R .  M. Eckert 
E. N .  Ekstrand 
D .  W .  E l i son 
R .  S.  F isher  
R .  J .  E'lygare 
R .  M. Fors 

W .  L. Francis 
W .  C .  Francis ,  Fuel Element Design 
S.  R .  Gossrnann 
L. C .  Grant ier  
M. L. Griebenow 
R .  A .  Grimesey 
R .  L. Gump 
F. C .  Haas, U t i l i t i e s  and 

Heat Dissipation 
D. C .  Hanson 
G. H .  Hanson; Co-ordinator and 

Ger~eral Edi tor  
L.  J. Harrison 
0 .  M. Hauge 
J. W .  Henscheid 
G. Homer 
L. I?. H m C  
D. V .  Jensen 
R .  D.  Johns Lull 
L. H. Jones 

F. R .  Kel ler ,  Operations Requirements 
R.  S .  Kern 

*B. H.  Leonard 
J. L. Liebenthal  
W .  S .  L i t t l c  
R .  S .  Marsden, Physics 
P. J .  Marte l l  
K. D. Metcalf 
D.  W.  Mi l l e r  
K. V .  Moore 
D.  R .  Mousseau 
R .  F. M u l l  
K .  A .  McCollom, Reactor Control 
R.  S .  McPherson - 
R .  J. Nertney, Exp. F a c i l i t i e s  
E. C .  Newman, Eng., Design 
K. L. Nilsson 
V .  L. Overstreet  
F. L. Pet ree  
D. L.  Reid 
R. E. Rhoads 
J .  A. Roland 
J .  H. Ronsick 
L.  W .  Scarbrough 
A. M. Schellenberg 
0 .  K.  Shupe 
E. H. Smith 
E. 0 .  Smith 
A .  H .  Spano, Physics 
M .  V .  Stantnn. 
H.  M. Sul l ivan 
B. D.  Tackett  
J. L. Taylor 
J .  M. Waage 

**V. A. Walker 
L. G. Wells 
D. F.  Whitney 
L. R. Woolf 
L. A. Za.1~donis 

ETR I1  consultant,.^ 

M .  H .  Bartz 
E. F. Berry 
J .  W .  Dykes 

"0. J.  ~ l g e r t  
W .  M. Hawkins 
J. R .  Huffrnan 

* In ternuclear  Company 
** Now with AEC Division of Inspection 

- 



THIS PAGE 

WAS HNTENTIBNALLPI 

LEFT BLANK 



PROPOSAL FOR AN ADVANCED ENGINEERING TEST F33ACTOR - ETR I1 

S U M M A R Y  - - - - - - -  
This repor t  presents the  r e s u l t s  of a stud-y which was di rected a t  

providing add i t iona l  experimental loop i r r ad i a t i on  space fo r  t he  AEC-DRD 
t e s t i n g  program. It was a premise t h a t  the  experiments a l located t o  t h i s ' :  
r eac tor  were those t h a t  could not be accommodated i n  the  MTR, ETR o r  i n  
ex i s t i ng  commercial t e s t  r eac tors .  

To accomplish t he  design object ives  ca l led  f o r  a reac tor  producing 
perturbed neutron fluxes exceeding 1015 thermal neutrons per square cen t i -  
meter per second and 1 . 5  x 1015 epithermal neutrons per square centimeter 
per second. To accommodate the  experimental samples, the  reac tor  f u e l  
core i s  four f e e t  long i n  the  d i rec t ion  of experimental loops. This i s  
twice the  length of the  MTR core and a t h i r d  longer than the  ETR core.  

The reac tor  concept herein proposed represents an advance i n  t e s t  r e -  
a c to r  technology and can be expected t o  contr ibute  a subs t an t i a l  body of 
information t o  reac tor  development as  has been the  case with t he  MTR and ETR. 

The ver-tical arrangement of reac tor  and experiments permits the  use of 
s t r a i g h t  and v e r t i c a l  loops penetra t ing the  top  cap of the  reactor  vesse l .  
The design of fe r s  a high dcgree of a c c e s s i b i l i t y  of the  ex t e r i o r  port ions 
of the  experiments and o f f e r s  very convenient handling and discharge of 
experiments. Since the  loops a re  t o  be in tegrated i n t o  the  reactor  design 
and the  i n -p i l e  po r t i ons - in s t a l l ed  before reac tor  s ta r tup ,  it i s  f e l t  t h a t  
many of the  problems encountered i n  MTR a i~d  ETR experience w i l l  cease t o  
e x i s t .  I n s t a l l a t i o n  of the  loops p r io r  t o  s t a r t u p  w i l l  have an added ad- 
vantage i n  t h a t  the  f lux  var ia t ions  experienced i n  experiments i n  ETR 
every time a new loop i s  i n s t a l l e d  w i l l  be absent.  

ETR I1 (formerly ca l led  ETR IV) has a core configuration which 
provides e s s e n t i a l l y  nine f lux- t rap regions i n  a geometry which i s  almost 
optimum for  cy l i nd r i ca l  experiments. The geometry i s  s imi la r  t o  t h a t  of 
a four- leaf  clover with one f lux  t r a p  i n  each l e a f ,  one a t  the  i n t e r -  
sect ion o f  t he  leaves,  and one be twe~n each p a i r  of leaves .  l'he nominal 
power l e v e l  1s  250 megawatts. 

- 
This study was ca r r ied  out i n  enough d e t a i l  t o  permit the  es tab l i sh-  

ment of the  design parameters and t o  develop t he  power requirement which, 
conservatively r a t ed ,  w i l l  d e f i n i t e l y  rcach the f l ux  spec i f ica t ions .  A 
c r i t i c a l  mockup of an arrangement s imi la r  t o  ETR I1 was loaded' into t he  
Engineering Test Reactor Cr i t i ca l  Fac i l i t y .  A twu-dimensional calcula t ion 
uf t h l s  a c tua l  t e s t  provided a confirmation of v a l i d i t y  of these computer 
techniques i n  predic t ing the  behavior of t h i ~  rcacko~.  . 

r 
The study of the  remainder of  t he  p lan t  layout and the  engineering 

performance of the  plant  incorporated the  l a rge  body of t e s t  r eac tor  ex- 
perience developed a t  the  MTR and ETR s i t e .  This design contemplates an 
in tegrated,  s e l f - su f f i c i en t  s i t e ,  including a l l  service  f a c i l i t i e s  
required f o r  the  operation and maintenance of the  reac tor  and experiments. 
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. ,:.. ' 1.1 H i s t o r i c a l  . . , , . : ,  , 
. . 

On August 5, 1959 P h i l l i p s  Petroleum Company was asked t o  undertake 
t h e  conceptual design of an  advanced engineering t e s t  r e a c t o r  capable of 
s a t i s f y i n g  t h e  needs of t h e  Division of Reactor Development f o r  a d d i t i o n a l  
high f l u x  i r r a d i a t i o n  space. P h i l l i p s  was asked t o  examine and employ 
t h e  most advanced technology ava i l ab le ,  and t o  b r ing  f o r t h  a des ign-wi th  
s u f f i c i e n t  f l e x i b i l i t y  and f l u x  c a p a b i l i t i e s  t o  meet Lhe Commission's 
needs f o r  some time t o  come. This r epor t  i s  a t echn ica l  desc r ip t ion  of 
t h e  r e s u l t i n g  r e a c t o r  designated ETR II.* 

Previous studies1-lo concerning advanced t e s t i n g  reac to r s  were care-  
f u l l y  reviewed beforc  deciding t h e  d i r e c t i o n  t h e  design should t a k e . = '  
The most d e t a i l e d  s t u d i e s  were those  c a r r i e d  out  under AEC con t rac t  i n  ' 
1956 and 1957. These s t u d i e s  included many advanced r e a c t o r  types, 
ranging from a heavy water homogeneous system t o  t h e  l ight -water  moder- 
a t e d  f lux- t rap  system. A l l  of these  s t u d i e s  were d i rec ted  a t  providing 
high f luxes  i n  l a r g e  loop f a c i l i t i e s .  This r e a c t o r  i s  aimed a t  providing 
extremely high f l u x  environment f o r  a m u l t i p l i c i t y  of high-pressure lonps 
whose g r e a t e s t  sample diameter i s  about 2 i n .  I n  t h i s  study, an at tempt 
hafi been made t o  b r ing  a f r e s h  viewpoint t o  t h e  problem. The c y l i n d r i c a l  
symmetry of t h e  experimental loops, t h e i r  small  diameter and t h e  l a r g e  
number of samples t o  be  i r r a d i a t e d  a t  one time were f a c t o r s  which 
s t rong ly  influenced t h e  choice of t h e  r e a c t o r  type. 

Operat ional  experience i n  m u l t i - f a c i l i t y  r eac to r s  such a s  t h e  MTR 
and ETR s e t  an  upper l i m i t  of loops a t  about nine, t o  avoid an  unduly l a r g e  
amount of down t ime.  I n  a program where many samples a r e  being i r r a d i a t e d  . 
simultaneously, each with a reasonable chance of f a i l u r e  and i n  which 
each sample i s  capable of causing t h e  r e a c t o r  t o  be shut  down, downtime 
becomes a dominant f a c t o r .  ETR I1 i s  considered a reasonable compromise. 

1 . 2  -C-hoic'e of Reactor 'Type. , . .  

I n  considering t h e  r e a c t o r  desjgn, var ious  combinations of r e f l e c t o r  
and moderator mate r i a l s  were evaluated.  It was necessary t o  make some 
a r b i t r a r y  s e l e c t i o n  where comparative s t u d i e s  showed more than one system 
t o  be promising. For example, l i g h t  water,  heterogeneous reac to r s  were 
chosen i n  preference  t o  homogeneous types,  i n  s p i t e  of t h e  super io r  hea t  
removal s i t u a t i o n  i n  the: l a t t e r ,  because of the'develupment problems i n  

-x Designated ETR IV i n  1111-16555. 
+H+ Appendix 8.2, 

NOTE: References 1-12 a r e  given a t  end of Sect ion 1 .0 .  

/ 



t he  homogeneous system. These problems were considered so formidable 
t h a t  the Fluid Fuel Task Force of the AEC, i n  t h e i r  report of February 27, 
1959, did not consider t h i s  type ready fo r  power applications i n  the  near 
fu ture .  

Light-water moderated and cooled, p la te  type systeins were:khosen 
and advantage was taken of the power density reductions possible with 
the  f lux  concentration pr inciple  (flux t r a p ) .  The use of the flux t r ap  
lowers the  power density t o  an extent tliat sa t i s fac tory  fuel.elements 
can be fabricated with .a l imited amount of metallurgical .development. 

, Other designers of high f lux  reactors have reached similar conclusions 
regardi-ng the cl101cw of o y ~ ~ t e m a , ,  a f t e r  they a lso  considered use of Be, DiO, 
H20, and C .  The Argonne H i g h  Flux ~esea , rch  ~ e a c t l j y l - ~ ,  ihe  Oolr Rirl.ge H i g  
Flux Isotope ~ e a c t o r l o ,  and the  .Advanced Engineering Test Reactor proposed ' 

by t h e  Internuclear . ~ o m p a n ~ l l  a l l  employ l i g h t  water a s  moderator and , 

f lux-trap material  and .are  heterogeneous. 

A system cooled and moderated by H20, with beryllium as the.externa1 
and in t e rna l  re f lec tor  .was -considered.8 With clean beryllium, f a s t  and 
thermal fluxes equal t o  those .obtained with the H20 sys tem~resul t  i n  a 
reactor  having a.lower operating power. However, beryllium was not se- 
l e  t ed  as  a .flux-trap material  because of the .deleterious buildup of 8 L i  , He3, He4, H3 i n  the Be due t o  (n,CX) reaction of the  f a s t  neutrons 
on beryllium. 

For the  convenience of the reader, the important properties and 
parameters of the selected design, and of the  plant, a r e  collected i n  
Tab1 es 1 . 3 A  and 1.3B. The design vel-ocity of 44 f t /sec (see Table 1.3) 
contains allowances f o r  a l l  non-uniro-rmities i n  heat generation i n  the 
reaclor,  f o r  the hot spot - hot channel analysis i n  heat trarlsfer cal-  
culations and f o r  a l l  uncertainties l a  the2physics calculations which 
would a f f e c t  the nomirlal power. This veloci ty  1s lower than the veloci ty  
of 50 f t /sec used i n  IDO-16555 because a13 of the physic8 data i n  
1B3-16555 w e r e  n o t  available when it was necessary t o  freeze the  1959 
ra t ing  of the primary coolant system. 



TABLE 1.3 

ETR I1 DESIGN SUMMARY 

Reactor Configuration Four -Lobe 

. . . . . .  Length of Reactor Core, f t  . . .  . . - .  . . .  
(' ....... _-. 

Power Level ( ~ o m i n a l ) ,  My . s .  . ;; 1;;. , ' . . . . : . . - .  . .. 
. . . . . . . . . .  . . . . . . . . .  

Fuel Region Volume, L i te r s  

. - . . . . . .  Fuel Loading, ' .  kg 'U-235 . .  ' 3 6  

Estimated Operating Cycle, Days 30 

Power Density, ~ w / ~ i t e r  
Maximum ' 

Average 

Ver t i ca l  Power Dis t r ibut ion,  
bkximum-to -Average 

.Radia l  Power Dis t r ibut ion,  . . ,  . 

%ximum-to-Average 1.56*** 

' F u e l  Annulus Metal-to-Water Ratio 0.75-0.80 
. . .: . 

,Typical  Fluxes i n  Experiments* 
mimum Thermal** . . : . 0.8 x . 1 0  15  

' . ,  ' 

mximum > .6 ev 1 . 5  x 10 15  

. ' . . .  
Primary Cooling Water 

Flow, Rate, gpm . . .  . . 
. 30,000 

Velocity i n  Fuel Channels, f t / s ec  
0 . . .  

&!I 
v ', ' Inlk't . . . .  , . . . . .  . . F ,130 ,. 

I n l e t  Pressure, p s ig  300 
. . .  Reactq+:*t, .. OF-' : : . . . . .  i ' ?  

. , ,. , ,  

5 7 
. . .  Core ' ~ r e s i u r k '  Drop', p s i . .  . .  92 . , . . .  

. . .  . , 2  . . .  . '  ' . " I ,  ' I '  . ::. : . . . . . 

* Since t h e  manner' i n  wh.ich t h i s  t e ~ t  reac tor  rueeLs .the reciuirements of 
each of t h e  intended experiments cannot be shown i n  t h i s  abbreviated 
tab le ,  t h e  reader i s .  r e fe r red  t o  Sections 2.0 and 3.0. 

** These a r e  not t h e  maximum a t t a inab l e  f luxes,  but  r a the r  represent 
f luxes  a t t a ined  i n  p a r t i c u l a r  experiments chosen a s  examples. 

**Vhese values do not contain t he  1.15 f ac to r  (see Fig.  3 1 4 ~ )  which 
allows f o r  f l ux  peaking near t he  s i d e  p l a t e s .  . 



; ,  

DESIGN SUMMARY .. OF . ... UTILITIES* 
.. . . . 

. , - ,  ." 

Raw Water 3000 gpm 

Demineralized Water 150 g p m  . 

. . . . 
Steam, 135 psig 20,000 lb/hr 

Plant and Instrument Air 600 scfm 
. . .  . . . 

. . 
Electric Power 

Cnmmercial, 132 kv ' ' 15,000 kva . , 
8 ,  

. . . . . . F8.i Lure-Free , 41-60 volts . . 1500 kva 

Hot .Waste StoYage 
. , 

1.5.,000 gal 

. . 
Hat WGte Treatment (~esin Beds) 50 g p m  

Gs~eous Waste Disposal . . 8O,pj~,scfm , . . 

solid Waste Burial Ground 25 acres 
.--A . . . , 

* The above figures are normal maximum utility requirements which serve 
as khc  criteria for i ndivi-dual system design. They do not, however, 
reflect total system capacity when considering spares, *sLaud-by unltc, 
etc. ' 



1. 0 .  J. Elger t ,  C .  F.  Leyse, D. G. O t t ,  "Preliminary Inves t iga t ions  
f o r  an Advanced Engineering Test  Reactor", In te rnuc lea r  Company, 
Inc . ,  Clayton, Missouri, Report AECU-3427, February 22, 1957. 

2. R .  G. I'kllon, J. Saldick,  R .  E. Gibbons, "Conceptual Design of an 
, Advanced Engineering Test  Reactor", Advanced S c i e n t i f i c  Techniques 

Research Associates, Milford, Connecticut, Report NYO-4849, 
March 1, 1957. 

3. "A Se lec t ion  Study f o r  an Advanced Engineering Test .ReactorH,  
Aeronutronic Systems, Inc . , "A Subsidiary of Ford Motor company", 

. .  Glendale, Cal i fornia ,  Report AECU-3478, March 29, 1957. 
. - 

4. . . "A Conceptual Design Study of an Advanced Engineering 'Test Reactor1', 
' Research Divis io~,Cur t iss-Wright  Corporation, Quehanna, Pennsylvania, 

Report CWR-464.  e el. ), May 1, 1957. 
. ,  

5. .C- .  . F. Leyse, B.. H. Leonard, Jr., "Preliminary Inves t iga t ions  f o r  a n .  
-.Advanced Engineering Test  Reactor", In te rnuc lea r  Company, Clayton, 
Missouri, Report AECU-3427 ( ~ d d .  ) , A p r i l  16, 1957. 

6. W .  L. c a r t e r , '  e t  a l . ,  "Design Study of an Advanced Test  Reactor - 
Reactor Design and F e a s i b i l i t y  Study", Oak Ridge School of Reactor 
Technology, Oak Ridge, Tennessee, Report CF-57-8-5, August, 1957. 

7. J.. R. HufI'mn, W .  P. Connor, .G. H. Hanson, "Advanced Test ing Reactors", 
P h i l l i p s  Petroleum Company, Idaho F a l l s ,  Idaho IID-16353, May 28, 1956. 

8,  R .  J. Howerton, G. H.  Hanson, W .  P. Connor, "Parameters of High Flux 
Test ing Reactors", P h i l l i p s  Petroleum Company, Idaho Fa. l ls ,  . Idaho, 
Report 110-16406, August 23, 1957. 

9. Marvin McVey, e t  a l . ,  "Evaluation of an  Advanced Engineering Test  
Reactor Design", American-Standard, Atomic Energy Division, American 
Radiator  and Standard San i t a ry  Corporation, Mountain View, Ca l i fo rn ia  
Report ASAE-S-IJ., J u l y  15,  1958. 

10. James A .  Lane, "The Design and Need f o r  Ul t ra  High Flux Reactors", 
,Oak Ridge National  Laboratory, Oak Ridge, Tennesseej Paper presented 
a t  t h e  Symposium On Experiences i n  t h e  Use of Research Reactors, 

. Harwell, England, ,June 11, 1959- 

11. C .  F. Leyse, e t  a l . ,  "An Advanced Engineering Test  Reactor Design", 
In te rnuc lea r  Company, Inc., Clayton, Missouri, Report AECU-3775, 
March 15,  1958. 

12. L. E. Link,, e t  al. , '  IfArgonne High-Flux Research Reactor - AHFR Con- 
ceptua1,Design .Studyf', Argonne National  Laboratory, Lemont, I l l i n o i s ,  
kepor t  ANL-5983, June, 1959. 

- 1 3  - 



'REACTOR CORE DESIGN 

In  order  t o  design a core bes t  su i t ed  t o  f i t  the  experimental require-  
ments, it w a s  necessary f i r s t  t o  determine desi rable  and undesirable reactor  
core f ea tu r e s .  As  has a l ready been s t a t ed ,  concepts involving features  
such a s  homogeneous f u e l  and t he  use of plutonium were considered undesira- 
b l e  i n  view of  the  l imi ted  present day s tage of the  ar t .  To achieve a 
r e l a t i v e l y  l a rge  amount of t e s t  space and e f f i c i e n t  absorption of neutrons 
i n  experiments, t he  ETR I1 design ( ~ i ~ .  2 . 0 ~ )  features  a high leakage core, 
re -en t ran t  core geometry, f l u  trapping, and a favorable geometrical 
arrangement of the  f u e l  around the  experiment. 

With, t he  four-lobe reactor ,  many o f ,  t he  advantage's of the  s ingle  
annu3.1.1.s fl..ux trap have been preserved and add i t iona l  f l ux  t r aps  have been 
provided thus g r ea t l y  illcreasing the  a,va,ila'ble tes t ;  space pel- reac tor .  , 

Furthermore, the nuclear coupling reduces the  mass of  f iss ionable  mate r ia l  
needed f o r  c.r j . t , jcal i ty below t h a t  rkquired i n  fol.rs separate s ing le  annulus 
reac tors  . The philos'opny of L11e ~ u c r l t i - l  obc roactor  S n w  eeclroet17?r ia: 
appl icable  t o  essen.tiall,.y any number of f u e l  lubes .  The fo&-lobe reac tor  
with i t s  nine exce l len t  experimental locat ions  was se lec ted  because ,it 
provides t he  optimum r a t i o  of good experimental posi t ions  per f u e l  iobe 
and"a reasonable number of loop f a c i l i t i e s .  

- 2 . 1  Fuel  Disposit ion 
7 .  

Fuel elements whose cross sect ions  a r e  segments of a c i r cu l a r  . 
r ing'  a r e  arranged . t o  form four  p a r t i a l l y  complete right cylindrical.  
shells,., o r  annuli  of fue l ,  so  oriented t o  one another t h a t  they may 
be connected together  by four other  , p a r t i a l l y  complete annuli  of f u e l  
thus 'forming a continuous serpent ine .  f u e l  configuration.  

The l i g h t  water f i l l e d  space within the  f u e l  configuration 
provides f i v e  very a t t r a c t i v e  f lux traps--one i n  t he  center  of each of 
t he  Pour lobes and one i n ' t h e  center  of the  t o t a l  f u e l  configuration 
as de:fined by the  convex surfaces of t he  connecting f u e l  elements. The 
concave surfaces  of these  same connecting elements provide f o u ~ .  addi-  
t i o n a l  valuable t e s t  spaces. The desi red f l u  spectrum i n  each' loca t ion  
i s  achieved, by varying t he  metal-water . r a t i o  (by means of aluminum f i l1e . r  
p i ece s )  i n  the  f lux- t rapping re.gion between the' f u e l  and the  experiment. 

2.3 Reflector Arrangement 

Several  r e f l e c t o r  schemes a re  p r ac t i c a l .  One method u t i l i z e s  
a two region heavy water system. The f i r s t  region cons i s t s  of annular 
tanlrc of heavy wetm- which p a r t i a l l y  surround each f u e l  lobe and thus 
may be used fo r  con t ro l .  The second region i s  only a contirluatlvll of 
t he  heavy water t o  the  required r e f l e c t o r  th ickness .  The use of a D20 
r e f l e c t o r  imparts important k i n e t i c  proper t ies  discussed i n  Section 6.0'. 



A second reflector acheme also util izes t w ~  reglans, the first 
of which may be wed for control ma eowists  of heavy water cooled 
beryU_iurn piecee outlining the periphery of the core. The second region 
surrounds the first and consists of an t3zxwlus of  light aater. 

2.4 Reactor Control 

As shown is Eig. 2.O& a safety controll blade is loeat& at 
the neck af each l ~ b e  aa w e l l  as borsted DeO shim eentrol tubw, Ptwtially 
eurr~ugdlag each lobe i s  an individual berated heavy water =@OR for 
shim control. Bryllfum reflector pieces partially ~lurnmritl the external 
test spaces asd are in twln rturraunded by the heavy water reflector. 
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. . . 3..O REACTOR PHYSICS . . .  
, . . . : .  . , . . .  

. . . .  . ,- 
.; 3.1. Scope. and Ob jecti,ves . . . . . . 

This s.ection presents p a r t  of the reactor  physics s tudies  carr ied 
out dur'ing the course of t h i s  conceptual design. The aim of the  work has 
been t o  develop enough information' to"permit se lect ion of a core geometry 
which, while known not t o  be' optimized, .is: knpwn t o  be capable of meeting 
the fluk and spec t ra l  r'eqirirements ' of the assigned .experiments. 

. . .  . . . . . . . . . . . . . .  . . - .. .., . 

: The:calculations for  .JTCR 1I"were made by two-group diffusion theory 
using the 1.m-704 PDQ two-dimensional code. A number of supporting s tudies  
were made on +,oneTdimensional model of an individual f lux  t rap.  Flux 
measurements were made:.in. .the Engineering Test Reactor C r i t i c a l  Fac i l i t y  
on .a.mockup of. a. f i ve  .flux-trap version .of the  ETR. These measurements 
provided ag,experimental ver i f ica t ion  o f . t h e  computational methods and 
ju s t i f i ed  the  assumption t h a t  each.,region can 'be approximated by a .  
cy l indr ica l  f lux  t rap .  Constants fo r  the  two-dimensional calculat ions  ; 
were developed using MUFT and DONATE routines.. Constants for  the  one- 
dimensional studies-were obtained from t ab les  .and- semi-empirical formulas. 

Previous s tudies  on high f lux reactors  by P h i l l i p s  Petroleum Compan 
and others have been used t o  r e s t r i c t  the range of var iables  considered. 1,293 
The'work of Internuclear Company has been par t icu la r ly  valuable for  t h i s  
purpose. 4'5 . . . . . . . . .  . . 

. . . - ' I  - . . , . . . 
,132 , , , , ~ ~ k i s  f o r  select ion . . 

. . . . .  . . 
' 3 - 2 1 .  - ~ e i e r a l  Considerations ... . . . . 

. . . .  . . . . . , . . . .  . . . . 

, . I n  t h i s  section.  a description i s  gl:ven of the  parametric s tudies  
. .  which, formed , a  bas i s  . fo r  determining . a  reactor  arrangement capable of .  

groviding the requis i te  high f a s t  and thermal f l u e s  i n  the  tes t . ' spaces '  
of the Engineering Test  Reactor I1 .(ETR.II) .  The f i s s ion  power.derisities, 

1. R .  . J. Howerton, .. G .  : H .  Hanson, W. P.. Conner, "Parameters o f .  High F l w  
Testing .Reactorsw, 1.~0-16406, Awust 28, 1957. 
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Study", CF-59-2-65, March 20, 1959.. . .  . . 
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March 15, 1958. 
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f a s t  f lux leve ls ,  and . .  fas t - to- thermal ' f lux . .  r a t i o s  selected a s  the  design 
object ives  for  t h i s  t e s t  reactor  a r e  summarized i n  Tables 3.2A and 3.2C. 
These values a r e  considered t o  be the requirements t o  be'met by the reactor.  

. . .  . . DESIGN OBJECTIVES FOR MIR I1 - . ' 

For calculat ional  purposes, two geometrically similar 
reference reactor  models were adopted, which were characterized primarily 
by the  thickness of the  annular core region. Core thicknesses considered 
were 2 i n a n d  3 i n .  Study of these two cases provided design information 
of the e f f ec t s  on maximum power density, fuel  loading and requis i te  system 
power leve l ,  due t o  changes i n  core thickness. I n  the  act,ual conceptual 
design, described i n  Sectian 2.0, t . h ~  selerted core thiukncoo ui' P.5 i r l B  

represented a compromise between the flux-trap advantages of the  thinner . 
f u e l  arlrlulus i n  reducing t o t a l  power requirements and the  decreased power 
density and heat removal problems of the  thicker  core. 

' Loop Type 

A-1 

A-3 

A-5 . 

The reference calculat ional  cores were taken t o  be 4 f t  i n  
length,  with end r e f l ec to r  regions consist ing of H20 and aluminum 
s t ruc tu ra l  material. The cross sect ional  composition s t ructure  was 
considered constant i n  the  a x i a l  d i rec t ion  so tha t ,  f o r  a specified 
a x i a l  buckling, solution of the  few-group diffusion equations reduced t o  
a two-dimensional diffusion calculation.  The calculat ional  r e su l t s  
obtained correspond t o  a group-independent a x i a l  buckling of 0.00043 cm-*; 
t h i s  i s  computed from the  physical core height of 121.9 cm and an estimated 
a x i a l  r e f l ec to r  savings of 15 cm, which r e s u l t s  from the A1-Hz0 axial, 
r e f l e c t o r  and end e f f ec t s  of the r a d i a l  D20 re f lec tor .  

Review of Calculatiorial Procedufe 

Nominal 
Loop I 

Diameter, 
i n .  

2 

2 

2 

The calculat ional  procedure c0nsidered.a simplified reactor  
model with..a r ad i a l  cross section having quarter-section r e f l ec t ive .  
symmetry. The assumptions of an equivalently.bare co re ' i n  the ax i a l  

Total  
Length, 

f t  

6 
6 

6 

Fission Heat 
i n  Test 

Specimen, 
' ~ w / g  U-235 r 

30 

15 
10 

Bast, N ~ u t ~ r o r r  
Flux, 

2 
1015 n/cm -sec 

1.0 

1 . 5  
1.0 



di rec t ion  and of separab i l i ty  of t he  a x i a l  and r a d i a l  f l ux  d i s t r i bu t i ons  
reduces t he  three-dimensional two-group neutron di f fus ion equations t o  a 
two-di mensi onal set,, whi ch can be solved conveniently by appl icat ion of 
t h e  IBM-704 PDQ code. This code computes the  eigenvalue, t h e  f l ux  
d i s t r i bu t i ons  and t he  f i s s i on  source d i s t r i bu t i on  throughout the  core, 
and from a knowledge of the  source d i s t r i bu t i on  t he  peak and average 
power dens i t i e s  a r e  obtained. Tabulations of t he  PDQ calcula t ions  made 
fo r  the  conceptual study a r e  given i n  Tables 8 . 3 ~  and 8 . 3 ~ .  For these  
PDQ problems t he  core storage of t h e  computer used permitted a maximum 
of 3750 i n t e r i o r  mesh points .  To describe t h e  unusual geometry of the  
ETR I1 core i n  su f f i c i en t  d e t a i l ,  a square g r id  of 55 x 55 mesh po in t s  
was used t o  cover one quadrant of the  reactor .  The physically curved 
por t ions  of the  core regions were approximated i n  t he  reac tor  model by 
rectangular segments of var iab le  length.  

Two-group reactor  constants were developed by means of  t he  
MUFT I11 and DONATE codes fo r  a l l  r eac tor  compositions with the  exception 
of Be, and D20 and borated water solut ions ,  f o r  which, handbook values 
were u t i l i z ed .  ( s e e  Section 8.31.)  Fast  f i s s i on  e f f e c t s  were included 
i n  obtaining t he  f u e l  constants. 

3.23 Geometric and Compositional S t ruc ture  of t he  Reactor Model 

A sect ion through t he  reac tor  model used i n  t h e  ca lcu la t iona l  
program for  t h e  E!I'R I1 reactor  i s  shown i n  Fig. 3.2A. In  t h i s  f igure ,  
only one quadrant of t he  symmetrical reac tor  model i s  shown; t h e  reference 
case i l l u s t r a t e d  i s  t h a t  of the  2 in . th ick  core,  The 3 in . reference 
core i s  s imi la r  i n  s t ruc ture  t o  t he  2 in .core ,  but  with a s l i g h t l y  narrower 
"neck" region ( ~ e g i o n  11 i n  Fig. 3.2A) and a th icker  core. The 6 i n .  
diameter of t he  f l u x  t r ap  i n . t h e  lobe i s  i den t i ca l  i n  both reference 
models. 

Regions 1, 2, and 3 i n  Fig. 3.2A represent  the  3 in.diameter 
experimental t e s t  spaces a t ,  respect ively ,  t he  center of t h e  reac tor ,  
the  center  of t hc  lobc region, and a t  t h e  outs ide  f l ux  t r ap .  I n  t he  
major por t ion of t he  ca;culations, a s ing le  t e s t  specimen composition 
was assumed fo r  a l l  t e s t  loops, having a metal-to-water r a t i o  (M/w) of 
0.4 and a mean temperature of 200'~. I n  t he  f i n a l  ca lcu la t ions  the  
specimen M/W r a t i o  was increased t o  uni ty  and t he  e f f ec t i ve  neutron 
temperature increased t o  400'~ because of changes i n  t he  experiments 
assumed t o ' b e  i n  t h e  loops. I n  est imating t h e  e f f ec t i ve  neutron tem- 
perature  of neutrons captured i n  the  t e s t  specimen fue l ,  consideration 
must be given t o  t he  f a c t  t h a t  on a volumetric b a s i s  most of t h e  neutrons 
captured i n  t he  specimen fue l  su f f e r  t h e i r  l a s t  s ca t t e r i ng  co l l i s i on  i n  
t h e  200 '~  f lux- t rap moderator annulus region r a the r  than i n  the  650 '~  
t e s t  c e l l  region. I n  addi t ion,  the  number densi ty  of hydrogen s c a t t e r e r s  
i s  g rea te r  i n  the  surrounding annulus than i n  t he  t e s t  hole. With 
allowance made f o r  some spec t ra l  hardening i n  t ravers ing  t he  s t a i n l e s s  
s t e e l  pressure tube,  an e f f ec t i ve  t e s t  c e l l  neutron temperature i s  
estimated whi  r h  i s  mnre near ly  equal t o  the  median temperature of t h e  
two regions. For these  reasons, a temperature of 400 '~  has been applied 
i n '  obtaining t he  two-group constants f o r  t h e  t e s t  c e l l  compositions. 



Region 4 i s  t he  curved fue l  region of t h i cknes s ' equa l ' t o  2 ,in. 
The fue l  composition. cons i s t s  of a homogenized mixture (M/W = 0.69) .0f  
enriched uranium-aluminum f u e l ' p l a t e s  and. l i gh t 'wa t e r ,  a t  a . temperature of 
200'~. Four d i f  gerent  f u e l  concentrations were considered: 20, .30, 40, 
and 50 weight per  cent  of 93.2 per  cent enriched U i n  t he  U-A1 meat a l loy .  

The e n t i r e  r e f l e c t o r  region surrounding t he  core i s  shown 
divided i n t o  t h r e e  pa r t s :  an inner  1 i n . t h i c k  r e f l e c t o r  adjacent t o  t he  
core (Region 5 ) ,  an intermediate 3 in . th ick  r e f l e c t o r  region (Region 6 ) ,  
and an outer  18 in . t h i ck  D20 r e f l e c t o r  (Region 7 ) .  Generally, however, 
Regions 5 and 6 were t r ea t ed  compositionally together a s  a s ing le  region. 
Ref lector  compositions considered consisted of H20, D20, and a mixture 
(M/W ,m 11.0) of Ec and D20. For c a l e ~ a t i a n a  involving 1~oisu1lt.d rel'lec Lurs , 
sa tura ted  solut ions  of borated heavy water were used. 

Expl ic i t  moderator annular regions were defined surrounding 
eadh of t he  t e s t  'holes t d  permit individ.ual. specif icat ion of t he  moderator 
compositions occupying these  regions. This allowed fo r  adjustment of the 
fast- to-thermal f l ux  r a t i o  i n  t he  t e s t  holes by varying the  M/W r a t i o  of . 

t h e  moderator mater ia l .  The combination of t e s t  loop space and surrounding 
moderator annulus cons t i t u t e s  the  f lux- t rap uni t .  Regions 8, 9, and 10 
a r e  t he  respect ive  f lux- t rap moderator regions f o r  t he  center ,  lobe and 
s ide  experimental spaces. The inher moderator Region 11 a t  the  neck of 
t he  lobe was a l s o  regional ly  specif ied i n  order t o  inves t iga te  i t s  effec-  
t iveness  a s  a con t ro l  region. Flux-trap moderator compositions considered 
consisted of H20, Be + D20 (M/W = 4) and A1-H .O mixtures with M/W r a t i o s  
~r 0.11 1.5. 2 

The annular Regions 12, 13, and 1 4  represent the  s t a i n l e s s .  . 

s t e e l  pressure  tubes fo r  t h e  t e s t  loops. Tn part.i.cl1.1 ar th.c ha l f -  
cylinder Regions 12 and 13 contain s t a i n l e s s  s t e e l  or  d o - s t a i n l e s s  s t e e l  

10 (1.25 weight per  cent B ) compositions. By a l t e rna t i ng  t he  s t a i n l e s s  
s t e e l  and B~O-s t a in l e s s  s t e e l  composition of . these  regions, t he  control  
worth of r o t a t i ng  rods i n  t h e  s i de  regionswas invest igated.  

An add i t iona l  means of rapid  reac tor  control .was a l s o  considered 
using cadmium blades located i n  t he  neck region of the  fue l .  These blades, 
represented by Region 15, ca lcu la t iona l ly  amount t o  fuel-bearing rods, 
s ince  they a r e  replaced by fue l  mater ia l  when withdrawn from the  core. 
Since t h e  blade region i s  small, however, t h e  fuel-bearing character  of 
t he  con t ro l  blades i s  of l i  t,t,l-e importance i n  the  calculations.  

3.24 Effect  of Core Loading on Reac.tivity 

The calcula ted r e s u l t s  f o r  the  .dependence of  keff .on t he  U-235 
concentration i n  t h e  f u e l  a r e  summarized i n  the  two curves of Figure 3.2B: 
A curve i s  given fo r  each reference core thickness. -.To compare the  
r e s u l t s  . fo r  both cores, t he  keff values of t he  3 in ,  case have 'been 
adjusted t o  make i t s ' r e a c t o r  conditions, as ide  from t h a t  of core thickness,  
i d e n t i c a l  t o , t h a t  of the  2 in.core.  .The 7 per  cent  d i f ference i n  keff at 
30 weight.per cent  concentration i s  due t o  t h e  presence of t he  addi t ional  
f u e l  inventory a r i s i n g  i n  t h e  case of t h e  th icker  core. The slopes o f .  



both curves a t  30 weight per cent concentration a re  nearly iden t ica l ,  
indicat ing t h a t  changes i n  f u e l  concentration have approximately the same 
e f f ec t  f o r  e i t he r  core thickness. I n  Figure 3.2C the re la ted  p l o t  of 
keff a s  a function of core loading i s  presented. The smooth t r ans i t i on  
shown here between the curve fo r  the  2 i n c o r e  and t h a t  for  the  3 in-core 
shows t h a t  the r eac t iv i ty  for  a given core inventory i s  r e l a t i ve ly  
independent of core thickness for  the  range of core thicknesses 
investigated.  

3.25 Core Thickness Effects  

The r e s u l t s  of the  previous section show t h a t  the  fue l  
density sequirements fo r  ETR I1 do not present obstacles t o  the  
acceptance' of the 2 in. core thickness since the estimated excess 
reactivi'ty.requirements.of 21 per cent (keff = 1.27) can be met i n  
t h i s  case by a fue l  density of 4 0  weight per cent, a value consistent , 
with ex is t ing  fue l  element technology. For t h i s  reason the nuclear 
c r i t e r i a  the  select ion of core thickness r e s t  primarily on 
examinatton of the  changes i n  power density.and i n  the  avai lable  t e s t  
loop fluxes a s  the  core .thickness i s  varied. 

Calculations performed for  several  reactor cases show t h a t  
the  avai lable  fluxes per megawatt of reactor power i n  the  t e s t  holes 
increase s ign i f ican t ly  with decreasing core thickness. For thermal 
t e s t  loop fluxes i n  the 2 in .core ,  an increase of 4 0  per cent i s  
obtained over those for  the  3 in.core,  while for  f a s t  f luxes an increase 
of about 33 per cent i s  found. Thus, the  requis i te  system power l eve l  
required t o  meet the  specified t e s t  f luxes can be decreased by approxi- 
mately 1/3 with the  thinner core. This advantage i s  o f f se t  by the  
s ign i f ican t  increase i n  the  peak power density a s  the  core annulus i s  
made thinner.  Arlalysis of the two-dimensional calculat ional  r e s u l t s  
ind ica tes  t h a t  the maximum power density i s  found i n  the  neighborhood 
of the neck of the  lobe a t  the  in te r face  between core and neck-moderator. 
I f  the  moderator consis ts  of H20, a decrease i n  core thickness from 3 
t o  2 i n . r e s u l t s  i n  a 50 per cent increase i n  peak.power density.  I f  the 
moderator composition consis ts  of Be + D20, with M/W = 4, the  increase 
i n  peak power density i s  s t i l l  l a rger ,  approximately 60 per cent. On 
the  other hand, for  a moderator'composition of A 1  + H20 the increase i n  
peak power density with decrease i n  core thickness may be expected t o  
be smaller than the 50 per cent value for  pure H20 -- the  amount depending 
on the M/W r a t i o  of the  moderator. I n  addit ion,  for  a given core thick- 
ness the  peak power density may be lowered by borating the neck-moderator 

' 

region ( s e e  Section 3.26). 
. . 

.The calculat ional  r e s u l t s  on the ETR I I o n  the changes i n  
t e s t  loop ' f luxes  and i n  power density with changes i n  core thickness 
a r e  cons%stent with the r e s u l t s  of suppl&mentary one-dimensional 

. . calculations.  



3.26 Reactor Control Effects  

3.261 Reactivity Worth of Cadmium Blades 

The use of cadmium blades, a s  regulating control  rods 
o r  a s  a means of providing f a s t  shutdown, was studied by determining the 
t o t a l  worth of black blades located i n  a representative region of 
importance i n  the  core but e f fec t ive ly  f a r  from the t e s t  spaces. Calcu- 
l a t i o n s  were made fo r  the  2 and 3 in.cases with the blades located i n  
t he  neck portion of the  core between the center and lobe flux-trap 
regions. The r e s u l t s  show reac t iv i ty  difference,  

Ap = k2 -'kl ,- 
k2kl 

between rods-in and rods-out of 6.9 per  cent f o r  the 2 in.core and 
5.6 per cent fo r  the  3 in.core. From these r e s u l t s  it i s  estimated 
t h a t  fo r  an intermediate thickness case of 2.5 in, ,  a t o t a l  r eac t iv i ty  . 
effect iveness  of about '6 .3  per cent i s  made avai lable  by means of control. 
blades . 

With the control  blades located i n  the  neck region of 
the  core, the perturbation on the fast-to-thermal f lux r a t i o  i n  the  three 
t e s t  locat ions  i s  found t o  be l e s s  than 1 per cent a s  the r ~ d s  are 
inser ted  o r  withdrawn. 

A notable e f f ec t  of the  control  blades i s  the general 
s h i f t  of the  reac tor  power d i s t r ibu t ion  from the cen t ra l  region t o  the  
outer  lobe region a s  the  cadmium blades a r e  inserted.  This i s  indicated 
by the  f a c t  t h a t  the  loop fluxes a t ta inable  per megawatt of t o t a l  reactor  
power decrease by approximately 23 per cent i n  the  cen t ra l  reactor region 
and increase by 7 per cent i n  each of the  lobe regions a s  the  rods a r e  
inser ted.  This s h i f t  i s  accompanied by about a 22 per cent decrease i n  
t he  maximum.power density i n  the core, the  1-ocation of the hot spot 
normally occurring i n  the neighborhood of the neck of the core. 

, . 

3.262 .Reactivity Effect  of Rotating Boron-Stainless s t e e l  . 
. . Control Rods 

The r eac t iv i ty  effectiveness of ro ta t iona l  control  
rods located i n  the side flux-trap regions was calculated and compared 
with the  worth of the cadmium blades. The calculation was made by 
a l t e rna t ing  the s t a in l e s s  s t e e l  and B~O-s t a in l e s s  s t e e l  compositions 
i n  Regions 12 and 13. The ~.et,ulLti ubL;;bl~l~g for  the  3 in-reference case , 
only, show a r eac t iv i ty  difference of 2.0 per cent. Within the control  
rod, a t  the  center of the  experimental t e s t  space, the  fast-to-thermal 
f l ux  r a L i u  irlcreases by 6 per cent a s  the  poison half-cylinders of the  
control  rods a r e  rota ted t o , t h e  inner l e s s  react ive posit ion.  

Bccause khe control  rod effectiveness uf Lhe s ide  
ro t a t i ona l  rods i s  about 1/3 of t h a t  of the cadmium blades and because 
the  perturbation on the s ide loop t e s t  f luxes by the ro ta t ing  rods i s  
not  negligible,  the  uEe of cadmium blades i s  a more favorable method 
of exercising f a s t  control .  ' 



EfPects of Borating the Neck-Moderator Region 

Ca$culations of the  effect iveness .of  borating the neck- 
moderator region ( ~ e g i o n  11) for  use a s  a chemical shim conti-01 were made 
for  both reference .cQres. The neck-moderator was poispned using saturated 
borated solutions of''%0 and D20 The calculated r e s u l t s  for  two d i f f e r en t  
li~oderator compositiolis a r e  shown i n  Table 3.2B. 

* 

REACTIVITY WORTH OF BORATED SOLUTIONS 

IN 'km NECK MODERATOR 
.. . . . 

I As:-:discussed above i n  connection with .the cadmium 
control  blades, a s i&,i lar  s h i f t  i n  power d i s t r ibu t ion  t o  the  outer regions 
i s  again f o ~ d  a s  bopated solution i s  introduced i n  the  neck-moderator 
region. I n  , t h i s  case, the  t e s t  l6op fluxes per  megawatt of reaktor power 
a r e  decreased'by a,bo!lt, 20 per  cent' i n  the centr'al t e s t  hole and by about 
9 per  cent i n  the  s ide lo'ops. In  the  lobe t e s t  hole the  fluxes a r e  
increased by, approximately 3 per cent ( s ee  Table 3.2D, Cases 22 and 24). 
I n  a l l  t e s t  regions the change i n  the fast-to-thermal f lux  r a t i o  i s  

'.z 5 per eelit o r  lcoc.  ' .  ' .  
I 

The neck-moderator region i~ of i n t e r e s t  as  an auxi l ia ry  
independent shim control ,  supplementing the borated r e f l ec to r  control  
but having a , response ( inversely re la ted  t o  the  water volumes t o  be 
poisoned) which i s  more rapid than t h a t  of the  slower ac t ing  r e f l ec to r  
control .  It i s  ant ic ipated t h a t  a gray control  of t h i s  type, located i n  
the  inner moderator region, w i l l  make it possible  to adjust  f o r  changes 
i n  power d i s t r i bu t ion  which may occur during the  reactor  cycle or  a s  a 
r e s u l t  of reactor  pcrturbations.  . 

- 
Reference 

Core 

3 in.. 

2 in.. 

C 

3k264' 'Effects of Borated D z O  i n  the  ~ e f l e c t b r  

M/W 

4.0 

1- 5 

Moderator 
~dmposi t ion 

. . 

, Be + .Heavy Water 

Be + Light W'ater 

. . 
~ a l c . u l a t i o n s  were 'made t o  detefmine the  r e a c t i v i t y  

k( clean) . - k(borated) 
. k(c1ean) . k(borated) 

4.7% 
4.8% 

control  worth of a saturated boron so lu t ion-of  heavy water i n  the  
r e f l e c t o r  Regions 5 and 6. For the  2 in.reference core, the  r e s u l t s  
obtained indicate  a ne t  r eac t iv i ty  worth of 17.0 per cent,.: 

. . 



. :The ' e f f ec t  of a  reactor  contrpl  poison on power 
d i s t r i bu t ion  i s  seen i n  the  present case of a  r e f l ec to r  poison t o  e f f ec t  
an inward s h i f t  i n  power d i s t r ibu t ion ,  i n  contras t  t o  the  outward s h i f t  
caused by borating the neck moderator. The increase i n  the  cen t ra l  t e s t  
f luxes  i s  about 60 per cent while the decrease i n  the lobe t e s t  f luxes . 
i s  approximately 10 per cent. A t  the  side loops, f a s t  f luxes a r e  increased 
by 27 per  cent and thermal f luxes a r e  increased by 10 per cent (cases  22 
and 23, Table 3 . 2 ~ ) .  The most d ra s t i c  change i n  the  fast-to-thermal f lux  I 

r a t i o  i s  seen t o  occur i n  the  s ide t e s t  holes, where an increase of 1 5  per 
cent takes  place a s  the  r e f l ec to r  i s  poisoned. 

  or the 2 in. core, the  combinat,i nn nf  borating thc  
necks-muderazljr region, which y ie lds  a s ~ a . c t i v i t y  control  worth of 
4.8 per  cent,  and of borating the D20 r ad i a l  r e f l ec to r  ( ~ e g i o n s  5 and 6)  
y i e ld s  a . . t o t a l  worth of abo1r.t .22 per cent. No calcula-Lions have been 
made fo r  the  3 in. core with heavy water i n  the  re f lec tor .  However, an 
estimate df the shim control  worth fo r  the  3 in.case can be obtained by 
ext~~apola 'cion from the  . . resul ts  of calcuJations fo r  the  t o t a l  r eac t iv i ty  
change i n  borating t o  saturat ion a  composition of Be and D20 (M/W = 4:0) 
assigned t o  the  neck region and i n  borating the re f lec tor .  The r e s u l t s  
obtained show a , r eac t iv i ty  d i f fe rence ,  o f  20.6 per cent for  the 2  in.  core 

- and a  dif ference of 14.0 per  cent for  the  3 in.core a s  a  r e s u l t  of neck 
and ref lector 'poisoning.  'Thus, the  control  effectiveness of these two 
regions decreases 'by approximately 32 per cent a s  the  core thickness i s  
increased from 2 t o  3 in .  Assuming thj.s e f f ec t  t o  be l i nea r  with thick- 
ness,  .a decrease of 16 per cent i n  effect,iveness may be expected for the 
,%titermediate thickness case of 2.5 in .  Applying t h i s  fac tor  t o  the  
22 per cent t o t a l  worth"found fo r  the 2  in. core above, y ie lds  a  total: 
shim ,worth of about. 18. 5"per cent r eac t iv i ty  for. the  2.5 in .  thiclc core. 
 his amount of shim appears conceptually suf f ic ien t  t o  m e e t  the  
estimated, needs of 21 per cent fo r  excess reac t iv i ty .  Further, i f  
approximately 10 per  cent r eac t iv i ty  i s  accounted for  by means of a  
burnable poison i n  the  fue l ,  .it is c lear  t h a t  the  avai lable  chemical 
shi,m control  i s  more than adequate i n  the p r ~ s e n . t '  concept. Thc need 
f o r  shim control  i n  the  neck-moderator reglon as well ao  i n  the  reflec- 

- ,  t o r  appears necessary t o  counteract the  e f f ec t s  of one another on the 
core .power d i s t r ibu t ion .  

3.265 ~ f f e c t s  of ~ o r a t i i ~  -. Reflector . . and Neck Reginns m 
. . .. '% 

i ' .  ' .  ' . 
. . The e f f e c t  of sh i f t i ng  the power j.nwmd, toward the 

center  of the  reac tor  when the r e f l ec to r  i s  poisoned, o r  outward, toward 
the  lobe when the  neck-moderator region i s  poisoned, r e s u l t s  i n  a 
corresponding increase or  decrease i n  the  peak power.density a t  the  neck 
of the  core. ~a l cu l a t ions .made .  for  the  2  in.reference core, i n  which 
the  neck-moderator consisted of an A1-H20 (M/W = 1.5)  composition, 
indicated t h a t  t h e  peak power. density , i s  increased by 56 per cent when 
only., the  r e f l ec to r  i s  borated t o  saturation.  When' the  neck-moderator 
alone i s  borated, the.  - .  power density decr.e@ses. by 34 per cent. : Cal- 
culat ions  of the' e f f ec t  o f  simultaneous poisoning of neck and r e f l ec to r  



regions were made only fo r  t he  case of a neck-moderator composition 
consis t ing of Be + D20 (M/W = 4.0). For the  2 in.core,  a n e t  decrease 
of about-2  per cent  i n  peak power densi ty  was obtained when both regions 
were borated and for  the  3 in .core  the  decrease was 14  per  cent. 

3.27 Ef fec t s  of  Flux-Trap Moderator Compositions i n  Determining 
. , t he  Fast-to-Thermal Flux Ratio i n  the .Tes t  Holes 

The r'equired fast- to-thermal f l ux  r a t i o s .  specif ied f o r  t h e  
various t e s t  loops i n  ETR I1 a r e  a s  follows: 

. . . . 

TABLE 3.2C 

I N  ETR I1 TEST LOOPS 
. . 

. . 

~ e s t  Loop and Location ' . . @ . l d  
. 1: .th 

A - 3  Cen.Ler. Test  Hole 3-  6 

A - 1  - Lobe Test Holes 1 .2  

A - 5  ~ o b e  ' ~ e s t  ~ o l e s  , 3.6 . 

A-5 Side Tcst  Holes 3 -6  

. . Adjustment of t he  f lux  r a t i o  i n  the. t e s t  hole of t h e  f lux- t rap  
can be ma&. by var ik t ion  o f  t he  moderator-gap thickness separating t h e  
fue l  and t he  t e g t  hole and by var ia t ion  of t he  M/W r a t i o  i n  t he  moderator 
composition. The former.mcthod has not  beeh con.sjd.ered because t h e  , 

separate  fli.~.y r a t i o  requirements 6 f ' ' ' ~ -1  and A-5 would necess i t a te  use 
. of .  two dif feren$ f u e l  elements i n  t he  lobe regions. di he l a t t e r  method . *  _. 
. is:str.alght forward' and. has, been investigated, 3.n some d e t a i l  f o r  a one- 
dimensional cy l i nd r i ca l  representa t ion of a f l ux  t rap .  The r e s u l t s  of 
t h i s  study a r e  summarized i n  Figure 3-25. I n  t h i s  f igure  the  f l &  r a t i o  
iq the  f lux t r a p  i s  seen t o ' b e  dependent on t h e  water f rac t ion  of t h e  
aluminum-water moderator.- .For ETR 11, the  two design f l ux  r a t i o s  of 
l.? and. 3,. 6 .for the lobe t-e'st, ho les   able 3.2C ) a r e  shbwn i n  t h i s  curve 
t o  be given by,.moderator water f r ac t i ons  of approximately 90 pe r  cent  
and 11.0 p e r ,  cen t ,  . . res~ec,t , ively.  ,, , 

' ca lcu la t ions  perfo&ned f o r  ETR 11 have sho& t h a t  with pure'  
H20 i n  t he  f lux- t rap annulus a f l ux  r a t i o  of about 0.7 i s  obtained i n  
the  .center t e s t  hole and a s l i g h t l y  higher r a t i o  of 0.8 i s  obtained fo r  
t h e  .lobe t e s t  hole. Fdr an aluminum light-water kompositibn (water 
f r ac t i on  = 0.40) , i n  the  f lux- t rap annulus, a fast- to-thermal r a t i o  of 
3.5 i s  f o u d  i n  ' the centcr t e s t  hole. and 4.'0 i n  t he  lobe t e s t  space. 
These r e s u l t s  a r e  i n  agreement w i t h '  those of Figure 3-25. Additional 



ETR I1 calculat ional  r e s u l t s  show t h a t  use of a Be-D20 (M/W = 4.0) flux- 
t r a p  moderator y i e ld s  a fast-to-thermal r a t i o  of 1.1 i n  the lobe t e s t  
space. This value i s  much lower than the  corresponding value for  A1-H20 
due t o  the  moderating power of Be. It i s  a l so  found t h a t  changes i n  the 
M/W r a t i o  of the  neck-moderator region does not a f f ec t  the  f l ux  r a t i o  
i n  the  t e s t  spaces. . This indicates  t h a t  i n  regard t o  the  f lux spectrum 
of the  t e s t  hole each flux-trap region i n  E=IIR I1 acts-  a s  a r e l a t i ve ly  
i so l a t ed  uni t ,  with the  f lux  spectrum determined by the  moderator compo- 
s i t i o n  surrounding each t e s t  c e l l .  This conclusion i s  a l so  borne out 
by the  f a c t  t h a t  t he  f lux  r a t i o s  of the  side t e s t  spaces a r e  found t o  
remain unaffected even by changes of composition throughout the  en t i r e  
i n t e r i o r  moderator region of the reactor.  

3.28 rower Belarlclng i n  ReaCtor 'Operation 

The E T R - - I T  ..l aop rcquirementc for  f a s t  fluxes: 3rd .fast-to- 
LLeln~al r(1.1;108 ( 'Mbles 3 . a .  and 3 . 2 ~  ) pose .two 'problems. F i r c t ,  the 
f a s t  f l ux  req11,ised (1 x 1 0 ~ 5 ' n / c m ~ - s e c )  i s  the  s m e  In  a l l  loops except 
A-3, where a .50  per cent greater  value i s  cal led for .  Secondly, the 
value of 3.6 for  fast-to-thermal f l u  r a t i o  i s  specified t o  be the 
same i n  a l l  loops except A-1, where the required value i s  1.2. 

.In regard t o  t he  f i r s t  condition, since the f a s t  flwr. 
avai lable  i n  the  t e s t  loop i s  proportional t o  the  power level ,  the  

. 

f l u  specif icat ion i n  the  cen t ra l ly  located A-3 loop can be met simul- 
taneously with those of the t e s t  loops located i n  the lobes and side 
pos i t ions  by ' sh i f t i ng  . .  . the  general power d i s t r ibu t ion  'of the reactor  
toward t h e  center.  The poss ib i l i t y  of t h i s  has already been suggested 
i n  .Section 3.26 i n  noting the control  e f f ec t s  on power d i s t r ibu t ion .  

. . . In  regard t o  the  second. condit,i nn, the fsasihi  l.i:t,y of 
adjust ing the f l u x - r a t i o  i n  t h e  t e s t  space by varying  the.^/^ r a t t o  ' . 

of *he moderator annulus.surrounding the tesL loop has beemdiscussed 
i n  Section 3:27! I n  varying the M/W r a t i o  i n  the  flux-trap annulus, .: 

however,..the avai lable  f a s t  f l u x . a t  the  t e s t  loop i s  a l so  changed. The 
dep'endence . of t he  f a s t  f l i ~ x  on the water fr8,ction of the .a;r~.r~ull~s moderator 
has been derived from supplementary one-dimensional s tudies  and. i s -  shown 
i n  FLgure 3.2D. It is seen t h a t  the  avai lable  f a s t  f lux  i n  the t e s t  hole 
decreases by a fac tor  of 2..2 a s  the  water f rac t ion  i n  the  moderator . '  

increases  from 40 per cent to 90 per aent. Consequen.t;ly,. the power. l eve l  
necessary t o  meet the  same-fast f lux reqi~j..rement of L x 1015 I I / C U ~ W S T C  

i n .bo th  the  A - l  .and A-5 lobe. te ' s t  loops, w i l l  be a f ac to r .o f  2.2 higher 
i n  the  A - 1  lobe, where the  required f l w  r a t i o  i s  1.2 , . than i n  the.A-5. 
lobe, where the f lux  r a t i o  is 3.6. To meet both lobe requirements 
simultaneously, the  power d i s t r ibu t ions  m8y 'be shif ted i n  the  direct ion 
of the  A - 1  lobes and away from t h e  A-5 lobes. 

,The.power sh i f t i ng  demands of the  A-3 center loop can' be : 

correlated t o  a ce r t a in  extent with those of the  d i f f e r en t  lobe loops by 
an appropriate balance of the  r e f l ec to r  and neck shim controls  i n  ea'ch 
quadrant of the reactor .  To do . th i s ,  it i s  necessary t o  exercise indtvidual 



- , . .. - .. . . .  

control  of the .  concentration of t he  borated s o ~ l u t i o ~  i n  each of t he  
quadrants.   he' f a c t  t h a t  t he  power develbped :in each <lobe can b e  
measured separ,ately.,:because of e x i t  flow division.  makes this- indiividual 
control  feas ib le .  . .. 

- .  
~ .. . . . .  .. ..  -. . . , .  

3.29 Reactor.'Performance i n  the  ~w6-1nch: :~ef  krence' :core- 
I < : .  . 

4 

To ,di.te&ine' reactor  performalic.'e i n ,  the  : two-inch. core by means 
of power balaficing,i t he  twin problems of Shif t ing power toward t h e  center  
o f . t h e ; r e a c t o r  and of sh i f t i ng  it i n  t he  d i rec t ion  of t he  A - 1  lobes have 
been t r ea t ed . s epa ra t e ly ;  Calculations have'been made-to determine t he  
system power l e v e l  necessary t o  meet t he  f l u x  requirements i n  a balanced. 

. reference . reac tor  cons i s t ing  of an ~-3-cG1iter test loop, ' four A-5 lobe 
t e s t  loops a;nd four type A-5 s ide  l ~ b e ' ~ l o o ~ , s .  : A  ca lcula t ion was then 

, . made .to ,.determine t h e  increase i n  system l e v e l  t o  meet f l ux  require-  
ments when A - 1  loops: are. subs t i tu ted  f o r  .two . .. A-5 ~lobe. . loops .  ~ 

: : .-. . . , . 

For the '  fir&$. p a r t  of t h i s  analysis  of reac tor  p&;formanck.j' a 
' . . s ing le  ,A1-H20 (&I/w '=' li5') f lux- t rap mod'erator was assumed f o r  a l l  loop 

annuli.. Three PDQ -dalcj!dations were mgde i n  which t h e .  neck, and r e f l e c t o r s  
were f i r s t  considered *berated and then: individually: berated.- The I r '  
caJculated r e s u l t s '  f o r  &he + r a i l a b l e  lbop f luxes  per  megawatt of reac tor  
power a r e  given ! in  ~able:,3:2D. For t h i s  unborated-core-:(case 22),  p l o t s . .  . 

of the  f a s t  :and thermal...f'luk dis t r ibut ior is '  a r e  i l l u s t r a t e d  i n  Figures 3.2E, ' 

F, and G .  Ifi Figure 3 . ; 2 ~ ,  :&he rdd i a l  d ig t r ibu t ions  &long!the 45' diagonal , 

l i n e  a r e  shorn. I n  F igGe13?2F,  t h e  r a d i a l ' d i s t c i b u t i o n  i s  taken along 
t h e  reactor-,:center l i n e  joi'ni'ng t he  ce1iter:and s ide  t e s t  holes.. I n  
Figure 3.20, t h e  f l ux  d i s t r i bu t i ons  s h o h  a r e  a long- the  l i n e  joining the, 

f s ide  and lobe t e s t  hole,@, The f a s t  and thermal Plux sh i f t i ng  e f f e c t s  . 

accompanying t he  poi  soni'gg of t he  r e f l e c t o r  and. neck regions are .  i l l u s -  . 
t r a t e d  i n  Figures 3.2H .a.rid 3.21, respecti:ve.ly. The r a t i o  ',of .the.. 'required 
f a s t  f l ux  a t '  t he  cen te r  'loop t o  t h a t  of t he  '1obe:'lobp i s  1.5;. The ava i l -  
ab le  r a t i o -  f o r  th&' ,clean ' reactor  (case  22) i s  1.02,. whereas t he  . r a t i o  f o r  
t h e  borated r e f l e c t o r  case i s  1.80. ~ h u s ,  bor&ing t he  r e f l e c t o r  t o  ' 

sa tura t ion  has sh i f t ed  the  power d i s t r i bu t i on  t o  .-the center  more than t he  
optimum value- fhr'.meeting t h e  required r a t i o  of: 1.5: Assuming t o  a f i r s t  

:- approximation t h a t  t h e  power d i s t r ibu t ion< dh i f t :  i s  l i n e a r  with 'boi-on con-. 
cen t ra t ion  in .  the  r e f l e c t o r ,  a boron concentration equal t o  '64 per  cent  
of t h a t  of sg tu r i t i on  i s  determined whi,ch.will provide t h e  desi red r a t i o  
of 1 . 5  t o  1 .0  fo r  these  two loops. A t  : this  : concentra%5on,--the. f a s t  f l u x  

: . -in t h e  -center  t e s t . - l o o p  i s  found t o  be 9 - 2 3  x 10l2: n/cm2-bec per  megawatt 
.: of reac tor  pbwer. The r e q u i s i t e  power fo+.mee$ing t h e  spec i f ied  

:. valiie of :: 1.5  x 1015 n/cm2-sec i s  there fore  162  Mw-:. T h e  estimated per-  
. . for'mance ' .character is t ics  f o r  t h i s  p a r t i a i i y  optimized reference reac tor  

: a t  162 Mw have been..:obtained and a r e  compgred w i t h .  t he -des ign  object ives  . , 

i n  Table .3; 2E. -.: : . . . - 
... ., r 

. .  . . . . - .. . -. . >. 
. , .  . 1. I 



T A E L ~  3.2D 

FAST AND THERMAL FLUXES PlVAILABLE AT MIDPLANE OF. TE32 LOOP 
. . 

.. . .PEE 1IIEGAWIlT.T OF' REACTOR POWER 

. . .!.: . ;  . . .. 
. . .  : - 

* Peak-to-average a x i a l  f lux r a t i o  i s  equal t c  1.35. ( ~ o t e :  I n  TsEle 1.3 the, value of 1.40 i s  
given, which i s  a more recent value; however, t h i s  change was no; consider2d of su f f i c i en t  
magnitude t o  neces s i t i t e  changing the  in fomat ion  given i n  Table 3.2D.) 

TABLE 3.2E 

PDQ 
Case 

Number 

22 . 

23 

24 

- REFERENCE REACTOR . FLUXES AT 162 Mw 

Neck 
Region 

11 

Unbor. 

Unbor. 

Borated 

Reflector Centeq' Test Lobe Test ','Side Test  Peak Power 
. Rzgions' pt?5 5 and 6 , 10 

fi/cm2-sec nLcm2-sec 

Unbor. ' . 

: Borsted, 

' ~nbor.. 

-Loop Lucatior. 
. and 

Number 

6.63 
' 10.7 

5.40 

1-90 - 

. 3.05 . 

1.47 

Fast  Flux I 

I 1  1015 n/cm2-sec 
. . Design . 
' Objectives . 

3.49 
3.51 

3.67 

A-5 Side 1 '  1 .2  1 0 2 8  ' 1 0.28 1 3.6 1 ' 4.3 

Avai 1. 

. 1.5 
. . . 
1 .3  

Thermal F l u  
1015 n/cm2-sec 

A-3 Central  
LOOP (11. 

A-5 ~ o b e  
Loop ( 4 )  

Des-ign 
Objectives 

'0.41 

0.28 : 

Fast-to-Thermal 
F l u  Ratio 

1 .5  
. 

1.0 
. . 

6.53 
5.96 

6.73 

Avail. 

9 . 4 3 .  

13.25 

Design 
' !3b ject ives  

i . . 3.6 

i 3.6 

Avail. 
. . 

. . .  

3.5' 

4 ; o  

i .64  
1.47 

. 1.66 

3.98 
4.06, 

4.06; 
! 

6.26 

7.35 1-77 
" . 5.71 1.50 .3.8 5.13 



. . - For t h i s  reactor, , the p,eak power density a t  162 Mw i s  estimated 
. . t o  be 1 .4  ~w/ l i . t e r , .  . . . . . . . . . . . .  

, .  . . . . .  . . , . . -  . . . 

1h ,considering the replacement p f  two A-5 lobe t e s t  loops by 
two A - 1  ,loops, in' which the M/W. r a t i a  of the .  A-1  .moderator annuli i s  0.11 
i n  order t o  achieve the, k.equired fast-to-thermal r a t i o  of 1.2, the  lobe 
power previously 'associated with- the  ~ - 5 : , l o o ~ '  must. now be increased by a . . 
factor  of 2.2 i n  order t o  m a i n t ~ i n  the same f a s t  f l ux  l e v e l .  I n  t he ,  
balanced reference,reactor  discussed-above; the  power associated with each 
lobe i s  estimated a t  29..!+ Mw, hencej an increase by a factor  of 2.2 i n  
two of these lobes" r a i s e s .  the  system power leve l  . .to approximately ,230 Mw. 
  his loca l  power increase i n  .the-.two A-1 lobes i s  achieved by means of 

, the  power d i s t r ibu t ion  regulating .control system .of the  reactor . .  In  regard 
t o  the maximum .power density i n  , t he  core,. the  location of which is . ' in the 
neighborhood of the center of the  reactor,  ,it i s  not believed t h a t  an 
increaserin l oca l  power d i s t r ibu t ion  i n . t h e  t w 0 . A - 1  lobes w i l l  g rea t ly  
enhance the value found i n  the  balanced reference core..:.However, . t h i s  
question must be resolved i n  future  studies.   o or' the  side t e s t  loops, 
it i s  estimated , thet  the.performance cha rac t e r i s t i c s . a r e  increased by 
. a p p r o ~ m a t e l y  10 per cent .due to . , t he . l oca l  power increase i n  each of the  
A - 1  lobes. On t h i s . b a s i s ,  the  t e s t . f l u x e s  f a r  each ty-pe of loop a re .  
determined and a re  presented i n  Itable 3.2F. 

REFERENCE REACTOR FLUXES .AT 210 Mw ' 

BY CONTROL OF POWER DISTRIBUTIONS 
. . 

. . , . . -  . , . .- . . . .  : . *  . I  

For t h i i  reference reac,tor, the  peak power density a t  230 Mw 
i s  estimated t o  b$ 2.1 filw/liter.. . . . .  . . 

r .  . . 
Loop Location 

and . . 

Nuuber . 

A-3  Center 
Loop (1) 

A - 1  . ~ o b e  
Loop ( 2 )  

A-5 Lobe 
LOOP. ( 2 )  

A-5 s i d e '  
LOOP ( 4 )  . 

* 
~ a s t - t o - ~ h e r m a l  Fast  Flux 

Design 
Objectives 

3-6 

1.2  

3.6 

3.6 

Design 
Objectives 

1 .3  .. . 

, . 

. 1.0 

. 1.0 

1.0 

Thermal -.Flux 
Est. 

Perfor- 
.mance 

3.5 

1.2 

4.0 

4.. 3 
- 

. ,,Est. 
Per'for-: 
.manee 

. . 
1.5  

. . 

' .  1.0 . .  

1.0 

1.3 

Design 
Objectives 

0.41 

0.83 
. . 

0.28 . 

0.28 

- Est. 
Perfor- 
;mance 

0.43 

0 -33 

.0.25 

0.30 



. .  . 
I n  the  f i n a l  design selection,  the  core thickness chosen i s  

2.5 i n . r a the r  t h a t  2 in .  A s  discussed in .Sect ion 3.25 on core thickness:: 
e f f e c t s  and i n  Section 3.27 on e f f ec t s  of f lux-trap moderators, the  
ove ra l l  effect .  of an increase i n  core thickness from 2 t o  2.5 i n . i s  a 
decrease i n  the avai lable  f a s t  f l ux  a t  the  t e s t  loop of approximately 
17 per  cent and a decrease i n  the  peak power density of l e s s . t h a n .  . , "  

25 per cent,. with the  f l ux  r a t i o  i n  the  loop .being essen t ia l ly  determined, 
by thea'nature of the moderator. For t he  purpose of the  study,.a nomknql 
increase of: 10 per  cent has been' applied i n  estimating the increase 'in 
power l e v e l  between the  2 in.reference' design and the proposed 2.5. in .  
core; t h i s  r e su l t s  i n  r a i s ing  the system power l e v e l  up t o  the  nominal 
value of 250 Mw. 'In addit ion, '  it i s  believed t h a t  the  peak power 'density 
w i l l  not  change s ~ i b s t a n t i a l l y  from the svslue u f  2.1 ~ w / l l ~ e r  as Llie puwe.~ 
1 e v e l . i ~  raTsed from 230 Mw and t h e ' c o r e  thickness increased from 2 t o  
2 .5  i n .  

. . . . 

3.3 ETR I1 ~ e s ' i g n  Select ion 
. . 

The Engineering Test  Reactor I1 has a s ingle  fue l  annulus shaped'to 
provide f i v e  i n t e r i o r  and four ex te r ior  f lux  t raps .  A plan view is .  shown 
i n  Figure 2. OA and a general. description i s  given in '  Section '2.0. ' .  . 

Reactivity Requirements and Core Loading 

Typical excess r eac t iv i ty  requirements fo r  the  hot clean core 
a r e  estimated t o  be 21 per cent. These requirements a r e  apportioned a s  
follows : - .  

Equilibrium X e  an.4 S m  4% 

P a r t i a l  X e  override .. 6% . .. . . 
. . 

Burnup and other f i s s ion  products 11$ 
.- 

> 
, , 

I . 8 '  
1 . , Total  21% 

. . I 

The r eac t iv i ty  l o s s  with burnup i s  based on a 30-day l i f e t h e ;  
cycle a t  250 Mw system power leve l ,  using an estimated fac tor  o f ' 1 . 5  t o  
take account of non-uniform burnup e f f e c t s  ( i n  the  MTR a typ ica l  non- 
uniform birnup fac tor  of 1.7 i s  l?o.uiil t o  apply). From.Figk-e 3.2D t h e '  
excess ' reac t iv i ty  requirement of 21 per  cent (keff = 1.27) i s  sa t i s f i ed  
i n  t he  2.5 i n , c o r e  by an estimated fue l  concentration of 33 weight per 
cent U-235 in  the  meat a l loy.  A t  t h i s  concentration the  required .l;oLal 
core luadlng i s  36 kg of U-235. 

..3.32 . Control Requirements .. . . . . 

Use of chemical shim controls  i n  the  neck-moderator region and 
i n  the  r e f l ec to r  y ie ld  t o t a l  r eac t iv i ty  worth of 18.5 per cent. Additional 
ana lys i s  should make it possible t o  fur ther  optimize t h i s .  ,Burnable poison 
w i l l  a l so  furnish an addi t ional  10 per cent control  reducing the .  shim 
control  needed t o  11 per cent. 



, . .  

3.33 Core Thickness 
.... 

The core thickness selected for  the  ETR I1 conceptual design 

I 
. i s  2.5 in .  Following. i n i t i a l .  calcula%ions on the 2 .  in. r.ef.er,enc.e . core, 

which inqicated excessive peak power dens i t ies  fo r  t h i s  core, the .value 
of 2.5 in.was adopted ear ly  i n  the nuclear design study in. order t o  
i n i t i a t e  work the mechanical layout of the  reactor.  .. ~ a % e r  calcula- 
t i ons  on the .2  in. core revealed t h a t  proper choice of t h e  i n t e r i o r  

. 

flux-trap moderator would lead t o  a reduction in. ,reactor.  power l e v e l . .  
and consequently reduce the peak power density t o  an acceptkble value. 
On the bas i s  of . the present study, it appears t ha t  a considerable . . . .  
reauction i n  re.actor power can be achieved b y . ~ s e  of a thinner core ; 
than the proposed :2.5 in. thickness. . . . . . .  

. , . . 
3.34 ~ l k - ~ r ~ ~  Moderator 'Compositions ... 

The required fast-&-thermal f lux  r a t i o s  of  1.2 i n  the  A - 1  
, 

loop. and of .  3..6 i n  the .  other loops a r e  obtained ,.by .aluminurn-water f lux- 
t rap  moderators having M/W r a t i o s  of 0.11 and 1.5;-respect ively. , , . :  

. . 
3.35 Summary of Nqclear.Characterist ics of ETR I1 . . :, 

. . . .  . . .  . . . ,.. 

~able ' : .3 .  3 presents a summary of the  nuclear i ha rac t e r i  s t i c s  
of the  conceptual design of ETR .II.. . . . . . .  . . 



TABLE 3 . 3  

NUCLEAR CHARACTERISTICS OF EX% I1 
. , 

Core ... 

Height ' 

1 :  . . . ' ~ h i c k n e s s  
Volume 
Met&-to-water - ~ a t i o  ' .  

... Power 
Average': power Denslty 
~aximuh'l~ower .Di;nsity' 
Core Life ( ~ u l l  power) 
I n i t i a l  Loading 
F ina l  Loading 
Burnup 
Fuel concentration ' . 

. . .  . . 

48 in .  
, 2.5 i n .  

262 l i t e r s  . . , 

0.75 . . . 

250 Mw . , . . .  . . 

0.954 Mw/liter : .:, 
2;1Mw/liter  , .  

.. 30 days ' 
36.0 kg 
27.4 kg 
24% 
33 $ 

Excess Reactivity ~equi rements '  
. Equilibrium Xenon and Samarium 

. . .  Xenon Overrid'e. 
4 

. . .  . . .  . . . .  

- .  Burnup and Other Fission Products . . 
Total  

I React ivi ty  Control Capabili ty 
Compensation Control i n  Neck 4.846 . 
Reflector Shim Control 13 7% 
Cadmium Blades 6.346 

Average Mid-plane Test Hole Fluxes 
fo r  Clnr Aoni~med Loading 

One Central  Test  Hole; A-3 Loop 
Fas L 
Thermal 
Fast-to-'Lhermsl Ratio 

Two Lobe Test Holes; A - l  Loops 
Fast  
Thermal 
Fast-to-Thermal Ratio 

Two Lobe Test  Holes; A-5 Loops 
Pant 
Thermal 
Fast-to-Thermal Ratio 

Four Side Test  Holes; A-5 Loops 
Fast  
~ h e r m a l  
Fast-to-Thermal Ratio 



I. CENTER TEST HOLE 

2.LDBE TEST HOLE 

3.SIDE TEST HOLE 

4. FUEL 

5.INNER REFLECTOR 

6.INTERMEDIATE REFLECTM 

7. OUTER REFLECTOR 

&CENTER FILLER ANNULUS 

REGION 

9 LOBE FILLER ANNULUS 

10 SIDE FILLER ANNULUS 

I I. NECK MODERATOR 

12. BORATED STAINLESS STEEL HALF PRESSURE TUBE 

13. STAINLESS STEEL HALF PRESSURE TUBE 

14. STAINLESS STEEL PRESSURE TUBE 

IS. CADMIUM BLADE 

115s 0 - I704 
FIG. 3.2A 

RADIAL CROSS SECTION fOR REACTOR CALCULATiONAL MODEL 
(ONE QUADRANT) 



CORE LOADING (Kg u"') PPCO. - C  - 2702 

FIG. 3.2 C 
EFFECT OF FUEL LOADING ON k,ff 



X 

3 J 

la. 

WATER FRACTION I N  ALUMINUM 

F I G .  3.2 D 
D E P E N D E N C E  O F  F A S T  FLUX P E R  M w  O F  REACTOR POWER ON 

MODERATOR COMPOSITION ( O N E  DIMENSIONAL STUDIES)  

0 I0  20 30 4 0  5 0  6 0  70 8 0  9 0  
DISTANCE (cm) PPCO. - c  - 2 7 0 3  

FIG. 3.2 E . . . . 
. . 

AXI.ALLY -AVERAG,ED FLUX PROFILES .ALONG 'A  45°,DlAG,0NAL L l  . N . E . , 

. . 
. . 

( P D Q  C A S E  2 2 - . C L E A N ,  C O R E )  ..- . . 
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FIG.  3.2 H 
E F F E C T S  OF BORATED R E F L E C T O R  AND BORATED NECK-  MODERATOR 
REGION O N  F A S T  F L U X  D I S T R I B U T I O N  ALONG A 4 5 O  DIAGONAL L I N E  

FIG. 3.2.1 
E F F E C T S  O F  B O R A T E D  R E F L E C T O R  A N D  BORATED NECK-MODERATOR 

REGION ON T H E R M A L  F L U X  D I S T R I B U T I O N  ALONG A 4 5 O  DIAGONAL L1N.E 



0.2 0.4 0.6 0.8 1.0 
WATER FRACTION ' IN ALUMINUM PPS? . C  - 77na 

- .  FIG. 5.2' 3 
... 

' . ..DEPENDENCE' OF .FAST TO THERMAL. FLUX RATIO ON MODERATOR , 

. CO~$POSITION IN FLUX. TRAP (..ONE DIMENSIONAL STUDIES) . "  



4.0 ENGINEERING DESCRIPTION 

Section 2.0 p resen ts  the  core design fo r  ETR 11, and ' sec t ion  3.0 
discusses i t s  reac tor  physics.' It i s  t he  object ive  of t h i s  p a r t  of 
the  repor t  t o  give an engineering descr ipt ion o f ' t h e  e n t i r e  p lan t ,  
beginning with a .discussion of the  reac tor  i t s e l f .  

4.1 Reactor 

See Figures: 

4 . 1 ~  - ETR 11 Four-Lobe Reactor I n s t a l l a t i o n  2 Veet ical  Cross Section 

4 . 1 ~  - ETR I1 Four-Lobe Reactor - Horizontal Cross Section 
. , 

4.1C - ETR I1 Four-Lobe Reactor - Top Plan 

4.l.D - ETR I1 Four-Lobe Reactor - Rod Access Room - Horizontal Cross 
Section 

4.1E - EX% I1 Four-Lobe Reactor - Sub-Pile-Room - Cross Sect ional  
Elevation 

4.1F - ETR I1 Four-Lobe Reactor - Sub-Pile Room - Alternate  
Arrangement 

The four-lobe reactor  resembles ETR I i n  t he  arrangement of reac tor ,  
canal, e t c . ,  except t h a t  spec ia l  consideration was given t o  experimental 
f a c i l i t i e s ,  experiment handling, and meeting much more exacting f l ux  
specif icat ions .  The reac tor  core i s  physically smaller than t h a t  of ETR I. 
ETR I1 cons i s t s  bas ica l ly  of four f l ux  t r aps  i n  a cloverleaf arrangement 
of c i r cu l a r  segment fue l  assemblies. This arrangement provides a reactor  
with nine excellent experimental f a c i l i t i e s .  

The following sect ions  give a ' b r i e f  descr ipt ion of the  pressure  
vessel ,  ac t ive  l a t t i c e  and, r e f l ec to r ,  loop and capsule f a c i l i t i e s ,  fue l  
handling, reactor  s t ruc ture ,  and t he  process piping. 

4.11 Pressure Vessel 

The multi-diameter reac tor  vessel ,  Fig. 4,1A, i s  v e r t i c a l l y  
mounted and has a spider-shaped top head with an i n t e g r a l  shie lding 
sleeve f o r  loop experiments, i n l e t  and o u t l e t  cooling water openings, 
a flow d i s t r i bu to r  f o r  i n l e t  coolant water, a ro ta ry  fue l  handling 
rack b u i l t  a s  a p a r t  of t he  flow d i s t r i bu to r ,  a discharge chute, supports 
f o r  reac tor  g r i d  p l a t e  and experimental i n -p i l e  equipment, and a bottom 
head which incorporates openings fo r  various d r ive  rods and loop piping. 

The-reactor  vessel  i s  t o  be constructed i n  accordance with 
appropriate ASME Codes. Operating pressures of 300 ps ig  and temperatures 
i n  t he  range of 200 '~  ind ica te  t h a t  the  pressure vesse l  may be made of 



e i t h e r  aluminum o r  s t a i n l e s s  s teel . '  The upper section of t he  pressure 
ve s se l  i s  about 12 f t  i n  diameter and contains f a c i l i t y  nozzles and 
supports f o r  experiment flow tubes, flanged nozzles f o r  capsule leads,  
a flow d i s t r i bu to r ,  and t he  two, 24 i n .  Lnlet cooling water lines' .  A . 

ro t a ry  f u e l  rack i s  a l s o  provided f o r  hassing f u e l  elements around the  
reac tor  t o  the  discharge .chute. The lower section,  approximately 
6 f t  9 i n .  i n  diameter, contains t he  reac tor  core, and a g r id  p l a t e  
fo r  support of f u e l  elements and t h e  shim control  and r e f l e c t o r  tanks. 
Su i tab le  ba f f l i ng  i s  provided t o  divide t he  flow from the  f u e l  elements. 
i n  order t o  permit individual  flow and temperature-rise measurements fo r  
each lobe. Pour 16 111. coul-iiig water aukle t  l ineo  are located below the  
gr3.d.. The over.-all-length of the  pressure vessel  i s  about 32 . f t .  I n  the  
de t a i l ed  design, cor is iderat~on shuuld be given Lo the  p o s s i b i l i t y  of  
p lacing t h e  pressure vessel .wal1 j u s t  ins ide  the  D20 r e f l ec to r .  Nuclear 
considerations i n  t h i s  case suggest an aluminum pressure vessel .  

The top head i s  fabrica.ted i n  t h e  form of a l a rge  spider.  
  his spider ' .contains.  four fuel ing p o r t s  fo r  access i n t o  t h e  vessel .  The 
c e n t r a l  a rea  of t h e  vesse l  head contains loop f a c i l i t y  and 
l ead  shielding both, above and below the  head. The shielding p ro t ec t s  

! personnel working adjacent t o  the  head during the  periods t h a t  .experiment 
samples a r e  being drawn i n t o  the  loop cask. Experiment instrumentation 
l e ad  re tu rn  tubes run from'the center of the  head downward i n t o  the  
vessel , ,  and bend t o  en te r  nozzles i n  t h e  vessel  wall  leading t o  a.:nozzle 
trench.  ~ h u s ,  t h e  l eads  can run i n t o  t he  experiment cubicles v ia  t h e  
same passages t h a t  a r e  provided f o r  top-re-entrant  of through-loop type 
experiments. . 

. . . . 
. . The vesse l  bbttom head contains drive-rod pen.el;n.sI,ic~~ia f o r  

t h e  regulat ing rods , ,  t h e  sa fe ty  rods, and t h e  f i s s i on .  and ion chambers.. 
-Top and bottom head penetra t ions  should contain double-gland or equiva- 
l e n t  s ea l s  t h a t  allow pure process water t o  he jntroduced between . the  
glands. The nine re-entry loop pipes  a l s o , e n t e r  t h i s  head through 
s imi l a r  s ea l s  ( see Fig. 5 . 1 ~ ) .  Seals  should be designed i n  a manner" 
whicb'wiJ.1 permit re-packing during a normal reactor  shutdom, and musct 
b e c a p a b l e  of opera t ing  r e l i a b l y  i n  t he i r . env i romen t .  

4.12 Active La t t i c e  and Ref lector  

Circular  segment fue l  elements ( s e e  Fig. 4 . 3  - Circular  
segment Fuel Element, Fig. 4.3B - Plan View of Fuel Element fo r  ETR fT, 
and l?ig. 2.OA - ETR I1 Four-Lobe Reactor - Core Cross ~ e c t , i o n )  a r e  used 
i n  t h i s  reactor .  They a r e  supported by a g r id  p l a t e  with sockets f o r  
t h e  f u e l  elemerl-l; s ide  p l a t e  extension. Surrounding t he  fue l  elements 
a r e  an aluminum supporting tank, a borated D20 shim control  tank, beryllium 
r e f l e c t o r  segments and a DpO r e f l e c t o r  tank. Four sa fe ty  rods and two 
regulat ing rods a r e  located i n  t he  core and borated D20 shim control  
regions,  respect ively ,  and a r e  driven from t h e  rod access room below the  
reac tor .  Fiss ion and ion chambers a r e  located i n  thimbles penetra t ing 
t h e  D2O r e f l e c t o r  tank'. A l l  dr ives  must be r e l i a b l e  un i t s  f u l l y  meeting 
a l l  operating requirements while operating i n  t h e i r  environments. Adequate 



fac tors  of safety  a r e  t o  be incorporated i n  a l l  designs. Mechanical, 
electrical-mechanical,,or other dr ives  may be considered fo r  t h i s  reactor ,  
but the  performance of these un i t s  should be proved p r io r  t o  ac tua l  use 
on the reactor.  

4.13 Loop and Capsule F a c i l i t i e s  

Loop experiment and capsule f a c i l i t i e s  fo r  the reactor  a r e  
shown i n  Figures 2.OA, 4 . 1 ~ ~  4 . 1 ~ ~  4 . 1 ~ ~  4 . 1 ~ ~  4.13, 4.lF, and 5 . lB .  

Bottom re-entrant type pressurized water loops ( s e e  Fig. 5 . 1 ~ )  
extend ve r t i ca l ly  tbrough the reactor.  The top pressure tube closure 
penetrates the  top reactor  head and permits removal, inser t ion,  or  
re inser t ion  of t e s t  specimen t r a i n s  with instrumentation leads i n t a c t  
during one normal reactor  shutdown period. 

The in-p i le  tube consis ts  of th ree  concentric pipes or  tubes. 
The inner tube, of 2 in .  ins ide diameter, serves a s  a support f o r  the  
experiment sample and a s  a coolant flow channel. The intermediate pipe 
contains the  loop pressure and a l so  serves a s  a coolant flow channel. 
The outer tube contains the  insulat ing gas space surrounding the pressure 
tube. 

In-p i le  tubes extend ve r t i ca l ly  through the core and downward 
through the reactor  vessel  bottomhead. Top and bottom head penetrations 
a r e  sealed by a double-gland type seal .  Pure coolant water i s  applied 
between the  glands a t  a pressure s l i gh t ly  higher than t h a t  of the  reactor  
vessel .  The sea ls  should be designed so t h a t  they may be repacked during 
a normal reactor  shutdown. The in-p i le  tube continues ve r t i ca l ly  down- 
ward through the  rod access room. In-p i le  tube extensions through the 
rod access room may be shielded with l imited mounts of lead shielding, 
dependent on ac tua l  clearances between rod dr ives  and in-p i le  tubes, 
maintenance and operating requirements of these items, and other factors .  
The rod access room i s  located d i r ec t ly  'below the vessel  bottom head and 
incorporates t r aps  which a re  imbedded i n  lead shielding i n  the  rod access 
room f loo r  ( s ee  Figures 4.1E and 4,lF). Traps a r e  designed t o  catch 
radioactive par t icu la te  matter t h a t  may be l o s t  from experiment samples. 
Loop piping i s  routed from the rod access room t o  the piping corr idors  
via  insulated pipes i n  shielded trenches radiat ing outward from the 
center of the  rod:access room. 

The arrangement of the  experimental out-of-pile piping and 
reactor control  rod dr ives  must be fu l ly  optimized a t  the  time of f i n a l  
reactor  design. Toward t h i s  end, preliminary design layouts of these 
items a r e  presented on Figures ~ . L D ,  4.U, and &,1~. 

As shown on Fig. 4 .1D3  f a c i l i t y  tubes and rod dr ives  a r e  
adequately separated just  a s  they leave the reactor  bottom head. 
However, i n  order t o  improve the operabi l i ty ,  servicing, e t c . ,  of the  
experiments and.th.e reactor ,  dr ives  and experimental tubes should be 
physically separated a s  soon a s  feas ib le  below the bottom head. This 
can be accomplished i n  any one of the  following ways: 



1. ( s e e  Fig. 4 . 1 ~ )  In -p i l e  tube extensions proceed 
v e r t i c a l l y  downward t o  t h e  catcher sect ions  s i tua ted  i n  the  lead 
shie lding b u i l t  i n t o  t he  rod access room f loor .  Rod dr ives  a r e  of t he  
quick-disconnect, f l e x i b l e ,  push-pull type, and a r e  routed r ad i a l l y  
outward t o  the  rod access room side  walls .  

2. ( s ee  Fig. 4 . 1 ~ )  In -p i le  tube extensions extend 
v e r t i c a l l y  downward and a r e  gent ly  curved outward a s  they proceed t o  
t h e  ca tchers  located i n  t h e  sub-pile room f loor .  These extensions 
might a l s o  be f i t t e d  with remotely-operated v ibra to rs  t o  insure t h a t  
a l l  sol-ids s e t t l e  i n t o  t h e  catchers.  Rod dr ives  extend v e r t i c a l l y  
downward through t he  sub-pile room f loo r  i n t o  a rod access room where 
t.hey a r e  serviced, removed, e tc .  , i n  Lhe sallle manner as i n  ETh I. 

3. (NO f igu re )  In-pi le  tube extensions proceed v e r t i c a l l y  
downward t o  the  catcher sect ions  s i tua ted  i n  the  sub-pile roou r luur .  
Rod dr ives  a l so  extend v e r t i c a l l y  downward through t he  sub-pile room 
f loor ,  and the  d r ive  mechanism i s  located i n  the  rod access and catcher 
removal room. I n  t h i s  instance,  rod dr ives  would be f i t t e d  with quick- 
disconnects r e l a t i v e l y  c lose  t o  t he  reac tor  vesse l  bottom head. It 
would be necessary t o  disconnect and physical ly  remove one o r  more rod 
dr ives  i n  order t o  se rv ice  individual  loop catchers.  

Capsule experiment leads,  i f  any, would be brought out  
through nozzles i n  t h e  r eac to r  vessel  i n t o  t he  capsule trench. These 
l eads  could a l so  bebrought out  through the  reac tor  vessel  top head, i f  
des i red.  

The design of the  reactor  a l so  p ~ n n i t . s  i.nstallwti.on of top 
re-entry  loops and through loops. Piping above t h e  reac tor  core would 
be brought out of t h e  reac tor  vessel  v i a  r a d i a l  nozzles located 10 t o  
12 f t  above t he  reac tor  core. Experimental l eads  would alsu' be brought 
through t h e ' r e a c t o r  top head penetra t ions  i n  these  cases. 

Refueling of t h e  reac tor  would be accomplished through off- 
a x i s  &rts a l so  Located i n  t h e  reac tor  top head. This parLicular 
arrangement may mean t h a t  loop experiment inse r t ion  o r  removal and 
experiment instrumentation work w i l l  be done before o r  a f t e r  the 'ref 'uel-  
ing operation. of  t h e  reac tor ,  but t h i s  arrangement appears acceptable i f  
a l l  of these  operations a r e  optimized i n  t he  f i n a l  reactor  and experirnenl; 
design and a re  careful ly ,  planrleil &id scheduled when these  f a c i l i t i e o  go 
i n t o  operation. Factors which w i l l  s ign i f ican t ly  a f f e c t  the  length  of 
a r eac to r  shutdown a r e  discussed below. 

Experiment removal o r  inse r t ion  times might be s ign i f ican t ly  
reduced by u t i l i z i n g  an experiment handling cask a~ ld  dully which would 
operate on s t r a igh t  r a i l s  extending over t he  reac tor  and reac tor  working 
canal. This cask and i t s  dol ly  would be motorized, and could be 
posit ioned over any reac tor  loop o r  capsule locat ion,  could be elevated 
or-lowered a s  desired,  and could include provisions fo r  water cooling 
of experiments, e tc .  

1 
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Experiment lead connections & ~ u l d  be of a type which would 
require a minlnnun o f t i m e  t o  mke of break eo~nect ions i n  the shield@, 
pressurized terminal bmes located above the reactor vesael top head loop 
closures. 

4.14 Fuel $aadLiq 

Fuel handling (~igures 4 6 1 ~ ~  and 4.1~) is accerazplisWd 
through fueling ports  i n  the  top head. A yotar$ f u e l  storage rack is  
built  inside the  flow distr ibutor  so thsct fuel m y  be passed around t h e  
reactor, under the  lo* flaw and lead t~bes, and maer the top head 
spider a m  t o  the  Uscharge chute. 

One important feature of the  f'uel, storsge &cb is  its a b i l i t y  
t o  hold an en t i r e  fie1 element charge, thereby making it possible t o  refuel 
f o r  an emergency shu%down without having t o  dLschsrge each 61ement in to  
the working cam1 ~ t i l  the next regular shuthwn, 

4.15 Reactor 8tructuz-e 

Figures 4.U, 4.1~) and 4.m show the s t ruc tura l  features 
a m n d  the mel to r .  

La. capsule handling cask is atippr4;~d on 2qp s t r w t n m  and 
would service any of the  capsule ins ta l la t ions  and would a l so  operate 
over and discharge ink0 the reactor  working caml .  A l a w  experbent 
handling cask is  also pravided for  discharge ,of loo@ aperiaseats in to  
the  working canal. Considemtion should be &yen t o  placing t h i s  cask 
on r a i l s  straddling the  top head of t h e  r a c t a r  and the  canal. 

Shielded tamela,  cubicles, etc., are located i n  the reactor 
s t ruc tme  and around the  peripkrerrgr of the reackar vessel a s  necessary t o  
service eapsulg aoz.a;les, l3.p piping, and top re-entrant o r  thmue;h loop 
flow tubes, piptag eorrZders and sui table  reactor vessel s u p p ~ r t  stmctttres 
arc: a lso  provided. Tfie m%er them1 ehie3d is s h m  ozatslde tlie reactor 
vessel i n  W s  inst8nces but this: might be @.aced inside of the reactor 
vessel and cooled with g m @ ~ s s m t e r c .  Joirning %he rtigctor on the nrafi 
s ide  is a working canalwith t ransfer  tube3 f o r  fuel and experiment 
handling and a canal viewing window for underwater inspectton of f u e l  
assabLies,  experimental eqtiipmt~t, etcr . The long exgexim&t teramt'er 
tube is  s lo t t ed  its fu l l  1-h so that  d i s c m e  fnto th.e csnal Is - possf&le. 

4.16 Fro@ess Piping 

A main hm@r froln We -process water area (Fig. 4.2~~ Reactor 
Building Saction A-a) brings cooling water t o  the  reactor vessel by m y  
of a piping tunnel beneath the canal. 'Phe two 24 i n ,  i n l e t  l i n e  then 
run t o  the f low -distributor in t h e  vesse luhere  We water is dispersed 
thm* the U N ~ P  smt.$~n a t  the  easel* The water flaws downward t h r o w  
the core and leaves- the  vessel through four 16 in. exit water lines.  The 
pmeeis  water then returns t o  the  process water area by way of the piping 
tunnel. 
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4.2 Reactor Building Complex 

Design philosophy leading to  the location and relationship of the 
reactor, cr i$ical  fac i l i ty ,  storage canal, experimenters' section of 
canal, and the hot c e l l  is  discussed i n  the material following: ' 

1. Common cans1 access is  provided for  a l l  of these f ac i l i t i e s .  
since it appears l ikely  tha t  there might be considerable interchange 
of loop experiments, capsules, fuel  elements, etc., between any or a l l  
of the above faci l i t ies .  Under such conditions, canal transfer appears 
more a t t rac t ive  than cask transfer when considering such things as time 
consumed i n  effecting a given transfer, likelihood nf p h y ~ i c s l  d m ~ g e  
during transfew, and other considerations. 

2. Each fac i l i ty  should nominally be capable of operating 
regardless of conditions existing i n  adjoining fac i l i t i e s .  Toward that 
.end, each f&cility and its access routes would be i s o h t e d  from every 
other fac i l i ty .  

3 .  Actual floor space provided f ~ r  each $'acili%y shn~h d knkp 3 nt.0 
consideration the experimental programs and the operational and maintenance 
requirements for that  fac i l i ty .  

The above design considerations led t o  the layouts shown on Figures: 

4 . 2 ~  - Reactor Bpilding - Firs t  Flaor Plan 

4.2B - Reactor Building - Fi r s t  Basement Plan 

4.2C - Reactor Building ,- Second Baeement Plan 

2R - Reactor B u i l i l l ~ g  - Bee tionu3. Elevglticru A-A 

4 . a  - Heactor Building - Soyth and West Building Elevations 

As indicated on the above layouts, the resctar, c r i t i c a l  fac i l i ty ,  
experiuenCerst aection+of canal, and hot ce l l  are a l l  located on, and 
connected to, a hommon storage canal. 

I 
The nor- side of the reactor building contains the storage canal 

wklch would be w e d  t o  store hot experiments, fuel elements, and experf- 
mental equipment, t o  load cut -1 and experimental equipment in to  
shielded carriers,  t o  transfer experimental equipment in to  shielded 
carriers ,  and t o  transfer experimental equipment, fuel  elements, etc., 
between f a c i l i t i e s  located i n  the reactor building. Gamma irradiations 
might also be conducted i n  t h i s  storage canal, The entire storage canal 
area would be serviced by a 50 ton bridge crane. 

The south side of the reactor building i s  divided into s ix  areas. 
Starting a t  the east end of the building, the f i r s t  area is  a service 
area containing a freight elevator, decontmination room, stairwell, and 
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entrances t o  the  c r i t i c a l  f a c i l i t y  area, storage canal area, and mockup 
area. The second area from the  ea s t  end of the  reactor  building i s  the  
c r i t i c a l  f a c i l i t y  area and contains a 24 f t  long canal i n  which the four- 
lobe c r i t i c a l  f a c i l i t y  would be located. The c r i t i c a l  f a c i l i t y  canal i s  
connected t o  the  storage cgnal by a short  canal extension. Transfer of 
heavy mater ia ls  through t h i s  connecting section would be accomplished by 
means of a mechanical c a r t  o r  other device located i n  the  bottom of the  
connecting canal and operated from the  canal parapet on both s ides  of 
the  north s l id ing  i so la t ion  curtain.  The c r i t i c a l  f a c i l i t y  i s  served by 
a 1 5  ton bridge crane running i n  a north-south direct ion.  

Located south of the  c r i t i c a l  f a c i l i t y  i s - t h e  mockup.and pressure 
t e s t i ng  area. A 15  ton bridge crane running i n  an east-west di rect ion 
w i l l  serve t h i s  area. 

I n  the  center section of the  reactor  building i s  the reactor  area. 
A reactor  working canal extends from the storage canal th-rough the  north 
wall  of the  reactor  area t o  the  reactor  s t ructure .  Transfer from the 
reactor  working canal t o  the  storage canal would be accomplished by means 
of a mechanical c a r t  o r  other device located i n  the  bottom of the  
connecting canal and operated from the  canal parapet on both s ides  of 
the north i so l a t i on  wall. This i so l a t i on  wall w i l l  extend a nominal 
dis tance below water l eve l  t o  form an a i r  s ea l  between the  reactor  area  
and the  storage canal area. The reactor  area  i s  serviced by a 50 ton 
bridge crane running i n  a north-south direct ion and by a 2 ton handling 
crane located above the 50 ton crane and operating over the  reactor  and 
working canal. Truck access t o  the  reactor  area  i s  provided through a 
truck door located on the  south wall  of the  reactor  area.  The reac tor  
area,  t he  c r i t i c a l  f a c i l i t y  area,  hot c e l l  area,  and the  experimenters' 
canal area  a r e  t o  be designed so t h a t  a i r  o r  surface contamination i n  
one area can be contained i n  t h a t  area  and w i l l  not a f f e c t  operations 
i n  any o f - t h e  other reactor  building areas. 

The extreme west area  of the reactor  building contains the  
experimentersP -canal and the hot c e l l  areas. The experimenters' canal 
i s  60 f t  long and i s  connected t o  the  storage canal. Transfer from 
the  reactor  working canal t o  .the experimenters' canal would be effected 
i n  the same manner a s  i n  the Pkactor area,  Hot experiments and experi- 
mental equipment could be visually examined and remotely worked on from 
the top of the  canal parapet o r  from behind shielding windows located 
below water l e v e l  on the west side of the  experimenters' canal ( s ee  
Figures $.2A and 4.28). 'llhis area i s  served by a bridge crane, probably 
15 ton, running i n  a north-south direct ion.  Located south of t he  experi- 
menterse canal area  i s  the  hot c e l l  area. The hot c e l l  i t s e l f  i s  located 
over a narrow extension from the experimenters' canal and it i s  possible  
t o  t r ans fe r  experiments, capsules, etc. ,  d i r ec t ly  from the  experimenters' 
canal t o  the  hot c e l l ,  where hot c e l l  metallurgical  examinations and 
other work could be conducted i n  a i r .  

A two-otorj o f f i ce  building, attaohed t o  t h e  ~ o u t h  Eide of the  
reactor  building, provides addi t ional  o f f ice  and service space fo r  
functions essen t ia l  t o  operation o f . t h e  reactor  and the  experimental 
program. 



The two. basement l eve l s  i n  the  reac tor .  area  of the  reactor  building 
a r e  u t i l i z e d ' f o r  experimental cubicles, consoles, sample and mockup areas,  . ,  
e t c ,  , f o r  t he  process equipment d i r ec t ly  associated with  the borated D20. , 

r e f l e c t o r  c i rcu la t ion  system, and f o r  reactor. . instr&ent repa i r  rooms. 

Other basement a reas  a r e  u t i l i zed  fo r  heating and vent i la t ing  
equipment, a f u e l  storage vaiiLt, experimental emergency cooling loop 
equipment, and D 0 r e f l ec to r  process equipment. 2 

' ~ o c a t i o n  of the  reac tor  process water and other process equipment . 

i s  a l s o  indicated on the  above figures,  but w i l l  be more fu l ly  discussed 
i n  .Section 4.'7, "Site,  13uildings, and Fac i i i t i e s " .  

.. . 

Building Yloor loads and canal f loor  loads should be specified a t  
time of f i n a l  design. I n  many instances, these loadings have tended t o  
be inadequate i n  f a c i l i t i e s  b u i l t  t o  date. Representative 1-oadings for 
various a reas  might approach the  following: 

Reactor Area - A l l  Floors 5000 lb/sq ft 

Storage canal Area 5000 1b/sq  f t  

C r i t i c a l  Facf l i t y  Area 3000 lb/sq f t  

Hot Cel l  Area 
. . 

~xperimenter  s ' , C , ~ a l  Area 3000 .lb/sq f t  

A l l  Ca~lals .3000 lb/sq ft + water .load. 
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4.3 Fuel Element 

4.31 General 

2he fuel  elea-ent design for the proposed reaetcm. has been based 
on c r i t e r i a  :dictated by the  core physics, coolingr requiremknts, and materials 
techn~logy. The high nektron flux and aasociate8~'power derisity i n  the reactor 
specifications indicated advanced fuel  technology, yet it has been desired 
t o  achieve the immediate objectives with a minima of .d~~lop~peqt_ .e f fg- r t .  
An attenqt hds also been'rm.de t o  select  a design offering adquate f lex ib i l i ty  
fo r  future increases i n  reactor parer. C q u t a t i o n ~  of core physics have 
produced sudh pmaraeters fo r  the fuel  element des ip -  as maximum and average 
power density, metal-to-water ratio, ctnd c r i t i c a l  mass. Eeat transfer c&- 
siderations 'have provide& chamel size, coolant velocity, core pressure dirop, 
pressure d5PTereqbisl acroas ' the fuel  plates, r n 8 x i a u ~ a  wall tenperstme. 
With the maxfmm w a l l  tempera%ure i n  the 400- 500 F r age ,  aluminrun technology 
is.,applicable. &eF loading has necesswily been high t o  accommoda$e the 

, h i p  power density. Urwium- aluminum d l 6 y s  of 35 weight ger cent ~uranf ~qn 
have been c&nsidqetd as the present fabrication l imit  but with 45 weig;b,€ 
per cent possible with sac? qevelopment. The rolled 'hicture frame" plate 
has been retained as an adequate .and w e l l  developed fabrication technique. 
To-retain the strength of the hardened a l m i n h  alloy, assembly by brazing 
has been e1imjlla;tsd i n  favor of rall~swaging or pinning. Thie technique 
lx& been verZPled by ETB 1 operating experience. 

, , 
fjl general, the fuel  element features 'desirable fur optimum 

he& removal' are ' c o r i c o  to  thpse f eatmes required for the best 
s.'truc%ural chGc te r i~a t i c s .  Heat removal cons idmat  ions indicate that  
BO"I;h*$he side plates and fuel  plate@ sh0ul.d be thin kid that the 'sp& of 
the fuel  pla?;es~ should be large. Eoyever, s t r endh  requirements dictate 
t M t  the side plates' tandl fuel, plakes should h; relatfvel$ thick asd t h ~ t  
th? unt3rrpported s p a  of the fue l  plates should be m$aimized. Fluid velocr 
i t i e s  m ( i " w d l '  t ' q e r a t u r e s  have a direct effeet *on both the he'at rmwd 
an& the structural properties of the element. For exazlrple, increasing the 
n d i n s l  f lu id  qelocity . f r m  30 t o  40 ~ t / s e c  incregses the heat removal 
c q a b i l i t i e s  by -a factor of approximately 1.5 while the later& core 
pressure d i f f e r e n t i a  i s  inc~eased by a factor of 1.8. Similarly, increas- 
ink the w a l l  temperature by ,509 w l l l  Increase the heat rem0va.J. abi l i ty  of 
the element by about 20 per cent while the structw~tXL strength of the fuel  
plate is reduced by a b u t  40 per cent'. Bigh v e l ~ c i ' c i e ~  and high temperatures 
increase the ra te  of carrosim of the cladding and therefore necessitate 
the use of thicker clarldihg. 

From a heat removal standpoint, there are obvious potential 
methods of iapmving the element such as decreasing the number of elements 
per lobe, decre;a.s i n g  the plate $hickness and increasing the number of 
plates per element. ' However, ' each of these changes decremes the structural 
quality of the element and therefore cannot be recormqeqded-until sufficient 
development work -is done t o  establish the complete re l iab i l i ty  of the modi- 
f i ed  element under the specified remtor conditions. 

r. . = - =  * . . . .:!y$l ; .'-, - 8  



4.32 The Circ3ar  Begpent Fuel Element 

The geometry most nearly meeting t he  specifications outlined 
ill the previous sectfan Ecppems t o  be an element composed of circular 
segment fuel  pletes (~ igu ree  4 . 3 ~  and 4 . 3 ~ )  . Basically khe element 
consists of curved plates mounted 'be-bween two side plates t o  -form a 4.5" 
segment of a r ight  c-frculas cylinder. The inside rsdius its 3 in. and 
the outside radius is 5.5.in. The side plates axe extended t o  form the  
bottom end box. Each element has nineteen curved plates 0.Q50 in. thick, 
mechanically joined to the side plates. Bach;.fuel p la te  mnsis-t;s of a 
homogeneous, highly enriched usanim-aluminum &loy me, 0,020 in- tlzcck, 
completely d a d  with a 0-  015 in. layer of X8001 alWum &oy which s h d d .  
be sufficient fo r  the corrosion and s t ress  .conditions'encmmteped. 9% over- 
dl length of the plates is 49.5 in. asd the  fuel  l o d i n g  reqyired is 33 weigh 
per cent. Boron is incorporated in  the core alloy t o  compensate f a r  the 
loss  in  reac%ivity due t o  f u e l  burnyp. 

The 20 per cent enriched core loadqng experience i n  the BPI% 
indicates that  l i t t l e  irradiation tes t ing is needed on the fuel alloy 
used i n  the proposed reactor. However9 dynamic in-p;Ue c m o s i o n  data 
extending the published data on the X8001 cladding t o  higher flow rates 
and temperatures should be obtained. 

Some increase i n  cost of the circulas segment fuel  element over 
the present MTR-ETR type elements can be expected due t o  the number of dies 
needed t o  fabricate the individually sized plates, the  incorporation of 
boron, the special alloy cladding, and the rejeet  r a t e  of the high weight 
per cent core. Recent ETR experience has shown that the boron distribution 
can be sat isfactori ly controlled in production. No increase i n  price is 
anticipated i f  it becomes desirable t o  grade the fue l  radially t o  f l a t t en  
the power. A sl ight  increase i n  cost (i. e., 10 per cent) sight be expected 
for axial grading of fuel.  

Wher fuel  element designs and material8 which were considered 
are discussed i n  Section 8.6. 

4.33 me1  Element Flow Containment - 

Because the coolant velocity through the fuel  (44 ft/sec) i s  
much greater than the velocity through the adjacent E g a d  A1-I%$ regions, 
some provision i s  needed ei ther in  the design of the fuel  element or i n  
the reactor structure t o  effect  adequate cooling of the external plates 
and t o  establish flow conditions such that  no unacceptable l a t e r a l  pressure 
differentials ex i s t  across these outsfde plates. If the flow immediately 
adjacent t o  the outside fuel  plates were  allowed t o  have the same velocity 
as the flow through the A1-H20 and H20 regions, then a l a t e r a l  pressure 

- di-fferential of approximately 86 psi would exis t  across the outside plates. 

Three methods are suggested for providing a .0775 in.  thick 
flow channel adjacent t o  the exterior fuel plates so that  the velocity on 
both sides of these fuel  plates i s  the same and no excess l a t e r a l  pressure 



1 .  Where aluminum . f i l l e r  pieces are adjacent t o  the fuel, 
as i n  the center high flux region, these f i l l e r  pieces w i l l  be designed 
t o  provide the required flow channel. 

' 2. Where structural. members are adjacent t o  the fuel,  as 
on the outside of the f b , ~  lobes, these members w i l l  be designed t o  
provide the  required flow uhannel for the outer f u e l  plates.  An 
example of t h i s  is the borated D20 outer control tanks. 

3. Where a water region i s  adjacent t o  the fuel,  as i n  
the  flux-trap regions i n  t w o  of the lobes, complete r ight  circular  
cyl iadr iea l  8hell.s fill be used to fieparate the -1 =@on fpcm the 
a u a c e n t  water region and t o  provide the necessary flow channels 
adjacent t o  the external fue l  plates .  

If provisions, such as those outlined above, are not made 
t o  Lsolate the low coolant velocity regions from the hi& coolant 
velocity fue l  region and t o  provide channels which permit high flow 
ra tes  d o n g  the two outside f i e 1  plates,  then re la t ive ly  thick (0.180 in .  ) 
non-fueled outer plates all be r e ~ u i r e d  nn t h ~  fuel elements, 
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4.4  ~ e a c t o r  Cont ro ls  and ~ n s t r u m e n t a t i o n '  - 
. . : . ,  . .. 

The in s t rumen ta t ion  system may be  d iv ided  i n t o  t h r e e  c a t e g o r i e s  f o r  
purposes of  d i scuss ion :  t h e  c o n t r o l  system which u t i l i z e s  r e g u l a t i n g  
rods  and shim c o n t r o l  t o  a l low automat ic  ope ra t ion  of t h e  r e a c t o r - u n d e r  
p r e s e t  cond i t i ons ;  t h e  s a f e t y  system which func t ions  t o  p r o t e c t  t h e  r e a c t o r  
throughout  a l l  conceivable  ope ra t ing  s i t u a t i o n s ,  in tended  o r  accidental.; 
and t h e  p roces s  i n s t rumen ta t ion  t o  a l l ow t h e  p rope r  p roces s ing  of t h e  
r e a c t o r  coo lan t s  accord ing  t o  t h e  r e a c t o r  requirements .  

4.41 Cont ro l  System - 
The c o n t r o l  system provides  a  cont inuous means of measuring 

t h e  power l e v e l  and  t h e  neutron f l u x  l e v e l  i n  t h e  r e a c t o r  and a  means 
of c o n t r o l l i n g  t h e  long  t ime v a r i a t i o n s  (shim c o n t r o l )  and t h e  s h o r t  
t ime  v a r i a t i o n s  ( r e g u l a t i n g  rod  c o n t r o l ) .  

4.411 Power Level Ins t rumenta t ion  

There a r e  two systems f o r  determining t h e  i n t e g r a t e d  
power l e v e l  of t h e  r e a c t o r  a s  shown i n  F ig .  4 . 4 ~ .  The f i r s t  i s  a  system 
of  water  sample tubes  spaced around t h e  r e a c t o r  t o  b r i n g  a  sample of t h e  
coo lan t  wa te r  from f i v e  r eg ions  ou t  t o  a  gamma r a y  d e t e c t o r  arrangement .  
Th i s  sample i s  a t  t h e  d e t e c t o r  w i t h i n  approximately 10  s e c  a f t e r  pas s ing  
through tP& r e a c t o r  c o r e  so  t h a t  t h e  a c t i v i t y  caused by t h e  neutron r e -  
a c t i o n  8 0  (n,p)7~16 which decays wi th  a  7.4 s e c  h a l f  l i f e  can be  measured. 
By sa;;rpling a t  f l v e  symmetrical r eg ions  i n  t h e  r e a c t o r  a n  i n t e g r a t i o n  of 
t h e  r e a c t o r  neutron f l u x  i s  obta ined .  I n  a d d i t i o n ,  t h i s  measurement 
a l l ows  ba lanc ing  of t h e  neutron f l u x  i n  t h e  r e a c t o r  by shim c o n t r o l  when 
exper imenta l  l oad ing  causes unbalance.  

The second system c o n s i s t s  ot' a  conven t i v u a l  computation 
o f  t h e  r e a c t o r  power by measurement of  t h e  d i f f e r e n c e  i n  tempera ture  of 
t h e  i n l e t  and out leL coo l ing  water  and mul t ip ly ing  by  t h e  coo lan t  flow 
ra t e .  Ecve r s l  r e s i s t a n c e  thermometers a r e  used t o  a l l ow b e t t e r  i n t e g r a -  
t i o n  of t h e  i n l e t  and o u t l e t  t empera tures  reducing  t h e  e i ' fec t  Of any 
s t r a t i f i c a t i o n  i n  the  c o o l s a t  wszter p ip ing .  

A d i f f e r e n t i a l  galvanometer a l lows  a  more s e n s i t i v e  
i n d i c a t i o n  of t h e  d r i f t  i n  power l e v e l  t han  on a  normal f u l l  s c a l e  
i n d i c a t i o n .  The system shown i n  F ig .  4 . 4 ~  w i t h  a  c a r e f u l l y  c o n t r o l l e d  
zero  o f f s e t  i s  q u i t e  s e n s i t i v e  i n  t h i s  measurement. With b a t t e r i e s  a s  
t h e  h igh  v o l t a g e  supply,  t h e  system i s  a l s o  used a s  a  power l e v e l  i n -  
d i c a t i o n  independent of  ~ . c ,  power generation. The chamber f o r  t h i s  
ins t rument  may be l o c a t e d  o u t s i d e  of  t h e  thermal  s h i e l d  s i n c e  it does 
no t  r e q u i r e  f a ~ t  response and  can t h u s  o p e r a t e  a t  lower neut ron  s e n s i t i v i t y .  

4.412 Shim c o n t r o l  
. . . . 

A system of  shim c o n t r o l  i s  proposed which uses  a  
chemical  s o l u t i o n  of  boron t o  be  added. t o  o r  t a k e a  qway from two c o n t r o l  
r eg ions  i n  each of t h e  four - lobes  o therwise  con ta in ing  DqO a s  shown i n  



Fig.  2.OA. This type con t ro l  has an.advantage over t h e  fue l . fo l lower  
type shim rod con t ro l  i n  t h a t  it per turbs  t he  neutron fIuX symmetrically 
i n  t h e  v e r t i c a l  d i rec t ion .  This i n  t u rn  re l i eves  an otherwise more 
c r i t i c a l  heat  generation problem and allows a more. .uniform :neutron ,"flux . . .. 
throughout t h e  Length of the.  experimental tubes. .. . . 

A chemical shim cont ro l  system design f o r  t h e  r e f l e c t o r  
region only demonstrates t h e  problems and poss ible  solut ions  encountered. 
Di rec t ly  outs ide  t h e  core i s  a 10 cm th ick  D 0 r e f l e c t o r  annulus t o  which 
D BO can be added o r  removed t o  provide a czemical shim cont ro l  system. 
n3scdematic diagram of such a system i s  shown i n  Fig. 4.4~. The shim 
con t ro l  annulus i s  divid-ed i n t o  four3ect ious  t o  alluw d f f f e r e n t i a l  con t ro l  
of r e a c t i v i t y  unbalances from t h e  e ~ e r i m e n t . ~ ,  tn e f f ec t  power balauciug 
tiuslug reac tor  operation and t o  allow spec ia l  d i s t r i bu t i on  of power among 
t h e  four-lobes t o  achieve a spec ia l  combination of f l u x  leve l s .  Due t o  
t h e  high gamma and neutron heating i n  t h e  borated 1120 tanks and reflector 
annulus, tho B,-0 i o  eac~ l s r l  l u  au ex te rna l  heat  exchanger. A ba f f le  and 

2 o r i f i c e  i s  provided t o  fo rce  p a r t  of t h e  D 0 a t  a high ve loc i ty  pa s t  t h e  
i nne r  wal ls  of t h e  borated D 0 tanks t o  ingrease t he  heat  t r ans f e r  co- 

2 e f f i c i e n t  and reduce- the  operating temperatures. 

For removal of boron from the  r e f l e c t o r  stream, a 
boiler-D 0 recovery system i s  used. This i s  pre fe r red  t o  an ion-exchange 
r e s i n  be$ because of t h e  high cost  of a ddeterated r e ~ i n  which cailnoL 
f e a s i b l y  be rejuvenated. The recovery system s to r e s  t h e  por t ion of t h e  
borated D 0 withdrawn fFom t h e  r e f l e c t o r  stream and d i s t i l l s  off  t he  D20 
a s  a bate$ process.  Pure D 0 in jec ted  i n t o  t h e  nystem during d i l u t i on  

2 of t h e  borated D 0 shim so lu t ion  comes from a makeup tank. 
2 

For addi t ion oP the boron t o  t hc  system, a n  i n j ec to r  
p laces  a metered amount of 46.5 g D BO / l i t e r  solut ion i n t o  t h e  m i - n  D Q 
otrcorn j u s t  p r i o r  t o  entrance i n t o  ?he3ref lector  tank region. 2 

The equations describing both systems a r e  shown below. 
For removal of boron from t h e  syst-em, 

m e r e  .'. . . . . . . . 
. . 

.C = concentrat ion of D B0 at, time, t, i n  g / l i t e r ,  
.3 3 - .  .. . 

C = t he  i n i t i a l  concentrat ion of D BO i n  g / l i t e r ,  
0 3 3 

3 v = t h e  flow r a t e  of t he  coolant i n  f t  /see, 
s 

f3 = t he  f r ac t i on  of flow being drawn of f ,  

. . V '= t he  t o t a l  r e f l e c t o r  volume . i n  f t  3 , and 
R .  

t = t h e  time i n  sec .  



. . 

Fig.' 4.4~ shows t h e  v a r i a t i o n  i n  t h e  e f f e c t i v e  mul t ip l ica t io t i  f ac to r , .  keff , . . .  
'for. two continuous r a t e s  .is c r i t i c a l i t y  ' i s  approached from .k ' = 0.98. e f f .  . .  . 
'To a c h i e ~ e ' c r i ~ i c a l i t ~  i n  four 'minutes a f t e r  s t a r t i n g  d i l u t i o n  of t h e  . 
borated  D 0. shim sd lu t ion  from a  so lu t ion  which i s '  70 '*er cent  sa tu ra ted  
with D BO*, 'pvS/v mist equal 0.512 f o r  an i n j e c t i o n  flow r a t e  of about 
65-$pm! . !TO l i m i e  t h e  maximum r a t e  of change of r e a c t i v i t y  t d  l e s s  than 
10 i n  ~ k / k  p e r  sec,  however, t h e  value of f3vS/v = 0.217 f o r  an i n j e c t i o n  
flow r a t e  o f  about 28 gpm, which changes t h e  reacaor s t a r t u p  t i m e  t o  about 
10 min f o r  t h e  same condit ions.  It i s  poss ib le  t h a t  t h e  f a s t e r  flow r a t e  
may be used u n t i l  nearing' c r i t i c a l i t y  and then t h e  slower . r a te  , t o  reach,, 
c r i t i c a l i t y .  , 1t is  a l s o  noted t h a t  t h i s  can be an i n t e r m i t t e n t  . . 'process 
ins tead '  of .  a continuous' one,. 

The boron i n j e c t i o n  system i s  described by t h e  equations, 

" S  , .  

- (c, - c,) e- 4;- and 
; .c  =, 

1 ' 

' .  
' Ca = t h e  D.BO concentrat ion being i n j e c t e d  i n  @;/liter, . . . . ;3 3 .  . . 

' C = t h e  i n i t i a l  concentrat ion of t h e  system i n  g l l i t e r ,  
. 0 .  

.., . . 3  . . 
- . . . v  ' = t h e  system flow r a t e  i n  f t  /sec, .' 

S 
3 v  = t h e  i n j e c t i o n  flow r a t e  i n  f t  /sec, a  . . . . 

t = t h e  i n j e c t i o n  time i n  sec,  and 
. . . .  

. . . . 3 .  = . the t o t a l ' r e f l e c t o r  volime in '  f t  . 
. . vi . .  . . . , . , 

ThTs equation is' v a l i d  only f o r  B. s i n g l e  cycle  of t h e  r e f l e c t o r  system., 
due t o  t h e  cycle  delay  t ime  from s t a r t i n g  i n j e c t i o n  u n t i l  ' t he  concentrat ion 

. increase  i s  f e l t  throughout t h e  system. , For times longer ' than  t h e  system 
cycle  time a s e r i e s  of succes i ive  approximat3.ons.must be used . t o  determine 
t h e  concentrat ion of t h e  f l u i d  en te r ing  the' r e f l e c t o r .  . The cycle  time 
e f f e c t  does. not al low ' i r i ject ion a t  a  constant  r a t e  t o  maintain a  un i fo rg  
inc rease  i n  boron 'concentrat ion. ,  Refinements i n  i n j e c t i o n  techniques 
aria .mixing ' i n  t h e  e x t e r n a l  system. should approximate a  uniform r i s e ,  ' 

t . . . however .'.' . " - I . .  ' 

It i s  des i rab le  t o  have s i m i l a r  s e n s i t i v i t y  of c o n t r o l  
" $or. t h e  addi t ion '  of boron- a s  occurs.' f o r  'the removal of boron i n  t h e  

r e f l e c t o r .  'Tn :F'?g., 
. . .  .. . . . l r . 4 ~  . . .  . . t h e  . .  . of ,,va/vS reqGired t o  .. , i n i t i a t e  1 0 - ~ / s e c  



r a t e  of change of r e a c t i v i t y  f o r  t h e  operat ing r e f l e c t o r  boron concentra- 
t i o n s  i s  obtained.  Then t h e  curve shown i n  Fig .  4 . k  i s  used t o  determine 
what r a t e  of change of i n j e c t i o n  r a t e  versus time i s  required  t o  maintain 
t h e  negative r e a c t i v i t y  change a t  10'3 P n ' ~ k / k  p e r  sec .  The curve shown 
i n  Fig .  4 . 4 ~  has  been divided i n t o  t h r e e  exponential ly increas ing region 
corresponding t o  t h r e e  regions on t h e  exponential  curve of e f f e c t i v e  
m u l t i p l i c a t i o n  f a c t o r  a s  a  funct ion of D BO concentrat ion.  (see  Fig .  
4 . 4 ~ . )  3  3 

I n  t h e  neck of each lobe s t r a d l i n g  each mechanical s a f e t y  
rod i s  an  a d d i t i o n a l  l o c a t i o n  f o r  boron i n  D 0 .  The one s i d e  i s  i n l e t  
and t h e  o the r  t h e  o u t l e t  f o r  t h e  so lu t ion  adowing  an easy replacement 
of a de fec t ive  u n i t  from t h e  .top. This  w i l l  a l low a d d i t i o n a l  c o n t r o l  of 
f l u x  v a r i a t i o n s  and shutdown react iv i .  t y .  

The pre l iminary  design ca lcu la t ions  show t h a t  t h i s  type 
o f  ~ . e f l e c t o r  shim system does not, p e r t ~ ~ r h  t h e  test assembly f l u x  unduly 
and gives  a gradual  and s t a b l e  r e a c t o r  cun t ro l .  The engineering develop- 
ment work should be d i r e c t e d  t o  provide a  smooth, r e l i a b l e ,  and proper 
r a t e s  of add i t ion  of pure  D 0  and concentrated D BO so lu t ion .  The 
f e a s i b i l i t y  of t h i s  system *has been demonstrate2 i 2  t h e  BORAX F a c i l i t y  
l o c a t e d  a t  NRTS. 

The boron chemical shim c o n t r o l  system i s  s u f f i c i e n t l y  
f l e x i b l e  t o  al low adequate compensation f o r  changing r e a c t o r  condi t ions .  
The r a t e  of change of r e a c t i v i t y  a v a i l a b l e  i n  t h e  system i s  g r e a t e r  than 
t h a t  produced by t h e  maximum r a t e  of change of xenon o r  temperature under 
t h e  worst opera t ing condi t ions .  Control l ing  of each quadrant ind iv idua l ly  
a l lows suppression of any o s c i l l a t i o n  i n  t h e  f l u x  t h a t  might be caused 
by t h e  degree of coupling between t h e  four  l o b a l  sec t ions .  It a l s o  per- 
m i t s  a d j u s t i n g  t h e  f i v e  major loops ind iv idua l ly  t o  unl ike  n p e r ~ t i n g  
f l u x  condi t ions .  

4.413 Regulat ing Rod Control  

Tli t  'regulaLiug r u d  f s  a vertically opera t ing rod 
l o c a t e d  i n  t h e  Re0 r e f l e c t o r  a s  shown i n  Fig. ,2.0A. Thc rod i n s e r t s  
and withdraws neutron absorbing m a t e r i a l  t o  damp small r e a c t o r  power 
f l u c t u a t i o n s  a s  d i c t a t e d  'by t h e  servo c o n t r o l  system. The servo system 
which al lows automatic c o n t r o l  of t h e  r e a c t o r  power i s  shown i n  Fig .  
4.41. The ion iza t ion  caused by neutrons i n  t h e  compensated ion chamber. 
al lows cur ren t  t o  %low through t h e  mnt-nr  opcrat.ed rheostat  psogortional.  ' 

t o  t h e  neutron f l u x .  The rheos ta t  a c t s  a s  a  s e t  po in t  t o  produce a 
vo l t age  from t h e  ion c u r r e n t  t h a t  i s  balanced a g a i n s t  a  f ixed  vol tage  
i n  t h e  servo ampl~ff ier .  A s  t h e  rheos ta t  i s  va r ied  a d i f f c r e n t  power 
l e v e l  i s  determined a n d . t h e  hydrau l i ca l ly  driven rod allows a  cor rec t ion  
t o  be made t o  b r i n g  t h e  irnlt ,a:ge i.nto balance.  Two decsdec of powcr 
l e v e l  a r e  con t ro l l ed  by t h e  servo system. 

It i s  poss ib le  t h a t  with a  chemical shim c o n t r o l  system 
a s  descr ibed above a  mechanical r egu la t ing  rod may be unnecessary. To 
determine t h i s  an  i n v e s t i g a t i o n  i n t o  t h e  mixing problems, t h e  time response 
and t h e  p r a c t i c a l  -@ocessing of t h e  chemical so lu t ions  i s  necessary. This 
proposal  i s  made inc1uding.a mechanical r egu la t ing  rod. 



A s  d i scussed  i n  t h e  k i n e t i c  c a l c u l a t i o n s  i n  t h e  Hazards 
s e c t i o n  of t h i s  r e p o r t ,  t h e r e  i s  a n  added measure of s a f e t y  i n  t h e  con- 
t r o l  of t h e  water  r e f l e c t e d  r e a c t o r .  Those neutrons e n t e r i n g  t h e  r e f l e c t o r  
r e t u r n  t o  t h e  a c t i v e  co re  wi th  some f i n i t e  de l ay  i n  t h e  o r d e r  of  a  m i l l i -  
second. The e f f e c t  i s  s i m i l a r  t o  t h a t  of t h e  delayed neutrons which i s  

\ t h e  mechanism a l lowing  c o n t r o l  i n  a  thermal  r e a c t o r .  Only i n  t h i s  c a s e  
t h e  percentage  of neutrons delayed i s  some 30 p e r  c e n t . i n s t e a d  of t h e  
0 . 7  p e r  c e n t  normally a v a i l a b l e .  The r e s u l t  i s  t h a t  t h e  performance of 
t h e  se rvo  system can be  r e l axed  over  a  thermal  r e a c t o r  t h a t  does not  
have heavy water  r e f l e c t i o n .  

It i s  noted  t h a t  t h e  boron i n  t h e  shim r e f l e c t o r  can 
r e a c t  on t h e  worth of t h e  r e g u l a t i n g  rod  due t o  t h e  c l o s e  proximi ty  of 
t h e  two. However, a t  c r i t i c a l i t y  and  power where t h e  r e g u l a t i n g  rod i s  
opera t ing ,  t h e  amount of boron i n  t h e  shim r e f l e c t o r  w i l l  be  reduced and 
t h e  e f f e c t  should be  *minimized. 

S a f e t y  System 

The s a f e t y  system r e c e i v e s  i t s  a c t i v a t i o n  from f i s s i o n  chambers 
and gamma-compensated i o n i z a t i o n  chambers, which, e i t h e r  s e p a r a t e l y  o r  i n  
combination, provide  a  cont inuous i n d i c a t i o n  of  t h e  neut ron  l e v e l  i n  t h e  
r e a c t o r  from t h e  c o l d  c l e a n  r e a c t o r  (with neutron sou rce )  t o  g r e a t e r  t han  
150 p e r  c e n t  of f u l l  power r a t i n g .  These channels  a r e  a d j u s t e d  appro=. -_  
p r i a t e l y  t o  g ive  t h e  p rope r  shutdown of t h e  r e a c t o r  f o r  unsafe  ope ra t ing  
cond i t i ons  i n  whatever reg ion  of neutron l e v e l  t h e  r e a c t o r  i s  ope ra t ing .  

4.421 S t a r t u p  Ins t rumenta t ion  

The s t a r t u p  in s t rumen ta t ion  c o n s i s t s  of two channels  
of  count ing  r a t e  ins t ruments  t o  count  t h e  f i s s i o n s  i n  two f i s s i o n  chambers. 
The output  from t h e  l o g  count  r a t e  meters  a s  shown i n  t h e  block diagram 
i n  F ig .  4 . 4 ~  -is recorded.  On t h e  r eco rde r  t h e r e  a r e  microswitches s e t  
so  t h a t  t h e  c o n t r o l  system w i l l  n o t  a l l ow t h e  r e a c t o r  t o  s t a r t  up wi thout  
having a t  l e a s t  one of t h e  count  r a t e  channels  r ead ing  on-scale .  These 
channels  a l low observa t ion  of t h e  neut ron  Slux i n  t h e  c u l d  c l e a n  r e a c t o r  
reg ion  wi th  a  reasonable  s i z e  neu t ron , sou rce  from which t o  mu l t ip ly .  

4.422 Mechanical .Safe ty  Rods 

I n  ETR I1 t h e  s a f e t y  rods  a r e  b l a d e  t y p e  c u r t a i n s  which 
mnve between ad,jacent f u e l  s e c t i o n s  i n  t h e  stem of each of t h e  four - lobes .  
The rods a r e  dr iven  from below t h e  co re  by a  systeill s l m i l a ~ .  Lo t ha t  i n  
u s e  i n  ETR I .  During r e a c t o r  ope ra t ion  t h e  s a f e t y  rods  a r e  withdrawn 
completely t o  a  p o s i t i o n  one f t  above t h e  co re .  I n  t h e  event  of  a  scram 
s jgna l ,  t h e  hold ing  magnets a r e  de-energized, r e l e a s i n g  t h e  rods which 
a r e  a c c e l e r a t e d  by  g r a v i t y  and c o r e  p r e s s u r e  i n t o  t h e  r e a c t o r .  



The sa f e ty  rod drop time i s  found from t h e  so lu t ion  of 
t h e  acce le ra t ion  equation t o  be 

-- - 1 KAL . .. - 
, - w - 1) ,, 

. .. 

where 

w = t h e  rod weight i n  l b t  
..- , . 

2 ' A  = t h e  rod cross  sec t iona l  .area i n  f t  ., 

Ap = t h e  p ressure  drop across t h e  core i n  ps f ,  and 

L = t h e  length  of t h e  core over which pressure drop occurs i n  f t .  

Neglecting dashpot e f f e c t s  a t  t h e  end of t h e  rod t r ave l ,  t h e  s a f e t y  rod 
drop time i s  approximately 0.47 sec wjth a Ap of 75 p s i .  Assuming a 
neg l ig ib l e  delay time i n  t h e  instruments and a  re lease  time f o r  t h e  
magnets of 0.05 sec, t h e  t o t a l  time required t o  i11l;roduce t he  complete 
shutdown r e a c t i v i t y  i s  0.52 sec .  

The shim control- system i s  adjusted t o  have enough negative 
r e a c t i v i t y  e f f e c t  t h a t  a t  no time w i l l  t h e  reactors  go c r i t i c a l  nn with- 
drawal of tlle sarel;y rods during s t a r t up .  To account f o r  t h e  excess 
r e a c t i v i t y  needed f o r  burnup and the  poss ible  add i t iona l  pos i t i ve  r e a c t i v i t y  
t h a t  might occur from f u e l  experiments, a ~ra1.1.1e of e f f cc t i vc  wl t ip lLcatLon 
OS u.98 has been chosen f o r  t h e  cold clean reac tor  when t h e  s a f e t y  rods 
a r e  completely withdrawn. 

4.423 Safety  Instrumentation 

The s a f e t y  instrumentation f o r t t h e  reac tor  makes use 
of many of t he  des i rab le  fea tures  i n  t h e  MPR. The bloclr diagram of Llle 
s a f e t y  instrumentation i s  shown i n  Fig.  4.45. The s igna l s  from th r ec  
l e v e l  ulltlnncls and .L"w'u periocl channels o r ig ina t ing  from f i v e  separate  
chambers a r e  t i e d  t o  a common s l g m  bus. Thic oigma bus acLs as an input  
s i g n a l  t o  the  nonlinear magnet ampl i f iers .  T ~ P  magnet ampl i f iers  have 
t h e  cha rac t e r i s t i c  t h a t  a s  t he  input from tile sigma bus goes e i t h e r  up 
above a  ce r t a in  voltage o r  down below a  ce r ta in  voltage, t h e  output 
cur ren t  t o  t he  magnets goes down. Thus, f o r  a  reac tor  power increase  
and t h e  r e su l t i ng  sigma bus voltage increase  o r  f o r  shor t ing of t h e  
sigma bus r e su l t i ng  i n  a  vol tage decrease, t he  magnet current  decreases 
s u f f i c i e n t l y  t o  r e l ea se  t h e  s a f e t y  rods i n t o  t h e  reactor .  This system 
i s  commonly re fe r red  t o  a s  t h e  "Fast Scram" o r  "Electronic Scram" 



i n s t rumen ta t ion  s i n c e  it can occur  i n  t h e  mi l l i s econd  range and .does  no t  
r e q u i r e  ,any mechanical r e l a y  operat ions. .  The  low Scram': ,, "Setback", 
and  "Reverse" a r e  u s u a l l y  i n f t i a t e d  by  r eco rde r  l e v e l  switches . u s ing  r e l a y s .  
A l i s t  of  t y p i c a l  " c o r r e c t i v e  ~ $ g n a l s "  t o  be  used .a re  g iven  i n  Table 4 . 4 ~ .  

. :  
. . . .  i ' , . 

... , .  . / 

TABLE 4 . 4 ~  . . . . 

. . 
CORRECTIVE SIGNALS . . 

. . .  

Parameter , 

~ ~ u t r o ~  Level ' , . . 

Water Power 

Water Temperature R i se  

Water Flow , ,. . , . . . . .  . 

watkr . ,Press .ur& 

Manual Ope,ration. '' 

Neutron Level (Manual) , . .  

Reac to r .  Pe r iod  , . : . . .  

. . 
Purchased .power ~ r e ~ u e n c ~  ou t  o f .  l i m i t  

. . 
LOSS' o f  ' purchased , . Power ' . ,  . 

. . .  . . .  
Loss . &f . R e 3  a.y Bus voltaic, 

** N =l$ F u l l  Power 
L- 



The Setback i s  used t o  b r lng . abou t  a gradual  redudt ion  
. . . .  

of o p e r a t i n g  power w i t h  t h e  occurrence . o f  ..an abnokinal ' cond i t i on ,  no t  
n e c e s s a r i l y  unsafe ,  b u t  which .is e i t h e r  'a '  p r ecu r so r .  o f '  an 'unsafe . ' condi t ion  
o r  t h a t  which would i n v a l i d a t e  some s tandby p r o t e c t i o n  i n  t h e  event  'of 
a  r e a l  emergency. The se tback  i s  accomplished by t h e  automatic  lowering 
o f  t h e  c o n t r o l  p o i n t  o f  t h e  se rvo  system and p e r s i s t s  o n l y  s o  long a s  t h e  
c o n d i t i o n  which provoked a c t i o n - r e m a i n s .  The r e a c t o r  i s  always e s s e n t i a l l y  
c r i t i c a l .  When t h e  t r o u b l e  has  c l ea red ,  t h e  s e rvo  w i l l  respond t o  t h e  
o p e r a t o r ' s  demand f o r  r:turn t o  t h e  o r i g r n a l  o r  d e s i r e d  se rvo  s e t p o i n t .  

The Reverse i s  more d r a s t i c  i n  t h a t  a l l  c o n t r o l  elements 

. .  . 
a r e  d r i v e n  i n  t h e  d i r e c t i o n  of d e c r . e a s l n g . r e a c t i v i t y  a n d . c o n t i n u e  t h i s  . . -  

a c t i o h  u n t i l  th 'e condit,ion- has' c l e a r e d  an'il, t h r  ope ra to r  he~;  xaernovcd the 
reverse command. ~ c - p e u d i n ~  u p q ~  llvw ling the! r e v e r s e  l a s t s ,  t h e  reacdok. 
may 'be s u b c r ' i t i c a l  b y  s e v e r a l  p e r  c e n t ;  t h e  withdrawal  of  shim rods, must 
b e  i n i t i a t e d  by  t h e  o p e r a t o r  t o  r e s t o r e  t h e  r eac to r  t o  n u m l  operatioil ." '  
\ h c t l ~ c r  t l l i s  call be dune In any p a r t i c u l a r  c a s e  w i l l  depend i.l.pon t h e  neuteon 

; l e v e l  a t  t h e  t ime inc reas j -ne  the"  r e a c t i v i t y  i s  a t tempted  by the upe ra to r .  
If t h e  f l u x  has  f a l l e n  below some s a f e ,  a r b i t r a r y  va lue ,  t h e  system w i l l  
demand t h e  ope ra to r  go through t h e  e n t i r e  s t a r t u p  procedure.  Obviously 
t h e  r e v e r s e  i s  used f o r  cond i t i ons  which r e q u i r e  d r a s t i c  a c t i o n ,  such a s  
a  5  see. p e r i o d .  

The Scram i:s t h e  f i n a l  and most dramatic  c o r r e c t i v e  . 
a c t i o n  which may b e  t aken  b y  t h e  c o n t r o l  system and r e s u l t s  i n  complete 

. . ' shutdown. The u l t i m a t e  s a f e t y  of th.e r e a c t o r   depend^ on t h e  ex is te t lce  
of  numerous independent means f o r  ach iev ing  t h e  scram, s o  t h a t  t h e  pro-  
b a b i l i t y  of s imultaneous f a i l u r e  of a l l  i s  made van i sh ing ly  sma l l .  

4.424 A u x i l i a r y  ...,-?,,-" Inotrumcnta$i,ou 

F i s s i o n  Product Monitoring systemL - I n  a high-f  lux ,  
water -cooled  r e a c t o r  it, i s ~n important  cono idc ra t iou  ' t u  ilelec t eontamlna- 
t i o n  of  t h e  .system from f r e s h  f iGs ion  products  ., The d e t e c t i o n  arid l o c a l -  
i z a t i o n  of  such contaminat ion i s  necessary  from an  o p e r a t i o n a l  v i e w p o i n t , '  
I n  o r d e r  t o  ,make d e c i s i o n s  regard.i..ng r e a c t o r  opera th ing  l e v e l ,  dj.sprssition 
of  e t i ' l uen t  water ,  and  t h e  o p e r a t i o n  of  exper imenta l  f a c i l i t i e s .  

The in s t rumen ta t ion  must d i s c r i m i n a t e  a g a i n s t  t h e  
h i g h  "no i se  l e v e l "  caused h y  r a d i a t i o n  from a c t i v a t e d  illlpuLil;ies i n  t h e  
wa te r ,  b y  en t r ance  of r a d i o a c t i v e  nucl e i  from s t r u c t u r a l  mat,cri n.1.s auli 
I l e p u s l t i o n ' o f  r a d i o a c t i v e  m a t e r i a l  on t h e  s u r f a c e  of t h e  water , .system. 
Th i s  problem i s  a l l e v i a t e d  b y  us ing  f i s s i o n  product  i o d i n e  i s o l a t i o n  by  
means o f  i o n  exchange r e s i n s  and. gamma energy d i ~ c r i m i n a t i o u .  a s  irlri icated ' 

i n  F i g .  4.4~. By look ing  a t  t h e  s h b r t  l i v e d  i o d i n e   product^, p a s t  h i s t o r y  
i s  n o t  a  major f a c t o r  i n  t h e  measu.rement,- 

1. R .  L. Heath, "F i s s ion  Product  Monitoring i n  Reac tor  Coolant Streams", 
IDO-1621-3, J anua ry  1, 1356. 



Boron. Concentrat ion Ins t rumenta t ion  - The ' s t a r t u p  
of  t h e  r e a c t o r s  r e q u i r e s  t h a t  a  70 p e r  c e n t  s a t u r a t e d  s o l u t i o n  of  D,BO, 
b e  p r e s e n t  i n  t h e  U 0 shim c o n t r o l  r e f l e c t o r  so t h a t  t h e  r e a c t o r  dods do t  
go c r i t i c a l  on witharawal  bf t h i  s a f e t y  rods .  A t e s t  should be a v a i l a b l e  
t o  a s s u r e  t h e  ope ra to r  t h a t  t h i s  cond i t i on  does e x i s t .  A pr imary measure- 
ment of  t h e  neutron abso rp t ion  can be made a s  shown i n  t h e  b lock  diagram - 
i n  F ig .  4.4~. A polonium-beryllium neutron source  l o c a t e d  a d j a c e n t  t o  a  
thermal  neutron d e t e c t o r  w i l l  emit neutrons i n t o  t h e  shim r e f l e c t o r  
r eg ion  around it. The number of thermal  neut rons  r e f l e c t e d  back t o  t h e  
d e t e c t o r  i s  a func t ion  of  t h e  concen t r a t ion  of boron i n  t h e  heavy water .  
The system must b e  c a l i b r a t e d  a t  s e v e r a l  known p o i n t s  a s  t h e  measurement 
i s  a non l inea r  r e l a t i o n s h i p  wi th  concen t r a t ion .  

There i s  a  boron in s t rumen ta t ion  system on each of 
t h e  s e p a r a t e  segments i n  t h e  r e a c t o r  t h a t  have v a r i a b l e  boron concentra-  
t i o n  f o r  c o n t r o l  purposes.  This  in format ion  i s  d i sp l ayed  on a  :recoi-der 
c a l i b r a t e d  i n  concen t r a t ion  and coupled i n t o  t h e  c o n t r o l  system f o r  
s t a r t u p  c o n t r o l .  

. .  . 

Heal th  Physics  Ins t rumenta t ion  - The h e a l t h  phys ics  
i n s t rumen ta t ion  inc luded  h e r e  i s  a remote monitor ing cons t an t  a i r  monitor  
which has  sampling s t a t i o n s  i n  c r i t i c a l  reg ions  throughout  t h e  r e a c t o r  
b u i l d i n g s .  These s t a t i o n s  i n d i c a t e  and a la rm a t  a  c e n t r a l  l o c a t i o n  i n  
each r e a c t o r  b u i l d i n g .  Other  h e a l t h  phys i c s  ins t rumenta t ion ,  such a s  t h e  
p o r t a b l e  ins t ruments  t o  measure normal r a d i a t i o n  types ,  w i l l  a l s o  be  
a v a i l a b l e .  

4.43 Process  Ins t rumenta t ion  

AlX. .  important  p roces s  v a r i a b l e s  age  recorded and '. 

d i sp l ayed  i n  t h e  a p p r o p r i a t e  l o c a t i o n s .  S ince  t h i s  i n s t rumen ta t ion  i s  
f a i r l y  s t anda rd  and s t r a i g h t f o r w a r d  a s  r e l a t e d  t o  r e a c t o r  ope ra t ion  and 
c o n t r o l ,  it i s  no t  d e t a i l e d  he re .  The c o s t  of t h i s  i n s t rumen ta t ion  is ,  
however, inc luded  i n  t h e  . f i n a l  c o s t  e s t ima te .  ? 

. . 
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4.5 ~ k a c t &  Cool.ing..and..Heat Dissipation 
. I 

, ' .  .. I , .  . 
. . .: . :  . . .  

- -. ... .- . . . . . . .  

Moderately.pressurized l i g h t  water flowing a t  re la t ive ly  high rates,  
i s  used t o  remove the heat generated i n  the fue l  elements and associated. 
hardware i n  the '  reactor .  Heat i s  eventually rejected t o  thg...atmosphere 
through forced-draft cooling towers. Shell-and-tube heat exchangkrs a re  

- 

used t o . t r a n s f e r  heat from primary t o  secondary cooling water: - ;',:.---"---'- i - .  . . 

4 51  Reactor - Cooling 
. . . . . . . . .  . -. 

- The operating conditions of the reactor coolant: 'system 
were establri.shr'd by memc of a modified hot spot - hot chamel . . . . .  analysis . -' 
together 'wi'tli three ' o t h e r  rtri.t.cria; 

. . . . . . .  

1. The maximum pressure d i f f e ~ e n t i a l  across anjr fu'&l,Glate 
.. ...... a.t operating conditions i s  equal t o  or l e s s  than 5 ps i .  . . I 

. . . . .  
2. The maximum all-owabie w a l l  %emperatme, using Che hot,. spot - 

hot channel analysis, i s  the saturat ion temperature a t  the  hot-spot presqure 
plus 20'~. 

...... . . . .  - ,. -. .: 

- 3 .  The maximum. steady s t a t e  w a l l  temperature. with 'Typ'e ~ 8 0 0 1  
alurninum- alloy cladding i s  not t o  excked 5.00'~. .. , . . 

The l a t e r a l  pressure ,different ial  across any fue l  p l a t e  must 
be l imited to  insure operabi l i ty  .of the :fue,l element under dynamic con- 
di. t ions.  S ta t i c  pregsure t e s t ihg 'o f  sever& IhT3 ahd ETR rue1 elements 
which had fue i  p l a t e s  attached t o  the s ide  p la t e s  by di f ferent  methods 
has shown, i n  general, t ha t  about 10 p s i  i s  required t o  obtain a 0.010 in.  
deformation in  t h e  fue l  p la tes .  It has also been ~ h o w n . t h a t  duveloping 
l a t e r a l  . . . . . .  d i f f e ren t i a l ,  .- pressures of t h i s  order under .d.ynam;i.c, oondi.t.ians 
cuuses c1.osur.e of' some of the coolant ,channels :between f u e l  piates .  A , 

l a t e , r q  gkessure d i f f e ren t i a l  .of 5 p s i  w a s  selected as ,th$ m&ximlm per- 
mis.s.ib1~ .sin&e the high. f u e l  p l a t e  temperature substant ial ly  decreases- . . 

' 

the  y ie ld  strength of the aluminum .alloy, and operation of' the E m  with 
pressure ... of about t h i s  magnitude has not resul ted i n  , fa i lure  of the fue l  
elements.. 

- .. I .  

. 8 

In both the  M!E3 and ETR the maximum calculated . w a l l  temperature 
i s  allowed t o  exceed tb? satu.ra.t,i.on temperature a t  the l : u L  spo:t: by about 2CJ°F. 
%'his i s  obtained throilgh essent ia l ly  the  samP modified hot, npnt. -' bsl, ullumcl 
u,rlalyals. S e c l l u n  8.7 oV t h i s  report explains t h i s  analysis i n  de ta i l .  
Ti?e hot spot -. hot charmel and p.ower dis t r ibut ion.  f ac;$~'cs. .+.hat .wei-e 
used fo r  the  reactor a re  summarized i n  ~ i b 1 . e  I;:.5A. 

The fac tors  c i t ed  are based on operating data, fu?l  element 
inspections, and chemical analysis of the  M'I!R and ETR fue l  elements., 
Therefore, they are  considered r e a l i s t i c .  



TAl3L;E 4 . 5 ~  

FACTORS USED I N  HEAT TRANSFER CALCULATIONS 

Hot Channel F a c t o r s  

F u e l  Content Pe r  P l a t e  V a r i a t i o n '  

Reac tor  Power Measurement V a r i a t i o n  

Hydraul ic  Diameter V a r i a t i o n  

Channel Cros's S e c t i o n a l  Area v a r i a t i o n  

Ve loc i ty  D i s t r i b u t i o n  

Produ'c t 

Hot Spot  Factors* 

V a r i a t i o n  of Fue l  Core Al loy  Area 

F u e l  Content Pe r  P l a t e  V a r i a t i o n  

V a r i a t i o n  of F u e l  Core Al loy  Thickness 

i Reactor  Power Mensi~rament Var i a t ion  1 .05  
3 i 
' i  C o r r e l a t i o n  on Heat T rans fe r  C o e f f i c i e n t  1 .25  

\ 
V e l p c i t y  D i s t r i b u t i o n  . 1.09 

Product  1.74 

4 
1 

Power D i s t r i b u t i o n  Fac to r s  .I 

Hor izon ta l  Power D i s t r i b u t i o n  M a x / ~ v ~  1.56 

V e r t i c a l  Power Dis t r i .bu t ion  M a x / ~ v ~  1.40 
F r a c t i o n  bf":Rea:ctor:. Power:. Gene.rate.d . i n  Fuel  .E la tes  0 .  90 

Add i t ive  I n l e t  Wa Ler' Teuperature V a r i a t i o n   OF 

* Hot Spot  i s  assumed t o  be 11 i n .  below c o r e  center . . l , ine .  



Exceeding t he  sa turat ion. temperature  a t  the  hot spot pressure 
does not  appear t o  p r e ~ n t  undue ha2kk.d f o r  the  following reasons. Re- 
l e a s e  of f i s s i o n   product,^:. j.,n$.o..either . .. t he  . MTR or  ,ETR:..primary . . . - . . . coolant 
systems has never been r e l a t e d  'to- &erhe&tiri~ -df'''%,-ftiel -p la te .  It i s  a 
known f a c t  t ha t  t h e  sa tu ra t ion  temperature must be exceeded by some margin 
before nucleate bo i l i ng  commences. The probabi l i ty  of all the  f ac to r s  6 in'  Table 4 . 5p; occurring s'imultane.ously is .ldw;.. ". .. .. -.-.. ... ". . ..  , 

. . .  
' <  ' 

. ..: 

. No f a c t o r s  a r e  included i n  Table 4 . 5 A  f o r  ~ n c e ~ t a i n t i e s  in the ' 

power d i s t r i b u t i o n  and maximum power densi ty  even' though large unceFtaint5es 
may e x i s t  i n  t h e  physics ca lcu la t ions  upon which. these, values q-e ,based. 
Since f i n a l  optimization of the  core design and f u e l  loading program i a  
expected t o  r e s u l t  i n  lower core power and, Lwei- m a x l ' i ~ ~ ~ ' p n w ~ r . d ~ ~ s i t ~ ~ r  
I;harl specified, t he  inclusi.on of 8.n addi t iona l  uncertginty . f q c t o ~ .  ma 
t h e  r e s u l t i n g  l i m i t a t i o n  imposed on t h e  f u e l  element a r e  un ju s t i f i ed  ,at 
t h i s  ti.me. I f  f i n a l  optimization f a i l s  t o  decrease t he  ma..ximt~m Tolie; 
dens i ty  'below t h e  desi-gn level. of 2 .1  Mw/liter, then a ~ a t i c f a c t o r y  
cco lmt  ve loc i ty  may be determined from Fig. 8 . 7 ~  f o r  t he  f i n a l  maximi.~sn 
power, dens.i,ty- .( i.neluding a reasonable uncer ta inty  f ac to r  ) . . .The .spec.ifi.ed.. 
opera-Li.ng ve1ocil;y of 4b f.t;/sec allows f o r  a l l  known uncektainties i n  - .  
t h e  maximum power densi ty .  Th? recommended operating condit ions f o r  t h e  
r eac to r  ' co re  a r e  presented i n  Table 4 . . 5 ~ .  , ., . . . . . . .  f 

, , 

4.52' Primary Coolant System ' . ' .  
. . -- 

k .  .,-: : .  , 
, ... . . .. . 

., . 4.521 General Desc~ip. t ion - ( ~ i g .  4 . 5 ~ )  . . .  

Operating condit ions of t h e  primary.coolant  system:=e 
s m a r i z e d  , i n  Table 4.5B. The system provides r e a c t o r ,  cooling at  a t o t a l  
flow of'30,'000 gpm and a reac tor  i n l e t  pressure  of 300- ps ig .  The' four 
primary 'coolant pumps (7500 gpm, 280 f t TDH, 700 hp ) discharge water 
ilia %he 36 in .  r e ac to r  i n l e t  header i n t o  t h e  upper sect ion of t h e  reac tor  
ves.s,eL Y -  Water -passes down. .through t he  core out  ~f four  - ~ 6  ri.n., . ~ l i . ~ t ~ l . . e  t ... . 
pipes  which connect t o  t h e  main 36 i n .  r e tu rn  header. Because it w i l l  
probably be des i rab le  t o  ogerate th.e f rn l r - lnh~a  .&f.-ihe reac tor  .&t .d i f . -  . ' '  

f e ren t  power l eve l s  -to accommoda:t,e. . specif ic ,  experimental ,  ~eq ,u i rement?~  
t h e  coolant flow t,hrough and from the  reac tor  is divided i n to  four  pa-ts 

I. , , 
t o  perinit measurements of t h e  operating po~rer'- &f eahh q?-iacisant' of t h t s  
reactor:.? - Separafue flow. ,and temperature me:asuring instrumentation i s  . 
provided on each of t h e  four  o u t l e t s .  The water from t h e  four  16 in .  
out-let  ,pipes-.f lows ,- into a .  common- 36 i n .  re turn .  header, through .fou.r barks -: 
of two primwy heat exchangers, &ld .Lllen re tu rns  t o  t h e  suct ion s i de  of 

. .  . ' . ' . .  
t h e  prim&y pumps. 

. . .. - . .. . . - .... ".. .- . . . . . .  ..,.- . ' . .. 
%o emeseency pu&ps (2000 gpm, 1 5  ' ~ ~ " T D E ,  -20 hp), one 

of which i s  a spare, are :.connected i n  p a r a l l e l  wi th  the, main primary , . . . 
pumps t o  provide'shutdown coolingo One p m  i s  conne'cted t o  t h e ' d i e s e l  

' 

power system t o  provide cooling i n  t he  event of commercial power f a i l w e .  

The four  primary pumps a r e  centr i fugal ,  control led 
leakage p-alps, each connected t o  a p a i r  of heat  exchangers. Heat ex- 
changer cha rac t e r i s t i c s  a r e  l i s t e d  i n  Table 4 . 5 ~ .  She l l  and tube heat  

/ 



TABLE 4.5B 

PRIWY COOLANT OPERATING CONDITIONS 

- 
Reactor Powcr 250 MW 

Reactor Maximum Power Density 2 .l. ~ w / l i t e r  
Reactor I n t e t  Temperature ' . . 1 3 0 ' ~  . 

Reactor Exit  Temperature. . 187 '~  . 

Maximum Fuel Surface Temperature h2ooF 

Reactor I n l e t  Pressure 300 p s ig  

Core Pressure ~ r o p  92 'ps i  
.Average Coolant Velocity i n  Core 44 f t / s ec  
.Core Flow Rate 26,000 gpm 

Tota l  Reactor Flow Rate 30,000 gpm 
Number of Primary Coolant Pumps 4 
. P q  Horsepower 700 each 
Number of Heat Exchangers 8 
Total  Heat .Exchange Area 4 2 

4.7 x 10 f t  

.. . . 

TABLE 4 :5C 

HEAT EXCHANGER SPECIFICATIONS 

Heat Transfer Area 5,870 f t 2  

Tube Side Fluid  Primary Coolant * 

She l l  Side Fluid  Secondary Coolant 

Tube Length 21 f t  

Tube Outside Diameter 510 2 ~ i ~  

Tube wal l  Thickness 16 BWG 

Tube Configuration Triangular 

Tube P i tch  1-1/8 i n .  

Tube Side Pressure Drop 10 p s i  

Tubc Material  of Construction , 304 s t a i n l e s s  s t e e l  
Overall  She l l  Length 27 f t  
She l l  Outside Diameter 42 i n .  

She l l  Thickness 1/4 i n .  

Baffle Type Segmental 

Baff le  Spacing 72 i n .  

She l l  Side Pressure Drop 5 P s i  
S h e l l  Material  of Construction Mild E tce l  

L1 



.. , 
.:. . . .. ., - .  , . . .  . . . .  

exch.angers with a f l o a t i n g  tube  sheet  a r e  ind ica ted  s i n c e  t h e  temperature 
d i f fe rences  inyo lved .a re  probably g r e a t e r  than can be sus ta lned b y - f i x e d  
tube  shee t  const ruct ion.  This choice probably increases  th.e preventive 
maintenance necessary t o  insure  t h a t  t h e  tu.be sheets  do not peqni.t primary ; 
coolant  t o  leak i n t o  t h e  secondary coolant .  Hdwevei-, pT&ventiveA.maintenance 
i s  much more e a s i l y  accomplished i n  comparison t o  t h e ' r e p a i r  of a cracked 
tube  wi th in  a f i x e d  tube  shee t .  The over -a l l  hea t  . t r a n s f e r  . c o e f f i c i e n t '  . 

of t h e s e  exchangers under opera t ing condit ions has been s e t  a t .  400 ~ t u / h r , .  
f t 2 ,  OF; hea t  t r a n s f e r  r a t e s  of t h i s  magnitude have been obtained con- 
s i s t e n t l y  during ETR opera t ion and t h e  c o e f f i c i e n t  has not 'shown a decrease 
a s  a funct ion of opera t ing time. The spec i f i ca t ions  f o r  t h e  hea t  exchangers 
i n  E m  ,I1 a r e  given i n  Table 4 . 5 ~ .  . . . . 

The zcquircd cooldub fiuw i s  con t ro l l ed  by t h e  main . 
b u t t e r f l y  valve, t h e  p o s i t i o n  of which i s  s e t  p r i o r  t o  s t a r t u p .  Since 
only  s t eady  flow condi t ions  a r e  req~ i i  P P ~ ,  only minor udJustmeuts ui' I;his 
va ive  should be required  during opera t ion.  Primary conlant  flow i s  mea- 
su red  by a .Gentile Tube i n  t h e  r ~ a r t - n r  inlet l i n c ,  

. . . . 
A 1000 g a l  capac i ty  surge tank i s  connected t o  t h e  mai.n 

coo.lan-t. pipi-ng on t h e  piunp discharge t o  dampen p ressure  t rans- ients  which 
could r e s u l t  due t o  r a p i d  coolant  temperature f luc tua t ions ,  when th,e 
react .or  i s  scrammed. 

The system i s  pressur ized by means of two p ressur iz ing  
and degassing p11.mps (300 a m ,  500 f t  TDE, 50 hp), one of which i s  a spare ,  
The pumps t a k e  suct ion f r o m a  3000. g a l  capaci.ty degassing tank and dis- 
charge coolant  i n t o  t h e  main system near t h e  suct ion s i d e  of t h e  main 
coolant  pumps. . . - .  The . flow from, the, two degassing and pressuri .zi. ng p~mrps 
i s  m&asur.ed by;means of fin o r i f i c e '  whichp v i a  a flow recorrl.er-cont,sol,lery 
posit;ious a f l6w 'con t ro l  valve t o  p i n t a i n  a constant  fl.ow from the 
dcgassi& sys:l;em T'nto t h e  main coolant  loop. Primary water  i s  b led  froin 
t h e  main 1oop:system v i a  a press11.r~ c o n t r o l  valve positfol.lcd b y  means 
of a p ressure  recorder-control ler  which senses t h e  reac i ;o r . eoo lan t ' in le t  
p ressure .  The volume of coolant  flowing through t h e  hack pressup? c o n t r o l  . 
valve  t o  t h e  degassing tank i s  equal  to t he  volume of l i q u i d  beLlzg l~i:l~q)e'd 
continuously i r 1 . l ; ~  t h e  msin system by t h e  p ressur iz ing  pump, so t h a t  a ' . 

constant  primary coolant  pressu.rP i s  m i n t a i n c d .  Tlze clegas1f:'ler .tank, 
n p m a l l y  1;/2 fill, i s  equipped with. l e v e l  controls ,  an overflow, and an  . 
a i r  purge t o  maintain a low ~ o n c e n t ~ r a t i o n  of decompcjsitiou arid rlesfcti . . gases above t h e  water .  

Y'wo g h n d  s e a i  and preosur iz ing pumps (50 gpm, 600 f t  
TDH, 10 hp) provide demineralized water  f o r  t h e  rod ocals ,  eqel- iment 
tube  s e a l s ,  primary pump glands and t h e  HDW system. Only one pump i s  
used normally with t h e  o t h e r  pwip serving as  a spare .  

4.522 primary Cooling Water Chemistrx (Fig. 4 . 5 ~ )  

The presence of aluminum, beryll ium an.d s t a i n l e s s  s t e e l  
i n  tlie r e a c t o r  requires  t h a t  t h e  pH and e l e c t r i c a l  r e s i s t i v i t y  of t h e  



l i g h t  water coolant  be r i g i d l y  con t ro l l ed .  Due'to t h e  p o s s i b i l i t y  of a 
f u e l  element rupture,  provis ions  must a l s o  be made f o r  removing f i s s s i o n  
products  from t h e  coolant .  

The p u r i t y  of t h e  water  i s  con t ro l l ed  by t h e  primary 
by-pass deminera'lizer which maintains t h e  pH of t h e  coolant  between.5.5 
and 6.5, and t h e  s p e c i f i c  r e s i s t i v i t y  a t  more than 250,000 ohms, i n  
a d d i t i o n  t o  removing f i s s i o n  products .  Water i s . t a k e n  from tkie primary 
supply header, passed through t h e  demineral izer  system and then back 

i n t o  t h e  primary discharge header a t  a r a t e  of 150 gpm. The system 
c o n s i s t s  of two ca t ion  and two anion beds valved so  t h a t  t h e  water  passes 
through e i t h e r  o r  both of t h e  ca t ion  beds, and then through e i t h e r  o r  

' both anion beds. Any one 'or a l l  of t h e  beds can be by-passed. The 
\ 

system i s  designed s o  t h a t  i n  t h e  event of a f i .ssion break t h e  primary 
coolant  can be passed through t h e  demineral izer  system t o  t h e  r e t e n t i o n  
bas in .  

Pas t  experience on s i m i l a r  systems a t  t h e  ETR and MTR 
h a s -  shown t h a t  t h e  ca t ion  bed becomes too  rad ioac t ive  t o  al low r e s i n  
regenerat ion.  Therefore, t h e  ca t ion  beds a r e  designed so  t h a t  t h e  bed 
may be changed but  not regenerated. Pas t  experience with t h e  ETR de- 
minera l izer  ind ica tes  t h a t  it i s  permiss ib le  t o  regenerate t h e  anion beds. 
Therefore, t h e  anion beds a r e  designed so  t h a t  t h e  r e s i n  can be regenerated 
o r  changed. 

A d e g a s i f i e r  i s  provided t o  remove' gaseous oxygen, 
hydrogen, and oxides of ni trogen from t h e  coolant  primary system. Two 
1000 gpm demineralized water f l u s h  pumps a r e  provided t o  purge t h e  p r i -  
mary cooling water system a f t e r  shutdown with demineralized. water  from a 
100,000 g a l  s torage  tank.  

., . .  

4.53 Secondary Cooling System . ( ~ i g .  4 . 5 ~ )  

Heat generated i n  t h e  r e a c t o r  core, e q e r i m e n t s ,  D 0 r e f l e c t o r  
2 system, and t h e  borated .D 0 c o n t r o l  system :is I t ranspor ted  by t h e  secbndary 

coolant  system from hea t  $xchangers t o  the cooling towers where most u f  
t h e  h.ea.t i s  re leased by evaporation t o  t h e  atmosphere. The t o t a l  secondary 
coolant  flow i s  42,000,gpm, including 6000 gpm of u t i l i t y  cool in go water.^ 
Thg secondary coolant  on-tower and off-tower temperatures a r e  140 .F  and 
85 F, r e spec t ive lyd  Four v e r t i c a l .  tu rb ine  pumps (9000 gpm, 125 f t  TDH, 
350 hp) c i r c u l a t e  t h e  secondary water  t o  t h e  s h e l l  s i d e  of. t h e  primary 
h e a t  exchange,rs, D 0 hea t  exchangers, and th.e bora ted  D 0 hea t  exchangers 

2 with flow regulate$ by temperature con t ro l l ed  b u t t e r f l y  valves.  The 
t o t a l  secondary flow, and. t h e  i n l e t  and o u t l e t  temperatures t o  each of 
t h e  system hea t  exchangers, a r e  measured and recor'ded. 

4.531 Cooling Tower 

A forced d r a f t  cooling tower cons i s t ing  of e i g h t  c e l l s  
i s  provided f o r  f i n a l  hea t  d i s s i p a t i o n  t o  t h e  atmosphere. Each c e l l  i s  
36 rt, long, 36 f t  wide aud  k6 rl; high. Eacli c e l l  contain3 a r e v e r s i b l e  
fan  driven by a 75 hp motor; fans a r e  r e v e r s i b l e  t o  permit de-icing 



opera t ions  .during. severe  winter  weather. The. tower was se lec ted  ,on t h e  . . 
b a s i s  of t h e  fol lowing parameters: 

. .  , 

42,000 gpm Maximum Flow 

. - 
logs tu /h r  , . . . . .. .. 

. , 

' 65 . ' ~  Maximum Wet Bulb .. . . 
. . . L .  

, .  . 

. 4.. , 

85:F.off-tower Temperature ' 

On-tower Te~nper~a.hure 
. ,  

. . 
. 20 "~  Approach 

4.532 Secondary Covling Water Treatment 

Chemical t reatment of t h e  raw water  f e d  t o  Uie cool ing 
tower i s  necessary f o r  f o u r  reasons: t o  i n h i b i t  s c a l e  for~uat ion,  t o  min- 
i m i z e ~ c o r r o s i o n ,  t o  discourage a lgae  formation, and t o  minimize t h e  

, 

de enera t ion  of t h e  cool ing tower redwood. Three chemicals a r e  in jec ted :  
66 Baume s u l f u r i c  ac id ,  gaseous c h f i r i n e ,  and Orocol (a m i x t u r e  o f  

-polyphosphate and .dichromate). The i n j e c t i o n  r a t e s  a r e  given i n  ,Section 
4.814, 'rCooling Tower Make-11p Water. " 

Pure D20 Ref lec to r  System (Fig . 
The unborated D20 r e f l e c t o r  mate r i a l  i s  c i r c u l a t e d  through a 

tube-and-shell  exchanger (cooled by secondary watcr)  t o  remove t h e  heal; 
genera ted  t h e r e i n .  The D20 e n t e r s  t h e  upper r e f l e c t o r  a rea  and e x i t s  from 
L11e lvwer area v i a  6 i n .  s t a i n l e s s  s t e e l  supply and r e t u r n  l i n e s .  C i r -  
c u l a t i a u  is accvmpllshed b y  sea led  s t a i n l e s s  s t e e l  pumps. 

The coolant  system is provided with by-pass Pdcil i 'c ies f o r  
deu te ra ted- res in  ion exchange columns, f i l t e r i n g ,  d i s t i l l i n g ,  and pH' - 
adtjustmeut. A p o s i t i v e  h.el i~un atmosphere i s  maintained above tahe D C) 2 
In t he  r e a c t o r  . rer ' lec tor  tank and th.e s to rage  and surge tanlrs. The 

. . 
a u x i l i a r y  helium system i s  requ i red .  t,n prevent  contamination by t h e  ' .  

moisture ( l i g h t  water)  contained i n  t h e  atmosphere. Also included i n  
t h e  helium system a r e  f a c i l i t i e s  t o  recombine D,-0 which has heen d i s -  

2 sociaked i n  t h e  r e a c t o r ' r e f l e c t o r .  

. . 
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4 + 6 C r i t i c a l  F a c i l i t i e s  

4.61 Introduction 

The performance of the  ETR I C r i t i c a l  F a c i l i t y  (ETRC) has 
a p t l y  demonstrated t h a t  an exact  nuclear mockup ( re fe r red  t o  a s  a c r i t i c a l  
f a c i l i t y  i n  t h i s  r epo r t )  i s  an important adjunct t o  a high f lux  t e s t  
r eac tor .  Since i t s  i n i t i a l  c r i t i c a l i t y  date,  May, 1957, the  ETRC has ' 

been used constant ly  t o  support the  ETR program. 

Parameters which can be determined i n  a low power reac tor  
t o  support the  operation of a t e s t  reactor  a r e :  1) neutron f lux  d i s t r i -  
butions, 2 )  gamma heat  genera.t,ion r a t e s ,  3) excess r e a c t i v i t i e s ,  , 

. 
:and 

thus charge l i fe t imes>  4) shutdown ' r e ac t i v i t i e s ,  5 )  rod, % o r  coi i t ro l  
region,  ca l ib ra t ion ,  6 )  consequences of experiment f a i l u r e s ,  7 )  f u e l  
loading requirements, r e a c t i v i t y  and neutron f lux,  and 8) e f f e c t s  of 
the  inse r t ion  o r  removal of experiments: Many of these measurements 
a r e  e s s e n t i a l  t o  the  operation of the  reactor  and i f  not made i n  a 
c r i t i c a l  f a c i l i t y  would have t o  be made i n  the  power reactor  i t s e l f .  
Others serve t o  a id  i n  the  design of the  experiments and i f  not ava i l -  
able  would r e s u l t  i n  something shor t  of an optimum design. 

One of the  most d i f f i c u l t  r eac tor  parameters t o  ca lcu la te  
accurate ly  i s  t he  c r 2 t i c a l  mass and operat ional  f u e l  loading. I f  a  

- c r i t i c a l  f a c i l i t y  were b u i l t  f a r  enough i n  advance of the  t e s t  reactor ,  
the  f i r s t  core of f u e l  elements o r  prototype elements b u i l t  could be 
used t o  determine any required adjustment i n  the  f u e l  content of the  
elements. Another p o s s i b i l i t y  cons,idered fo r  the  proposed reactor  i s  
graduated fue l  densi ty  within the  element. The required non-uniform 
d i s t r i bu t i on  would be determined from measurements i n  t h i s  preliminary 
loading. This could be accomplished by having a few spec i a l  elements 
with removable pla.t,es so t h a t  p la tes  with a va r i e ty  of f u e l  dens i t i es  
could then be inse r ted .  

A t  the  same time the  above determinations were being made, 
daLa ~wuuld be obtained fo r  des.i .gi.ng the  experiments. These da ta  would 
be obtained by making neutron and gamma f lux  measurements i n  prototypes 
of the  experiments. 

Because no reactors  have used the  type r e f l e c t o r  con t ro l  
proposed, probably l e s s  i s  known about t h i s  one f ac to r  than any other  
feature  of t h i s  reac tor .  From measurements i n  a c r i t i c a l  f a c i l i t y ,  
it w i l l  be possible t o  determine the  boron concentrations required t o  
contro1: the  excess r e a c t i v i t y  and the  changes i n  t he  f lux  d i s t r i bu t i ons  
due t u  L11e poisoned reflector. 

4 - 6 2 >  Description 

The t o t a l  ground f l oo r  space which i s  recopmended f o r  t h i s  
f a c i l i t y  i s  3000 sq f t  i n  a room 50 f t  x 60 f t .  This includes space 
f o r  3 10 f t  x 24 ft x 20 ft deep canal  f o r  the  faci l iLy,  f l oo r  space 



f o r  experiment mockup 'assembly and storage,  reactor  console, and o f f i c e  
space f o r  the  s t a f f .  This  room should be located i n  the  'main reac tor  

' 

bui lding and t he  canal  should be connected t o  t he  t rans fgr  canal so t h a t  
rad ioac t ive  fue l  and samples can be t rans fe r red  from the  reactor .  

The r eac to r  core should be an exact nuclear mockup of t he  
core proposed. The s t r u c t u r a l  requirements can be relaxed, of course, 
s ince  t he  core w i l l  not  have t o  withstand t he  hydraulic pressures created 
by coolant  flow. Since t he  pressure vessel  i s  c lose  t o  t he  core, t he  
nuclear equivalent  of these  must a l s o  be included. It i s  necessary t h a t  
it extend only a  few inches above and below the  core, however. 

The n e c h a n i r ~ l .  design of t he  ETR I C r i t i c a l  F a c i l i t y  has been '  
found t o  be qu i te  adequate. Therefore, it i s  prnpnwri t h a t  t h i o  foc!ili%y 
be buill;  s imi la r ly .  Since a qu i te  complcte descr ipl lun appears i n  the  
Hazards ~ e ~ o r t ' ,  only a  b r i e f  descr ipt ion w i l l  be included here. 

The g r i d  p l a t e  which supports t h e  core, r e f l e c to r s ,  and neutron 
de t ec to r  tubes r e s t s  on t he  bottom of t h e  canal. A control  bridge which 
contains a l l  rod d r ive s  s i ts  on t he  canal parapet. The control  wiring i s  
fed through quick disconnect plugs so t h a t  t h e  con t ro l  bridge can be 
removed t o  gain access  t o  the  core. The bridge i s  removed and placed i n  
dry dock with an overhead crane. Although t h i s  has been qu i te  s a t i s f ac to ry  
i n  t h e  ETRC, an a l t e r n a t e  method, which el iminates t h e  use of the  crane 
f o r  t h i s  purpose, would be t o  mount t he  control bridge on wheels and 
t racks ,  and r o l l  t he  bridge from above the  core. The bridge would have 
t o  be moved toward t he  end of t he  canal  so t h a t  t he  fue l  cuuld be moved 
f r e e l y  from the  t r a n s f e r  canal tmn +.he core. Thio would rcquil*e a s l l g h t l y  
longer canal  but  t h e  add i t iona l  length  would have t o  be only deep enough 
t o  receive  t he  con t ro l  rod dr ives .  Provisions would a l s o  have t o  be 
made f o r  servic ing t he  con t ro l  rnd l i f t i n g  magneto, 

.A  workliig b ~ i d g t !  which permits 'working d i r e c t l y  over t he  core 
i s  mounted on wheels and r e s t s  on ' the p a r a p t , .  

The con t ro l  and safety instrumentation of t he  ETRC i s  a l so  
offercd a s  an exariiple of a su i t ab l e  system. The I3TRC: syslem has proved 
t o  be very r e l i a b l e  and easy t o  maintain. It i s  composed p r inc ipa l l y  
of commercial instruments,, many nf wh.ich a r e  a lco  11.acd i n  the  WR arid 
ETR. This i s  espec ia l ly  des i rab le  because r epa i r  i s  e a s i e r  s ince  t he  
instrument repairmen a r e  fami l ia r  with t h e  in  st.ri~ment s and since add i t iona l  
spare p a r t s  a r e  not  required.  Since t h e  shim control  f o r  t h e  prnposed 
reac lur  1 8  principally r e f l e c t o r  control ,  pumps w i l l  have t o  subs t i tu ted  
f o r  rod dr ives .  This should not  change t he  mode of operation,  however. 

1. D. R.  d e ~ o i s b l a n c ,  "The Engineering Test  Reactor C r i t i c a l  F a c i l i t y  
Hazards Summary Report", IDO-16332, March 27, 1957. 



The r e f l ec to r  control  sjrstem should have the s h e  range of 
r eac t iv i ty  control  a s  does i t s  parent reactor.  I t s  r a t e  of change would 
not have t o  be a s  f a s t ,  however, since xenon override i s  not necessary. 
To avoid unnecessary waste of experimental time, the  response should not 
be unduly slow, however. 

It i s  proposed t h a t  the  D20 flow system be similar t o  t h a t  
i n  the  parent reactor  except t h a t  no heat exchangers w i l l  be required. 
The rec i rcu la t ing  pump would serve only a s  a mixer and would operate 
whenever the . reac tor  i s  operating. 

Using the p lan t  D20 cleanup system looks a t t r a c t i v e  from an 
economical viewpoint and appears t o  be feas ib le  but has one disadvantage. 
I f  t h e - c r i t i c a l  f a c i l i t y  goes i n t o  operation long before the power 
reactor ,  theplantD20 cleanup system may not be completed soon enough. 
Therefore, since a cleanup system of the capacity required for  the 
c r i t i c a l  f a c i l i t y  i s  a small f rac t ion  of the cost  of the  e n t i r e  f a c i l i t y ,  
a separate system may be advisable. It isrestimated t h a t  a system with 
a capacity of 100 ga l  per day w i l l  be adequate t o  serve t h i s  f a c i l i t y .  
This i s  based on the assumption t h a t  the  system contains dump and holdup 
tanks so t h a t  it w i l l  not be necessary t o  remove the boron from the  D20 . 

\ 

each time an excess r eac t iv i ty  or  some other la rge  r eac t iv i ty  measurement 
i s  made. Boron would have t o  be removed only when it becomes necessary 
t o  purify the D20. 



4.7 Si te , 'Bui ldings ,  and F a c i l i t i e s  . . . . . . .  . . . .  
. : , . 4.71 S i t e  Plan 

. , 
. . .  . . .  

. . I - 
The proposed p l o t  plan f o r  t he  ETR I1 k i t e  i s ,  sho im '@~ .:. , . 

Fig.  4 .7A - S i t e  Plan. No spec i f ic  geogr&hical locat ion ' for '  the . -k te :  
has been se lected,  but  t he  f a c i l i t y  has been designed t o  be s e l f -  
contained. The more important assumptions made i n  the  laygut . d f  the  , 

-, . , 
proposed area  a r e :  . . 

. 1 .. 
. . . . 

1. reac to r  containment s h e l l  w i l l  not be necessary, 

2. grevai 1 ing  wind di rec t ion  w i l l ,  be as'. shown pn. %he p l o t ,  
. . .  . 

3. an  adpquate supply ' o f .  ground wsLer w i l l  'dg avail8blej and 
. . 

. . .' . 
4. l i q u i d  and gaseous wasLes may be returned t o  $he environment 

under control led . . cocdi t i ons  through a leaching bed. end stack.  

Buildings and f a c i l i t i e s  within t he  area  have been o r i en t ed ' s0  
a s  t o  provide minimum exposure po t en t i a l  f o r  personnel i n  the  even t ' o f  an 
a c t i v i t y  re lease .  Cold, or  non-radioactive areas ,  such a s  the  adminis-. 
t r a t i o n  building and c a f e t e r i a  a r e  separatedsand up wind from the  reac tor  
bui lding,  stack,  and l i q u i d  waste leaching pond; a s ' a r e  maintenance and 
warehousing areas.  

The s i t e  has been spread out t o  pe1?11it convenient access t o  
each individual  area,, and t o  allow reasonable fu ture  addi l ions .  

4.72 Reactor Bui1d.i.n.g and Canal Area 

4.721 Reactor Building "*...-..--. Area 

Design philosophy I . ~ a c ? i n ~ ;  t o  t he  layouts  show1 on 
h'igures 4.2A, 4 . 2 ~ ,  4 . 2 ~ ,  4 . 2 ~ ,  and 4 . 2 ~  have been discussed i n  
Sect ion 4.2 - Reactor Building Complex. Some of the more important, 
d e t a i l s  pertai l l ing t o  t h i s  a rea  a r e  discusser1 i t 1  mater ia l  following. 

The buil.di.ng sect ivr l  houaing the  reackor, canal, and 
operat ing ofTice a reas  has been kept clean and unencumbered. Means a r e  
a l s o  provided fo r  i s o l a t i n g  any individl~al  s r ea  from other areas  wheu 
required.  

The reac tor  bui lding proper i s  of insu la ted  panel  
const ruct ion with an ove ra l l  main f l oo r  a rea  of some 34,000 sq f t .  Of 
t h i s  a rea  approximately 10,000 ~q f t  a r e  devoted t o  the  reac tor  proper, 
with another 9,000 sq  f t  occupied by the  main canal. and i t s  acccoo and 
operat ing areas .  The reac tor  i s  serviced by i t s  own overhead crane; 
a second crane covers t he  main canal area .  The remainder of the  building 
i s  occupied by a c r i t i c a l  f a c i l i t y ,  an experimenters' canal and work a rea ,  
a mockup area ,  and an o f f i c e  and control  room area.  



Office areas  within t he  reac tor  building a r e  intended 
f o r  s h i f t  r eac tor  operating supervisory personnel. A wing building,  
connected t o  the  reactor  building,  provides additconal  o f f i c e  and service 
space fo r  functilons e s sen t i a l  t o  operation of t h e  reactor .  Health Physics 
personnel and counting equipment a r e  housed i n  t h i s  area.  One warm 
chemical laboratory i s  located i n  t he  wing building so t h a t  e s sen t i a l  water 
chemistry work may be performed a s  expedit iously a s  possible.  

It i s  ant ic ipated t h a t  extensive programs of f l u x  
determinations w i l l  be undertaken i n  t he  operation of the  reactor .  There- 
fore ,  a shielded counting room, t o  be designed t o  accommodate t he  most 
modern counting equipment, i s  s i tua ted  i n  t he  wing building. 

An instrument rack.room fo r  t he  control  room i s  located 
d i r e c t l y  below the  control  room on t h e  f i r s t  basement l eve l .  A separate 
instrument repa i r  room i s  a l so , l oca t ed  on t h i s  l e v e l  fo r  t h e  r epa i r  and 
servicTng of instruments from the  reac tor .  

The remainder of t he  f i r s t  basement level .and t h e  second 
,,basemknt l e v e l  a r e  devoted . . ' to heating and ven t i l a t i ng  equipment, experinieht 
cubicles,  control  panels,  switch gear, e t c . ,  a s  described i n  sec t ion  '4.2. 
Numerous hatchways, s t a i rwel l s ,  and e levators  provide communication between 
t h e  th ree  f l oo r s  fo r  equipment and personnel. 

4.722 Canal Area 

The reac tor  i s  connected t o  t he  main canal by means of 
a l a t e r a l .  I n  addi t ion t o  t h e  c r i t i c a l  f a c i l i t y ,  an experimenters' canal 
and work area  a r e  connected t o  the  main canal. The main canal  w i l l  be 
some 18 f t  i n  depth, 8 f t  wide and 150 f t  long. The experimenters' canal, 
located i n  a separate area,  w i l l  be 18 f t  deep, 10 f t  wide and approximately 
60 f t  long. This canal, although connected t o  the  main reac tor  canal, 
w i l l  be equipped with bulkheads t o  separate it when required. Similar  
bulkheads w i l l  be provided f o r  the  c r i t i c a l  f a c i l i t y .  

',Worlring a reas  are provided an both s ides  of t h e  main 
canal. A through truck a i s l e  p a r a l l e l s  t he  main canal. This a i s l e  i s  
serviced by the  canal crane and permits convenient loading and shipping 
of experiment casks. 

It i s  ant ic ipated t h a t  t he  canals w i l l  be l i ned  with 
s t a i n l e s s  s t e e l  t o  minimize t h e  leak po t en t i a l  and t o  keep canal water 
con tamlna t lo~~ a L  Lhe lowest poocible bevels. Tlemineralized water a t  
a p~ of 6.5 w i l l  allow storage of f u e l  elements, experiments, e t c . ,  

.. fo r  long periods of time with l i t t l e  o r  no r.or.r.c~sive a t tack.  

4.73 Process Water Area 

- 
The process water area i s  s i tua ted  immediately adjacent t o  t he  

reactor  building, with an enclosed motor area  separating t he  two buildings 
-- ' some 12 f t  a t  grade level .  The building proper i s  heavily shielded fo r  



pro tec t ion  kgainst  a p o t e n t i a l  gross f i s s i on  break in to ,  the  reac tor  cooling 
water stream. The' main coo l in t  pumps a r e  located ' a t  gpproximately .grade 
e leva t ion  ..and a r e  connected t o  dr ive  motors by s h a f t  ,extensions through 
t h e  sh i e ld  wall.  A heat  exchanger p i t  .24' f t  wide. Gy 60 f t  long by 30 f i  
deep i s  prdvided. ' The p i t  ' i s  sized t o ' . a c c o ~ o d a t e  ten  v e r t i c a l  heat  
.exchangers and necessary piping. 'An. o-~erhead crane 'servks t h e  hea t ,  '. -. 

exchanger and pump areas  and has a l i f t  adequate. t o  p u l l  a*.e$changer 
from i t s  p i t  t o  ' the  grade ' l eve l  f l oo r  fo r  maintenance work. Ion 'e>rchange 
r e s i n  beds a re  located in shielded lean-tds next t o  heat  exchanger p i t s .  

. . 
, 4 

. A  cont ro l  room f o r  t he  reac tor  cocling'system i s  pravided . . . .. 
adjacent  t o  the  process water building. . . 

. . 

4.74 U t i l i t i e s  Building 
.*..a,. *... ,.. ., .,.. -. 

A u t i l i t i e s  bui lding 180 f t  long by 140 f t  i n  width, of pumice 
block o r  equivalent  const ruct iony w i l l  house the  steam plnnt ,  demineraliicd 
water production un i t s ,  compressors, erncrgency and f a i l u r e  f r e e  power un i t s ,  
e t c .  A l l  equipment w i l l  be located substant,ia,lly a t  grade elevation and 
t h i s  consolidation and cen t ra l i za t ion  of uti'lit,i.es i s  suggested t o  kecp 
operat ing ' forces a t  t h e  smallest  number compatible with sa fe  and competent 
operat ion.  

4.75 Maintenance and Warehousing Building 

A s ing le  building,  di-fided by function i n t o  two'areas,  i s  
loca ted  convenient t o  the  reac tor  building.  The bui lding w i l l  be of 
p;wnice block o r .  equivalent  constri .~ction and contains .approximately. 20,.000 
s q  f t ,  . divided . .  between maintenance and warehou.sing. 

. _ I ! .  

. . , The maintenance por1;ion of the  bui lding w i l l  be 'subdivided , ' , 

' ' i n t o  machine, welding,' p ipe ,  e l e c t r i c a l ,  e tc .  , shop .areas 8 s  req~ri.red 
by -the needs Of - b e  reac tor  s i t e .  A por t ion of the building w i l i  be , .  , . . 
high bay a rea  equipped with crane servi.c.e t.o h.andle heavy 'cquipmcnt . 

. . .  .. .. . 
It i s  no t  planned t o  hr0vid.e complete heavy machine t o o l  f a c i i i t i e s  
because it i s  expected t h a t ,  regardless  of t he  f i na l , , l oca t i on  of t he  
r eac to r  . . s i , te ,  such services  . *  . w i l l  be ava i lab le  wit,hi.n, 1-easonable dictances.  

I .  . . 

, . ' 

Experience a t  both .MIX and IE'd hac entnblished concfbol.vcly 
t h e  need f o r  a bui lding t o  receive,  warehouse, and s to r e  incoming and 
i d l e  mater ia ls ,  shipping casks,  spare part,s,  e t .~. .  Such a building a l s o  
w i l l  perform 'the normal warehouse and i s sue  function for  t he  mi srellgneoun 
 lure^; unB .$up-plies whPi.h are a necessary p a r t  of any l a rge  ins ta l l a t ion ' .  

~ ~ ~ r o x i r n a t e l ~  8,000 sq  f t  of t he  Maintenance and warehousing 
Building., including access t o  high bay and crane areay i s  earmarked fo r  
t h e  warehouse function. 

1% i s  suggested. that  construction of t h i s  bui lding.be  
scheduled fo r  the  e a r l i e s t  poss ible  completion a f t e r  t he  reactor  p ro j ec t  
i s  approved. 



- .  4.76 Administration and Cafeter ia  Building 

Since no spec i f ic  locat ion fo r  t he  readtor  s i t e  has been 
selected,  it i s  necessary t o  provide space f b r  the  administrat ive,  
personnel, finance, e t c .  functions normally connected with an i n s t a l -  
l a t i o n  of t he  s i ze  projected i n  t h i s  proposal. A pumice block o r  
equivalent  administrat ion building with a usable area of approximately 
15,000 sq  f t  i s  included t o  meet t h i s  need. A port ion of the  building 
w i l l  be occupied by ca f e t e r i a  f a c i l i t i e s .  

4.77 Laboratory and Engineering Building 

A one- 'and two-story pumice block o r  equivalent bui.lding 
with approximately 20,000 sq  f t  of usable area  i s  contemplated t o  
house t h e  laboratory,  engineering, and\ technical  department personnel 
necessary t o  service  t he  reactor .  Chemical laborator ies ,  instrument 

, development shops, engineering and metal lurgical  i abora tor ies ,  and a 
computations center w i l l  be housed i n  the  s ingle-s tory  area.  The two- 
s tory  port ion of the  building w i l l  comprise o f f i c e s  fo r  engineering and 
technical  group personnel., and w i l l  include a l a rge  conference room. 

. . 
I 

. . 
- ,  



TRANSFORMER 

FUEL 8 o 
UTILITIES 

I I 

PUMP 
HOUSE 

8 ENGINEERING 
BUILDING 

ADMINISTRATION 
8 CAFETERIA 

MAINTENANCE . 
8 WAREHOUSE 

BUILDING 

EXHAUST I 

I PRCVAILINO WIND3 

FIG. 4.7 A 
SITE .PLAN 

P.5. -0-1111 

>I 

: r ; - : l .  
" - 

SEWAGE STABILIZATION 
3 0 0 '  X 5 0 0 '  

2 .  

L 

1: 

LEACHING POND 

300' X 4 0 0 '  

\ 



4.8 u t i l i t i e s  . . ,  

The ETR I1 u t i l i t i e s  ,assume: .. - 

1. ' tha t  suff ic ient .  re l iab le  commercial e l ec t r i c  power i s  ' available, - 

2. tha t  sui table  ground water ex is t s  at the s i t e  selected, and 

3. t ha t  f u e l  o i l ,  d iese l  o i l ,  and water t rea t ing  chemicals a re  
transported t o  the s i t e .  by truck. 

.4..81 Water ( ~ e f .  Fig. 4 . 8 ~ )  . . 

. . k0811 . Wells and .Storage 

It i s  assumed tha t  the water a t  the  s i t e  selected is  
available a t  400 t o  500 f t  below grade and tha t  the  water has the  following 
characteristics:  

1. dissolved solids, 250 ppm, 

2. t o t a l  hardness as CaCO 200 ppm, and 
3' 

3. a lka l in i ty  as C&O 200 ppm. 3) 
In .addition, it is  .assumed t h a t  the. turbidity,  silt ,  and sand of the  
well water are  suf f ic ien t ly  low so t h a t  f i l t e r s  a re  not required* 

Well water i s  pumped by means of two deep well turbine 
-* pumps (3000 gpm, 600 f t  TDH, 600 hp). Either of the  two deep well  pumps 

has suf f ic ien t  capacity t o  supply the  maximum plant  demand. The deep 
well pumps start and stop automatically by means of a l eve l  indicating 
controller on the  ground l eve l  water storage tank. 

The ground l e v e l  storage tank has a capacity of 2;)000,000 gal. 
The large cagacity i s  required t o  sa t i s fy  the  firewater requirements of the 
cooling tower, which is estimated t o  be 5000 gpmo Since no standby power 
source f o r  any of the deep wells i s  provided, the ground l eve l  storage 
t a p  must have a firewater supply at a l l  times of 1,200,000 gal  which i s  
suff ic ient  fo r  a four hour supply a t  maximum demand. 

. A  bypass l i n e  is provided asowid the .ground l e v e l  storage 
tank so t h a t  the tank can he, repa.l.red .and cleaged without interruption .of 
the r a w  water ' supply. 

4.. 812 Firewtif e r  

Ttro 5000 gpm f i r e  pumps a re  provided t o  furnish water 
t o  the 12  in. f irewater loop at 175 f t  head. One of the pumps is e l ec t r i c  
driyen (300 hp) and the  other is  d iese l  driven (450 hp) t o  provide firewater 
i n  case of commercial power f a i lu re*  A cross t ie  from the service water 



system t o  the firewater system maintains system pressure u n t i l  a f i r e  
hydrant i s  opened. A t  t h i s  time, the system pressure w i l l  drop which 
w i l l  automatically start the e l ec t r i c  driven fire-pump* The d iese l  
driven f i r e  pump i s  interlocked with the e l ec t r i c  driyen f i r e  pump, 
so tha t  i f  the  e l e c t r i c  pump f a i l s  t o  start on a low system pressure signal, 
the d i e se l  driven pump w i l l  automatically &art .  

The p lant  i s  looped with a 12 in.  firewater main and 
f i r e  hydrants a re  placed a t  s t ra teg ic  locations around the  plant.  Hydrants 
have a maximum spacing of 300 f t  and each building i s  servi-ced by a t  
l e a s t  two hydrants. Hose s ta t ions  a re  provided i n  a l l  buildings. The 
cooling tower is  protected by a f i r e  detection system which automatically 
opens the deluge valves t o  the  cooling tower bay or  bays involved i n  a 
f i r e  and a l so  actuates the  deluge valves on the bays adjacent t o ' t h e  f i r e .  
The mantimum number of tower bays that w i l l  have +,o be flooded at any one 
time i s  s ix.  A t  0.5 gpm per sq  f t  of deck area t h i s  is  about 3900 gpm. 
In addition, about 50Q gpm of firewater are  required f o r  figraying six 
ran motors above the  deck and 600 gpn! f o r  one f i r e  hydrant. Based on 
these estimates, f irewater pimps with a 5000 gpm ra t ing  are  adequate- 

An interconnectior?. t o  the primary coolant system i s  
provided t o  supply raw water &o the reactor i n  case o? an incident in- 
volving a large los s  of primary water'. 

4.813 Service Water ( ~ i ~ .  4.8.~) 

The service water system supplies 200 gpm of raw water' : 

f o r  the demineralizer . . system inf luent  and 100 gpm f o r  all sani tary require- 
ment s .  

. . Y 

F,7Taher ?f t .ws service w a t e r  pump (300 'gpm, 175. ' f t  mH,. 20 hP) 
transfms'the raw &ter  from the  grmlnd. I.eve1 storage tank t o  the. dcminCralTzer 
system and a lso  t o  the  3 i n -  service water header which serves a l l ' o f  the ' 

. f a c i l i t y  build5 ngs 
. . 

,, . . To m e e t  s m i t a r y  requirements, a chlorinator a t  each . . 
.well chlorinates t h e  water bef bre it enters t#h.e p u d  stor'Lge ta&. , .  

. .  . 
The demfneralizer is  aut?matically shut down on power f a i l u r e  'and 'd.&- 
mineralized"water requirements . . are met from demineralized storage., , . 

. . . . 

40814 Cooling Tuwer Make-up water* ( ~ e f  Figo 4 . 8 ~ )  
. . 

,, . 
Either  one of two cooling tower make-up pumps (2500 gpm, 

100 f t  TDE, 100 hp) supplies t'he evaporation, windage, and blowdown water 
requirements of the cooling tower. The pumps a re  located i n  the u t i l i t i e s  . 
building and furnish maketup water t o  the  cooling tower through a 10 in. 
carbon s t e e l  l ine .  The cooling tower make-up requirements a re  based on 
maintaining four cycles of concentration* i n  the  cooling tower water. 

*cycles of concentration ' i s  t h e  term employed t o  indicate the degree of - 

concentration of t h e  c i rcu la t tng  water as compared t o  the make-up water. 



MTR-ETR experience has indicated tha t  seven cycles of concentration are  
sat isfactory a t  a water temperature of llO°F. However, the secondary on- 
tower water temperature is  1 4 0 ' ~  and it i s  deemed advisable t o  l i m i t  the  
maximum cycles of concentration t o  four, thereby minimizing scale forma- 
t ion  i n  the heat exchangers. 

Make-up water treatment i s  needed t o  inhib i t  corrosion, 
scaling and the growth of slime and algae. When the reactor i s  operating 
at f u l l  power it i s  estimated tha t  360 gal  of 66OBe su l fur ic  acid, 300 l b  of 
Orocol (a corrosion and scale inhibi t ing chemical), and 40 l b  of chlorine 
a re  required per day. 

Demineralized Water (Ref . Fig. 4 . 8 ~ )  

The demineralizer produces 150 gpm of demineralized 
water with a specif ic  resis tance of 250,090 t o  500,000 ohms. A unit, 
which is  available commercially, w i l l  produce water of t h i s  qual i ty .  The 
demineralizer system consists of two 100 gpm sul fur ic  acid regenerated 
cation units, a degasifier f o r  removing carbon dioxide from the c a t i o n -  
effluent, a 10,000 gal  p l a s t i c  l ined concrete sump, and two 75 gpm strong 
base caustic regenerated anion uni ts .  The cation un i t  flow ra t ing  was 
purposely made 25 gpm larger  than the anion flow r a t e  since cation 
eff luent  i s  needed f o r  anion regeneration. MTR-ETR experience has 
indicated tha t  the cation beds should have a la rger  flow ra t ing  than 
the anion uni ts .  The cation and anion regeneration cycles a re  auto- 
matically controlled; however, the operator w i l l  i n i t i a t e  the regeneration 
cycle. 

Demineralized water from the anion uni t s  i s  stored 
. in  .a  100,000 gal ground level, s ta in less  s t e e l  storage tank equipped 
with l eve l  indicator and high and low l eve l  a l a s m s .  

Either of two motor driven demineralized water pumps 
(150 gpm, 175 f t  TDH, 10 hp) pumps the water t o  the plant through an 8 in. 
s t a i n l e ~ ~  s t e e l  l i ne .  Two d.emi.nera1ized f lush pumps (1000 gpm, 175 f t  
TDY, 75 hp) supply water for  flushing the reactor and primary system 
a f t e r  reactor shutdown. Since the f lush  pumps are  use& only iuLer- 
mittently, both p~unps w i l l  normally operate a t  a combined r a t e  of 2000 gpm. 
However, i f  one pump i s  down f o r  repairs, the other can adequately f lush 
the primary system a t  a slower ra te .  

Cation and anion tanks and manifolds f o r  these tanks 
arp rubber-lined carbon s tee l .  The remainder of the  system i s  con- 
s t ructed of 304 s ta in less  s t e e l  t o  minimize contamination or' the water 
with corrosion products. 

4.816 Water Treating Chemicals Storage (Ref . Fig. 4 . 8 ~ )  

Sulfuric acid i s  stored i n  two 10,000 ga l  casbon- 
s t e e l  tanks adjacent t o  the u t i l i t i e s  building and pumped t o  the cation 
acid measuring tank or the secondary system acid measuring tank by 
e i ther  of two motor-driven acrd pumps (20 gpm, 2*5 1q) .  Thc acid 



requirements f o r  the secondary system and the demineralizer are estimated 
t o  be 500 gal per  da . The acid storage tanks are  not heated since the B freezing point of 66 Be acid i s  -29'~. 

. 

Fi f ty  per cent sodium hydroxide solution is  stored i n  
two 30.03 gal, insulated, steam heated, carbon- s t e e l  tanks located i n  the 
u t i l i t i e s  building. The caustic i s  pumped from the storage tanks by 
means of e i ther  of two motor-driven caustic pumps (20 gpm, 1 . 5  hp) . ;The 
caust ic  requirements f o r  the demineralizer .are estimated t o  be 95 ga l  
per day. .The caust ic  i n  the tanks i s  steam heated t o  85 '~  t o  f a c i l i t a t e  
pumping. The tanks are  located inside the building t o  eliminate the. neces- 
s i t y  of heating the caustia piping.. 

The acid arid caustic storage tanks are eq1.1~ipped with 
l e v e l  indicators.  Truck unloading f a c i l i t i e s  adjacent t o  the storage 
tanks .provide f o r  unloading w i t h  plant, air .  Acid and caustic ~yqtems 
ar.e constructed of carbon. steed., , 

The Orocol i s  purchased i n  400 l b  f ibe r  drums and i s  
stored i n  the warehouse. Chlorine i s  purchased i a  ton cantai.ners. 

U t i l i t y  and Einergency Cooling Water (Ref . Fig- 4 . 8 ~ )  

The u t i l i t y  and emergency cooling system i s  used as 
the heat t ransfer  medium f o r  f i n a l  heat removal by the cooling tower on 
the  reactor  auxi l iary systems. These include the high pressl.l.re d.emineralizer 
water (2000 gpm), emergency cooling lbop (425 gpm), reactor canal cooling 
(700 gpm), d i e se l  engine cooling (120~) gpm), and instrument a i r  
compressor cooling (50 gpm), and t o  provide emergency cooling f o r  the : 
primary heat exchangers i n  the event of .a commercial power outage (1500 gpm) .  

Two motor- drive^..^, vc:r 1;ic.d turbilze pwps  (3000 gplr?, 

150 f t  TDH, 150 hp) a re  located i n  the cooling tower pump house and pro- 
vide the necessary water flow f o r  the system a.t, the design off-tower 
temperature of 85'~.  In the  event of a commercial. power fa i .h~se ,  one 
u t i l i t y  pump w d l l  continue ,to operate, providing cooling towe-r: water 
t o  c r i l ; ica l  cooling loads. It i s  anticipated tha t  the t o t a l  heat load 
imposed on the cooling towers by the u t i l i t y  cooling system w i l l  be 20 
.LO 25.m. 

4.818 kkperimental Emergency Cooling Loop (Ref . , Fig. 4 . 8 ~ )  

, The experimental emergency cooling loop (ECL) i s  a 
system which' permi ti cooling of in-p i le  tubes and/or -fuel elements 
during periods ,when the experimenters ' coolant circld..at,ing sys tern i s  
out of service.  

The,shielded loop is designed t o  cool defected speci- 
mens under emergency .conditions. Therefore, the  en t i r e  loop system i s  
constructed of s t a in l e s s  s teel ,  which w i l l  permit use of v v i o u s  chemical 
decontamination solutions.  



The ECL system circulates  high puri ty  demineralized 
water up t o  500 gprn -at a pressure of 450 psig and a temperature of 150'~. 
The experimental loops return the water a t  200 ps ig  with temperatures up 
t o  190'~ thus forming a closed loop. The heat load of 3 Mw is  transferred 

t o  the u t i l i t y  cooling water system v i a  she l l  and tube heat exchangers for  
f i n a l  dissipation through the cooling tower. 

System pressure i s  maintained a t  450 psig by means of 
a pressurizing pump, taking suction from the low pressure demineralized 
water system and discharging through a pressure regulating valve t o  the 
circulat ing pump suction headers. To compensate fo r  system pressure and 
volume changes during temperature transients,  a surge tank with a pres- 
surized nitrogen blanket is  ins ta l led  on the circulat ing pump discharge 
header. 

A mixed bed ion exchanger column is  provided t o  control 
cooling water pH and conductivity and t o  maintain the system demineralized 
water purity.  A removable shielded res in  cask i s  provided t o  dispose of 
depleted ion exchange resins.  

The loop instrumentation i s  located on a control panel 
outside the loop cubicle shield.  

'. . . 4.819 High Pressure Demineralized Water ( ~ e f .  Fig. 408E) 

The high pressure demineralizer water (HDw) .system a t  a 
supply pressure.of 300 psig circulates  3000 gprn of demineralized water 
of which 2500 &m i s  supplied a t  1 5 0 ' ~  and 500 gprn a t  100'~. The 2500 gprn 
system removes f i s s ion  and gamma heat from the experimental loop circu- 
l a t i n g  water v i a  water- to-water experimental heat exchangers. The 500 gprn 
system, a t  10o°F, i s  used fo r  experimental primary pump and ion exchange 
cooling, both of which require lower temperature cooling water. 

The maximum heat input t o  t h i s  system i s  estimated 
t o  be 16 Mw which i s  transferred through s h e l l  and tube heat exchangers 
t o  the u t i l i t y  cooling water f o r  heat removal by the cooling tower. 
Suitable temperature indicators and flow measuring devices a re  provided 
on both the demineralized wal;er s ide and the u t i l i t y  water s ide of the 
heat exchanger t o  control the system temperature. 

The three HDW circulat ing pumps are  horizontal 
centrifugal, double suction, double volute type with a capacity of 1000 gprn ', 
each a t  230 f t  TDH. The pumps are  driven by 100 hp e l ec t r i c  motorso A 
by-pass pneumatic pressure regulator valve i s  ins ta l led  between the supply 
header and the common return header t o  maintain a constant supply pressure , 

under varying experimental demands. In the event of a commercial power 
outage, one circulat ing pump continues t o  operate providing water a t  
reduced flows t o  the experimental 1.oops f o r  shutdown heat removal: This 
necessitates the  experimental uses t o  be automatically trimmed t o  insure 
adequate cooling water f o r  c r i t i c a l  demands. 



Demineralizer water from the  gland s e a l  and pressur iz ing 
pumps passes through a pressure  reducing valve s e t  at  200 p s ig  t o  control  
pressure  on t he  suct ion s ide  of t he  HDW c i r cu l a t i ng  water, pumps. A system 
fill l i n e  by-passing t h e  PRV i s  incorporated t o  provide f a s t  f i l l i n g  of 
t h e  e n t i r e  system. 

4 .82 Heating and Vent i la t ing 
. , 

4.821 Steam p l a n t ,  ( ~ e f .  Fig. 4 . 8 ~ )  . . I 

The. heat ing .requirements of t h e  p lan t  buildings : 

neces ,s i ta tes  t he  - i n s t a l l a t i o n  of a s t e m  p l an t .  In  addiction, , steam. i s .  
required f o r  D20 d i s t i l l a t i o n ;  however, t h i s  requirement i s  s m a l l .  . . 

Two. 20,000 lb /h r  paclragcd xa t e r  tube bo i l e r s  a r e  
-provided t o  supply t h e  f a c i l i t y  steam requirements. The. estimated 
steam load a t  an am'bient tempere.ture of - 2 0 ' ~  i s  20,000 lb /h r .  One 
b o i l e r  w i l l  be required t o  supply t h e  maximum steam demand, with t h e  . .. 

other  serving as a standby. 

The boi lers ,  located i n  t he  u t i l i t i e s  building, supply 
135 p s i g  steam t o  a 6 i n .  insu la ted  steam header which loops the  reac tor  
bui lding.  The 2 i n .  insula ted condensate loop p a r a l l e l s  the  steam loop. 
Stear11 and c o i ~ d ~ l l s a t e  se rv ice  t o  the various buildings and f a c i l i t i e s  i s  
supplied from these  loops. 

The steam plan-c i s  a conventional low pressure  system 
#with a .  20,000 lb /h r  deareat ing feed water heater, two motor-driven feed- 
water pumps (60 gpm, 425 f t  TDH, 10  hp), a 500 ga l  condensate tank located 
i n  a p i t  below t h e  u t i l i t i e s  bui lding f l oo r  and two motor-driven condensate 
pumps (60 gpm, 75 f t  TDH, 5 hp).  Tlie b o i l e r  feed i s  t r e a t ed  with sodium 
s u l f i t e  f o r  oxygen removal and with sodium phosphates fo r  pH control .  
Since t h e  -boi lers  supply steam f o r  heating purposes only, it i s  estimated 
t h a t  95 t o  100 per  cent  oY t h e  steam produced w i l l  be returned as  condensate 
so  t h a t  t he  demineralized water requirements a r e  s m a l l  except when it i s  
necessary ' t o  ref  ill a b o i l e r  a f t e r  d r a i n i n g .  

- 

. 5 ' 

One motor-driven unl-oading pump. (50 a m ,  5 hp ), two . . 

motor-driven t r a n s f e r  pumps (10 gpm, 250 f t  TDH, 2 hp), two duplex. fue1 
o i l  s t r a ine r s ,  and two f u e l  o i l  heaters  a re  located i n  t h e  o i l  pump house 
adjacent t o  t h e  f u e l  o i l  s t o r a g e . . t d c s .  The two 100,000 f u e l  o i l  
s torage tanks a r e  s u f f i c i e n t  f o r  two months oil. supply at a maximum - 

demand load.  . 
ReacLor. - Building . . 

Reac t u r  Opera-Ling Area. This area I s  provlded w i t h  
a separate  heat ing and ven t i l a t i ng  system furnishing air .at 70°F by means 
of a supply duct system discharging air t o  t he  f i r s t  f l o o r  are'a. .Approxi- 
mately 90 per  cent  of t h e  air  w i l l  exhaust through t he  experimental cubicles 



t o  d i s s ipa t e  t he  ant ic ipated 75 kw experimental heat load per  cubicle.  
The remaining air exhausts througi? t h e  sub-pile and control  rod access 
rooms. Pressures i n  these  areas a r e  below those of all adjoining areas 
so t h a t  air flow i s  from normal personnel working areas i n t o  cubicles 
which a r e  p o t e n t i a l  areas of high air a c t i v i t y .  A l l  air from t h e  cubicles 
discharges i n t o  t h e  cubicle exhaust header and i s  exhausted through t he  
stack.  The heating and venti laf , ing equipment f o r  t h i s  a rea  i s  located 
i n  the  reactor  bui lding heating and ven t i l a t i ng  room and cons i s t s  of 
ad jus table  louvers, non- f reeze  pre-heat  steam coi ls ,  a cap i l l a ry  washer 
f i l t e r  system and steam reheat  c o i l s .  A supply fan of approximately 
68,000 cfm i s  required which provides s i x  air changes per  hour, a l l  of 
which a r e  outside '  a i r .  

Offices ard  5allways. These areas  a r e  provided 
with a separate  heat ing system furnishing a i r  a t  a minimum of 70'~.  
Supply ducts a r e  routed t o  each off ice ,  with re tu rn  a i r  ducts located 
i n  t he  hallways. The heating equipment i s  located i n  t h e  heating and 
ven t i l a t i ng  room and cons i s t s  of adjus table  outs ide  and re tu rn  a i r ,  
louvers, non-freeze heating coi ls ,  washable high e f f ic iency  f i l t e r s ,  
and mixing dampers. A blower of 2500 cfm provides s i x  a i r  changes per  
hour, th ree  of which a r e  outside air.  

Experimenters' Canal Area, Hot Ce l l  Building, 
Storage canal  and t he  Service and Mockup Areas. These areas a r e  

--P 

supplied w i t h a n  addi t ional  heating system furnishing a i r  at a minimum 
of 7 0 ' ~  by means pf supply ducts located on t he  f i r s t  f l o o r .  Flow i s  
dotm through t he  basement l eve l s  with re tu rn  air from both l eve l s .  The 
heating equipment i s  located i n  t h e  heating and ven t i l a t i ng  room and i s  
s imilar  t o  t h a t  described f o r  t h e  o f f i c e s .  A fan of approximately 75,000 cfm 
provides four a i r  changes per  hour, two of which a r e  outs ide  air. 

Heating and Vent i la t ing Controls. Controls f o r  each 
system or ig ina te  downstream of t he  heat ing c o i l s .  They cons i s t  of thermo- 
couple equipped temperature recorder con t ro l l e r s  and actuat ing pneumati-c 
type mo'dulating steam control  valves t o  t he  heating c o i l s .  The reac tor  
operating a rea  'system has an. addi t ional  temperature recorder con t ro l l e r  
f o r  t he  preheat  'steam c o i l s .  

Reactor Control and Equipment Rooms. These rooms . 
a re  air conditioned by means of a mul t ip le  package air-condit ioning uni t .  
Fresh 'supply of . a i r  t o  t h i s  un.it i s  from t h e  reac tor  a rea  supply system. 
Design conditions a r e  7 0 ' ~  E.B. (/. lo) and 40 per  cent  R.H. f o r  both 
summer and winter operation. ~ u t o m a t i c  temperature control  i s  provided 
t o  ad jus t  heating and cooling f luc tua t ions .  The air conditioning u n i t  
i c  located i n  t he  heating and ven t i l a t i ng  equipment roDm. Total air 
c i r cu l a t i on  i s  s i x  air changes per  hour, two of which a r e  outs ide  air. 

Process Water Area. This a rea  i s  heated t o  6 0 ' ~  
by means of i n d u s t r i a l  u n i t  heaters .  This area.  i s  exhausted through 
t h e  cubicle  exhaust system i n  order t o  maintain t h e  a rea  at  a negative 
pressure . ,  A i r  a c t i v i t y  problems a re  thus minimized i n  t h e  adjoining 



4.823 Supporting F a c i l i t i e s  

Administration and Cafeter ia  Building. A c en t r a l  
steam heating system furnishing air at a minimum of 70°F i s  i n s t a l l e d  i n  
t h i s  building.  The u n i t  cons i s t s  of a fan section, f i l t e r  box'equipped 
with  dry type washable f i l t e r s ,  heating coi ls ,  and a  damper sect ion.  It 
is  furnished complete wi th  automatic controls  t o  provide heat  and ven t i l a -  
t i o n  t o  t h e  o f f i c e  areas .  S.:$ply and re tu rn  duct systems a r e  provided 
with  a t o t a l  a i r  c i r cu l a t i on  of s i x  a i r  changes per  .hour, two changes 
being outs ide  air.  Change rooms and t o i l e t s  a re  exhausted t o  t h e  atmos-.. 
phere by separate  exhaust fans  a t  twelve a i r  changes per  hour. 

Warehouse and Maintenance Building. A system 
s imi l a r  t o  the  adminis t ra t ion and c a f e t e r i a  bui lding is  i n s t a l l e d  here 
wi th  an add i t iona l  w a l l  mounted exhaust fan  provided f o r  t h e  welding 
a rea .  Total  a i r  c i r cu l a t i on  i s  four changes per  hour, two changes 
being outs ide  air. 

Engineering aid Laboratory Building. This bui lding 
i s  heated t o  70°F by means of i n d u s t r i a l  type heaters  s imi la r  t o  t h e  u n i t s  
f o r  t h e  administrat ion and c a f e t e r i a  building.  Total  a i r  c i r cu l a t i on  i s  
s i x  air changes per  hour, t h r ee  changes being outs ide  a i r .  

U t i l i t i e s  Building. The u t i l i t i e s  bui lding houses 
t h e  e l e c t r i c a l  switchgear, t h e  two d i e d  generators, t he  makeup demin- 
e r a l i z e r ,  steam boi lers ,  p l an t  and instrument a i r  compressors, and raw 
water pumps. Since it is generally a  machinery area, it i s  heated t o  6 0 ' ~  
by means of i n d u s t r i a l  type steam u n i t  heaters  equipped with fans, dry 
type washable f i l t e r s ,  non-freeze heating co i l s ,  and dampers. Fresh air 
in take i s  two air changes per  hour with exhaust through power roof 
vent tla,T,nrs. 

Summer ven t i l a t i on  required t o  d i s s ipa t e  heat  
from pump motors, switchgear, boi lers ,  d i e s e l  engines, e t c  ., w i l l  be 
supplied by evaporative coolers  i n s t a l l e d  on t he  in take s i de  of t he  
u n i t  heaters. Maximum ambient room temperature i s  held t o  40% (165°F). 

System control  i s  from a s ing le  con t ro l  center .  
1t' cons i s t s  of thermostats  ac tua t ing  modulating con t ro l  valves on t h e  
steam and'evaporative cooling systems, and s t a r t - s t o p  controls  f o r  t h e  
u n i t  heater  fans  and roof ven t i l a to r s .  

Secondary Pump House. This building, which does 
not  requ i re  continuous occupancy, i s  heated t o  60°F by means of i n d u s t r i a l  
steam u n i t  heaters .  Vent i la t ion i s  provided by. gravity zbooP ven t i l a to r s .  

Plant  a d  In~ t rumen t  A i r  ( ~ e f  . Big. 4 . 8 ~ )  

Plant  and instrument a i r  i s  supplied by two motor-driven a i r  
compressors (300 scfm, 150 psig, 100 hp) discharging t o  a 1000 cu f t  air' 
rece iver  located adjacent to t he  i .~ . t , i l i t i e s  building.  The p l an t  air sy,stem 



is  supplied d i r e c t l y  f.rom the  receiver  through a 2-112 in .  p l an t  air l i n e .  
The..instrument air from the  p lan t  a ir  receiver  i s  dried.by..means of e i t h e r  
one of,:two s i l i c a  ge l  d r i e r s  before t he  air i s  reduced t o  100 p s ig  and . 

d i s t r i bu t ed  t o  t h e  2-112 i n .  instrument a i r  header. One s i l i c a  ge l  dryer 
i s  su f f i c i en t  t o  dry t he  estimated instrument a i r  demand so t h a t  t he  other  

.dryer can be .regenerated. . . ,  

. . 

The p l an t  a i r  header i s  automatically shut  off .  at t h e  rece iver  
i n  case the  receiver  pressure drops below 100 p s ig  so t h a t  s u f f i c i e n t  a i r  
i s  avai lable  f o r  instrumentation i n  case of compressor or  power f a i l u r e .  
A t h i r d  motor-driven air  compressor (200 scfm, 150 psig, 75 hp) i s  supp1,ied 
power from the  d i e s e l  bus so t h a t  instrument air i s  maintained during 
comerc i a l  power outages. 

4.84 Waste Disposal 

4a841 Liquid Waste . . 

Cold Waste (Ref . Fig. 4 . 8 ~ ) .   on-radioactive l i qu id s  
from ' t h e  cooling tower, t he  laboratory and engineering building, t h e  main- - 
tenance and warehouse bi i ld ing,  'and t he  u t i l i t i e s  building flow d i r e c t l y  
by g r a ~ i t y  t o  t he  p l an t  sump. The warm p l an t  e f f luen ts  a l so  discharge 

' 

t o  t he  p l an t  sump and a re  d i l u t ed  with t he  cold wastes before being d i s -  
' charged t o  t he  leaching pond. Two motor-driven p l an t  sump pumps (2000 gpm, 

25 f t  TDH, 20 hp) pump the  l i q u i d  wastes d i r e c t l y  t o  t h e  leaching pond v i a  
a 10 i n .  t i l e  l i n e  f o r  d isposal  t o  t h e  atmosphere by evaporation and t o  
t h e  subsoi l  by percola t ion.  The f i n a l  design a rea  of t he  leaching pond 
w i l l  depend on the  geological  and c l imat ic  environment of t h e  s i t e  se lected.  

\ 

The p l an t  sump i s  p l a s t i c - l i ned  t o  r e s i s t  t h e  corrosive 
demineralizer regeneration solut ions .  The u t i l i t i e s  bui lding cold d ra in  i s  
Dusiscln t o  T P S ~ S ~  the demineralizer caust ic  and acid  solut ions .  Concrete 
pipe  i s  used f o r  al l  other  cold bui lding dra in  yard piping. 

W a r m  Waste ( ~ e f .  Fig. 4 . 8 ~ ) .  Radioactive l i q u i d  
'was t e a  from the  canal, the rea.c tor build.ing, t h e  heat  exchanger building,  
t he  laboratory and engineering building, and t h e  primary coolant system 
degassing tank f l o s  by gravi ty  through 2 i n .  and 4 i n .  s t a i n l e s s  s t e e l  
p iping t o  t h e  5000 ga l  s t a i n l e s s  s t e e l  warn sump tank located i n  a shielded 
cubicle below t h e  reac tor  bui lding basement f l oo r .  Two motor-driven turbine  
pumps (200 gpm, 100 f t  TDIZ, 7.5 hp) pump t h e  w a r m  wastes t o  t h e  10  i n .  
s t a i n l e s s  s t e e l  primary system f l u s h  l ine ,  which discharges t o  t h e  p l an t  
swlp. The warm sump tanli i s  equipped witah a l e v e l  ind ica tor  con t ro l l e r  
which automatically starts and s tops  t h e  w a r m  sump pumps. 

- .  Hot Exp.erimental Waste (Ref . Fig. 4.81). Coolagt 
arid decontamination solut ions  from t h e  experimental loops and t h e  labor& 
t o r i e s  w i l l  be the  only sources of wastes whose r ad ioac t i v i t y  concentrat ions 
a r e  too.  high t o  permit u l t imate  discharge t o  t h e  leaching pond. The hot 
wastesfrom the  l abora tor ies  a r e  estimated to'be only a few gallons per  week. 

. 8 



I f  experimental capsule or  reac tor  f u e l  element.' 
f a i l u r e s  contaminate the  primary systems t o  such a degree t h a t . t h e  primary 
coolant  cannot be f lushed d i r e c t l y  t o  t h e  leaching pond v i a  t he  p l an t  
sump, t he  reac tor  w i l l  be shut down and t he  primary coolant c i rcu la ted  . 

and decontaminated by means of t h e  primary bypass demineralizer unti.1 . 

t h e  r ad ioac t i v i t y  concentrat ions of t he  primary coolant i s  reduced t o  a 
low enough l e v e l  t o  be discharged t o  the  leaching pond. 

Hot wastes from experimental loops w i l l  d ra in  
v i a  2 i n .  s t a i n l e s s  s t e e l  l i n e s  t o  t h e  1000 ga l  hot experimental waste 
sump tank located i n  a shielded cubicle  below the  reac tor  bui lding base- 
ment f l oo r .  E i ther  of two motor-driven pumps (50 gpm, 100 f t  TDH, 2 hp) 
t r a n s f e r s  the  l i q u i d  PI-om t h e  sump tank t o  t he  waste storage tanks located 
i n  t h e  yard near the hent, exchanger Fl.lilding. 

The hot experimental waste co l lec t fon  sistem i s  
constructed of stai n 1 . w  s st.ee1 s ince  t h e  dccontminatf  on. s01uti0118 ' 1 1 ~ ~ 1  
un the  eXperimenta1 loops a r e  highly corrosive too ~ = b o n  s t e e l .  

Hot Experimental Waste Storage ( ~ e f  . Fig. 4.81). 
Hot.wastes from the  experimental loops a r e  s to red  i n  t he  hot waste . - 
s torage tanks.  Two s t a i n l e s s  s t e e l  st,orage tanks a r e  privided.  One 
tank (10,000 gal) i s  used f o r  t he  permanent, s torage of loop decontamina- 
t i o n  solut ions .  The oJclier tanlr (5000 gal) i s  used f o r  storage of loop . . 
coolant  contaminated with f i s s i o n  products. ,Both tanks a r e  equipped 
with l e v e l  ind ica t ing  alarms and a r e  vented t o  the  c~iihicle exhaust 
s y ~ t e m .  

Experimental loop coolants, contaminated with 
f i s s i o n  products, w i l l  be decontaminated by mmns of two r e s i n  bedc 
containing 15 cu ft each of anion and c&t,inn r e s in s .  The f i s s i o n  product 
containing l i q u i d  w i l l  be c i rcula ted t,hrnllgh %.he r e s i n  hedc hy mcana s f  two 
motor-driven pumps (50 gpm, 100 f t  TDH, 2 hp) u-qtil t he  r ad ioac t i v i t y  has 
been reduced s u f f i c i e n t l y  t o  permit discharge of t h e  loop water t o  t h e  
leaching porlil . 

\ The loop decont,amination so lu t ions  cannot be 
decontaminated by ion exchange, s ince  these  solut ions  w i l l  contain l a rge  
qus~llti-Lies of non-radioactive acids, bases, s a l t s ,  and organic mater ia ls .  
These w i l l  be s to red  permanently i n  t h e  10,000 ga l  s torage tank.  

Space and ronnoc t ion~  f o r  t h e  inntnl 1 a t i n n  of 
addi t ioqa l  permanent s torage tanks a r e  provided. I f  t h e  s i t e  se lec ted  
has concentrat ing and s torage f a c i l i t i e s  f o r  hot wastes, t he  hot wastes 
could be t ranspor ted t o  t h i s  f a c i l i t y .  The storage f a c i l i L i e s  a r e  
est imated t o  be s u f f i c i e n t  f o r  two years storage of hot experimental 
wastes. 

The most economical s torage f a c i l i t y  w i l l  have t o  
/ 

be invest igated during t h e  f i r s t  two years of opera t ion . to  determine if: 
1) addi t iona l  stor.age tanks should be provj-ded, 2)  concentrat ing f a c i l i t i e s  

ri 



a r e  needed, or  i f  3 )  t he  l i qu id  wastes could be transported t o  ex i s t i ng  
. f a c i l i t i e s .  . . 

- .  . 

The hot experimental waste storage system is  con- 
struct,ed of s t a i n l e s s  s t e e l  t o  minimize corrosion.  The r e s i n  tanks a r e  
rubber-or p l a s t i c - l i ned  s ince  these  w i l l  be removed from t h e  system when 
t h e  ion exchange capacity i s  exhausted. Disposal of t h e  r e s i n  beds and 
tanks i s  made i n  the  b u r i a l  ground. . . 

Sanitary Waste. The s 'anitary wastes from the  " 

buildings d ra in  by gravi ty  t o  an 8 i n .  concrete sewer main and flow t o  
a concrete l i f t  sump at the  west  end of t h e  s i t e .  Ei ther  one of two,? hp 
l e v e l  control led sewage pumps discharge t h e  raw sewage from the  bui lding 
t o  a fenced s t a b i l i z a t i o n  pond located west of t he  main p l an t  area .  The 
sewage pond i s  constructed above grade and has an a rea  of 3.5 acres.  The 
dikes and bottom of t h e  pond a r e  compacted t o  minimize percola t ion.  The 
sewage pond e f f l uen t  flows through an 8 in .  concrete pipe  t o  t he  leaching 
pond. The overflow i s  control led by means of a s l i d i n g  gate  valve in-  
s t a l l e d  i n  t h e  overflow l i n e s  so  t h a t  t he  depth of t h e  pond can be varied.  

Thi,s method of sewage treatment and disposal  w a s  
chosen because of t h e  s impl ic i ty  and.low c'ost. s i m i l a r  i n s t a l l a t i o n s  
haye .been operated successful ly  under, widely varying c l imat ic  condit ions.  

~ a s e o u s  Waste Disposal ( ~ i g .  4.85) 

The gaseous_waste disposal  system exhausts air from 
po t en t i a l l y  high air  a c t i v i t y  areas such a s  t he  experimental cubicles, 
t h e  primary p,ipe tunnel  and heat  exchanger a rea  'and t h e  sub-pile room, 
and purges t he  radioact ive  hot and w a r m  waste tanks and t he  primary system 
degassing tank.  

Provisions a r e  made t o  exhaust t h e  reac tor  working 
platform when t h e  reac tor  vesse l  top c losure  i s  removed f o r  in-tank work, 
s o , t h a t  gaseous a c t i v i t y  i n  t h e  reac tor  vesse l  is  exhausted t o  t h e  cubicle  
exhaust system and does not contaminate t h e  bui lding air. A por tab le  
canal  exhaust hood removes radioact ive  gases from t h e  surface 'of t h e  canal  
water when.ruptured capsules a r e  s to red  i n  t he  canal  below t h i s  hood. 

Total  waste gas quantity, which w i l l  be Adnit'ored . , 

t o  disposal  through a i 50  f t  s tack i s  estimated' a t  78,800 c.fm. 
The gaseous and p a r t i c u l a t e  monitor is  described i n  fu r the r  d e t a i l  
under "Radiation Monitoring" of t h i s  repor t .  

Two blowers (')-LO, 000 cfm, 50 hp ) a r e  provided &nd 
operate i n  p a r a l l e l .  One motor blower i s  connected t o  t he  d i e s e l  power 
bus and t he  other  t o  t h e  commercial power bus. System flow and pressures  
a r e  recorded i n  t he  primary con t ro l  room. 

. . 
Over-pressure sa fe ty  devices ( rupture  d i s c s  and pressure 

r e l i e f  valves) on t he  experimental loops discharge i n t o  an experirhent-al 
vent header which discharge i n t o  t he  cubicle  exhaust duct on t he  down- 
stream s ide  of t h e  .blowers. Steam and radioact ive  gases when re leased 



from an experimental loop are  thus vented t o  the stack t o  eliminate . . 
contamination of the experimental cubicles and equipment. 

4.843 s o l i d  Waste Disposal 

A bur ia l  ground is  provided near the plant  for  the 
. 

d i ~ p o ' ~ a . 1  of radioactive sol ids .  It i s  assumed tha t  the s i t e - s e l e c t e d  
w i l l  permit t h i s  means of disposal. Radioactive sol ids  are  trans- . 
ported from the p lant  area by,truck and placed i n  trenches which are  
then coveredwith ear th.  Experimental tubes tha t  a re  no longer . 

serviceable a re  buried i n  ve r t i ca l ly  d r i l l e d  hoies a t  the bur ia l  
'ground. 
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unauthorize'd human or  animal entry. It i s  estimated t h a t ' a  25 acre 
p l o t  w i l l  serve fo r  the  disposal of so l id  wastes f o r  a period of f ive  t o  
t en  years. 

4.05 Electr ic  Power ( ~ i g u r e s  4 . 8 ~  and 4 . 8 ~ )  

The e l ec t r i ck l  system requires two sources of power; one 
i s  commerical power supplied from an assumed exis t ing 132 kv power 
system and the other i s  d iese l  power supplied by di-esel-driven e l ec t r i c  
generators in s t a l l ed  a t  the s i t e .  

4.851 Commerkial Power 

The t o t a l  connected plant e l ec t r i ca l  load requires 
the  ins t a l l a t ion  of two 15,300 kva transformers in  an outdoor sub- 
s t a t ion .  The e l e c t r i c a l  loads and the  power dlstrlbu.l;iun u e  6 u w i z e d  
schematically In b '1g-  4 . 8 ~ .  

4.852 Diesel Power 

Diesel power a t  4160 vol t s  is  supplied by two heavy 
duty d iese l  generators, one ot' which serves as a stavldby uni t .  The 
c r i t i c a l  plant  and e x ~ e r i q e n t d  loadla arc o p l i t  between independent 
comerc ia l  and d ie se l  power sources, i .e. ,  one pump on commercial u d  
one pump on d ie se l  power f o r  a systea. When a commercial power. fallwe 
occurs, the operating d ie se l  generator continues t o  supply power t o  i t s  
normal connected loads. The reactor i s  automatically shut down on loss  
of commercial power or i f  the d iese l  generator f a i l s .  It i s  very unlikely 
tha t  d i e se l  generator f a i l u r e  and a commercial power outage would occur 
a t  the same time. 

l ~ . o  85 3 General 

A tunnel with lay-in t rays j.s provided for  cables 
from the u t i l i t i e s  building. A.system of underground ducts and manholes 
i s  used f o r  routing e l e c t r i c a l  power, communications and alm ci rcu i t s  
t o  the other s i t e  buildings. 



O i l  f o r  t he  d i e se l s  i s  s tored i n  a 100, 000 ga l  
ground-level storage tank. It i s  estimated t h a t  3000 'ga l  per  day of 
d i e s e l  o i l  w i l l  be required when t h e  d i e s e l  generator i s  running. 

. , 

A hot c e l l  i s  pravided i n  the  reactor  bui lding f o r  l imi ted  .. 
. servic ing of i r r a d i a t i o n  t e s t s .  These services  include such items a s . .  
v i sua l  ' and photographic examination of t e s t  specimens, disassembly and 
reassembly of plugs and capsules, repair'ing of t e s t  specimen t ra ins ,  
and removal of i r r ad i a t ed  components f o r  shipment t o  other  l abora tor ies .  

The ce l l ,  capable. of handling 10,000 t o  20,000 cur ies  of 1 . 5  
t o  3.0 mev gamma ac t i v i t y ,  i s  located over one end of t h e  canal  f o r  
ease of handling and minimization of accidenta l  damage t o  specimen 
t r a i n s .  The c e l l  i s  constructed with w a l l s  of heavy barytes concrete 
4 f t  th ick  with th ree  l a rge  windows and one smaller one f o r  viewing 
purposes. Entrance t o  t h e  c e l l  by personnel and equipment i s  through 
l a rge  s l i d ing  s t e e l  doors i n  t he  r ea r  w a l l  of t h e  c e l l .  

Radioactive.materials  a r e  charged d i r e c t l y  i n t o  t h e  hot c e l l  
from the  canal  by means of su i t ab l e  ho is t ing  and mq ipu l a t i ng  equipment. 
Manipulation w'ithin t h e  c e l l  i s  accomplished witn a ~ e n e r a l ~ i i i s  
mechanical arm and a 'Light crane operated i n  connection with .a pair of . 
Argo&e Type Model 8~ Master-Slav& manipulators. The Mastepslave 
manipulators a r e  i n s t a l l e d  i n  a s l i d i n g  sh ie ld  above t h e  viewing windows. 
Visu'd and ph0tograph.j.c examination of experiments i s  conducted with t he  
a id  of a thru-wall  periscope located i n  t h e  f r o n t , o f  t he  c e l l .  

A storage and decontamination a r ea  at  t he  r ea r  and a clean 
working a rea  a t  t he  f r o n t  of ' the  c e l l  a r e  provided. The hot c e l l  exhaust 
discharges' through absolute f i l t e r s  t o  t he  cubicle  exhaust system. 

4.87 Radioactive Monitoring 
\ 

4.871 Direct  Radaation 

Area monitoring i s  performed i n  various p a r t s  of t he  
p l an t  with ion chambers incorporating b u i l t - i n  ca l i b r a t i on  sources. 
These a r e  adjustable  from t h e  main con t ro l  panel  where t h e  contact  . 

meter re lays  a r e  located.  A l l  u n i t s  alarm l o c a l l y  as  wel l  as i n  t he  
Health Physics o f f i c e  and those of primary importance record i n  t he  
control  room. 

There a r e  f i v e  ion chambers on each of the  f i r s t  
and basement f l o o r  l e v e l s  and e igh t  ion chambers on t h e  sub-basement 
l eve l .  The con t ro l .pane l s  a r e  i n  t he  Health Physics o f f i c e  and two 
multipoint  recorders a r e  i n  t he  reactor: con t ro l  room. 

Ten chambers a r e  located i n  t h e  heat  exchanger 
buildin& t w o  i n  t he  hot. cell., 3rd town i n  t he  u t i l i t i e s  building.  
These a l a r m ,  as' s t a t e d  above, but  do not record. Control u n i t s  axe 
l o c a l l y  mounted. 
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4.872 A i r  Monitoring 
. . 

Constant air monitoring i s  accomplished by por table  
s c i n t i l l a t i o n  un i t s .  One each i n  the  hot c e l l ,  u t i l i t i e s  building, 
secondary pump house, warehouse and maintenance building,' . .administration 
and c a f e t e r i a  building, and two i n  t h e  heat exchanger bui lding record 
and a l a r m  l o c a l l y  and alarm i n  t he  Health Physics o f f i c e .  Fourteen of 
t h e  same u n i t s  a r e  located in t h e  reac tor  bui lding ahd record i n  t he  
r eac to r  con t ro l  room. 

4.873 Fiss ion ~ r&aJc  Detectors 

There i s  one primary coolant f i s s i o n  brk& detector .  
The process water sampie i s  con'cinuously d.ra.m t.hrol.~gh 'a pressure 
regu la to r  and flow meter t o  the  monitor which may be e i t h e r  am iodine 
o r  delayed neutron monitor. The a c t i v i t y  l e v e l  i c  continuously re- 
corded i n  the  reac tor  cnnt ,rol-  room. 

4.874 Waste Gas Monitoring 

The waste gas monitor measures and t o t a l i z e s  a i r  flow 
t o  t h e  s tack.  It a l so  monitors a, continuous sample nf t .he  air st.ream 
f o r  pa r t i cu l a t e '  and gaseous a c t i v i t y  with a moving f i l t e r  tape system. 
S c i n t i l l a t i o n  counters with t o t a l i z e r s  a re .used  f o r  both gas and par t i cu-  
l a t e  monitors. The instantaneous l e v e l  of each records i n  t he  Health 
Physics o f f i c e  on a multipoint  recorder. 

4.875 Eff luent  Water Monitor 

E f f l u e ~ ~ I ;  \ ~ a L e r  'Ir; continuously measured l-'rr?. I'l o w  
r a t e  and a c t i v i t y .  A sample whose 'flow is proport ional  t o  diecharge 
r a t e  i s  monitored by a s c i n t i l l a t i o n  system. Flow and a c t i v i t y  a r e  
continuously mul t ip l ied and in tee ra ted  t o  give t h e  t o t a l  cur ies  dis- 
charged. 

4.876 Personnel Monitors . . 

Two hand-foot counters a r e  located i n  t he  re~1.ct.o~ 
building. '  F r i skers  of t h e  quintector  type a re  located at  all reac tor  
bui lding exi ts ,  a t  e levator  entrances, and a t  each stair well .  Fr iskers  
are a l s o  provided at  t h e  main gate  and ca f e t e r i a .  , 

4.88 Communications 

The communication system cons i s t s  of t h r ee  main p a r t s .  Two- 
way intercom u n i t s  with c a l l  buzzers a r e  located i n  all normal work 
areas a~ ld  at  all experimental con t ro l  panels and a re  connected t o  t h e  
master s t a t i o n  i n  the  con t ro l  room. The paging system u t i 1 i z6  t h e  
intercom u n i t s  p lus  add i t iona l  horns and speakers. 

Two sound powered pliorle c i r c u i t s  connect t h e  .remote areas 
t o  t h e  control  room. It i s . p o s s i b l e  t o  interconnect  these  two c i r c u i t s  



i n  t h e  con t ro l  room. These communication systems'.supplement a commercially 
, ins ta l l ed  .and serviced telephone system. 

In  addition, a manual, automatic coding f i r e  a l a r m  system i s  
i n s t a l l e d  throughout the  p lan t .  It cons i s t s  of alarm boxes and b e l l s  
connected t o  a cen t ra l i zed  r e l ay  and'terminal, s t r i p  un i t .  Low f i r e -  
water pressure, low water l e v e l  i n  t h e  2,000,000 ga l  storage tank, opening 
of cooling tower deluge valves, o r  the  s t a r t i n g  of e i t he r  f i r e  pump i s  
coded. 

4..89 Hydraulic Test F a c i l i t y  . ( ~ e f .  Fig. 4 . 8 ~ )  . 

The hydraulic t e s t  f a c i l i t y  i s  made up of two loops using a 
common pump, heat  exchanger, and surge tank. One loop i s  used t o  hy- 
d r au l i ca l l y  t e s t  and measure ve loc i t i e s  i n  f u e l  assemblies and experimental 
assemblies., These assemblies a r e  pu t  i n t o  t h e  removable t e s t  sect ion with 
pressure  t a p  leads  running t o  t h e  t e s t  panel .  The other  loop is  used t o  
check rod dr ives  under operating conditions and t o  measure rod drop times. 
The loops a r e  designed f o r  a maximum flow r a t e  of 800 gpm a t  500 f t  t o t a l  
discharge head. A l l  components a r e  s t a i n l e s s  s t e e l  t o  avoid corrosion of 
t h e  loop and demineralized water i s  used t o  avoid corrosion of t e s t  p ieces .  
This f a c i l i t y  w i l l  a l so  be,used f o r  t he  research and development program. 
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EXPERIMENTAL FACILITIES .mD SWVICES 

The reac to r  physics, mechanical layouts,  support ing f a c i l i t i e s  and 
u t i l i t i e s  a r e  discussed i n  Sections 3.0 and 4.0. The pqrpose of t h i s  
s ec t i on  i s  ba s i ca l l y  twofold: 

1. t o  discuss t he  f ac to r s  which l e d  t o  t he  design c r i t e r i a .  used i n  
t h e  o ther  sect ions;  

2. t o  describe t h e  types of experiments which determines the  design 
'of t he  reac to r .  

5.1. I r r ad i a t i on  F a c i l i t i e s  

As i n  . a l l  t e s t  reactors ,  samples a r e  i r r ad i a t ed  i n  these  reactors  i n  
two. d i f f e r en t  manners. The samples may be "capsules" which make. use of 
t h e  reactor  process cooling water f o r  heat  removal o r  may cons i s t  of loop 
specimens which a r e  e s s e n t i a l l y  capsules i r rad ia ted  i'n t he  high pressure  
water loops. One can r e f e r  t o  these  two c lasses  of experiments a s  cap- 
su l e s  and "loop specimens", respect ively ,  even though i n  some cases t he  
capsule type may bear l i t t l e  resemblance t o  the  simple sealed container 
which t h e  word capsule brings t o  mind. 

5.11 The Reactor Physics Model 

In  t e s t  r eac tb r  evaluation,  it i s  extremely c r i t i c a l  t h a t  the  
physics model be proper ly  speci f ied .  This i s  t r u e  because of t h e  nuclear 
coupling between t he  experiments and the  t e s t  r eac to r  i t s e l f  and because 
t h e . r a d i a t i o n  cha rac t e r i s t i c s  of a t e s t  region a r e  h ighly  dependent upon 
t h e  loadiqg of t he  t e s t  region: For example, the  neutron f luxes  i n  a 
d w y  f i l l e r  p iece  i n  t h e  ETR core bear l i t t l e  resemblance t o  t h e  f luxes 
i n  t yp i ca l  .experimental systems placed i n  , the  same hole .  Physics c a l -  
cu la t ions  f o r  t h i s  r eac to r  have been made on t he  ba s i s  of t y p i c a l  high 
pressure  ,water lpops i n  t h e  experimental holes.  These 'loops cons i s t  of 
s t a i n l e s s  s t e e l ' t u b e s  containing f u e l  samples. The quan t i ty  of f u e l  
se lec ted  and the  flux l ev e l s  supplied a r e  based on modern high f l ux  
t e s t i n g  requirements. It should be noted t h a t  both t he  thermal and t he  
" f a s t "  f l ux  ava i lab le  a r e  dependent on the  annular f i l l e r  media and t h a t  
a  v a r i e t y  of absolute  f l u x  l eve l s  and spec t r a l  combinations may be ob- 
t a i ned  f o r  any p a r t i c u l a r  experimental configuration by varying t h e  
annulus composition. 

. . 

5.12 Capsule-Type Experiments 
. . 

The concept of a capsule a s  used i n  t h i s  design i s  a very 
general  one. The capsules may vary i n  length from a very shor t  length 
t o  f u l l  c6re length;  they may cons i s t  of "baskets of slugs";  they may 
o r  may not have leads  ( i f  so t h e  leads  a r e  v i sua l i zed  a s  MCR-ETR type 
l eads ) ;  sample' diamet,er may vary up t o  1 .5  i n .  A capsule consis t ing 
of a number of instrumented subassemblies which must be removed from 
t h e  reac to r  with leads  i n t a c t  f o r  inspection o r  reassembly has a l s o  



been visual ized,  and provis ion has been made f o r  removal of lead-type 
capsules  and r e i n s e r t i o n  with leads  i n t a c t .  

Leads a r e  c a r r i e d  out through tank access  nozzles t o  a capsule 
instrument panel  i n  t h e  second basement. Information from t h e  capsules .may 
a l s o  be processed i n  t h e  data  reduction system. 

5..13 Loop Experiments - In -P i l e  Sections and Sub-Pile Room .-- 

The bas ic  loop i n - p i l e  s e c t i o n  around which t h i s  r eac to r  i s  
designed i s  a unit re-entrant from t h e  r e a c t o r  bottom head with r e a c t o r  t o p  
cap pene t ra t ion  f o r  experimental access ( ~ i ~ .  5 . 1 ~ ) .  The tubes a r e  i n -  
s u l a t e d  from t h e  r e a c t o r  water  by conventional s tagnant  gas thermal b a r r i e r .  
Provis ion i s  made f o r  sh ie lded  t r a p s  i n  t h e  sub-pi le  room d i r e c t l y  below 
the t e s t  sec t ions .  Allowance has a l s o  been made f o r  a minimum of 1 i n .  
of l e a d  sh ie ld ing  around t h e  experimental piping.  

The test r e g l n n ~  t ,h rn i~gh  t , h ~  r ~ e r t o r  core  are s u f f i c i e n t l y  l a r g o  
t o  permit  i n s t a l l a t i o n  of i n - p i l e  tubes of t h i s  type  having i n s i d e  dimen- 
s i o n s  up t o  a t  l e a s t  2 i n .  i n  diameter. The t e s t  regions a r e  i s o l a t e d  
h y d r a u l i c a l l y  from t h e  r e a c t o r  f u e l  and ou t s ide  dimensions of t h e  i n - p i l e  
tubes  need not  meet r i g i d  dimensional s p e c i f i c a t i o n s .  The mate r i a l  of  
cons t ruc t ion  considered f o r  t h e  i n - p i l e  tubes i s  Type 347 s t a i n l e s s  steel. 
No p r o h i b i t i v e  problems should be encountered due t o  gamma hea t  which is 
of t h e  order  of 20 watts/g.  

The t o p  clos.ure p lug of t h e  ldop i s  ou t s ide  t h e  reac to r  pressure  
v e s s e l  and r e a c t o r  r e f u e l i n g  operat ions and loop sample handling a r e  re- 
l a t i v e l y  i s o l a t e d  from one another.  Loop branch piping i s  c a r r i e d  from 
t h e  i n - p i l e  tube t o  a p ip ing  cor r idor  which surrounds t h e  reac to r .  

Although t h e  bas ic  i n - p i l e  tube  deoign i s  a u n i t  re-entz-a.n.1; 
from t h e  bottom, t h e  r e a c t o r  design includes access nozzles i n  t h e  top  
of  t h e  p ressure  v e s s e l  and t h e  p ipe  cor r idor  a l s o  serves  t h i s  region. 
This f e a t u r e  makes p o s s i b l e  t h e  design of experimental tubes re-entrant  
from t h e  t o p  and through loops which e n t e r  from t h e  sub-pi le  room and 
e x i t  from t h e  upper nozzles o r  vice-versa.  

5.14 Loop Piping Corridor 

Around t h e  r e a c t o r  i s  a shie lded loop p i p i n g . c o r r i d o r .  I n  t h i s  
a r e a ,  loop piping may be manifolded, ECL t i e - i n s  may be made, e t c .  This 
a r e a  provides i s o l a t i o n  of a primary loop cub ic le  from t h e  rad ioac t ive ly  
h o t  l i n e s  which e x i s t  when a l o o p ' s  i n - p i l e  s e c t i o n  i s  being operated on 
emergency cooling water .  . . .  

5.15 The Loop Flow Diagram 

The loop flow diagram, around which t h e  reac to r  bu i ld ing  and 
suppor t ing f a c i l i t i e s  a r e  designed, i s  shown i n  Fig .  5.1A.  Scope of t h i s  
conceptual  design d i d  not  permit  d e t a i l i n g  t h e  loop design, but  a loop 



of t h i s  bas ic  type w i l l  permit s a t i s f a c t i o n  of a l l  conventional 2200 p s i  
loop requirements, i . e . ,  a l l  u t i l i t i e s ,  support ing f a c i l i t i e s ,  and f l o o r  
space a r e  supplied and t h i s  bas ic  loop design may be d e t a i l e d  using 
e x i s t i n g  proven components. . . 

The out-of-pi le  equipment which i s  v i sua l i zed  i s  capable of 
handling one i n - p i l e  tube 2 i n .  i n s i d e  diameter having coolant  requirements 
up t o  150 gpm a t  2200 p s i  and a t o t a l  hea t  generat ion up t o  3 Mw and 
maintaining conventional loop water  qua l i ty .  The loop would have excess 
cooling c a p a c i t y , t o  permit operat ion a t  low temperature about 3 5 0 ° ~ ,  a t  
f u l l  power generat ion.  This equipment could a l s o  be used t o  serve  t h r e e  
o r  four  manifolded 1 i n .  i . d .  t e s t  loops having coolant  requirements i n  
t h e  neighborhood of 35 gpm each and t o t a l  heat  generat ion of up t o  750,kw 
each. . 

S i x  cubic le  a reas  a r e  supplied f o r  i n s t a l l a t i o n  of t h e  loop 
equipment (see  Section 5.21). 

5.2 S ~ a c e  Allocations f o r  Emerimental  Eaui~ment  

I n  view of t h e  d i f f i c u l t i e s  i n  i n s t a l l i n g ,  maintaining and modifying 
loop systems i n  confined areas ,  a  s p e c i a l  e f f o r t  has been made t o  al low 
s u f f i c i e n t  space f o r  experimental equipment from t h e  po in t  of view of 
t o t a l  square footage, geometrical conf igura t ion (e . g.,  minimum waste space 
a t  t h e  "point" of pie-shaped cub ic les ) ,  a c c e s s i b i l i t y  and proximity of 
t h e  var ious  operat ing a reas .  

5.21 The Primary Cubicles 

For each loop over 750 sq  f t  of f l o o r  space of approximately 
rec tangular  geometry with a reasonable r a t i o  of maximum t o  minimum d i -  
mension has been a l l o c a t e d  f o r  t h e  loop primary cubic le .  Each cubic le  
a r e a  conta ins  a minimum square a r e a  of 28 f t  x 28 f t .  This i s  over 1-112 
t imes t h e  a rea  occupied by t h e  KAPL F-10 loop a t  t h e  ETR. This a rea  i s  
d i r e c t l y  adjacent  t o  t h e  p iping cor r idor .  Adequate f l o o r  loading w i l l  be 
determined i n  f i n a l  design bu t  should be i n  t h e  order ot. 5OUU l b / f t 2 .  

5.22 The Secondary (sample) Cubicle 

A t  l e a s t  300 sq  f t  of f l o o r  space d i r e c t l y  adjacent  t o  t h e  
primary cubic le  has been a l l o c a t e d  f o r  a  secondary cub ic le  t o  be used f o r  
t h e  sample and t h e  pressure  instrumentat ion a r e a .  These a reas  have a 
minimum dimension of 1 0  f t  on t h e i r  s h o r t e s t  s i d e .  It i s  considered 
t h a t  t h e  wa l l  of t h e  primary c~zb ic le  which i s  common t o  t h e  secondary 
cub ic le  i s  access ib le  f o r  primary cubic le  reach rods.  

5.23 Auxi l iary  Unshielded Equipment . 

A t  l e a s t  200 s q  f t  of f l o o r  space p e r  loop has been a l l o c a t e d  
f o r  make-up and o the r  unshielded equipment. This  space i s  loca ted  i n  
*be nei.gh,hnrhnnd n f  but n.at d i rec t ly  adjacen$ -I;u L h r  c.ubicle area. 



5.24 Control  Panels' 

Space i s  a l l o c a t e d  f o r  a t  l e a s t  30 l i n e a r  f t  of con t ro l  panel  
p e r  loop, on t h e  same f l o o r  and i n  t h e  neighborhood of t h e  cubic le  a r e a .  
S u i t a b l e  s e r v i c e  and access  a i s l e s  have been provided. An a d d i t i o n a l  
minimum of 75 sq f t  of f l o o r  space has been a l l o c a t e d  f o r . e l e c t r i c a 1  
switchgear.  

5 . 3  Supporting F a c i l i t i e s  

Proper support ing f a c i l i t i e s  and u t i l i t i e s  a r e  extremely important t o  
s u c c e s s f u l  operat ion of a  t e s t  r eac to r .  This i s  p a r t i c u l a r l y  t r u e  during 
t h e  e a r l y  months of opera t ion when overs ights  and inadequacies can hecome 
p a i n f u l l y  obvious. Every e f f o r t  has been made t o  supply a l l  those  items 
e s s e n t i a l  Lo t h e  experimental program. ( s ince  t h e  discussjnn of t h e  data  
process ing system i s  presented i n  some d e t a i l ,  it i s  given i n  a separa te  
s e c t i o n ,  Section 5 ;4 . )  

5.31 Analyt ica l  Iabora tory  

Sponsor l abora to ry  space has been provided i n  the'nejghborhood 
of  the sponsors o f f i c e s  and t h e  experimenters canal .  

5.32 Hot C e l l  

An experimenters 'hot  c e l l  has been provided. This hot  c e l l  i s  
connected t o  t h e  cana l  complex. Design s p e c i f i c a t i o n s  f o r  t h i s  cel.1 a r e  
based on t h e  o r i g i n a l  MFR hot  c e l l  which has proved adequate f o r  most 
oponsor t y p e  wurk. 

5.33 Experimenters Canal 

A secti.nn of canal Pnr  the cxclus iye  u.oc of  the e i p r i m e n t c r s  
has  been supplied.  This cana l  i s  connected with t h e  canal  'complex and . . 
is i s o l a t e d  from r e a c t o r  opera t iona l  a c t i v i t i e s .  

5.34 Mockup and Pressure  Tes t  Area 

A mockup and p ressure  t e s t  a r e a  i s  provided f o r  pre-i.n.sertion . 

assertibly and t e s t i n g .  It was f e l t  t h a t '  a  minimum of 4500 sq  f t  would be 
requ i red  s i n c e  experimenters and opera tors ,  of necess i ty ,  u t i l i z e  t h i s  
f l o o r  space r a t h e r  i n e f f i c i e n t l y  ( i n  terms of ordinary  shop space) .  A 
p o r t i o n  of t h i s  a rea  i s  j.s01 a . t . 4  by a l i g h t  b l a o t  s h i e l d  f u i .  pneumatic ' 
t e s t i n g .  

Two f i f t y - t o n  creues wlth f i n e  c o n t r o l  on a i l  t h r e e  d i rec t ions  
of motion a r e  a v a i l a b l e  i n  t h e  r e a c t o r  a r e a  aud i n  t h e  main canal  area  
f o r  handling of experimental casks. Five-ton cranes a:r. l i f t s  a r e  sup- 
p l i e d  i n  t h e  cubicLe a r e a .  .For t>-f ive  f e e t  of headroom i s  s p e c i f i e d  i n  



conceptual design f o r  t h e  heavy cranes.  It i s  a n t i c i p a t e d  t h a t  i n  f i n a l  
design ample headroom w i l l  be allowed f o r  discharge procedures planned a t  
t h a t  time with a generous contingency f o r  f u t u r e  discharge procedure mod- 
i f i c a t i o n s .  A two-ton high crane i s  a l s o  included f o r  t h e  r e a c t o r  a rea .  

5.36 Warehouse 

Warehouse f a c i l i t i e s  a r e  extremely important s ince  inadequate 
warehouse space r e s u l t s  i n  i n e f f i c i e n t  operat ion of t h e  experiments due 
t o  p a r t s  shortages.  The warehouse included i n  design i s  v i sua l i zed  a s  
containing conventional warehouse space, an i s o l a t e d  warm s torage  area  
f o r  s torage  of contaminated reusable equipment and a cask s torage  area  wi th  
f a c i l i t i e s  f o r  handling and s t o r i n g  t h i r t y - t o n  casks. The considerable 
headroom required  by t r a n s f e r  casks should ,be  kept i n  mind i n  f i n a l  design. 

5.37 Draft ing and Reproduction 

Necessary d r a f t i n g  and reproduction f a c i l i t i e s  f o r  sponsor use 
should be included i n  s i m i l a r  p l a n t  f a c i l i t i e s  i n  f i n a l  design. 

5.38 Cask Transportat ion'  

Since s i t e  i s  unspecif ied,  no provis ion has been made f o r  long- 
hau l  o r  r a i l -head  t r anspor ta t ion .  F a c i l i t i e s  a r e  supplied i n  t h e  conceptual 
design f o r  loading casks on t rucks  i n  t h e  reac to r  building'.  

5.39 Hydraulic Tes t  F a c i l i t y  

A hydraulic t e s t  f a c i l i t y  f o r  determining t o t a l  flow and flow 
d i s t r i b u t i o n  wi th in  experimental t e s t  assemblies i s  provided. 

5'..310 Darkroom - 
Darkroom f a c i l i t i e s  f o r  processing photographs and radiographs 

should be provided i n  f i n a l  design. 

A decontamination room f o r  decontamination of experimental . . : ' 

equipment i s  provided: This f a c i l i t y  has been found very  use fu l  a t  MTR. 

5.312 - Communications System 

The loca t ion  of a l l  experimental equipment f o r  a given loop 
i n  one genera l  a rea  reduces t h e  demands on t h e  communications system but  
it i s  important t h a t  a l l . a r e a s  containing experimental equipment be a b l e  - 
t o  communicate with each o the r  and with t h e  r e a c t o r  c o n t r o l  room. The 
important out ly ing areas 'would include t h e  r e a c t o r  top,  t h e  tank nozzle 
area ,  t h e  p ip ing cor r idor  and t h e  sub-pile room. 

. . .  . . 



5.313 Waste Disposal - 
The methods of waste d i sposa l  a r e  a s tack,  underground s torage  

and a b u r i a l  ground f o r  gaseous wastes, l i q u i d  wastes and contaminated o r  
r ad ioac t ive  hardware, respect ively .  

F a c i l i t i e s  f o r  l i q u i d  waste s torage  and processing a r e  s i z e d  
on t h e  b a s i s  of 250 g a l  loops.  It was v i sua l i zed  t h a t  t h e  i n i t i a l  f i l l  
of contaminated water  i n  t h e  loop could be cleaned up p a r t i a l l y  by i o n '  
exchange systems. Storage capac i ty  i n  t h e  amount of 5000 g a l  i s  supplied 
f o r  t h i s  ma te r i a l .  It was planned t h a t  radioact ive  wastes containing 
decontaminating so lu t ions  would be permanently s to red .  On t h e  b a s i s  of 
f o u r  washes t o  decontaminate and one major decontamination p e r  year f o r  
t h e  p lau t ,  the 10,000 g a l  of capac i ty  a l l o c a t e d  amount t o  t e n  years 
s t o r a g e .  

Eats Processing System f o r  Experiments and' Reactor Operations 

The Data Processing System w i l l  c o n s i s t  of a high-speed-computer-baae 
d a t a  system toge the r  with t h e  required  remote input  s t a t i o n s  loca ted  a t  
each experiment a r e a .  The r e a c t o r  w i l l  have a complete system f o r  logging 
a l l  required  data; one e l e c t r o n i c  computer w i l l  c a r r y  out  t h e  computations. 
The accuracy of t h i s  system w i l l  i n  a l l  cases be equal  t o  o r  b e t t e r  than 
t h a t  which is a v a i l a b l e  i n  analog instrumentat ion f o r  s i m i l a r  measurements. 

The reac to r  w i l l  have about s i x  inpu t  s t a t i o n s  loca ted  near t h e  reac to r  
process  equipment and a t  t h e  experimental f a c i l i t i e s  t o  receive  up t o  700 
p o i n t s  of des i red  information from t h e  reac to r  and i t s  experimental f a c i l i t i e s .  
The i n p u t  s t a t i o n s  w i l l  inc lude p rec i s ion  temperature con t ro l l ed  junction 
boxes f o r  thermocouple s igna l s ,  pneumatic t o  e l e c t r i c  t ransducers  f o r  any 
v a r i a b l e  measured with pneumatic type instrumentat ion,  and n o m l  input  
t e rmina l s  f o r  e l e c t r i c  s i g n a l s  a l ready  sca led  t o  t h e  data oyotcm input. 

\ 

'I'he Data System w i l l  provide t h e  following funct ions :  ' off-normal 
a larm scanning, output  data  logging on e l e c t r i c  typewri ters  and computing. 

5.41 Off-Normal Alarm Scanning 

A l l  inputs  w i l l  be continuousXy scanned a t  a r"ae of 100 
po in t s / sec  f o r  any off-normal condition:,  a s  compared t o  p r e s e t  values.  
I f  an  alarm condi t ion  i s  detected,  an i d e n t i f i c a t i o n  l i g h t  w i l l  come on 
a s  w e l l  a s  an audible  alarm. When t h e  channel r e tu rns  t o  normal, t h e  
system w i l l  l o g  out  on an off-normal p r i n t e r  t h ~  time t h e  channel weul 
off-normal, t h e  time it re turned t o  normal and t h e  maximum o r  minimum 
value  a t t a i n e d  during t h i s  t i m e .  

5.42 , Data LoggZng 

The system w i l l  l o g  a3.1 channels i n  d i r e c t  engineering u n i t s  
a t  var ious  p re - se lec ted  time i n t e r v a l s .  These recordings w i l l  be made on 
e l e c t r i c  typewri ters  a t  a r a t e  of 100 channels/sec from t h e  system with 



adequate b u f f e r  capac i ty  so t h a t  t h e  typewri ters  w i l l  opera te  a t  2 
channels/sec. I n  addi t ion  t o  t h e  complete normal logging cycle,  t h e  
system w i l l  conta in  a f e a t u r e  whereby any por t ion  of t h e  system inpu t s  
can be logged out  on demand a t  any logging s t a t i o n .  There w i l l  be ' 

logging s t a t i o n s  a t  each major experiment con t ro l  panel .  

5 43 Computations 

The system w i l l  contain a d i g i t a l  computer whereby normal 
opera t ional  computations such a s  hea t  f lux ,  power generat ion,  and f u e l  
burnup can be computed from any input  v a r i a b l e  a s  we l l  a s  manual e n t r y  
constants .  The s e l e c t i o n  of t h e  manual e n t r y  constants  i n  some cases 
w i l l  be a funct ion ot' t h e  inpu t -va r iab les .  

5.. 5 U t i l i t i e s  

The u t i l i t i e s  a r e  described i n  d e t a i l  i n  Section 4.8. Only a few 
remarks need be made here  .\ 

5.51 The HDW System 

The HDW ( ~ i g h  Pressure Demineralized water)  system i s  designed 
p r imar i ly  f o r  t h e  design shown i n  Fig.  5.1A, i . e . ,  f o r  a water-to-water 
hea t  exchange system. It does not preclude use of in termedia te  heat  ex- 
change media, but  use of organic intermediates i s  a more expensive means 
of hea t  removal. The heat  removal capac i ty  of t h e  HDW system i s  16 Mw 
which c l o s e l y  represents  t h e  maximum c a p a b i l i t i e s  of t h e  loops and a l s o  
allows f o r  f u t u r e  expansion o r  conversion of capsule f a c i l i t i e s  t o  loops.  

5.52 Fhergency Cooling Loop (ECL) System 

The ECL System i s  designed t o  have about 1-1/2 times t h e  flow 
and hea t  load capac i ty  of t h e  ETR ECL. The reader may e a s i l y  d e t e m i n e  
t h e  many combinations of fue led  and unfueled i n - p i l e  sec t ions  which t h i s  
system can ca r ry .  

5.53 F a i l u r e  Free Power 

One important provis ion t h a t  may have been underestimated i s  
t h a t  of f a i l u r e  f r e e  power. One tends t o  hold down t h e  capac i ty  of such 
power which i s  provided because of t h e  high c a p i t a l  cos t  p e r  k i lowat t .  
This requirement should b e  s tud ied  very c a r e f u l l y  i n  t h e  f i n a l  design. 

5.54 Mis'ce1laneo1.1.s U t i l i t i e s  . 

It i s  not f e l t  t h a t  more needs t o  be s a i d  about commercial 
power, instrument power, instrument a i r ,  low pressure  demineralized water  
and u t i l i t y  cooling water (cooling tower water)  than has been s a i d  i n  
Sect ion 4.8 except t o  make t h e  statement which may be obvious, namely, 
t h a t  UCW may not be used a s  a s u b s t i t u t e  f o r  HDW i n  water-to-water systems 
becai.r,.cie n f  the  strsss c u r r u ~ i ~ r i  problem. 



5.55 The Cubicle Exhaust and Vent Header Systems 

Cubicle exhaust and vent header systems a r e  provided. The vent 
header system i n t o  which t h e  experiment's pressure r e l i e f  devices discharge 
i s  s imi l a r  t o  t h e  ETR system. A word about t h e  design c r i t e r i a  f o r  t h e  
cub ic le  exhaust system i s  i n  order, however. A t o t a l  of 65,000 scfm w i l l  
permit removal of 75 kw of loop heat  a s  wel l  a s  maintaining t h e  required 
150 ft/min a i r  face  ve loc i t y  over openings i n  t h e  cubicle .  
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6 .1 .  Summary 

The reac tor  proposed i n  t h i s  repor t  u t i l i z e s  design concepts which 
d i f f e r  from those i n  ex i s t ing  t e s t i n g  reactors .  This sect ion considers 
only hazards t h a t  might a r i s e  from the  unique fea tures  incorporated i n  
t he  ETR 11. Brief ly ,  t he  areas  where di f ferences  i n  behavior might be 
expected a re :  

1. Kinetics.  Some dif ferences  a r e  suggested because of t he  core 
mater ia l  and i t s  arrangement. The e f f e c t s  of these  di f ferences  on t h e  
k ine t i c s  a r e  discussed extensively i n  Section 6.21. 

2. Transient  Heat Transfer.  Since por t ions  of the  core w i l l  operate 
a t  conditions nearer burnout than i n  ETR I, fo r  example, t h e  consequences 
of accidents  involving l o s s  of primary coolant flow and pressure,  power 
overshoots, and accidenta l  r e a c t i v i t y  inse r t ions  a r e  evaluated i n  Section 
6.22. 

3. Relation of Normal Radioactive Release t o  Side Location. Because 
there  w i l l  be l a rge r  normal production of radioact ive  mater ia l  ( e f f l uen t  
f l u i d s  and hot waste) r e su l t i ng  from t h e  operation of t h i s  p lan t  than i n  
t h e  MTR and.ETR, t h e  s i t e  loca t ion  with respect  t o  disposal  f a c i l i t i e s  i s  
considered i n  Sections 6.31 and 6.32. 

4. ' Abnormal Release of Fiss ion Products. An accident involving 
such a re lease  i s  considered i n  terms of t he  same occurrence i n  ETR I i n  
Section 6.33. 

A summary of the  r e s u l t s  of these  s tud ies  i s  given here. The k i n e t i c  
p roper t i es  of the  reac tor  r e s u l t  from the  slowing down and d i f fus ion  times 
of neutrons i n  t he  D20 r e f l e c t o r  proposed. The e f f ec t  of t h i s  holdup of 
neutrons i s  s imilar  t o  t he  e f f e c t  of t h e  delayed emission of neutrons i n  
t h e  f i s s i on  process, t he  di f ferences  here being two-fold: 1) the  delay time 
i s  of t h e  order of 1 msec, and 2 )  t he  number of such neutrons per  f issiorl  
i s  much l a rge r  than t h a t  of any known delayed neutron emitter .  

I n  t h e i r  study of s ingle  annulus reactors ,  t he  Internuclear  companyL 
concluded t h a t  t h e  e f f ec t  of dropping the  e n t i r e  D20 r e f l e c t o r  was such 
a s  t o  produce a 30 per  cent change i n  t he  r eac t i v i t y .  Roughly speaking 
t h i s  means t h a t  approximately 30 per  cent  of t he  neutrons, which would 
otherwise have been l o s t  t o  t h e  system, a r e  returned by t h e  U2U r e f l e c t o r  
when it i s  i n  place.  The  k i n e t i c  s tud ies  which follow have used t h i s  
f igure  of 30 per  cent  t o t a l  leakage t o  demonstrate t he  p roper t i es  t h a t  
r e s u l t .  

1. C .  F. Leyse e t  a l . ,  "An Advanced Engineering Test  Reactor Design", 
In ternuclear  Company, Inc  . , Clayton, Missouri, Report AECU-3775, 
March 17, 1950. 



If one considers t h e  average f i s s i o n  neutron which goes out  i n t o  the  
r e f l e c t o r ,  where it becomes thermalized and d r i f t s  back i n t o  the  core,  it 
i s  poss ib le  t o  speak of an " a r r i va l "  f m c t i o n  which represents  the  average 
abundance a s  a function of time of slow neutrons re turning t o  the  core per  
f i s s i o n  event. Although'the exact form of t he  a r r i v a l  function i s  d i f f i c u l t  
t o  ca lcu la te ,  t he  k i n e t i c  behavior i n  t h e  region of i n t e r e s t  i s  not  extremely 
s ens i t i ve  t o  the  ~ a r t ~ i c u l a r  form chosen; T h i s  has been demonstrated i n  t h e  
ca lcu la t ions  of t h e  t rans fe r ,  fmct ions  f o r  severai  d i f f e r en t  a r r i v a l  functions 
given i n  Section 6.21. It was found ' there  t h a t  describing the  behagior i n  
terms of an equivalent  seventh delayed.neutron group was su f f i c i en t l y  accurate 
throughout t h e  e n t i r e  range pf i n t e r e s t .  On t h i s ' b a s i s  it was found t h a t  t h e  
per iods  which a r e  obtained i n  t h i s  system fo r  a given r e a c t i v i t y  s tep  a r e  
much longer and hence more e a s i l y  control led than those of ETR I. F ~ l . ~ ~ ~ h ~ ~ ? n o ~ ~ ~  
because of t h e  exis tence of negative void coef f ic ien t s  i n  the  l i g h t  water 
cooled f u e l  sect ion,  shutdown e f f e c t s  s imi la r  t o  those seen i n  RORAX w i l l  
probably provide s e l f - l im i t i ng  behavior. I n  t h i s  respect  ETR I1 appears t o  
have th.e des i rab le  long life,$ime fea tures  of heavy .water reac tors  and t he  
prompt shutdown fea ture  of light-.watkr rnoder~t~eci systems. 

I n  t h e  case of l o s s  of flow accidents,  t h e  time lapse  between l o s s  of 
flow and burnout i s  calcula ted t o  pe more than 2 sec. The instruments 
which monitor reac tor  coolant flow i n i t i a t e  a f u l l  scram a t  some pre -se t  
flow r a t e  and i f  it i s  s e t  a t  90 per  cent of f u l l  flow the  s a f e t i e s  wil l  
begin t h e  r eac to r  shutdown i n  approximately 750 msec a f t e r  l o s s  of flow. 
 h he scram which a r i s e s  from l o s s  of voltage t o  t he  pumps i s  ac tuated i n  
a t o t a l  of 350 msec.) Thus it seems t h a t  the re  i s  adequate time f o r  t he  
reac tor  power t o  be reduced t o  a negl igible  value i n  case of pump or  motor 
f a i l u r e ,  These ca lcu la t ions  a r e  based on ac tua l  measurements of t h e  "coast , ,  
down" of t h e  Em I coolant  flow. 

The ca lcu la t ions  invoivirig l o s s  of primary coolant pressure were 
based on t h e  formation of a 36 sq i n ;  hole i n  t h e  pressi.ire vessel ,  some- 
where above t h e  core. Under these  condit ions t he  time lapse  t o  burnout 
was calcula ted t o  be more than 7 see: A reac tor  scram w i l l  be i n i t i a t e d  
by t he  monitoring instruments i n  l e s s  than 2 sec, wh.ich means t h a t  f o r  
t h i s  accident  a l so ,  no damage t o  the  . reactor  should occur. 

Power uvershoots can r e s u l t  from in se r t i ons  of r e a c t i v i t y  i n t ro -  
duced e i t h e r  a s  ramps o r  steps.  Detailed ca lcu la t ions  have been ger- 
formed using t he  r eac to r  k i n e t i c s  of t he  proposed reac tor  core and i t s  
hea t  t r a n s f e r  cha rac t e r i s t i c s .  The maximum s tep  r e a c t i v i t y  i n se r t i on  
whlch w l l l  not burn out  t h e  core, when operating a t  f u l l  power, i s  
s l i g h t l y  above 0.3 per cent  &/k. This maximum permissible s tep i s  
only s l i g h t l y  l e s s  than t he  equivalent  s tep  f o r  ETR 1, and there fore  
appears t o  o f f e r  no unusual problem. From t h e  above considerations,  
it appears t h a t  t he  r eac to r  proposed i n  this repor t  can bp operated 
without any undue r i s k  and can be protected adequately against  t h e  
acc iden ts  r e su l t i ng  from malfunctions of reac tor  components o r  
experiments. 



The volume of radioactive e f f luen t  and hot waste from the reactor  ' 
w i l l  require e i ther  i t s  location near an authorized disposal area or'  
the establishment of another such area.  

The accidental  re lease  of an amount of f i s s ion  products equal t o  
1 per cent of the core f i s s ion  product inventory has been evaluated, and 
i t s  associated hazard has been found t o  be similar t o  t h a t  of ETB I. 

6.2 Reactor Behavior 

6.21 Reactor Kinetic Proper t ies  

The factor  i n  E;TR I1 most l i k e l y  t o  influence the short-term 
time response (and, therefore the  high-frequency response a l so )  i s  the 
large D20 re f lec tor .  Neutrons which migrate i n t o  the r e f l ec to r  and 
re turn some time l a t e r  t o  cause f i s s ions  exhibi t  proper t ies  similar 
t o  an extra  group of delayed neutrons. The high bare leakage e f f ec t  
makes t h i s  a large group (about 30 per cent) ,  with a time constant of 
about 1 msec. For the  calculations,  a seventh group with a delayed 
neutron f rac t ion  p7, of 0.3 and with an equivalent decay constant, 
A7, of 1000 sec- 1s used. Although methods ex i s t  fo r  calculat ing 
both the frequency and time responses fo r  s i x  delayed groups, adding 
the seventh extremely large group produces i t s  own d i f f i c u l t i e s .  

The step-reactivity-t ime calculation i s  r e l a t i ve ly  easy t o  
do, a s  i s  a l so  the s tab le  period (in-hour) r eac t iv i ty  relationship.  . 
I f  one assumes t h a t  there  a r e  s i x  groups with a t o t a l  delayed neutron 
f rac t ion  of PT = 0.0075, p lus  an extra  group of @7 = 0.3,  calculat ions  
reveal somewhat s t a r t l i n g  r e su l t s .  True prompt c r i t i c a l i t y  now requires 
a 30 per cent r eac t iv i ty  inser t ion.  Therefore, large ( >  1 per cent)  Ak 
excursions do not produce the short  periods seen i n  a l i g h t  water moderated . 
and ref lected system. Because of the short  time constant of the seventh 
group, the  behavior for  small (< .3  per cent)  Ak inser t ions  i s  more l i k e  
the  conventional system except fo r  a very short  time a f t e r  the  inser t ion.  
After l / A 7  seconds have passed, the  t rans ien t  power vs. time i s  only about 
a fac tor  of two under the ordinary s i x  delayed group case. The irr~portant 
f ac t ,  however, i s  t h a t  the  power i s  t r u l y  l e s s  than t h a t  for  the  s i x  
group solution a t  any,time, and the s t ab l e  periods produced by s tep 
r e a c t i v i t i e s  for  the  seven group case a r e  always longer than those for  
the  s i x  group case. The r e s u l t s  of some of these calculations a r e  d i s -  
played a s  Figures 6 . 2 ~ ,  6 . 2 ~ ,  6 . ~ 2 ,  and 6 . 2 ~ ,  where Figures 6 . 2 ~  through 
6 . 2 ~  a r e  comparisons of s table  periods fo r  the  s i x  and seven group cases 
and i n  which the prompt neutron l i fe t ime,  1 ,  and A7 have been varied a s  
parameters. These curves show the r a t i o  of ~ 7 1 ~ 6 ,  the s tab le  periods of 
the two cases, versus r eac t iv i ty  necessary fo r  those periods t o  be 
produced. Figure 6 . 2 ~  shows the time-power curves f o r  th ree  cases of 
core k ine t i c  parameters and two r eac t iv i t i e s .  These a l so  confirm t h a t  
the  s tab le  and t rans ien t  ( shor t  time) periods a r e  longer for  t he  seven 
group cases, and t h a t  the resu l tan t  power of these reactors  subjected 
t o  such r eac t iv i ty  s teps  i s  always lower than t h a t  of the  reactor  with 
no dclaycd ceventh neutr.071 grniF.  



It has been the  usual  procedure i n  the past  t o  s e t  up a  
problem f o r  e i t h e r  t he  ramp (runaway s t a r t u p  accident)  or  s tep-  
t r a n s i e n t  cases and solve the  k ine t i c  equations numerically with a  
d i g i t a l  computer program. The usual  procedure i s  t o  allow k ( t )  t o  , -  

follow a ramp or  s t e p  up t o  t he  time a t  which a  l e v e l  sc ram--~re -se t  
a t  some n ( t ) - - i s  pssumed t o  i n s e r t  the s a f e ty  rods t o  reduce r e a c t i v i t y  
a t  a  given r a t e .  This w i l l  begin only a f t e r  some small delay has been 
overcome; t h i s  delay being, f o r  example, the  release-time of an 
electromagnet employed t o  hold sa fe ty  rods out  of the  core, a s  i n  
the  MTR. Estimated re lease  time f o r  the  ETR I1 has been used i n - t h i s  
r epo r t .  The numerical in tegra t ion  programs i n  use, however, do not 
r e a d i l y  lend themselves t o  t he  seven group cases because of the  way 
the  computer program works. When t h i s  was discovered, a d i f f e r en t  
a t t a ck  was used. I f  the  reactor  k ine t i c  equation i n  i n t eg ra l  form 
l u  cxprcoacd: 

where G i s  a  function of A, p, and 1, a comparison of two of these  
. . in- tegrals  can be made : 

wherein t he  par t s  under the  i n t e g r a l  are  made numerically equal by 
ad jus t ing  the  l i fe t ime  associated with t he  s i x  group kernel .  Solution of 
two cases (shown i n  Fig.  6 . 2 ~ )  shows t h a t  the  seven group t rans ien t  case 
of prompt neutrons l i fe t ime  A(7)  of 5 x  10-5 sec behaves much the  same 
as  a  s i x  roup case i n  which the  prompt l i fe t ime  i s  a s s u m ~ d  to be 8 3.3  X 10- E C C .  

Using t,hi s m~t.hnii  nf norms l i~a t i on ,  thc  eample Le Llme 
t r ans i en t s  were computed f o r  s t e p  t r ans i en t s  of 0.3, 0 .4  and 0.5 
pe,r cent r e a c t i v i t y .  These curves a re  drawn i n  Fig.  6 . 2 ~ .  These 
curves a re  the  ones from which some of t.he ~ a l c ~ ~ l a , t ~ i n n s  i q  Scct ion  6.22 
were made. Calculations of the  "s tar tup accident" using the  same 
parameters a s  i n  those of Fig. 6 . 2 ~  appear i n  Fig. 6 . 2 ~  fo r  three  
poss ible  ramp r a t e s .  

Since the  reactor  w i l l .  have an automa.tic power l e v e l  
controller .  the  frequency response was a l so  calculated and appears i n .  
Fig.  6 . 2 , ~  f o r  severa l  cases.  The curves of reactor  t r ans f e r  function 
amplitudes and t h e i r  phase angles a r e  shown compared with the  ordinary 
s i x  group case.. Cases a re  calcula ted assuming the  seventh group i~ ' . . 

sim l y  delayed 10-3 sec with no decay (case 2,  Fig ,  6 ; 2 ~ ) ,  and i o  delayed. E 10- sec and decays as e-.A7t, where h( = 1000 SeF-l ,  (base '3, Fig .  6 . 2 ~ ) ;  
These, curves reveal  two b i t s  of information. ' The f i r s t  i s  t h a t  the. ., ' 

amplitude response .of the  seven group reactor  i s  lower than t h a t  of the  
s i x  group case , i n  t h e  region of i n t e r e s t ,  and secopdly, that*.  the  most' 
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pronounced e f f e c t  of case 2 i s  at very high f requencies .  The resonant 
peaks i n  one s e t  of the  t r a n s f e r  function curves r e s u l t  from Case 2 
above wherein no decay i s  allowed, but  t h e  r e f l e c t o r  neutrons a r e  . . 
simply returned a f t e r  t sec .  It i s  bel ieved t h a t  t h i s  does not t r u l y  
descr ibe  the  s i t u a t i o n  and i s  shown only f o r  academic i n t e r e s t  and f o r  
comparison with t h e  o the r  cases .  Selec t ion of ari appropr ia te  mods1 
f o r  such ca lcu la t ions  i s  always d i f f i c u l t .  

Some conclusions t h a t  may be drawn from t h e  inves. t igat ion,  
however, a r e  1 is t .ed  bellow; 

1. The _reactor  i s  l e s s  s e n s i t i v e  t o  smal l  r e a c t i v i t y  changes, 
i . e . ,  it i s  " less  touchy", 

2. A low performance (and the re fo re  l e s s  expensive) power 
l e v e l  c o n t r o l l e r  can be used success fu l ly  on t h i s  r e a c t o r .  

3 .  The poisonkd r e f l e c t o r  type of r e a c t i v i t y  shimming can 
be used i n  t h e  day-to-day opera t ion.  

In  high-flux thermal r eac to r s  t h e  p o s s i b i l i t y  of xenon 
i n s t a b % l t t y  i s  present  under c e r t a i n  condi t ions .  The proposed reac to r  
i s  one i n  which the  coupling between t h e  various p a r t s  of the  core i s  
c e r t a i n l y  l e s s  than it i s  i n  the  MTR, f o r  example. It i s  f e l t ,  however, 
t h a t  the  coupling i s  t i g h t  enough t o  avoid the  e f f e c t s  of  xenon .. 
i n s t a b i l i t y .  This problem must be thoroughly inves t iga ted  when the  
engineering desipp 'is begun.. 

6.22 Transient  Heat Transfer  

The reac to r  concept proposed presents  t r a n s i e n t  problems 
which have not been dupl ica ted  by any opera t ing research r e a c t o r .  To 
meet t h e  spec i f i ca t ions  i n  t h e  t e s t i n g  f a c i l i t i e s ,  t h e  r e a c t o r  
must opera te  c l o s e r  t o  t h e  burnout po in t . -  The purpose of t h e  t r ans ien t  
heat  t r a n s f e r  ca lcu la t ions  i s  t o  def ine  t h e  margin from burnout t h a t  can 
be expected and t o  determine i f  p resen t ly  ava i l ab le  instrumentat ion w i l l  
adequately p ro tec t  t h e  r e a c t o r .  

There appears t o  be two consequences of reaching t h e  burnout 
condit ion:  1) re lease  of f i s s i o n  products and f i s s i l e  mate r i a l  t o  the  
primary coolant ,  and 2 )  t h e  p o s s i b i l i t y  of an aluminum-water r eac t ion  
with a r e s u l t i n g l a r g e  re lease  of energy. The admission of minute 
q u a n t i t i e s  of f i s s i o n  products and f i s sQle  mate r i a l s  i n t o  t h e  primary 
coolant  does not const,i.t,ute a hazara s tnce  t h e  l i g h t  w a t e r  cleanup 
system w i l l  adequately p u r i f y  t h e  water; t h i s  comment i s  based on 
ETR and MTR experience where such accidents  a r e  r e l a t i v e l y  commonplace. 
However, the  burnout of a  por t ion  of a  f u e l  p l a t e  probably r e s u l t s  i n  
the  re lease  of  r a d i o a c t i v i t y  s e v e r a l  orders of magnitude g r e a t e r  than 
t h a t  involved i n  t h e  ETR and MTR experiences.  It i s  obviously prudent 
t o  avoid t h e  burnout condit ion during any event .  Operation i n  the  
nucleate b u i l i n g  rer;iue during a t r a n s i e n t   doc^ not present  any hazard 
s ince  t h e  consequences of such an a c t i v i t y  do not appear t o  be hazardous. 



The thermal shock t h a t  t he  f u e l  p la tes  undergo during nucleate bo i l ing  
operations i s  not severe apparently as evidenced by experience i n  the  
ORR and t he  MTR. 

There a r e  s eve ra l  accidents which a re  considered c red ib le .  
They are: 1) l o s s  of primary coolant flow, 2)  l o s s  of primary coolant 
pressure,  and 3) an acc iden ta l  power overshoot consis t ing of e i t h e r  a 
ramp in se r t i on  of r e a c t i v i t y  a t  s t a r t u p  with f a i l u r e  of a l l  but the  t o p .  
l e v e l  scram o r  a s t e p  i n se r t i on  of r e a c t i v i t y  while opekating a t  f u l l  
power. 

The l o s s  of flow accident general ly  occurs because of a f a u l t  
i n  t he  e l e c t r i c a l  power supply t o  the  s i t e .  Other p o s s i b i l i t i e s  incl i lde 
t h e  overloading of  one primary c i r cu l a t i ng  pump and i t s  subseqyent stoppage, 
f a i l u r e  of t he  main flow cont ro l  valve and accidenta l  c l o s u r ~  nr f a i l u r e  
of one of t h e  main block valves.  

Loss o f  primary coolant pressure may be %aused by rupturing 
any of t he  primary components, cracking a weld or  t he  l i k e .  

An inadvertent  r a i s i n g  of the  reac tor  power by the  opera.toor 
could cause a power overshoot. Increasing the  reac tor  power too rap id ly  
may a l s o  r e s u l t  i n  an overshoot. 

. I S  

The stepwise pos i t ive  addi t ion of r e a c t i v i t y  may.occur . . . . 

during t he  removal o r  i n se r t i on  of an experimental assembly while the  
r eac to r  is  operat ing a t  f u l l  power. 

h r n o u t  heat  f luxes  fo r  a l l  cases were calcula ted by the  
.extended method of  E3ernath1. The s e t  of equati0.n~ i s  given below. 

where 

2 ' ( Q / A ) ~ ~  = the  heat  f lux  a t  b,ynout,  ~ ~ ~ / h r - f t  ., 
0 .  

= w a l l  teii1~e.r.ii.1~11'~~ of  the f u e l  element at bmnou.t,., C, and 

,lo0 = bulk water temperature a t  burnout, "c. 
b ~ o  . .  . ,  

2 0 

h ~ o '  , the  f i lm coef f ic ien t  a t  burnout i n  ~ ~ ~ / h r - f t  - T: i s  glven by: 

[ /  I . . 
=l.+gRo D~ ( D ~  + D ~ )  + 4 8 v / ( ~ ~ ) O . ~  , ... . h ~ o  ., - 

. . .~ 

where - 
. .:. 

v = coolant veloci ty ,  f t / sec ,  , 
. .  . . -. 

. .. 

I-. L. Bernath, "A Theory of Local Boil ing Blu.nuul; and I t s  Application t o  
Exis t ing  Data", proceedings of 3rd National Heat Transfer Conference, 
August 1959. 
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De 
= hydraulic diameter; f t ,  and 

. n - .  

Di . 
=' heated diameter' = heated perimeter/n, f t ' .  . 

Tw i s  given by: 
BO 

Tw 
= 57 1.n P - 54 P/(P + 1 5 )  - v/4, . 

BO 
where 

P = pressure a t  t he  burnout point ,  p s i a .  

Heat f luxes by t h i s  method were mul t ip l ied by 0.6 t o  allow f o r  
e r r o r  i n  f i t t i n g  t o  the  da ta .  The calcula t ion,  therefore ,  i s  probably 
conservative.  

6.221 Loss of Flow Accidents 

The calcula t ions  f o r  t h i s  incident involve determining 
t he  ve loc i ty  and corresponding bulk water temperature a t  which t he  burnout 
heat  f l u x ' i s  equal t o  the  operating heat  f l ux .  The burnout heat  f lux  as  
a function of ve loc i ty  i s  calculated,  and from the  flow coastdown curve 
and these calcula t ions  the  time t o  burnout a f t e r  power f a i l u r e  i s  de te r -  
mined. Many flow coastdown cha rac t e r i s t i c s  f o r  the  ETR I system have 
been measured using rapid response instrumentation.  These curves were 
normalized and taken as representa t ive  f o r  ETR 11. This coastdown curve 
i s  presented i n  Fig. 6.21. It has been found t h a t  the  f r ac t i on  of operat ing 
flow a t  times g rea te r  than 1 sec a f t e r  pump f a i l u r e  i n  ETR?I i s  independent 
of the  operating flow. The measurements i n  ETR I should represent a good 
approximation of the  conditions i n  ETR I1 because the  primary coolant 
systems a r e  expected t o  be s imi la r .  

The r e s u l t s  of these  calcula t ions  a re  summarized i n  
Table 6 . 2 ~ ,  and i n  Figure 6 . 2 ~ - .  The time elapsed between l o s s  of flow 
and burnout i s  greater  than 2 sec .  Shutdown of t he  reac tor  by means of 
a f u l l  scram can be accomplished within Lhis tilrle incl-ement using 
commercially avai lable  instrumentation. The e l e c t r i c a l  power frequency 
can be sensed and a scram i n i t i a t e d  following a f a u l t  i n  the  e l e c t r i c a l  
supply i n  350 msec. Actual measurements of the  time required t o  ac t iva te  
the  frequency devices i n  service  a t  ETR I have es tabl ished t h i s  number. 
Commercially avai lable  d i f f e r e n t i a l  pressure measuring devices a r e  a l s o  
used t o  p ro tec t  the  reac tor  i n  the  event of l o s s  of flow. The d i f f e r e n t i a l  
pressure across the  reac tor  core i s  used as  the  primary measurement; a  
scram i s  i n i t i a t e d  i n  1 sec by these devices; t h i s  time increment i s  again 
based on measured values.  

It i s  concluded t h a t  ETR I1 can be adequately protected 
from a l o s s  of flow accident .  It i s  possible t h a t  some nucleate bo i l ing  
w i l l  occur during the  t r ans i en t ,  but  t h i s  i s  not considered t o  be 
hazardous. 



COMPARISON OF OPERATING CONDITIONS AND BURNOUT CONDITIONS 
I 

Operating power l e v e l ,  Mw 

Radial  max/avg power -. 

Channel hydraul ic  diameter, f t  

I n l e t  pressure ,  p s i g  

Coolant ve loc i ty ,  f t / s e c  

2 Nominal h o t  channel 'heat  f l u x  i n  mi l l ions  of Btu/hr-f t  

2 Nominal ho t  spot  hea t  f l u x  i n  mi l l ions  of  Btu/hr-f t  

Burnout hea t  f l u x  a t  normal opera t ing condit ions i n  
mi l l ions  of  Btu/hr-f t2 

~ a t i g  of burnout power a t  normal opera t ing condit ion 
t o  'normal opera t ing  power 

. . 

H o t  spo t  heat- f l u x  a t  .burnout power l e v e l  '(caused'-by' . 
power excursion, ' inc luding e f  f e c t  on bulk temperature ) ' 
i n  mi l l ions  of ~ t u / h r - f t 2  

Rat io  .of b u r n ~ u t ' . ~ o w e r  (caused by power excursion) t o  
. . normal opera t ing  power 

Time t o  burnout a f t e r  pump f a i l u r e ,  sec 2.75 
. . 

Coolant v e l o c i t y  a t  burnout . r e s u l t i n g  from pump. 
f a i l u r e ,  f t / s e c  23.8 . . . . . . .. , 

.. .  . 
.... . 

. . 

. . 

., . -  . . ... 

. . 

- .  

250 , . : . , 

. 1 .56  

0.01258 

300 

40 
. .  

0.93. ... 
. . .  . %  - 

1.303 

3.55 
. . 

... 

2.725 ' .  

2.08" ' 

1.597 

. .: 

. . .  

. . 

. . 
. .  

' I .  

.. . .  . . 



6.222 Loss of Pressure Accident 
. . . . 

In  order t o  evaluate t h i s  accident t he  time delay 
from the  rupturing of the  pressure vessel ,  above o r  below the  core, or  
the  i n l e t  o r  ou t l e t  coolant l i n e s  t o  burnout i s  ca lcula ted from the  
data  of Table 6 . 2 ~  and the  assumptions of Table 6 . 2 ~ .  As shown below, 
ETR I1 i s  adequately protected from a l o s s  of pressure accident .  

Pressure at  Which Burnout Occurs. The Bernath 
burnout corre la t ion,  minus a 40% s a f e t y  fac tor ,  i s  used t o  ca lcu la te  
the  pressure a t  which burnout occurs. 

= (0 .6)  : (1 . ~ B ~ U / P C U )  hBo ( T ~  - Tb 
BO max 

1 

0 
T i s  i n  C 
P i s  i n  p s i a  
V i s  i n  f t / s ec  
h i s  i n  pcu/hr-ft2-'c 

Subs t i tu t ion  of Equation 2 i n to  Equation 1 yie lds :  

(QIA)m, = (0 -6) (1-8) (hB0)(57  i n  PBO-54 P ~ ~ @ ~ ~  + 15).- v/4 -Tb . ( 3 )  
max ' 

Since a l l  .other quan t i t i es  i n  Equation 3 a re  known ( see  Table. 6 , 2 ~ ) ,  
. PRO may be calcula ted.  The pressure ex i s t i ng  above t he  core when burnout - - - 

occurs i s  PBO + Dhot cpot. AS shownin Fig. 6 . ~ ,  burnout occurs 1 
.a t  101.5 ps ig .  

System Pressure Change After  Rupture, as  a 
Function of ~ i m e .  The water l o s t  from the  system as a function of time, 
which i s  a l so  the  increase i n  a i r  volume i n  t h e '  surge tank i s  given by: 

where 6t i s  a time i n t e r v a l  i n  sec .  

The i n i t i a l  pressure above t he  core i s  es%sent ia l ly  
the  same as  the  pressure i n  t he  surge tank, i . e . ,  312.5 p s i a  o r  300 psig .  
The pressure-volume re la t ionsh ip  of t he  a i r  i s  given by the  pe r f ec t  gas 
Law: 

PV t nRT . < 5 > 
Since n, R and T a re  a l l  constant  the  pressure, a t  any time, i s  r e l a t ed  
t o  the  i n i t i a l  p r e s swe  by: 



TABLE 6 . 2 ~  
. . . . 

SYSTEM DATA AT NORMAL OPERATIONS * 

' i n l e t  ' '  
, . 

. .6 ' 2 
= 1.303 x 10 . ~ t . u / h r - f t  (calcula ted-  from: hot:- 

. . . . spot hot-channel ana lys i s )  '. " . . . 

= 300 ps ig  = 312.5 p s i a  . . . I . '  

1 '  . . , . . 

Tw . .  . max 

'hot spot  

= 404 '~  (calcula ted from hot-spot hot-channel 
. . : .  . . . . ana lys i s )  . 

= 259.5 ps ig  

. . 
Di 

!! ' 

h ~ o  

Volume .of .surge'  tank / I=  2000 g a l .  . , .: 

, 
, - 
= '0 .:I97 f t  = 'heabed ~erirneter/ lc 

+ : 40 f t / s ec  i n  the  core 

= 10,980 De 
11.8~ . 2 o 

De + Di 
+ 7 6  = 27,186 ~ ~ ~ / h r - f t  - C 

De 
1 1 . (Bernath co r r e l a t i on )  

i 

Tb m a .  

Tb ,i nl.et. 

*?hot ,spot 

= 137 '~  (caldula ted 'from hot-spot hot-channel 
analysis  ) = 228 '~  , .  

. . . .  . - 1 3 0 ' ~  , . . 

= 312.5 -259.5 = 53 p s i  . . -. . . . . , . I . . . .  . . 

I '  
A ve loc i ty  of 40 fi/sw w ~ s  used i n  t he  haogrdo ,cvaluat,ion illatead 
of t h e  design . value of 44 f t / s ec  i n  o r d ~ r  to ohtnin  a more . 

.co,nservative hazards evaluation i n  case. ' the f i n a l  operating 
. cdol?,nt ve loc i ty  i s  l e ~ ~  than t he  design vzlue. 

Volume of a i r  i n  surge tank 
. .. 

3 = 1333 ga l  .= 178.3 f t  



1. The maximum credible  l o s s  of pressure accident would be a rupture i n  
the  i n l e t  l i n e  o r  the  pressure vessel  above the  core.  

2 .  A complete f rac ture  and displacement of the  i n l e t  l i n e  i s  not 
considered credible .  , 

3  A f rac ture  r e su l t i ng  i n  a 36 in2 hole i n  e i t h e r  the  pressure vesse l  
above t he  core or  the  i n l e t  cooJant l i n e  w i l l  be considered as  the  
maximum credible  accident.  

4. The lo s s  of pressure r a t e  w i l l  be the  same f o r  the  same s i z e  f rac ture  
i n  the  pressure vessel  above the  core as f o r  the  i n l e t  coolant l i n e  
f rac ture .  

5 .  The l o s s  of coolant through the  f rac ture  may be calcula ted by 
assuming t h a t  the  hole i s  equivalent t o  an o r i f i c e  of 36 in2 
area  and using the  following equation: 

v = volume r a t e  of coolant, f t3 /sec  

C = discharge coef f ic ien t  = 1 
- 

. . 

AP = pressure d i f f e r e n t i a l  across the  f rac ture  i n  f t  of H20 

g = gravi ta t ion81 constant 

A = area  of f rac ture ,  f t z  

6. The coolant ve loc i ty  through the  core, the  core power and the  
i n l e t  coolant temperature remain constant during the  l o s s  of 
pressure; i n  f ac t ,  the  coolant ve loc i ty  decreases only s l i g h t l y .  

7 .  The surge tank responds instantaneously t o  any change in,pressure 
of t he  coolant system. 

8. The water and . a i r  i n  the  surge  tank a re  a t  the  same temperature 
and pressure a s  the coolant en te r ing  the  reac tor .  

9. .The . 'perfect  @as :law" i s  cor rec t  f o r  ca lcu la t ing  P vs .  V f o r  a i r .  I 
10.  The e f f e c t  of the  system pressur izer  pumps i s  neglected.  (1t takes 

3 sec f o r  t he  pressure l o s s  t o  be detected and f o r  t he  back pressure 
valve t o  close and t he  pumps t o  s t a r t . )  



where Vt i s  the  volume of water l o s t  up t o  time t as  determined by 
Equation 4 and V t  + Vo i s  the  volume of a i r  a t  time t .  

\ 

I 

The volume of coolant discharged i s  ca lcula ted 
from Equation 4 s t a r t i n g  a t  the  time of rupture and using small  time 
increments. The r e su l t i ng  pressure i s  ca lcula ted from Equation 6. 
Burnout occurs when P t  equals the  pressure calculated t o  e x i s t  above the  
core a t  burnout (pBO + Mhot spot). Pressure i s  p lo t ted  as  a function 
of  time i n  Fig. 6 . 2 ~  and t he  time delay from rupture t o  burnout may be 
read d i r e c t l y  from the  curve. The 'figure indicates  more than a 7 sec 
delay a t  f u l l  reactor  power. A reac tor  scram can be i n i t i a t e d  i n  about 
2 sec ,  because the  pressure f a l l s  about 20 per cent i n  the  f i r s t  second . 
and thus actuates  the  pressure sensing instrumentation which has a time 
delay t h a t  should be 8omewha.t less  khan 1 sec ,  T h c r r f o r ~ ,  ,the rotsbctvr 
1s  adequately protected from a lo s s  of p e s s u r e  accident.  

..'6.223. Acdidental Power Overshoot 

The accepted prse t ice  i s  t o  s e t  the  ncutron s a f e t y  
l e v e l s  a t  1.3 times the  f u l l  power l e v e l  ( N ~ ) .  , This power l e v e l  i s  well 
below the  burnout value a t  operat ing coolant ve loc i ty  and i n l e t  tempera- 
t u r e .  The burnout f lux  i s  compared with the  operating f l ux  i n  Table 6 . 2 ~  
a s  an ind ica t ion  of the  margin of s a f e ty  during operation.  Two possible 
methods of causing a power overshoot have been analyzed, the  power over- 
shoot r e s u l t i n g  from a ramp in se r t i on  of r e a c t i v i t y  a t  s t a r t u p  and t h a t  
r e s u l t i n g  from a stepwise i n se r t i on  of r e a c t i v i t y  while operating at  
f u l l  power. These s i t ua t i ons  represent t he  most severe accident believed 
c red ib le .  The nature of these power t r ans i en t s  i s  discussed i n  Section 6.21. 

Ramp Inser t ion  of React ivi ty .  The ramp accident 
assumes t h a t  at  source power ( c r i t i c a l i t y )  the  rods begin d r i - v i n ~  t n  as a' - 
gang and t h a t  a l l  scrams except t he  highest  l e v e l  scram, i.e., 1 . 3  Nf, 
raf 1. The r e l a t i v e  power as  a function of time i s  given i n  Fig. 6 . 2 ~  
f o r  ramp i n s e r t i ~ n s  of 0.1.0, 0.1.5 and 0.20 per ocnt ~ lc /k /aec .  The 
scram l eve l ,  shown a s  a r e l a t i v e  power of 106, i s  1 . 3  Nf o r  1.695 x 10 6 

6 Btu/hr-ft2 a t  the  hot  spot .  Burnout occurs a t  2 08 x 10 ~ t u / h r - f  
o r  a t  a r e l a t i v e  power of (2.08 x 1o6/l.h95 x 10') l o 6  = 1 .23  x 10 . 
Figure 6.2G.shows . tha t  t'he maxi um ramp in se r t i on  t h a t  doesn ' t  exceed 8' burnout, i .e . , n/no = 1.23 x 10 , i s  0 . 1  per cent Ak/k/sec. This value 
has a s a f e ty  fac tor  i n  that ,  the  reactor  s e l f  regula t ion,  i .e .., t he  
tempe'r$ture coef f ic ien t ,  has been i n t en t i ona l l y  neglected; I f  the  .rud 
dr ive  r a t e s  a r e  such t h a t  a ramp in se r t i on  of more 0;1 per ~ e n t  i o  
possi ' l le ,  lower scrams must be operative t o  prevent reac tor  f a i l u r e .  . 

Stepwise ~ n s e r t i k n  of React ivi ty ;  The most 
severe r e s u l t  of stepwise i n se r t i on  of r e a c t i v i t y  occi.ws a t  f u l l  power. 
A r eac to r  scram i s  i n i t i a t e d  a t  the  upper 1w.l ;cram s e t t i n g  of i . 3  Nf. ' 

Power t r ans i en t s  produced by 0.3, 0 .4  and 0.5 
per  cent  &/k s t ep  inse r t ions  a r e  presented i n  Fig.  6 . 2 ~ .  The e f f e c t  of 
0 .3  and 0.4 per  cent s t e p  inse r t ions  on the  reac tor  cooling has been ca l -  
cula1;ed assuming t h a t :  l) the  burnout condition predicted by the.Bernath 



Equation represents  t h e  condit ion i n  which-the b o i l i n g  f i lm completely 
blankets  t h e  surface ,  and 2)  a f t e r  burnout occurs neg l ig ib le  hea t  i s  
t r a n s f e r r e d .  The hot  spot  heat  f lux ,  at  any time during t h e  t r a n s i e n t ,  
i s  obtained from the  normal opera t ing hot  spot  hea t  f l u x  by mul t ip ly ing 
by t h e  power r a t i o  e x i s t i n g  at the  time i n  quest ion.  

QIPn~t spot  ( 8 )  = n I n ~  ( 8 )  QIAnormal hot  spot  (7 )  , 
The hot  channel bulk water temperature r i s e  i s  obtained a s  follows: - - 

where 

8 = time, 

= r a t i o  of power a t  time 8 t o  t h e  normal opera t ing 
power ( ~ i g .  6 . 2 ~ ) ,  

8 = t r a n s i e n t  time' of a water p a r t i c l e  from i n l e t  t o  
hot  spot , ,  a id  

AT = hot channel bulk water temperature r i s e  from i n l e t  .. 

. t o  hot  spot  

Using Bernath ' s  Equation, with t h e  bulk water, 
temperature ca lcu la ted  f o r  t h e  hot  spot  as  shown above, t h e  burnout hea t  
f l u x  may be ca lcu la ted  a t  any time during t h e  t r a n s i e n t .  Burnout occurs 
when t h e  h o t  spot  hea t  f l u x  equals  the  burnout hea t  f lux .  Af ter  burnout ' 

occurs and u n t i l  t h e  hot  spo t  hea t  f l u x  i s  again l e s s  t h a n  t h e  burnout hea t  
f lux ,  a l l  of  t h e  hea t  i s  assumed t o  be absorbed by t h e  p l a t e  thereby 
inc reas ing  i t s  temperature. The peak temperature of t h e  p l a t e  i s  given 
by: I 

where 

C = t h e  hea t  capac i ty  ,of a square foo t  of p l a t e  surface, 
A 

Q/A and (&/A) a r e  determined from Equations 3, 7, and 8 
and a r e  %?own i n  Fig.  6 . 2 ~  and 6 . 2 ~  f o r  0 . 3  per  cent  
and 0.4 per cent  s t e p  i n s e r t i o n s .  

I n  t h e  t r a n s i e n t  produced by t h e  i n s e r t i o n  of  
0 . 4  per cent  r e a c t i v i t y ,  the  burnout condit ion i s  reached i n  about 
90 msec and Equation 9 ind ica tes  a peak temperature of 1125'~; t h i s  
temperature I s  e s sen t i a l l -y  Llle u e l t i n g  p o i n t ,  of  aluminum. Thereforc, 



a s t e p  i n se r t i on  of r e a & t i v i t y  of 0.4 per  cent during operation a t  full 
power cannot be t o l e r a t ed .  Burnout i s  not ,reached when 0.3 per.,.cent , 

Ak/k is' inse r ted .  The ' i n se r t i on  of 0 .3  per  cent posi t iye .  r e a c t i v i t y  , . 

would not r e s u l t  i n  e i t h e r  a re lease  of f i s s i on  products i n t o  the  primary 
coolant  o r  a metal-water react ion and should there fore .be  safe. .  This 
value has the  same s a f e t y  f ac to r  a s  the  rapp inse r t ion ,  i . e . ,  the  reac tor  
s e l f  regula t ion due t o  i t s  negative temperature coef f ic ien t  has been 
purposely neglected.  

6.3 Eff luent  Control and Area Location 

Eff luent  con t ro l  and s o l i d  wastes a r e  of concern i n  the  locat ion 
of  a reac tor  p lan t ,  along with an evaluation of the  behavior of a,n 
a i rborne cloud of f i s s i o n  products which would be produced by an 
inc iden t  Involving the  reactor.. 

Liquid, Waste 

The l a r g e s t  con t r ibu tor  of l i q u i d  waste i s  the reac tor  
coolant  system under normal condit ions.  The second la rges t .  source i s  
t h e  complement of loop experiments. Discharge of radioact ive  1iq11i.d. 
from the  rescto'r and loops i s  discussed i n  Section 4.8. Hazards t o  
t h e  reac tor  and experimental equipment from the  loops themselves cannot 
be f u l l y  evaluated here .  Three experiments approved f o r  i n se r t i on  i n  . 
t h e  MTR-ETR have been se lec ted  as  ones more o r  l e s s  t yp i ca l  of the  type 
proposed f o r  ETR 11, and t h e i r  hazards s tud ies  a re  .offered as  references 
i n  which t h e  problems involved a r e  wel l  handled and f o r  which deta. i led 
analyses have been made: 

1. S . Cohen, GEH-ETR-6 x 9,  IDO-16506, 

2. R .  J. Flygnrc, ETR IIazards 3Ludy u r  KAPL F-10, IJJ(S-l6>U'-(, and 

3 .  R .  ,L. Gump, ETR Hazards Analysis of WAPD-MS, IDO-16,501? 
. - -  - - . .  . . . .- 

6.32 Sol id  Waste 

- It i s  concluded from experience ' t h a t  t he  reac tor  w i l l  pro- 
duce la rge  amounts of radioact ive  t r a s h  i.n the  form of capsiilec, P11rt1 
e l b e n t  end boxes, pa r t s  of loop experiments, e t c .  These and t he  l a rge  
quan t i t i e s  of b l o t t i n g  paper and other  decontamination a ids  must be 
t ranspor ted t;o an authorized AEC 'burial  groupd. It i s  des i rable ,  the re -  
f o r e ,  t o  c0ns id .e~  t h e  proximity of t he  nearcot b u r i a l  gr'uw~d .Lu any 
proposed reac tor  loca t ion .  

6.33 Gross Fiss ion Product Release 

According L u  Lhe establ ished custom i n  the  preparation of 
hazards analyses f o r  reac tors  of t h i s  type, the  locat ion of the  t e s t  
r e ac to r  must be s tudied i n  d e a i l  i n  regard t o  the  exposure of o f f -  
s i t e  personnel. It i s  important- -par t icular ly  i n  the  hypotheticar 
incident  i n  which a l a rge  amount of f i s s i o n  products could be re leased 



i n  one a c t  t o  t h e  atmosphere--that t h e  s i t e  be loca ted  s o  a s  t o  keep t h e  
o f f - s i t e  exposure below t h e  es tab l i shed  maximum. S i t e  loca t ion  of  t h e  
p lan t  i n  t h i s  respect  would necessa r i ly  fol low the  same considera t ions  
posed f o r  t h e  MTR and ETR. The meteorology of t h e  se lec ted  s i t e  w i l l  
be a  prime considerat ion,  of course, and such a  s tudy cannot be included 
i n  t h e  scope of the  conceptual design r e p o r t .  Exposures t o  o n - s i t e  
personnel w i l l  be control led  by e x i s t i n g  AEC regula t ions  and personnel 
monitoring would proceed as  it does i n  t h e  MTR-ETR complex. 

' S i n c e  t h e  reac to r  operates a t  a  power only s l i g h t l y  higher 
r 

than ETR I, an a c ~ ~ i d e n t  t o  t h e  r e a c t o r  r e s u l t i n g  i n  exposure t o  o f f -  
s i t e  personnel would be expected t o  m i n g  about t h e  same exposure as  
could be expectcd from such an accident  i n  ETR I. 



FIG. 6.2 .A 
RATIO OF STABLE PERIODS. vs. REACTIVITY STEP 



STEP REACTIVITY ( p )  

FIG. 6.2 C 
RATIO OF STABLE PERIODS vs. R E A C T I V I T Y  S T E P  

TIME,' !set) P P.CO. - C -  2745  

FIG. 6.2 D 
. , C O M P ~ R I S O N  OF STEP TRANSIENTS FOR TWO REACTIV IT IES  
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FIG. 6.2 E 
COMPARISON O F  S T E P  T R A N S I E N T S  FOR S1.X A N D  S E V E N  GROUPS 

TIME (milliseconds) P.P. co. - c - 2 7 4 6  

FIG. 6.2 F 
S T E P  R E A C T I V I T Y  T R A N S I E N T  POWER OVERSHOOTS . . . . .  
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FIG. 6.2 G 

Z E R O  P O W E R  R E A C T O R  FREQUENCY RESPONSES 



FIG. 6.2 iJ 
BURNOUT I N .  LOSS OF FLOW ACCIDENT 
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FIG. 6.2 M 
BURNOUT IN CORE DURING POWER TRANSIENT FROM 

, STEP INSERTION OF 0 .4% A k/k .. . .  . 



To G. M. Kavanagh, I. F. Zartman and Doyle Rauch of AEC Nuclear 
Technology f o r  t h e i r  guidance and suggestions concerning the  scope 
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8.1 Qual i ty  Cont ro l .o f  Boron i n  Recent ETR Elements 

February 26, 1960 

Boron Content .of ETR F,uel Assemblies 
and ETR Control Rod Fuel -Sections 

Contract C -217 
' '  ' WMK-26-~OA 

I 

M r .  F. E. Watson, Jr. 
General E l e c t r i c  Company 
Atomic Power ~quipment  Department 
Pos t  Off ice  Box 234 . 
San Jose 12, Ca l i fo rn ia  

Dear S i r :  

The: r e s u l t s  of , t h e  ETR C r i t i c a l  F a c i l i t y ' s  measurements oT boron i n  ETR 
core f u e l  assemblies and EXTI control  cod fue l  sec t ions  recent ly  shipped 
t o  us a r e  a s  follows: 

4-00 g elements : , .. - . . ,-. . . 

Fuel Element No. 

U-7 56 
760 
764 
768 
772 
776 
780 
784 
788 
792 

Boron Content 
(grams) 

- . % 2.12 
2.06 
2.19 
2.10 
2.15 
2.14, 
2.02 ' 

2.09 
2.. og 
2.10 

160 g Control ~ o d  Section 

' Boron Content 
Sect'2on No. ' (grams). 

u-12) 0-7'0 
129 0.82 
133 0.82 
137 - 0.85 

Fuel Element No. 

1.~796 
800 
8q4 
008 
812 
816 
820 
824 
828 
831 

SecLivrl No.. 

U-141 ' 
i 4 5  
149 

Boron Content 
( grams ) 

2.0h 
2.05 , 

2.011 
2.06 
2.06 
2.01 
2.08 
2.04 
2.01 
2.11 

Boron Content 
' (grams) 

0.84 
0.80 
0.80 

Very t r u l y  yours, . 
WMHawkin s : h j 

/HK 
Manager, Division Engineering 
Atomic Energy Division 

cc : Messrs. F. E. Watson, Jr. 
R .  L. Doan, P h i l l i p s  



8 . 2  Hi s to ry  and Need o f  Very High Flux. Tes t  Reactors  

, The need f o r  h ighe r  neutron f l u x e s  than  ob ta inab le  i n  t h e  MTR and 
ETR has been recognized by t h e  Commission and i t s  c o n t r a c t o r s  f o r  a 
number o f  y e a r s .  Based on exper imenters t ,  r e q u e s t s  and o p e r a t i n g  e x p e r i -  
ence,  P h i l l i p s  Petroleum Company r e p l i e d  t o  a r eques t  from t h e  AEC on 
t h e  needs f o r  advanced t e s t i n g  r e a c t o r s  and on t h e  t e s t i n g  cond i t i ons  
t h e y  should f u l f i l l .  A report1 i s sued  i n  May, 1956, suggested i n  
essence  t h a t  an advanced t e s t  r e a c t o r  be designed and cons t  uc ted  which 
provides thermal  and f a s t  neutron f l u x e s  i n  t h e  1015 t o  lo1' n/cm2-sec 
range,  and emphasis be placed on sma l l e r  t e s t  ho le s  o f  about  3 i n . : x  3 i n .  
c r o s s  s e c t i o n .  More r e c e n t l y  J .  A. Lane o R N L , ~  reviewed t h e  need f o r  
v e r y  h igh  f l u x e s  and t h e  type  o f  r e a c t o r s  be ing  planned i n  t h e  United 

. 

S t a t e s  t o  o b t a i  t h e s e  f l u x e s .  He a l s o  concluded t h a t  neut ron  f l u x e s  i n  
t h e  1015 t o  1018 range were needed f o r  i s o t o p e  product ion,  chemis t ry  
s t u d i e s ,  c r o s s  s e c t i o n  measurement and f u e l  element t e s t i n g .  I n  t h e  
l a t t e r  p a r t  o f  1 9 5 8 ' t h e  AEC i s sued  a " ' ~ e q u e s t  f o r  Proposals  t o  Supply 
I r r a d i a t i o n  Se rv i ces"  t o  commercial s u p p l i e r s .  Appendix A of  t h i s  
r eques t  conta ined  NR t e s t  requirements  f o r  v e r y  h igh  neutron f l u x e s .  
These requirements  have s i n c e  been r e v i s e d  and new requirements  a r e  
r e p o r t e d  i n  an  AEC l e t t e r  from NR t o  D R D ~ .  

I 

D e f i n i t i v e  work on ve ry  h igh  f l u x  t e s t i n g  r e a c t o r s  f o r  f u e l  element 
e x p e r i m e n t s  was i n i t i a t e d  i n  1956 when t h e  AEC reques ted  f o u r  companies 
t o  s tudy ,  independent ly,  r e a c t o r  concepts  which would provide unperturbed 
thermal  f l uxes  above 1015 n/cm2-sec i n  c e r t a i n  s p e c i f i c  l oop  type  e x p e r i -  
ments.  The s p e c i f i c a t i o n s  c a l l e d  f o r :  

1. an:. unperturbed '  f l u x  o f .  1015 n/cm2-sec i n  a 3 i n .  and a 4 i n . ,  
2000 p s i a ,  500 t o  600°F, c i r c u l a t i n g  l i g h t  water  loops ,  

2 .  an. unperturbed f l u x  of 1 . 5  x 1015 n/cm2-sec i n  t h r e e  6 i n .  x 6 i n .  
and one 4 i n .  x 4 i n .  v e r s a t i l e  gas o r  l i q u i d  meta l  loops ;  t h e  gas l oop  
t o  ope ra t e  a t  2200 '~  and 300 p s i a ,  and t h e  l i q u i d  meta l  l o o p  a t  1 5 0 0 ~ ~  
and 300 p s i a ,  and 

3. an. unperturbed f l u x  of 1015 n/cm2-sec i n  a 3 i n .  l i q u i d  metal  
l o o p .  

4 
. ASTRA recommended a graphi te-moderated and - r e f l e c t e d  homogeneous- 

f u e l - t y p e  r e a c t o r .  The l a r g e  g r a p h i t e  core  was pene t r a t ed  by p a r a l l e l  
Z i r c a l l o y  tubes  through vhich  flowed a heavy-water s o l u t i o n  o f  u r a n y l  

1. J .  R .  Huffman, W .  P .  Connor, G .  H .  Hanson, "Advanced T e s t i n g  Reactors" ,  
P h i l l i p s  Petroleum Company, Idaho F a l l s ,  Idaho, Report IDO-16353, 
May 28, 1956. 

2 .  J .  A.  Lane, "The Dzsign and Need f o r  Ultra High Flux Reactors" ,  ORNL, 
p resented  a t  Symposium on Experience i n  t h e  Use o f  Research Reac tors ,  
Harwell, England, June 11, 1959. 

3.  I .  H .  Mandil, "Revised NR Requirements f o r  an Advanced T e s t  Reactor" ,  
Le t . te r  t o  G .  M .  Kavanagh,  AEC-T)RT), A i i g ~ i s t ,  28, 1959. 

4.  K .  G .  Mallon, J . Sa ld l ck ,  K .  E. tilbbons, "conceptuai  ues ign  of an 
Advanced Engineering Tes t  Reactor" ,  Advanced S c i e n t i f i c  Techniques 
Research Assoc ia tes ,  Milford,  Connect icu t ,  Report NYO-4849; March 1, 1957. 



s u l f a t e .  Total  reac tor  power was estimated t o  be 220 Mw. Nine v e r t i c a l  
through-holes of various s i ze s ,  having thermal neutron fluxes gre$ter 
than  1 x 1015 n/cm2-sec were provided. Plant  c a p i t a l  cos t  was estimated 
a t  $30,000,000, and a large '  development program was inherent  i n  the, use 
of a c i r cu l a t i ng  homogeneous f u e l  so lu t ion .  

Aeronutronic Systems, Inc  .l recommended a homogeneous reac tor  system. 
The uranyl-sulfa te  so lu t ion  i n  D20 was c i rcu la ted  through the  core and 
e x t e r n a l  c i r c u i t .  The seven experimental loops were inse r ted  i n t o  the  
cen te r  of t h e  spher ica l  r e ac to r ,  A t  full reac tor  power of 500 Mw, the  
unperturbed thermal neutron flux i n  t he  cen t r a l  core region was est imated 
t o  be 6 x 1015 n/cm2-sec. Plant  c a p i t a l  cos t  was estimated t o  be over 
$60,000,000, and a la rge  development program was inherent  i n  t h i s  design 
a l s o .  

Curtiss-Wright corporatione recommended a l a rge  heterogeneous fue l -  
type r eac to r  with a heavy-water moderator-reflector.  The seven experimental- 
loops were located a t  t he  center  of t he  cylindrical.  core.  The reac tor  power 
var ied  from 520 t o  360 Mw over an  operat ing cycle t o  produce a usable 
thermal neutron f l ux  ranging from 1 x 1015 t o  above 2 x 1015 n/cm2-sec. 

Internucxear ~ o m ~ a n ~ 3 , ~ .  recommended a complex of seven small  
, separa te  "flux-trap" type reac tors  contained i n  a s ing le  l a rge  b io log ica l  

s h i e l d .  Each reac tor  consis ted of a cy l i nd r i ca l  annular core of aluminum 
pla te- type f u e l  elements   type), cooled with H20, reflector-moderated 
outs ide  t he  core with D20, with H20 annulus j u s t  ins ide  t he  core and a 
c e n t r a l  t e s t  loop. The inner  H20 annulus thermalizes t he  f a s t  f l ux  
causing t he  thermal f l ux  t o  peak i n  t he  water annulus and providing a 
high thermal flux i n  t he  t e s t  region.  

A s i ng l e  s i z e  reac tor  was recommended f o r  a.J.3- loops.  A t  a t o t a l  
power of 500 t o  900 Mw, the  unperturbed thermal neutron f luxes  of 1 t o  
l..'j x 1015 n/cm2-sec were obta.ined i n  the t e s t  I.,oops. R e f l e k t ~ r  irrnntrn!, 
w a s  suggested whereby t he  ou te r  por t ion of t he  moderator r e f l e c t o r  was 
poisoned.with bor ic  ac id  f o r  shim cont ro l  and a pure, inner  port ion could 
be dropped f o r  s a f e t y  control .  

I n  a continuing e f f o r t  on the flux-tra.p t ype  reac tor ,  In ternuclear  
company5 i n  1957-1958 prepared a conceptual design t o  f u l f i l l  t he  t e s t  

1. "A Select ion Study f o r  an.Advanced Engineering Test Reactor", 
Aeronutronic Syatcmo , Inc . ( r ~ u b s i d i a r ~  of Furd Mu lu r  company), 
Glendale, Cal i fornia ,  Report AECU-3478, March 29, 1957. 

2 .  "A Conceptual Design Study of an Advanced Engineering Test Reactor", 
Curtiss-Wright Corporation, Research Division, Quehanna, Pennsylvania, 
Report CWR-464  e el. ) May 1, 1957. 

3. 0 .  J. Elger-t, C .  F. Leyse, D. G. Ott, "Preliminary lnves t iga t ion  fo r  
an Advanced Engineering Test  Reactor", Internuclear. Curnpany, Clayton, 
Missouri, Report AECU-3427, February 22, 1957. 

4. C . F. Leyse, B. H .  Leonard, ib id ,  Report AEcu-3427 ( ~ d d .  ), Apri l  16, 1957. 
5. C .  F. Leyse, e t  a l . ,  "An Advanced Engineering Test  Reactor ~esigrgrl", 

In ternuclear  Company, Clayton, Missouri, AECU-3775, March 15, 1958. 



requirements of the seven loops described previously. A t  the  same 
time American standard1 reviewed the  t e s t  reactor  complex design 
recommended by Internuclear Company i n  the  o r ig ina l  study.  

The Internuclear  Company conceptual design again consisted of 
seven, single-annulus fue l ,  f lux- t rap  reac tors .  Two core s i ze s  were 
recommended, one t o  provide a 7 i n .  diameter t e s t  hole and the  other  
a 4 i n .  diameter. The t o t a l  design power f o r  the complex of reactors  
was calculated t o  be 980 Mw. Major features  of t h i s  design were the  
use of involute-curved f u e l  p l a t e s  t o  provide a uniform core region, 
thereby reducing hydraulic problems and increas ing heat  t r ans f e r  area,  
and a non-uniform f u e l  loading i n  the  p la tes  t o  - f l a t t en  r a d i a l  power 
d i s t r i bu t i on .  In ternuclear  Company at  present i s  continuing work on 
t h i s  t e s t  r eac tor  complex concept under an ex i s t i ng  AEC contract .  

The National Laboratories have been in te res ted  i n  very high f l u  
reactors  f o r  a number of years.  Work on the  Mighty Mouse ~ e a c t o r ~  was 
i n i t i a t e d  by ANL i n  about 1956. A number of o ther  s t ud i e s  on very high 
f l ux  reactors  have s ince  been reported by the  National Laboratories. 
J .  A .  Lane's t a l k ,  reference 2 on f i r s t  page of t h i s  sect ion,  summarizes 
the  high f lux  t e s t  r eac tors  and includes a l i s t  of the  very high f lux  
reac tors  being planned i n  the  United S t a t e s .  Those scheduled f o r  
construction by the  National Laboratories and t h e i r  completion dates 
a r e  : 

2 2 The B R reac tor  i s  proposed f o r  beam type experiments. The 
reac tor  core cons i s t s  of ETR type f u e l  elements, 17 i n .  long, and i s  
cooled, moderated and re f lec ted  with D20. The maximum thermal f l ux  
may reach 1 x 1015 n/cm2-sec some distance i n  the  r e f l e c t o r .  

The KFIR uscs the  i n t e rna l  f l ux  t r a p  p r inc ip le  t o  obtain unper- 
turbed neutron fluxes up t o  5 x 1015 n/cm2-sec f o r  the  production of 
heavy elements and other  isotopes.  Design features  have not yet,been 
es tabl ished except t h a t  it w i l l  be a single-annular-.type core about 
one foot  long with a center f lux- t rap i s land  ( s imi l a r  t o  the  Internuclear  
t e s t  r eac tor  complex described previously).  

The ,AHFR w i l l  be .used f o r  physical  science research.  .The core 
employs conventional ETR type. f u e l  elements, has a center,  f lux- t rap 
island,  i s  H ~ O '  cooled and .moderated, .and i s  beryllium refle.cted.  A 

1. M. McVey, e t  a l . ,  "Evaluation of an Advanced Engineering Test Reactor 
Design", American-Standard, Mountain View, Cal i fornia ,  Report ASAE-3-11, 
July 15,  1958. 

2.  L. E . Link, e t  nl. . , "The Mighty Mouse Research Reactor j?reliminary 
Design Study", Argonne National Laboratory, Lemont, I l l i n o i s ,  Report 
A ~ ~ - 5 6 8 8 ,  March, 1957. 



number of beam tubes terminate i n  the  r e f l ec to r ,  a 1 .5  i n .  diameter 
c e n t r a l  thimble is  located i n  the  f lux- t rap is land and a number of 
o ther  smaller experimental f a c i l i t i e s  are  provided. The maximum un- 
perturbed thermal neutron f lux i s  estimated t o  be about 3 t o  4 x 1015 

. 

n/cm2-sec . 
Other groups a l s o  have studied very high f lux  reac tors .  In  1956 

a group of students a t  Oak Ridge School of Reactor Technology prepared 
a design of a heavy- water, heterogeneous-fuel, cy l indr ica l  f lux- t rap 
reactor1. Their calculat ions  indicated t h a t  a reac tor  with an 80 cm 
diameter c e n t r a l  hole and operating a t  425 Mw could de l iver  the  following 
average t ermal f luxes i n  10  cm diameter experiments: i n  thorium, 
5.8 x 101e; M'TR f u e l  element, 2.2 x 1015; and i n  bismuth, 3.9 x lo1?. 
The .following year another group of students prepared a design of a 
double-slab-type f lux- t rap  reactor2 which has i n t e r e s t i ng  possibi.1 i t .4  es, 
pa r t i cu l a r ly  f o r  long cores t o  accommpdate long experiments. The same 
year, Ph i l l i p s  Petroleum Company made an exploratory study of coolant- 
moderator md f lux- t rap  materials  f o r  very high f l ux  react,ors3, which 
showed t h e i r  e f f e c t  on a t t a inab l e  neutron fluxes (and the  required 
r eac to r  operating powers) as a function of the  diameter of the  cen t r a l  
experimental hole and i t s  contained experiment, A symposium on "T-lltra 
High Flux Research Reactors" was held  i n  December of 1957 and a t r an -  
s c r i p t  of the ORNL seminars was issued the  following year.4 In M~iy, 1959, 
a Test  Reactors Meeting f o r  Industry was held i n  Idaho Fa l l s ,  Idaho; 
these  papers a r e  recorded i n  report  IDO-16520.5 

1. W .  D. Cheverton, e t  a l . ,  "High Flux Research' ~ e a c t o r " ,  0 a k : ~ i d ~ e  ' 

School of Reactor Technology, Oak Ridge, Tennessee, Report 
. . CF-56-8-2a6, A U ~ U S ~ ,  1956. 

P. W. L, Csr~i.t;er-, oL sl., "De~lgn  Study of an Advanced TesL ReacLur -- 
Reactor Design and Feasibil i ty. .Study",  .Oak Ridge School o'f 'Reactor 
Technology, Oak Ridge, Tennessee, .Report O R N L - C F - ~ ~ - ~ - ~ , .  August., ,1957. 

3. R .  J. Howerton,. G.  H. Hanson, W. P. Conn~r , . . ~~Pe . rme te r s  of High Flux , 

Tes,ting ~ e a c t o r s " ,  Ph i l l i p s  Petroleum Company, Idaho Fa l l s ,  Idaho, 
. . . . IDO-1640.6, Aiigui3.t. 23, 1957. 

4. J. A .  Lane, Summary of Seminars on "Ultra High Flux Research.Reactorsl', 
ORNL-CF-58-7-117, J u l y  31, 1958. , 

5. ,"Test Reactors Meeting f o r  Industry", Report IDO-16526; May 13-15> 1959. 
. . . . 



8.3 Reactor Physics - Constants and Methods ( ~ e f .  Tables ' 8 . 3 ~  through 8 . 3 ~ )  

8.31 ÿÿ and book" Reactor Constants 

The constants f o r  pure D20 were obtained from ANL-5800~. 
The borated D20 constants were assumed t o  be the  same as f o r  pure D20 
except f o r  C, thermal, which was computed by assuming a satura-ted 
so lu t ion  of bor ic  acid  i n  D20 and adding the  Maxwellian averaged cross 
sec t ion  of the  r e su l t i ng  boron t o  t h a t  of the  pure D20. 

. . . . . . . . .. . 

The constants f o r  beryllium-water mixtures and beryllium- 
D20 mixtures were obtained as 'follows : 

'Values fo r  < fo r  Be-H20 mi'j;tures were .taken from a repor t  b.y, 
~ c ~ u r r ~ ~ . ,  while McMurry.'~ method was used t o  ca lcu la te  values. ' 
of z fo r  Be-,D20 mixtures. 

Values of D were obtained from the  formula',. 

'mix 
F i  
D i  pure 

where 

F i  = volume f r a c t i o n ' o f  substance i, and 

D i  pure = diffusi.on coef f ic ien t  of pure substance i .  

The constants used f o r  pure beryllium were Df =0 .685  and Ds = 0.618. 

Reflector savings f o r  a l l  compositions were assumed t o  be 
15  cm, a value l y ing  between t he  value f d r  pure water and t h a t  of pure 
D20, s ince  i n  most of the  computations there  a re  both water and D20 
present i n  the  reac tor .  However, f o r  the  4 f t  core height t he  perpen> 
d icu la r  buckling i s  affe.cted only s l i g h t l y  by the  value o:f r e f l e c t o r  
sstviligs. 

. . "  . . .  . .. 
8.32 ETR. I1 Two -Dimensional Cases Studied , , 

. Tables 8 . 3 ~  and 8 . 3 ~  present the  PDQ cases f o r  the  3 . in ;  
and 2 i n .  reference cores. 

1. Reactor Physics Cons.tants, ANL-5800. . .  . .  

2. H .  L. McMurry, "The Age i n  Beryllium-Water Mixture", P h i l l i p s  Petroleum 
Company, Idaho Fa l l s ,  Idaho, Report IDO-16067, March, 1953. 



ETR 11 FUEL CONSTANTS . . .  

TABLE 8 . 3 ~  . , .  .-.- . ..- - .  . 

composition 

W t .  % U i n  Meat 

. $last 
GL:U up , 

'l'hermal . 
Group 

. . .ETR I1 C O ~  STRUCTURF: CONSTANTS . . .  

J-1 

20% U 

VC, 0.00413 
r, 2.18 

& 15 . u L " , ~  

0.00305 

VC, 0.182 

D 0.349 
za o .096 

* Black Boundary condition. - 

. . 

5-2 

3 0  u - 

0.006975 

2.1791 

u .02404 

'0.004489 

0.2673 

0.3635 
0.1389 

. 
Composition 

. . . .  . 

Fast  
Group 

Thermal 

L . 
Group 

: . J-3: 
. . 

~ o $ u . .  

0.01020 

2.1771 

0.023421 

0.006351 

0.3694 , .  

. . 

... 

'. 5-4 
- .  . 

. .  ~ O % U  

0,01410 

2 ,  i770 . . . . 

; . O . U ~ L ( ~  

, 0.008599 

0'.48523 

IS-i 

A.li.imin~m 

B 20.0 

ZR 0 -002214 

, 0.000071 

u. 2.080 
. 

=a 
0 .0098 ' 

0.3730 1 0.3767 

: K-2  

s ta in less '  
S tee l  

0.~758 .: 

0.00252 . 

0.~0305 

0.366 
0.0913 

0.1889 0.24612 

K-3 . ,  
Borated 

stainless 
. Stee l  

~ 8 9 7  = 

0.0025 

0.1506 . 

o 
0.4695* 

. . K - 4  . '  ., 

' Caduium 
*- .-. 

-'.same ao fukl 
Same as fue l  

o.o3p7? 

o 
0.4695s 



TABU 8.32 

ETR I1 TEST .CEU .CORSTANTS 

I 

P 
-J 
W ,  .M/W r a t i o  for. compositions L-2 through L-5 .was 1.0 

TABLE . 8 . 3 ~  

Zompos i t ion 

Fast 
Group 

ETR I1 MODERATOR CONSTANTS 

200 '~  

L-1 

' Test Cell 
M/W = 0.4 

vCf .OOOO~!+ 
D 1.6241 
ZR 0.03555 
c, o.ooll61. 

L-2 

Loop Type 
A-1 

0.000717 
1.0542 
0.0!23119 
0.002766 

o . oeo84-4 
0.2988 
0.089667 Group D 0.2370 

c, o.ol594-0 

L-3 
Loop Type 

A- 3 

0.001433 
1.0542 
0.023119 
0.00311 

0.041687 
0.2988 
0 099699 

Composition 

I 

Fast 
Group 

Thermal 
Group 

L-4 

Loop Type 
A- 5 

0 . 0 0 ~ 4 9 8  
1.0542 
0.023119 
0.003455 

0.06253 
0.2988 
0 10973 

M - 1  , 

Pure '- 

Water 
. 

D 1-3975 
ZR 0.04703 

0.0007813 

D 0.1765 
r, 

L-5 
Loop Type 

A- 6 

0.002578 
1.0542 
0.023119 
0.003662 

0.075 
0.2988 
0.11573 

M - 2  
?O%-HZ 

C + 

M- 3 
40% H20 

+ 

M- 4 
40% Borated 
H ~ O  + 60% f i  

10% Al 60% Al 
2.4332 
0.019028 
0.005217 

0.4308 
0.1243 

1-50 
3.9425 

3.17697 
0.0163403.0168683.01292 

M- 5 
6% HgO 

+ 

k 4332 
3.019028 
3.000335 

2.4308 

94% Be 
0.7037 
0.008796 
0.000001 

0.531 
0 .001975 

M- 6 
Pure 
"20 

1.352 
0.0091433.009143 

M-7 
Borated 

D ~ O  

1.352 

M-8 
20% D20 

+ 

0 

0~65193 
0.0554 

- 

M-9 
20% Borated 
Dp0 + 80% Be 

804 Be 
0.76 
0.00742 

0.00090 

0 .76 
0.00742 

0.90 
0 .0000583.2731 

3.90 0.6593 
0.0007908 



REGIllNAL CCMFOSITIONS FOR ETR I1 PDQ CASES, 3-INCH REFERENCE CORE 

* The ccmposition designations i n  th5s t ab le  a r e  defined a t  .the b t t o m  of Table $3.3~.  
. . .  - . . . . . . . . . . . . . .  . . .  

* There was no s i d e  f i l l e r  annulus fc.r t?eke'cases',...End'regions' 5, 6, .'and 7 ex-lened over-the volume of region 10. 

Problem Nc. 
Ei  genvalue 

1 Center Test  :el l  
2 Lobe Test  C e l l  
3 Side Test  Ce l l  
4 Fuel Concentration, A.  $ 
5 Inner  Ref lector  
6 Intermediate R e f l e c t x  
7 3uter  Reflector 
8 Zenter Fille: Annulu 
9 Lobe F i l l e r  ?nnulus 

10 Side F i l l e r  .hn*lus 
11 Neck F i l l e r  
1 2  Pressure Tute, Talf Cylin. 
1 3  P r e s s u e  Tute, l a l f  Cylin. 
1 4  2ress ;ue  Tute 
1 5  Cadmium Blades 

1 
1.220 
L-1 
L-1 
L-1 
30 
H2° 
Be 

B-D2C 
H20 
H2O * 
H2° 
ss 
ss 
s s 
!Out 

2 
1.2613 
L-1 
L-1 
L-1 
40 

H2° 
Be 

B-D20 

H2° 
H20 ** 
H2° 
ss 
ss 
ss 
Out 

14 
1.0338 
L-1 
L-1 
L-1 ' 

B ~ + ( B - D ~ o )  
30 

B ~ + ( B - D ~ o )  
B-D20 

H20 
H20 
H 

&+(B-D~o)  
B-ss 
ss 
SS 

In  

Problen No. . 8 9 1 0  I.I. 1 2  13 
Ei  genvalue 1.1223 1.1485 1.. 2869 1.2941 1.1480 1.0970 

. 

. 

3 
1.296 
L-1 
L-1 
L-1 
50 
H2° 
Be 

3-D20 

H20 
H20 ** 
H2° 
s s  
ss 
s s  
Out 

1 Center Test C e l l  
. . 

2 Lobe Test Ce l l  
3. Side Test  Ce l l  . 
4 Fuel Concentration, b-t. $ 
5 Inner Reflector 
6 Intermediate Ref lectcr  
7 Outer Reflector . 
8 Center Fi1le.r Annul= " .  - % 

9 Lobe F i l l e r  .~nnclus  
1 0  Side F i l l e r  .3nnfius . . . . . . . . . . . . . .  

11 Keck F i l l e r  . . 

1 2  Pressme  Tube, ~ a l f ' c y l i n .  : 
1 3  Fressu-e Tube, Half .Cylin.  .... 
1 4  .FYessixe Tube . ' -  ' 

1 5  ~ a & h  Blades. . . . .  

4 
1.233 
L-1 
L-1 
L-1 
50 
H2° 
Be 

B-D20 
H20 
E20 
* 
B20 

B-ss 
s s 
ss 
Out 

L-1 
L-1 

. . ~ - l  
30 

B~+(B-I:?c~: 
6-D$ 
B-D$ . 

H z 0  
H20, 
H 

H2° 
3-ss 
ss 
s s 
Out 

5 
1.176 
L-1 
L-1 
L-1 
50 
H2° 
Be 

B-D20 

H20 
H20 * 
H20 

B-ss 
s s  
s s 
In 

L-1 
L-1 
L-1 
30 

B ~ + ( B - c ~ o )  
B-D$ 
B - D20 

' , H20 

. . . .  !$ : . .  

H20 
' 

s s  
B-ss 

s s  
Out ' ' 

6 
1.1407 
L-1 
L-1 
L-1 
30 

Be+D20 
B-D20 
B-D20 
H20 
H20 ** 
H20 

B-ss 
ss 
ss 
Out 

1.0457 
7 

L-1 
L-1 
L-1 
30 

Be +D20 
B - D20 
B-D20 

H20 
H20 * 
H20 

B-ss 
ss 
s s  
I n  

L-1 
L-1 
L-1 
30 

Be+D20 
Be+D20 . 

Q0 
%O 
I+O.  ' 

' E E  

Hz0 
s3 

. . . . . . .  B:?s 
s 3 

O z t .  ' 

L-1 
L-1 

. L-1 
. 30 ' 

. B~'+(B-D.~o)  
& + ( B - D ~ O )  

B-D20 ' 

H20 . 
.... . H20 : 

H 

B ~ + ( B - D ~ o )  
B-ss 

. . sp. 
. . . . .  : .s!! 

Out 

L-1 ! L-1 
L- 1 
L- 1 
30 

Be +D20 
Be+D20 

D20 -: 

L-1 
L-1 
30 

~ + ( B - D ~ o )  
. ~ + ( B - D ~ O )  

B-D20 

H20 
H2°. . 

' w 

Be+D20 
s s  

B-ss 
s s 
but 

. H20 1 . . H20 * 
- . H20 

. B-ss 
. . .  . . .  ss .  

. . . .  . . s s  
Out 



TABU* 8 . 3 ~  

FEGIONAL COMPOSITIONS FOR ETR I1 PDQ CASES, 2-INCH REFERENCE CORE 

20 
0.9558 
L-1 
L-1 
L-1 

30 
Be+(B-D20) 
Be+(B-D20) 

B-D20 

H2° 
H20 * 

Be+(B-D20) 
B-ss 

SS 

s s  
Out 

18 
1.1402 
L-1 
L-1 
L-1 

20 
Be-iD20 
Be +D20 

D2° 
H2° 
H20 * 

Be +D20 
ss 

B-ss 
ss 
Out 

17 
1.2190 
L-1 
L-1 
L-1 

30 
Be+D20 
Be +D20 

D2° 
H2° 
H2° * 

Be+D20 
s s  

B-ss 
s s  
Out 

, * The composition designations i n  t h i s  t ab le  a re  re la ted  t o  those i n  Tables 8.3A thi-ough 8 . 3 ~  by, 

20 = 5-1 . ss = K'2 A-3.z. L-3 . .9H20+A1 =- M-2 . ' . ' ~ ~ 0  , = .M-6 
30 = 5-2 B-ss =. K-3 A-5 = L-4 .4H20+A1 = M-3 B-D20 = M-7 
40 = 5-3 L-1 = L-1 A - 6 = ~ - 5  . ~ ( B ~ H ~ O ) + A ~ = M - ~  Be+D 0 = M-8 
50 = 5-4 A - 1  = L-2 H20 = M - 1  Be = M-5 Be+(B-D28) = M-9 

** There vas no s ide  f i l l e r  annulus f o r  these cases, and regions 5, 6, and 7 extended over the  volume of region 10.  

23 
1.046 

A- 3 
A- 5 
A- 6 

30 
B-D20 
B-D20 

"20 
.4H20+A1 
.4H20+A1 
.4H20+ 
.4H20+A1 

s s  
s s  
ss 
Out . 

22 
1.272 

A- 3 
A- 5 
A- 6 

, 30 

D2° 
D2° 
D20 

, .4H20+A1 
. 4H20+A1 
. 4H20+A1 
.. 4H20+A1 

s s  
s s  
s s 
Out . 

Problem No. 
E i genvalue 

1 Center Test Ce l l  
2 L ~ b e  Test Ce l l  . . 

3 Side Test Ce l l  
4 Fuel Concentration, w t .  $ 
5 .Inner Rqflector 
6 Intermediate Reflector 
7 Outer Reflector 
8 Center F i l l e r  Annulus 
9 Lobe F i l l e r  Annulus 

10  Side F i l l e r  Annulus 
11 Neck F i l l e r  
12  Pressure Tube, Half Cylin. 

'13 p resswe .  Tube, Half Cylin. 
14  Pressure Tube 
15  Cadmium Blades 

19 
0 - 8964 
L-1 
L-1 
L-1 

30 
Be+(B-D20) 
B ~ + ( B - D ~ o )  

B-D20 

H2° 
H20 * 

Be+(B-D20) 
B-ss' 

s s  
SS 

In  

16  
1.3082 
L-1 
L-1 
L-1 

30 
Be +D20 
Be +D20 

D2° 
Be +D20 
Be +D20 
.*  
Be +D20 

s s  
B-ss 

s s  
Out 

Problem No. 
Ei genvalue 

1 Center Test Ce l l  
2 Lobe Test Ce l l  
3 Side Test Cel l  
4 Fuel Concentration, Kt. $ 
5 Inner Reflector 
6 Intermediate Reflector 
7 Outer Reflector 
8 Center F i l l e r  Annulus 
9 Lobe F i l l e r  Annulus 

10 Side F i l l e r  Annulus 
11 Neck F i l l e r  
12  Pressure Tube, Half Cylin. 
13 Pressure Tube, Half Cylin. 
14 Pressure Tube 
1 5  Cadmiua Blades 

21 
0.8551 
L-1 
4-1 
L-1 . 

20 
BS+(B-D~O) 
Be+(B-D20) 

B-D20 
H20 
H2° 
* .  

B ~ + ( B - D ~ o )  
B-ss 

s s  
s s .  
Out 

15  
1.2014 
L-1 
L-1 
L-1 

30 
Be +D20 
Be +D20 

D2° 
H2° 
H2° * 

. H2° 
ss 

B-ss 
s s  
Out 

94 - 
1.199 

A- 3 
A- 5 
A- 6 

30 

D2° 
4 0  
4 0  

. 4ll2O+Al 

.4%0+Al 

.4H20+A1 . 
. ~ ( B - H ~ o ) + A ~  

s s  
.s s 
s s  
Out . 

2 5 
1.245 

A- 3 
A- 1 
A-6 

30 
D2° 
D20 
D20 

.4H20+A1 

. 9H20+A1 

. 4H20+A1 

.4H20+Al. 
s s  
ss 
s s  
Out 



8.4 ETR C r i t i c a l  F a c i l i t y .  Reactor Physics Measurements 

It was recognized t h a t  four 6 i n .  x 6 i n .  experimental spaces, 
surrounded with ETR f u e l  elements or  control  rods placed i n  the  corners 
of t he  ETRC core and coupled with e igh t  more f u e l  elements, making a f i f t h  
6 i n .  x 6 i n .  experimental space, would approximate the  geometry of the 
four-lobe ETR IT with 3 i n .  element thickness and a beryllium r e f l e c t o r .  
After  preliminary r e a c t i v i t y  measurements i n  the  ETRC showed t h a t  an 
approximate loading could be made c r i t i c a l  with two add i t iona l  f u e l  
elements, ,it was decided t h a t  c r i t i c a l  experiments would be performed, 
The i d e a l  geometry i s  shown i n  Figures 8 . 4 ~ - I  (core I ) .  

Because t h e  program being ca r r ied  out i n  suppo~-t of ETR I by 
t he  ETRC i s  qu i te  pressing,  only one week of ETRC ;time was ~tI..l.ntted. 
f o r  the  measurements reported herein.  Therefore, it was not possib1.e 
t o  make a l l  t he  s tud ies  des i red.  Also, because time was l imi ted,  
no modifications were made t o  the  ETRC. 'With t h e  exception of two 
experiment mockups, a l l  mater ia ls  used, e .g . ,  f u e l  elements and con t ro l  
rods,  were standard ETR or  ETRC components. 

8.41 Description of t he  F a c i l i t y  and Components 
1 

The ETRC i s  a low power, h ighly  enriched, water cooled and 
moderated, beryllium-beryllium oxide r e f l ec t ed  reac tor .  It i s  a f u l l  
s ca l e  nuclear mockup of the  core and r ~ f l e c t o r  of i t s  parent reac tor ,  
t h e  ETR. In  f a c t  it i s  more than jus t  a mockup because most of the  i n -  
p i l e  components ( f u e l  elements and con t ro l  rods)  a re  i den t i ca l  t o  those 
i n  t he  parent r eac to r .  For reasons of economy there  a re ,  however, s l i g h t  
modifications i n  the  r e f l e c t o r .  Over a period of severa l  years, experiments 
have displaced enough 3 i n .  square beryllium piecesfbm the MTR t o  provide 
a complete r e f l e c t o r  f o r  the  ETRC. These, however, make up only a _? i n .  
r e f l e c t o r  a s  compared t o  4-1/2 i n .  i n  the  ETR. The remaining 1-1/2 i n .  
sire made up of canned beryllium oxide. Around the  beryllium-beryllium 
oxide r e f l e c t o r  i s  an alumini~m r e f l ~ c t ~ n r ,  The physical  arrangcmcnta of 
t he  standard ETRC core and r e f l e c t o r  are-shown i n  Fig .  8 . 4 ~ .  The physical  
arrangement of t he  core,  i t s  support s t ruc ture ,  control  bridge, e t c . ,  i s  
shown i n  Fig .  8.48. A more de ta i l ed  descr ipt ion of the  f a c i l i t y  can be 
found i n  IDO-16332l. 

With the  exception of the  experiment mockup, the  core com- 
ponents ( f u e l  elements,, control rnd R.l?l, sect ions  and guidc tubco, and 
aluminum f i l l e r  pieces ) are  standard ETR o r  ETRC cornpnn~nt,~.  The ETRC 
r i l l e r  pieces a r e  made of aluminum and have machined s l o t s .  These s l o t s  
simulate t he  coolant passages i n  ETR f i l l e r  pieces.  The water volume 
associa ted with these  pieces i s  20 per c?nt of the  t o t a l  volume (mctal- 
water r a t i o  = 4 ) .  In  a l l  loadings studied an aluminiim f i l l e r  piece was 
a l s o  desi red i n  g r id  positionT-gwhere a rnnt-rol  rod guide tube i c  locatcd.  
Aluminum p la tes  were inse r ted  i n  t h i s  &de tube t o  ilL4splace enough water 
t o  dupl icate  the  metal-water r a t i o  of t he  standard f i l l e r  p ieces .  

1. D. R .  deBoisblanc, e t  a l . ,  "The Engineering Test Reactor C r i t i c a l  
F a c i l i t y  Hazards Summary ~ e p o r t " ,  Ph i l l i p s  Petroleum Company, Idaho 
Fa l l s ,  Idaho, Report IDO-16332,   arch 27, 1957. 



The f u e l  elements which were used i n  these  measurements 
contained 320 g U-235 and on t h e  average 1 .7  g na tura l  boron. I n  
addi t ion,  s i x  elements with t he  same U-235 content but  which contained 
no boron were used t o  shim the  reac tor  by loading them with boron impreg- 
nated polyethylene tapes.  The control  rod f u e l  sect ions  used contained 
130 g U-235 and on t he  ayerage 0.68 g na tura l  boron. Drawings of t he  
fue l  element, and control  rod fue l  sect ion and i t s  guide tube a r e  shown 
i n  Figures 8-4~ and 8 . 4 ~ .  

The experiment mockups were made from stock aluminum rod 
(2 .5  in .  diameter) and schedule 40 s t a i n l e s s  s t e e l  pipe (3.06 in .  i . d .  
and 3.5 i n .  0 .d . ) .  

8.42 Loadinn Conf i aura t ions  

Inasmuch a s  no control  rods a r e  current ly  planned i n  t he  f u e l  
region f o r  t h e  ETR I1 it would have been des i rab le  t o  mockup t h e  core 
completely with f u e l  elements i n  t h e  arrangement shown i n  Figure 8 . 4 ~ - I .  
This was impossible i n  these  c r i t i c a l  experiments, however, because the  
sa fe ty  rods were necessary f o r  shutdown and because time did no t  permit 
removing t h e  control  rod guide tubes t o  permit inse r t ion  of f u e l  elements 
i n  those control  rod pos i t ions  which did  not contain sa fe ty  rods. The fue l  
arrangement des i red in te r sec ted  ten con t ro l  rod posi t ions .  Fortunately,  
a l l  four safe ty  rod pos i t ions  (H-7 ,  K - 9 ,  G - 1 1 ,  M-11) and a driven shim 
(gray)  rod pos i t ion  (H-13) were located i n  fueled regions. The remaining 
f i ve  pos ' t ions  contained f ixed control  rod f u e l  sections.  A s  was mentioned 4 previously, t h e  other  s i x  guide tubes remained i n  the  core bu t  were water 
f i l l e d .  These s i x  tubes a r e  not  shown i n  t he  f igures .  

Because of these considerations,  p lus  t he  boron b u i l t  i n t o  t he  
ETR elements, it was not poss ible  t o  achieve c r i t i c a l i t y  with t h e  desi red 
loading configuration. As a r e s u l t ,  two ex t ra  elements had t o  be added. 
Because adding these  elements produce f l u x  d i s t r i bu t i ons  d i f f e r e n t  from 
those i n  t he  desi red loading, two loadings i n  which t he  two elements 
were placed i n  d i f f e r en t  locat ions  were studied t o  determine t h e  e f f e c t s  
of these  elements. I n  one loading the  elements were located i n  the  
center experimental space so t h a t  almost symmetrical neutron f l u x  dlsLrl -  
butions would be produced. I n  t h e  second, t h e  elements were located i n  
t h e  experimental space i n  diametr ical ly  opposite lobes. These loading 
arrangements a r e  shown i n  Figure 8.4~-11 and -111 respectively.  The 
e f f e c t s  on t he  neutron f l ux  of removing the  beryllium r e f l e c t o r  from one 
of the  lobes  were a l s o  studied. The loading used f o r  t h i s  study was the  
same a s  t h a t  i n  Figure 8.4~-11, except t h a t  one-fourth of the  r e f l e c t o r  
was removed. This arrangement i s  shown a s  a separate loading i n  
Figure 8. 4 ~ - I V .  

8.43 Neutron.Flux and Power Dis t r ibut ion 

Thermal neutron f l ux  d i s t r i bu t i ons  were measured t o  determine 
1) the  power dens i t i e s  required t o  obta in  a thermal f l ux  of 1 0 ~ 5 :  . n/cm2-sec 
i n . a  hypothetical  loop experiment, 2 )  t he  f l ux  gradients  t h a t  could be 



expected from narrow fueled regions, and 3)  the e f f ec t s  of the r e f l ec to r  
on the f l ux  i n  an experiment located within a lobe. Most of. $he de ta i led  
measurements.were made i n  and around the NE* quadrant, or  lobe, which 
contained no control  rod fue l  sections.  . I n  fue l  elements where detai led 
measurements were not made, only one measurement was made a t  .the.midplane 
i n  the  center of  the  element. A s  w i l l  be seen i n  d e t a i l  f l ux  p lo t s ,  . t h i s  
i s  t he  minimum f lux  within the  element a t  the  horizontal  midplane. 

8.431 Experimental procedures and Treatment of Data 

The thermal neutron f lux  d is t r ibu t ions  were determined 
from the  a c t i v i t y  of i r r ad i a t ed  gold f o i l s ,  and bare and cadmium covered 
gold wires. The f o i l s  a r e  5/32 i n .  diameter by 0.005 i n .  thick.  The 
cadmium r a t i o s  were determined from 0.040 in .  diameter gold wires, 3 i n .  
long, the  center of which were covered with a cadmium sleeve (0.020 i n .  
wall  and 1 in .  long). After i r r ad i a t ion ,  the  wires were cut  i n t o  1 /4  i n .  
sect ions  and the  average a c t i v i t y  of the  bare ancl cvvered sectionf: werc 
used t o  calculate  t h e  cadmium rn t ioc ,  The cadmiun l*utius from sleeves 
have been normalized against  standard cadmium covered foil-s. 

The foiba and wi res,  wi't-h, cadmium chocvco, ~ c s - c  .taped 
with p l a s t i c  e l ec t r i c i ans  tape t o  e i t he r  l u c i t e  s t r i p s ,  aluminum s t r i p s ,  
o r  d i r e c t l y  on an experiment. The Lucite s t r i p s  were used where measure- 
ments were made within a fue l  element. ,These s t r i p s  were inser ted i n  the  

' 
f u e l  element coolant channels and were designed t o  p o s i t i i n  the  neutron 
de tec tors  within + 0.03 in .  of the  desired location.  The aluminum s t r i p s  
were used where mgasurements were desired i n  a water space. These s t r i p s ,  
containing the detectors, , '  were taped. nn snmp ohject ,  u ~ u a l l j  f uc l  " . 

element, such t h a t  they protruded i n t o  the desired region..  

The a c t i v i t y  of a l l  t h e  . foi ls  was f i r s t  converted. t C  
r e l a t i v e  f lux d is t r ibu t ion  hy use of the  cadmium r a t i o s  and was then , -  

normalized Lo a Maxwellian-averaged f lux  :of 1015 n/cm2-sec i n  the  . 

experiment mockup i n  the NE lobe. In  some of the fi.eures, 8. given 
value (usual ly  the  min.i.m~un) i s  normalized t o  unity so t h a t  the  f lux 
gradient  i s  more eas i ly  determined. 

8.432 Results . . 

The per t inen t  neutron flux data which were measured' 
i n  these experiments a r e  presented i n  Figures 8 . 4 ~  t h r n i ~ g h  8.4~. . 

It can be sceri i r l  Figures 8.4~ and 8.4G t h a t  maximum- 
to-minimum f lux i n  the  NE lobe i s  not appreciably affected by the  
rearrangement of elements from Loading II t o  Loading 111 but is 
s ign i f i can t ly  increased by t h e  removal, of! the  beryllium re f l ec to r  a s  
i s  evidenced in  Figure 8 . 4 ~ .  It i s  s ign i f ican t ,  however, t h a t  evpn 

* . .  The top of the  page i s  assumed t o  be North i n  t h b  description:.' This 
conforms to . t he  physical o r ien ta t ion  0%' ETR I. 



though there  i s  a pronounced gradient across the  lobe, the  max/avg f lux 
around the  aluminum cylinder i s  only 1.05 i n  Loading I1 and changes t o  
only 1.10 i n  Loading I V ,  which has a qui te  d i f fe ren t  power d i s t r ibu t ion .  
This i s  i l l u s t r a t e d  i n  a circumferential f lux p l o t  i n  Figure 8.41. An 
E-W t raverse  through the  lobe i s  shown i n  Figure 8.45. This property 
has been recognized a s  a most important feature  of ETR I1 and i s  discussed 
more completely i n  Section 3.2. 

It can be seen i n  the detai led f lux  t raverses  i n  
.Figures 8 . 4 ~ . a n d  8 . 4 ~  t h a t  undesirable f lux gradients e x i s t  within 
t he  fue l  elements. For example, the  maximum-to-minimum .flux. within 
the  fue l  element 5n.posit ion N-6 i s  1.9. This indicates  the  des i r ab i l i t y  
of graduating the fue l .dens i ty  and increasing the absorption cross section 
of the fue l  element side p l a t e s  by the addit ion of burnable poison us 
possibLy fuel .  

. A typ ica l .  v e r t i c a l  t raverse ,  shown i n  Figure 8 . 4 ~ ;  
ha.s approximately . the same shape and max/avg flLix ( 1.40) a s  t raverses  

3 measured i n  ETR loadings. 

A f l ux  t raverse  measured i n  g r id  posi t ions  H-10, J-10, 
and K-10 i s  shown . i n ' F i g q e  8 . 4 ~  merely t o  indicate  the  amount of f l u x '  
peaking i n  a 3 in .  x 3 in .  space containing an aluminum f i l l e r  piece 
.with .a .M/W r a t i o  oY four. 

8.433 Power Calculations 

Various fac tors  associated with power d i s t r ibu t ions  
have been calculated and a re  summarized i n  Table 8 . 4 A . >  Total  power i s  
shown fo r  the most balanced loading only since the other cores a r e  not 
considered representative of the manner i n  which ETR I1 w i l l  be loaded. 
Of considerable significance i s  the  f a c t  t h a t  even though the max/hvg 
i n  the  NE lobe varied from 1.54 t o  2.35, the  power i n  t h a t  lobe requlred 
t o  produce the same experimental f l ux  changed only 10 per cent. 

To make these power calculations,  special  considerations 
were required. The thermal neutron f lux  values shown i n  the diagrams o r  
the  th ree  experimental loadings ( ~ i g u r e s  8 , 4 ~ ,  8.&, and 8 . 4 ~ )  were a l l  
measured a t  the center of the  fue l  elements and normalized t o  a thermal. 
f lux  of 1 x 1015 n/cm2-sec a t  the center of the  mockup loop i n  the  NE 
lobe. For power calculat ions  each value had t o  be corrected t o  an average 
thermal f lux  per  element. Although the  max/avg r a t i o s  of the  v e r t i c a l  
f l ux  p ro f i l e s  a r e  essen t ia l ly  constant throughout the  core, t h i s  i s  not 
t r u e  of the  individual (within each element) horizontal  p ro f i l e s ,  a s  - 
shown i n  Figures 8 . 4 ~  and 8.4L. For t h i s  reason, the correction factor  
used t o  obtain an average f lux  from the  measured value a t  the center of 
the  element depended upon the  pa r t i cu l a r  location of the  element i n  the 
core. These f ac to r s  (over -a l l  center-to-average) ranged from 0.77 t o  
0.98. 



.. . 

h .  .. . .  

* 12 Elements: K - 5  t o  8, N-5 t o  8, L-5 and 8, and M-5 and 8. 
* .  

Tota l  Power . 

. , 

Horizontal 
~ a x / ~ v g  Power 

** Power of core loading II' corrected t o  4 f t  length. . . 
. . . . '. . 

\. 
I n  ca lcu la t ing  power, an emp,irically determined 

correct ion f ac to r  was included t o  account' fo r  t he  Lcontribution of ep i -  
thermal neutrons t o  t he  to ta l .  f i s s i on  r a t e .  The . f i s s ion  r a t e  due Lo 
epithermal neutrons i s  10 per  cent of t h a t  due t o  thermal rieutrons. 
The U-235 f i s s i on  c ross  sect ion a t  2200 meters/sec. ( 580 banis)  wus 
c 0 r r e c t e d . b ~  t h e  usual: f a ~ t ~ o r s  to a Ma,uwellian-avcraged value ~ . L ' . T ~ ~ F .  
Using t h i s  cross  sect ion,  t h e  measured f l ux  r a t i o s , . a n d  coyrecting t o  
a cure length  of 4 f t  gave. a power 1eve l :o f  425 Mw, In' Section 3.2 
a calcula t ion of a 3 in.. fow-lobe reactor ~ i . ~ l l a r  t o  ETP, 11 gave a J ' .  

value of 220 Mw. Even with allowance f o r  the  di f ference i n  neutron 
te.mperature ( 7 5 ' ~  .in t he  m C ,  2 0 0 ~ ~  i n  the  ETR 1.1.). and computational 
uncer ta in t ies ,  t h e  advantage of t h e  more .symme.tric geometry i s  .evident. :: 

. . . ,8,44. C r i t i c a l  Mass. - Measuremen-1;s and Calculati'ons . . . .  . 
I .  . . _ .  

. . 

, It was mentioned above t h a t  the  fn11r-J.ohe geometry ~ h o w n  , : 
i n  Figure 8. 4E-I (core  I )  needed two addi t iona l  - f u e l .  elerneqts i n  t , h ~ .  , ' 

center  of t h e  core for. c r i t i c a l i t y  ( ~ o s i t i o n s  J-9 and H-10). Th is . :  . - : 

loading ( co re  11, Figure 8.4~-11) was c r i t i c a l  with t he  driven shim .: 

rod i n  Posi t ion H-13  ..at. 17.5 in .  ( f u l l  t r a v e l  36 in . ) . .  A l l  o ther  rods.: 
were f u l l y  writ,hclrawn, i. e .  , the  f u c l  sect ions  .on . a l l  o ther  r o d s .  were - . 

i n  t h e  core. ,. . . .. 
I - . . 

. . . . . :-..: . .  . . 

Forty-two of t he  for ty-e ight  f ue l  elements i n  Core I1 were' - .' 

standard ETR f u e l  elements with an average of 1.72 g of na tura l  boron 
( ranging from 1.60 t o  1.86 g )  . The remaining s i x  elements, l i k e  the  
former i n  a l l  o ther  respects ,  were fabr icated without boron. Since the  

NE LOBE* 
. " 

FULL CORE 

Loading 
: : .II ' .  

. . .  

. ,.335 MW 

" (425)** . , 

. - .  , . .  

2.61 

:. 

' ,  

- 

Loading 
..IV . .  

70 MW ... 
. . 

2-35  .. . 

Loading 
I I 

72 Mw 

1.62 

Loading 
111 
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shim rod was worth only 0.3 per  cent Ak/k, t he  coarse shimming was done 
by adding boron impregnated polyethylene tapes  t o  t he  s i x  unborated 
elements. The U-235 mass i n  t h i s  loading ( 48 fue l  elements and 9-1/2 
control  rod fue l  sect ions)  i s  16,600tg. The c r i t i c a l  mass of the  cold 
clean unborated loading with t he  configuration of Core I was derived 
by ca lcu la t ing  the  excess r e a c t i v i t y  t h i s  configuration would have had 
i f  the re  had been no boron i n  the  fue l  elements. This excess r e a c t i v i t y  
i s  then used t o  ca lcu la te  the  amount of f ue l  which would have t o  be 
removed uniformly from Core I (46 elements, 10 control  rod f u e l  sect ions  - 
16,020 g ) ' t o  reduce i t s  excess r e a c t i v i t y  t o  zero, o r  i n  other words, keff 
t o  unity.  Table 8 . 4 ~  i s  an itemized l i s t  of the  r e s u l t s  of these  calcu- 
l a t i o n s  using a t heo re t i c a l  approach i n  one case and an empirical  approach 
i n  another. As shown, t he  cold clean unborated c r i t i c a l  masses by t he  
two methods a r e  i n  good agreement. 

TABLE ' 8 . 4 ~  

CRITICAL MASS CALCULATIONS 

Removing boron ' 

Removing ex t ra  elements 
.. ., 

.Complete withdrawal df shim Pod 

Total  excess r e a c t i v i t y  

Excess fue l  

C r i t i c a l  mass (16,020 - .Excess f u e l )  

- Empirical 

+ 0.0906 &/k 

- 0.0445 

+ 0.0016 

+ 0.0477 Ak/k 

2760 5 

13,260 g 

~ h e o r e t i b a l  

: + 0.0860 &/k 

- 0.0355 : 

+ 0.0016 (same) 

+ 0.0521 Ak/k 

3340 g 

12,680 g 
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8.5  Two-Dimensional Computation of Four-Lobe ETR Geometry 

A four-group, two-dimensional calcula t ion.  was msde duplf ca t ing  ETK. 
C r i t i c a l  F a c i l i t y  Loading 11 described i n  Section 8 .4 .  . The- 1BW704' cdde 
P D Q O ~ ~  was u t i l i ~ e d  f o r  . . t h i s  calcula t ion.  . .  . . .. . 

. . 

Loading.11 went c r i t i c a l  with the  shim rod i n  posi t ion H-13  a t  1 7 . 5 , i n . ;  
however, f o r  the  two-dimensiohal calcula t ion t h i s  rod was assumed td  be ':: 
f u l l y  withdrawn and t h e  pos i t ion  f i l l e d  with t he  130 g shim fue i  section.  .. 

It  was necessary t o  -extend and deform t h e  volumes of the  "Experiment ' .' . 
Mockup" i n  t h e  NE and .SW lobes  fo r  t he  calcula t ion i n  order t o  f i t  t he  
ava i l ab l e  mesh spacing. . A  schematic diagram of the  core i s  shown i n  .- : 

Figure 8.5A.  Aluminum guide tubes were present  i n  -Loading I1 i n  
pos i t i ons  E-9, G-9 ,  J-5,  5-7, and M-9. These tubes a r e  not shown i n  - . .  
Figure 8 . 5 ~  but t h e  ca lcu la t ion  included these tube regions. 

. . 

8.51  Nuclear Constants 

.... The nuclear constants which were used a r e  l i s t e d  i n  Table 8 . . 5 ~ .  
The constanks fo r  t h e  f a s t  groups (1, 2, and 3)  were obtained by using : 
t h e  IEM 650 code MUET 111. The thermal- constants ( ~ r o u p  4) a r e  Maxwellian, 
averaged- values a t  20°c. 

'8.52 C r i t i c a l  Mass 
, .. 

The eigenvalue obtained from the  PDQ calcula t ion was 1.037,  
indica ' t ing a s u p e r c r i t i c a l  core. s he^ " c r i t i c a l  mass" corresponding t o  
an eigenvalue of 1.000 can be approximated by using t h e  following equati.on. 

. . 

where 

tAierma1 u t i l i z a t i o n ,  f ,  = 0.75, and . .  - 

t o t a l  Ut235 mass, M, = 16.66 kg. 

AM is rvurlil Lu be 2.)-1.6 lrg, corresponding t o  a coillputed 
" c r i t i c a l  mass" for. t h i s  core of 14.2 kg of U-235. This compares, t o  
t h e  measured value of 16.6 kg a s  given i n  Section 8.44. 

1. G. G .  Bilodeau, W. R..Cadwell, J. P. ~ o r s e y ,  J. G. Fairey and 
R .  S. Varga, "PDQ-~n.1EiM 704.code t o  Solve t h e  Two-Dimensional Few- 
Group Neutron-Diffusion Equation", WAPD-TM-70, August, 1957. 



TABLE 8.5A 

- ~ o m ~ o s i t i o n '  Group 1 Group 2 .  

D 2.2895 1 .10486 '  
Water za 0.001415 0 000012 

C, 0.1036 0.14941 

I D 24;O 6.76 
Aluminum ,& '0 ' 0 

~ c, 0.00181 0.00181. 

D 2.6832 '0.6861 
Be0 c, 0.001862 0 

CR 0.03057 0.019195 

. . D- ' 3-30 
Beryllium C, 0.000028 

0.03324 

320 g fue l  element w i t h  D 3.1145 
1 .7  g of boron i n  element 1 Ca 0.001042 

C, 0.06439 
' /vLF 0.000548 

- - 

320 g f u e l  klement w i t h  D 3.1151 
0.8 g boron present  i n  ca 0.001041 
polyethylene str ips CR 0.06439 

vCf 0.000548 
4- *- 

320 g f u e l  element w i t h  D 3-1-1537‘ 
0 .4  g boron present  i n  C, 0.001041 
polyethylene str ips CR 0.06439 

V C ~  o . O O O ~ ~ ~ -  

130 g shim rod fue l  D 3.70843 
sect ion & 0.000697 

CR 0.04.93 
vc-f 0.000222 

Eqer iment  mockup 

Aluminum f i l l e r  
(Al + 20% H ~ O )  

Water p l u ~  aluminum i! !!;:8 guide tube 



8.53, Neutron Flux 

To compare t he  PDQ values of thermal neutron f l ux  d i s t r i bu t i on  
with t h e  measured d i s t r i bu t i on ,  t he  PDQ values were normalized by-multi-  
p lying them by t he  r a t i o  of the  measured thermal neutron f l ux  i n  p ~ s i . ~ i o n  
K - 8  t o  t h e  corresponding PDQ value. The calcula ted values of thermal 
neutron f l u x  a r e  shown i n  Fig. 8 . 5 A .  

8.54 Reactor Power . . 

The t o t a l  reac tor  power was calcula ted from'the formula,:, 

where 

Cfi = t h e  macr.oscopic f i s s i on  cross  sect ion fo r  neutron energy 
group i a s  taken from Table 8 . 5 ~ ~  v was assumed t o  be 
equal t o  2.4'{ fo r  a l l  groups, 

cDi = neutron f l ux  i n  energy group i normalized t o  measured 
values by t h e  thermal group r a t i o  .in pos i t ion  K-8, and 

C = conversi-on f ac to r  t o  convert f i ss ions/cec  t o  power. 

Using the  above formula and cocstants,  t he  reac tor  power 
corresponding t o  t he  thermal. neutron f luxes  given i n  Fig. 8 . 5 A  was calcu- 
l a t e d  to' be 330 Mw. A value of 135 Mw a s  l i s t e d  i.n Tahl P -4- 4~ was 
obtained .from t h e  measii.red neutron fluxes. I n  a ~ i m i l a r  msnncr t he  
power generated i n  t h e  RT I . o ~ P  was calcula ted t o  be 73 Mw, compared t o  
72 Mw l i s t e d  i n  Table 8 .4A.  The power generated i n  several  f ue l  elements 
including those around t he  NE lobe was a l s o  calcuia ted and i s  l i s t e d  
i n  Table 8 . 5 ~  along with values obtained i n  ETRC Loading 11. Also 
1 1 s t e d . i n  'l'a'ble 8 . 5 ~  a r e  calcula ted values of power densi ty  st the  
cen te r  of several  fuel  elements and t.h? ra.t.io of power produced by above 
thermal f f s s ions  t o  t h e  power produced by thermal f i s s i ons  a t  t he  c.en.t.es 
uT the  elements. 



. T A B U  8 . 5 ~  
C; 

SOMPARISON OF CALCULATED .AND MEASURED ETRC . 
, . ' FUEL ELEMENT'. POWERS 

.. . 

, 

Ratio - Above Thermal Fiss ions  
Thermal Fiss ions  

0.0564 

0.0517 

0.0554 

0.0678 

0.0627 

0.0672 

0.0713 

0.0559 

0.0533 
0.0560 , 

J 

Fysl  Element 
Tosit ion 

E-8 

F-8 

G-8 

H-8 

I -8 

5-8 

K-8 

L-8 

M-8 

N-8 

K-7 
K-6 

K-5 

L-5 

' M-5 

. N-5 
N-6 

N-7 

Power Density a t  
Center of Element 

M w l l i t e r  
/ 

1.12 

, 1.63 
2.15 

2-35 
2.76 

2.64 

2.31 

2.18 

1.63 

1.18 

Power -3enerated 
Within 

PDQ Calculation 

4.81 

7.00 

9.08 

9-56 
11.18 

10.75 

9.39 
9.18 

7.00 

5-05 

9-23  

7.31 
5.19 
4.72 

4.12 

3-34  
4.08 

4.62 

Element, Mw 

ETRC Measured 

9.81 

9.51 
6.29 

4.55 

8-97 
6.72 

4.52 

5.01 

4.68 

3-75 
4.36 

4.41 
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8.6 Fuel, .u.ement Supplemen-t- . - - 

8.61 .Other Designs Considered 

8.611 Rectangular Elements 

Rectangular f u e l  elements were considered f o r  use i n  
t h e  ETR 11. These elements have t h e  advantage of easy construction and 
interchangeabi l i ty  between t h e  concave and convex f u e l  annul i .  However, 
t h e  wasted space between t h e  f u e l  elements which r e s u l t s  from f i t t i n g  
rectangular elements i n t o  annular segments reduces t he  over -a l l  core 
e f f ic iency  and thereby negates t h e  advantages of t h e  simple construction.  
I f  rectangular f u e l  elements of t h e  MIB type were spec i f ied  f o r  t h e  
ETR 11, they would be required t o  have a l o c a l  power densi ty  approximately 
24 per  cent  g rea te r  than t h a t  required f o r  t he  equivalent c i r c u l a r  segment 
f u e l  element. Also, those segments of t h e  f u e l  annulus which would con- 
t a i n  no f u e l  because of t he  use of rectangular f u e l  elements would prob- 
ably cause an undesirable s h i f t i n g  of t h e  neutron f l ux  d i s t r i bu t i on .  

The rectangular elements a r e  i d e a l l y  su i t ed  f o r  a 
square-lobe configuration such a s  mocked up i n  t h e  ETRC ( ~ i ~ .  8 . 4 ~ ) .  
However, t h i s  configuration i s  not  recommended f o r  ETR I1 because of t he  
high t o t a l  power and high maximum power densi ty  required ( ~ e :  Table 
8 . 4 ~ ) .  

8.612 Tubular Elements 

Bundles of tubes i n  various arrangements were a l s o  
considered f o r  t h e  reac tor  core. I f  it were poss ible  t o  obtain adequate 
s t reng th  i n  these  tube bundles without t h e  use of s i de  p l a t e s  o r  ex t e r i o r  
she l l s ,  then t h e  tube bundles would be super ior  t o  t h e  equivalent  p l a t e  
designs. However, tube bundles of t h e  required length and diameter, 
f abr ica ted  by ex i s t ing  techniques, do not have s u f f i c i e n t  strength t o  
withstand t h e  hydraulic forces  without s i de  p l a t e s  o r  s h e l l s .  Once these  
s h e l l s  a r e  added, t h e  tube bundles have no supe r io r i t y  over equivalent 
p l a t e  designs, and t h e  added complexity of t he  tubes makes them l e s s  
des i rab le  thai t h e  p l a t e  type element. 

8.613 Involute Elements 

One of t h e  most promising type of f u e l  elements con- 
s idered f o r  uniformly loaded annular f u e l  elements was t h e  involute  
element of a design s imi la r  t o  t h a t  proposed by Internuclear  Company, Inc.  
( ~ e p o r t  AECU-3775). However; t h e  involute  element could not be adapted 
f o r  e f f i c i e n t  use i n  t he  ETR I1 core because of t he  reversa l  of t h e  
d i rec t ion  of curvature of t h e  f u e l  elements within t h e  core. 

8.62 Discussion of Materials Considered 

8.621 Fuel. Cladding and sf de P la tes  

Aluminum a i l oys  have been recommended f o r  f u e l  cladding 
. and s ide  p l a t e s  because of t h e i r  low-neutron cross  sect ion,  avai lablr l l ty ,  



- .  .. . .. , . 

low cos t ,  ease of f a b r i c a t i o n ,  and adequate mechanica.1 and chemical 
p r o p e r t i e s .  

The corrosion r e s i s t a n c e  of aluminumto high temperature 
water' i s  determined p r i m a r i l y  by t h e  p u r i t y  and t h e  meta l lu rg ica l  condi- 
t i o n ' o f  ' t h e  me*al. High temp,erature hea t  t r ea tment . se r ious ly  impairs . . 

r e s i s t a n c e  'and l eads  t o  in te rg ranu la r  a t t a c k ,  whereas cold  work i s  ben- 
e f i c i a l .  The presence of i r o n  and s i l i c o n  ' e i t h e r  a s  impuri ty or a l l ,oy  
a d d i t i o n s  improves t h e  r e s i s t a n c e  of aluminum t o  cori-osion below 400'~; . .. . 
Above t h i s  temperature in te rg ranu la r  pene t ra t ion  occurs although such' 
elements a s  n icke l ,  i ron ,  t i tanium, copper, cobal t ,  molybdenum, o r  tungsten 
may be added t o  'eIiminate t h i s ;  n i c k e l  being t h e  most e f f e c t i v e .  Al-Fe-Ni 

' t y p e  a l l o y s  have 'been deyelopea which show very  good' corrosion r e s i s t a n c e  
, . 

'. t o  water '  a t  tempergtures up t o  680'~.  

Since. t h e  maximum temperature of the f u e l  undei- 
opera t ing  condi t ions  i s  7 n %hb range- of d i s i n t e ~ r a ~ t i  nn nf 1.J:C)O altunin~w 
a l l o y  an& i n  t h e  range, of high s t reng th  l o s s  f o r  t h e  6061 age-hardened 
al luy, ' .  an x800i aluminum a l l o y  conta in ing 1 p e r  cent  n icke l  i s  recommended. 
The corros ion of t h i s  a l l o y  changes from l o c a l i z e d  pene t ra t ion  a t  g ra in  
boundaries and b l i s t e r  formation t o  ' t he  more des i rab le  unif  o m  o v e r a l l  
a t t a c k .  The corros ion of ~ 8 0 0 1  a l l o y  has been s tud ied  by var ious  groups 
wi th  t h e  r a t e  being about 0'.2 millmonth under s t a t i c  condit ions.  Flow 
v e l o c i t i e s  up t o  20 f t / s e c  show an increased r a t e  of about t h r e e  fo ld .  
Corrosion of aluminum a l l o y s  during higher  flow v e l o c i t i e s  and increased 
temperatures should be incorporated i n  a  research and development program. 

. . ,. ' Increased cokiosion r e s i s t a n c e  can be obtained by Adding 
small amounts of:  T i  atid Be t b  ~ 8 0 0 1  o r  by using ~ 8 0 0 2  o r  ~ 8 0 0 1  @ ~ h i n u m  
a l l o y s :  Under aqueous s t a t i c  condit ions a t  6 0 0 0 ~ ,  t h e  corrosion r e s i s t a n c e  
of X8002 and ~ 8 0 0 3  a l l o y s  :are respec t ive ly  f i v e - f o l d  and s ix teen-fold  
t h a t  o f  ~ 8 0 0 1  alloy..  T h e : ~ 8 0 0 3 ~ U o ~  would have t h e  disadvantage of being 
more' expens.ive. b.ecause of t h e  s p e c i a l  f a b r i c a t i n g  processes involved. 

. . 
AluminLim a l l o y s  having improved mechanical p r o p e r t i e s  

over t h e  1100 a l l o y  a t  high temperatures must be 'used t o  increase  t h e  
s t r e n g t h  of alumimum c l a d  f u e l  p l a t e s  f o r  high opera t ing temperatures. 
Table 8 . 6 ~  compares t h e  s t r e n g t h  of s e v e r a l  alum.i.nl~m a l l o y s  a t  var ious  
temperatures.  Although o t h e r  aluminum a l l o y s  with good high temperature ' 

s t r e n g t h s  might have been included i n  Table 8 . 6 ~ ,  t h e  good corros ion 
l.esistance of t h e  a l l o y s  shown makes them l o g i c a l  'choices f o r  t h e  ETR 11. . . 

Fuels 

Two t y p e s  of meta l lu rg ica l  s t r u c t u r e s  f o r  t h e  f u e l  
m a t e r i a l  have been considered, uranium-aluminum a l l o y s  and uranium oxide 
d i spersed  i n  an aluminum matrix.  When uranium-aluminum a l l o y s  a r e  pre-  
pared containing g r e a t e r  than 1 3  weight p e r  cen t  uranium, some fabr ica t ion  
d i f f i c u l t i e s  may be encountered. These hypereutect ic  a l l o y s  a r e  s t rong 
and b r i t t l e  due t o  t h e  i n t e r m e t a l l i c  compound UA14. Rapid cooling of 
t h e s e  high uranium a l l o y s  tends t o  suppress t h e  p e r i t e c t i c  r eac t ion  . 



TABLE .8.6~ 

STRENGTHS OF ALUMINUM ALLOYS~J 

1. "Alcoa Aluminum Handbook", Aluminum Company of America, Pittsburgh, 
Penn~ylvania, 1959. 

Alloys 

1100 A1 

"0" Condition , 

H-14 Condition 

H-18 Condition 

x8001 

Forged (I?) 

Extruded (F) 

~8002 H-18 Condition 

6061 ~1 

"0" Condition 

T-4 Condition 

T-6 Condition 

~457 Extruded (F) 

-W57 Ext,ruded (F )  

~470 Extruded (F) 

~430 Extruded (F) 

2. W. W. Binger, Alcoa--personal communication. 

600~'~ 

1500 

1500 

1500 

3200 

2800 

5600 

2500 

6100 

15,000 

21,000 

23,000 

7 5 O ~  

5000 

17,000 

22,000 

1 

17,800 

6300 

28,800 

8000 

21,000 

40,000 

24,000 

29,000 

35,000 

Strength, 

400'~ 

3500 

7000 

4000 

9400 

12,000 

15,000 

18,000 

30,000 

Yield 

300'~ 

4500 

12 , 000 

14,000 

13,700 

29,000 

psi 

500'~ 

2000 

2500 

2000 

, 6000 

7200 

5000 

16,000 

27,000 



0 ' occurring a t  750 C and. prevent .UA13 from ' react ing with A 1  t o  produce UA14. 
Suppressing the  p e r i t e c t i c  react ion produces a more duc t i l e  mater ia l  which 
makes it possible  t o  hot r o l l  U-A1 a l l oys  containing u p . t o  35 weight per  
cent  uranium. Uraaium-aluminum a l l oys  containing grea te r  than 35 weight 
'per cent  "uranium can be fabr icated by using terndry addi t ions  .:( '~e ,- ~ i - ,  ' ." 

, Sn ,- ~ i ) . .  rto suppress:'the p e r i t e c t i c  reaction,  thus allowing ' t h e  primary . . 
. nuc l ea t i ng  compound UA13 t0 'b.e re ta ined a s  t he  s tab le  phase. Experimental 
* studies-  Lave -shown t h a t  a 48 weight "per cent U-A1 a l l oy  containing 

.. . 3 weight per  cent  s i l i c o n  can be successfully hot  ro l l ed .  

. >  ' . 
A 35 weight' per cent U-A1 a l l oy  contaihs approximately 

52 ~ e i g h t ~ p e r c e n t  of the  in te rmeta l l i c  compound UAl4.unless some sup- . 

p r e s s i b ~ l  2s  obtained. without' any suppression of t he  UA14 compound, the  
high. y i e ld  s t reng th  of t h e  core a l l oy  and the  low s t rength of t he  cladding 
produces "dog boning1'. Such non-uriiform deformation i s  not pronounced i n  
p l a t e s  containing 10 t o  20 weight per  cent 11-A1 a l l oys  because of c l o ~ e  

'matching of the  y i e l d  s t r eng th  and d u c t i l i t y  of these  a l loys  with 1100 
containment mater ia ls .  ,By using an aluminum a l l oy  such a s  ~ 8 0 0 1  fo r  , '  

, b o t h  cladding and matrix, dog boning can .be reduced; and, i f  one controls  
t h e  . fabr ica t ion  techniques, a f ue l  element containing u p . t o  35 weight . , 

' p e r  cent  ean ium i n  U-A1 a l l oys  can be fabr icated.  

I f  f u e l  loadings requir ing higher uranium content are, 
necessary, t h e  p l a t e s  can be fabr icated.  using U02iA1 dispersion cores 

' containing up t o  60 weight per  cent U02. Highly enriched U02 cos t s  more' 
- 

than t h e  metal, and re jec ted  p l a t e s  prep'ared by powder techniques must . 
be chemically recovered rh the r  than .recycled d i r e c t l y  i 'nto t he  melt a s  
i s  t h e  case with t h e  a l l oy .  Although the  pobder metallurgy p l a t e s  a r e s  
more cost ly ,  they a r e  super ior  t o  t h e  a l l oy  becguse of l e s s  dog boning, 
and burnable poisons can be added with much grea te r  accuracy and greater:  
unirdrri i ty than 'with t he  a l loys .  ' ~ 1 . ~ 0 ,  i n  f u e l  conccntrntion 
can be e a s i l y  employed i f  desired.  Fuel p l a t e s  containing fue l  grada-. 
t i o n s  a s  l a rge  a s  30 weight per  cent have 'been produced"by t he  pb&der ' -  : 
technique. Other advantages which might be considered a r e  t h a t  fewer . . 
s t eps  a r e  , emplbyed i n  nskgasatj.on nf  p I . a t ~ s  anii t.ha t 19s E carap i o  . 

formed i n  t h e  processing of p l a t e s .  

. , 8 :63 ,  Extension t o  Higher Power Operation . . 

. "  . . -  . F r ~ m  a heat  removal s tandpoint ,  r eac tor  power could be ,.,. , 

increased,  i f  des i rable ,  i n  one o r  more of' many ways. The ea s i e s t  
method :of Increasing reac tor  power woi11d be ' t o  . increase t h e  coolant 
veloci ty .  This would require  no modifications t o  t h e  core o r  . to t he  
element, except f o r  poss ible  modification i n  t h e  t o t a l  f u e l  loading. 
A t  t he  present  s t a t e  o f - r e a c t o r  technology,, 45 t o  50 ' f t / s ec  appears 
be t h e  maximum h r a c t i c a l  coolant ve loc i ty  fo r  use with A 1  p l a t e s .  The 
reac tor  tank pressure may a l s o  be increased, which would allow a corre-  
sponding 'increase i n  t he  maximum wall temperature. However, again current  



technology f o r  aluminum c l a d  f u e l  p l a t e s  l i m i t s  t h e  maximum, p r a c t i c a l  
w a l l  temperature t o  approximately 4 7 5 ' ~  and the re fo re  l i t t l e  add i t iona l  
ga in  may be made by increas ing t h e  tank pressure  above 300 p s i  without 
changing t h e  cladding mate r i a l s .  

/ 

The g r e a t e s t  p o t e n t i a l  inc rease  i n  core'power may be obtained 
through t h e  use of v a r i a b l e  f u e l  and/or poison loadings throughout t h e  
f u e l  elements. I f  t h e  f u e l  and/or poison concentrat ion i s  he ld  constant  
i n  any given f u e l  p l a t e ,  bu t  i s  ad jus ted  from pla te- to-pla te  s o  t h a t  
t h e  maximum hea t  f l u x  i s  t h e  same f o r  each p l a t e ,  then t h e  power of ETR'II 
could be increased b y , a  f a c t o r  of approximately 1.5.  Such a v a r i a t i o n  
from p la te - to -p la te  i s  e n t i r e l y  p r a c t i c a l  and may be accomplished through 
t h e  use of s tandard f a b r i c a t i o n  techniques. I f  t h e  f u e l  and/or poison 
i s  a l s o  va r ied  lengthwise i n  each p l a t e ,  t h e  r e a c t o r  power may be  i n -  
creased by an a d d i t i o n a l  f a c t o r  of approximately 1.3. However, t h e  
long i tud ina l  variation within  a s i n g l e  p l a t e  may cause considerable 
f a b r i c a t i o n  d i f f i c u l t i e s  which would n e c e s s i t a t e  a development program 
and cause an increase  i n  t h e  cos t  of t h e  element. I n  any event, devia- 
t i o n  from uniform f u e l  loadings would cause some v a r i a t i o n  of t h e  r e a c t o r  
f lux ,  and f o r  each proposed case of va r iab le  loadings,  f l u x  ca lcu la t ions  
would be necessary t o  determine t h e  d e t a i l e d  e f f e c t  o f . t h e  v a r i a b l e  f u e l  
and/or poison loadings.  



' . . . .  . . .  
8 $7  Reactor c o o i i i g  
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8 .71  Introduction . .. 
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The hydraulic and heat  t r a n s f e r  performance of severa l  d i f f e r en t  
fue1,element geometries was determined during t h i s  study. ' This,work was 
und&r<aken t o  f a c i l i t a t e  t h e  se lec t ion  of a f u e l  element which' 5 s  '.expe6;ted . .  . . .. . . . , .  . .. . 
t o  operate  . . s a t i s f a c t o r i l y  . . a t  t he  spec i f ied  'condit ions.  . - 

. . 

. . . - 
The general  c r i t e r i a  used t o  e s t ab l i sh  t h e . f u e l  elemetit'geometyy 

and ;o crating condit ions of the ,p r im~. ry  rnnlant a r e  diccuoocd i n  bec t i u$  
'4.3; f .5, and. 8i.6. ' The physics requirements are di.sr.~~sserl i n s k t i n t i  3.0 
and'tkie. core  configuration which '+.he fuel element mutt fit - ' i s  discussed - 

. . . , i n  Section 2.'0. 
2 '. . . . . .  2 

I .  ' <  . .. .Standard non-isothkrmal, turbulent  hydraulic calcula t ions  have 
b e e d . h d e  t o  determine . t h e  core pressure  drop and t h e  absolute pressuxe 

. . 

a t  t h e  hot-spot . 
,. . , _ .  .- . .  . . . . , '  

.:..'8 72 ' Circular  'Segment Heat Transfer . . . . 
, . .  . 

An explanation of the  method used t o  ca lcu la te  t h e  w a l l ~ t e m ~ . ~  
pera ture i s  presented here  s ince  it d i f f e r s  s l i g h t l y  from t h a t  sometimes 
used. The nominal wal l  temperature a t  t h e  point  of maximum power densi ty  
i s  ca lcu la ted  from t h e  following equati,on, 

- Tw - Tin +AT +ATf 7 b 

T = wall  temperature, 
W 

T in  = i n l e t  temperature, 

ATb = bulk water temperature r i s e  t o  t h e  po'j..nti i n  qi~.estian, 

Q/A = t o t a l  reac tor  power divided by t o t a l  rea.ctor heat  t r ans f e r  area ,  

A' = heat  'I;r.ansfer area  i n  hot  channel from top of channel t o  hot spot,  

V = coolant veloci ty ,  

p = coolant density,  

C = coolant heat  capacity, , 
P 

a! = cross sec t iona l  flow 'area of hot  channel, 



, (Elv = v e r t i c a l  power densi ty  ratio:, max/avg, and . 

> ,  

h '= heat  t r a n s f e r  coef f ic ien t  evaluated a t  a f i lm  temperature. 

equal t o  + ( T ~ ,  + ATb + TW). 

To each .of t he  terms i n  t h i s  equation i s  appl ied i t s  mximum 
deviation f o r  t h e  hot-spot hot-channel ana lys i s .  . These uncer ta inty  terms 
a r e  grouped together  i n  . I I (F~ )  and X(F ) .  The heat  t r a n s f e r  coef f ic ien t  
i s  now evaluated a t  t h e  hot-spot f i lm htemperature,, i .e. ,  ', . : . 

. . 

The equation, containing t h e  uncer ta inty  fac tors ,  f o r  t he  rnaximum wal l  
temperature becomes: 

Tw + ATadd + II(Fb) ATb + 0.90 X(F 
ma% h ,  

where 

Twmax = maximum cred i tab le  wa l l  temperature, 

ATadd = va r i a t i on  of i n l e t  bulk water temperature, 

I I ( F ~ )  = product of a l l  hot-channel fac to rs ,  and 

x ( F ~ )  = r u d u c t  u f  a l l  hut-spot racturs .  

The hot-channel, hot-spot and power d i s t r i bu t i on  f ac to r s  used 
. in t h e  hea t  t r a n s f e r  ana lys i s  a r e  c i t e d  i n  Table 4 . 5 ~ .  Most of these  . 

f ac to r s  a r e  based upon PER-ETR experience. The power d i s t r i bu t i on  f ac to r s  
a r e  s e t  by physics s tud ies .  . 

severa l  of t he  f ac to r s  a r e  s e t  by t h e  f u e l  assembly spec i f i -  
ca t ions .  These a re :  f u e l  content per  plate, ,  f u e l  core  a l l o y  thickness, 
and f u e l  segment angle.  I n  ca l cu l a t i ng . t he  hot  channel f ac to r  f o r  t h e  
hydraulic diameter va r i a t i on  it was assumed . tha t  t h e  ve loc i t y  was d i r e c t l y  , 

proport ional  t o  'the square root  of t h e  hydraulic diameter. The' cross  . 

sec t i ona l  a rea  va r i a t i on  of a coolant channel must be included .since it 
i s  necessary to'  convert from a measured, o r  calcula ted,  l i n e a r  ve loc i ty  
t o  a mass r a t e  of flow. 

I 



.. ! / 

- The net  hea t  generation f a c t o r '  (0.90) results fYomthe fgct t h a t  not 
a l l  of t h e  reac tor  hea t  i s  generated i n  t h e  f u e l  core a l l o y .  

The rnodifiea Colburn equation was used t o  ca lcu la te . .  t he  heat  
t r a n s f e r  coef f ic ien t ;  

where 

D = hydraulic diameter, f t ,  
. . 

. 2 0  k = thermali conductivity,  ~ t u / h r - f t  - ~ / . f t ,  

Re = Reynolds number, a n d .  ' 

Pr  = Prandtl  modulus. , 

A l l  t h e  physical  p roper t i es  were evaluated a t  t h e  f i lm temperature. The 
c o e f f i c i e n t  calc'ulated by t h i s  equation has an uncer ta inty  of .+ 20 per  
cent  o r  a  hot- .spot f ac to r  of 1.25 t o  account f o r  the .var ia t ion- in  t h e  
experimental measurements and a l s o  s ince  a  recent investigator1 has found 
t h a t  t h e  inodified Colburn equation pred ic t s  heat  t r a n s f e r  coef f ic ien t s  
which a r e  l a rge r  than those t h a t  were measured i n  geometries s imi la r  t o  
those  s tudied here .  Table 8. '(A and Figures 8 . 7 ~  and 8 . 7 ~  summari ze t,he 
r e s u l t s  of the  ca lcu la t ions  f o r  t h e  se lec ted  geometry and i n l e t  coolant 
condi t ions .  I n  Fig ,  8.7C2 t h e  m a x i . m l ~ m  permi s s i h l , ~  pnwer density is tor- 

r e l a t e d  with .the channel thickness f o r  d i f f e r en t  l i n e a r  ve loc i t i e s  and 
r eac to r  i n l e t  pressures.  Table 8 . 7 . ~  c i t e s  t h e  l a t e r a l  d i f f e r e n t i a l  
pressures  t h a t  were ca lcu la ted  f o r  various cases.  It appears t h a t  t h e  
element se lec ted  can be expected . to withstand t h e  'hydraulic forces 
developed during normal operation.  

8.73 'Maximum Power Density 

A l imi ted  number of heat t r a n o f  cr nnd. hyydrn, i~l  i r. cn.1 r . l ,~l! l_~lt . i~~~~~. 

were made u t i l i z i n g  t h e  fpllowing assumptions: 1) the  maximum operable 
wa l l  -t;em$erature was 500 '~  and 2 )  t h e  maximum permissible core pressure 

' I  

1. S. L&, R .  0 .  ~ i e r n i ,  R .  A .  ~ u i l e r ,  "Heat Transfer t o  Water i n  Thin : 

'. Rectangular Channels? Journal  of Heat Transfer, No. 81, p .  129-43, . 
1959 



I 
TABLE 8.7A 

ETR I1 CIRCULAR-SEGMENT FUEL ELEMENT* 

* Experimental Conditions 

Fuel element s ec to r  
Fuel element ehickness 
Number of p l a t e s  
T~:.ckness of p l a t e s  
Thickness of channels 
I n l e t  water temperature 
I n l e t  water pressure 
Metal-to-water r a t i o  
( h x / @ a v g  Iv 
( % ~ x / ? a v ~ ) ~  

Core 
Ap 

(p s i  > 
45.5 
76.1 

115 

= 450 
= 2.5 i n .  
= 1 g .  ' 

= 0.050 i n .  
= 0.0775 i n .  
= 130°F 
= 300 ps ig  
= 0.80 
,= 1 , 4  

Flow Thm 
Fuel Core 

(gpm) 

17,330 

23,110 

28,890 

++ h e r a g e  over e n t i r e  core. 

TABLE 8.713 

Average*+ 
Power 
Density 
(Mw/liter ) 

0.85 

1.07 
1.25 

Maximum 
Allowable 
Core Power 

MW 

224 

281 

330 

Coolant 

f t / s ec  

30 

40 

5 0 

L 

LATERAL DIFFERENTIAL PRESSURES FOR VARIOUS DESIGN 

[ Q / A ) ~ ~ ~ * *  
2 

~ t u / h r  f t  - 
5.34 x l o  
6.7 x l o  5 

7.83 x 10- 

AND OPERATING CONDITIONS 

Wximum 
Power 
Density 
(Mw/liter) 

1.86 

2.34 

2.73 

Twall 
(OF) 

432 

424 

414 

La te ra l  D i f f e r en t i a l  Pressure 
p s i  

2.9 

3.2 

305 

3.8 
2 .1  

5.9 

I- 

Velocity 
f t / s ec  

40 
40 

40 

40 

30 

50 

CHannel Thickness 
i n .  

O.1OO 

0.090 

0.084 

0 0 0775 

- 0.0775 

0 0 0775 



drop was 100 psi?': The calcuiations.were made fo r  the hot channel only 
and were done t o  indicate  the maximum density tha t  could be obtained 
with reasonable assurance t h a t  the fue l  elements would operate s a t i s -  
factorfly. .  . - F O U ~  foo t .  and s i x  foot. cor&".lengtks were cofigidired'. . . 

. . .  

,. . m e  hot-channel and hot-spot f a c t o r s - t h a t  .were.used a re  c i t e d ,  
i n  Table 4 . 5 ~ .  An a x i a l  maximum-to-average power density. r a t i o  of 1.35 
'was assumed-; The. f rac t ion  of t o t a l  power generated. i n  . the-.fuel -plates  : 

was assumed t o  be 0,g0, 

' 
The re su l t s  of these calculations a re  presented i n  Table 8.7C. 

It can be seen from these r e su l t s  t ha t  changing the  channel s i ze  does not 
a f f e c t  the operable power density s igni f icant ly  i f  the  core pressure drop 
and maximum wall temperature a re  held constant. Increasing the length t o  
6 f t  from 4 f t  decreases the allowable maximum power density by about one 
~ w / l i t e r  f o r  the two cases compared. 

, 

S L W Y  OF MBXIW-M POWER DEXSITY CAICIKATIONS FOR 

CIRCULAR-SEGMENT PJ-EL ELEMENT -- 

* Core Pressure Drop = 100 p s i  

0 ** I n l e t  Water Temperature = 130 F 

* .-, 



FIG. 8.7 8 
TOTAL ALLOWABLE REACTOR POWER "S COOLANT VELOCITY 

6 . . 
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. . 

2.5  
I 

. i :  
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COOLANT VELOCITY ( f t / s e c )  

FIG. 8 .7  A 
ALLOWABLE POWER D E N S I T Y . V S  COOLANT VELOCITY . 



FIO. 8.7 C 
MAXIMUM ALLOWABLE POWER D E N S I T Y  v s  CHANN,EL .THICKNESS - 



8.8 b t e r i a l s  of Construction 

Requirements f o r  high neutron f l u x  and t e s t  loop pressure  can r e s u l t  
i n  r e l a t i v e l y  high combined s t r e s s e s  i n  t h e  r e a c t o r  v e s s e l  and t h e  i n - p i l e  
loop tubes .  I n  t h e  design of t h e  four-lobe r e a c t o r  wherein t h e  v e s s e l  
wa l l  i s  removed from t h e  v i c i n i t y  of t h e  f u e l  so  t h a t  t h e  i n t e r n a l  hea t ing  
r a t e  i s  low (< 2.0 watts/cc)  s t a i n l e s s  s t e e l  ( ~ ~ ~ e  3 0 4 ~  o r  347) i s  recom- 
mended a s  t h e  pressure  v e s s e l  const ruct ion mate r i a l .  

The s p e c i f i c a t i o n s  f o r  decontamination of t h e  i n - p i l e  loops n e c e s s i t a t e  
t h e  use  of s t a i n l e s s  s t e e l  (!Pype 3 0 4 ~  o r  347) a s  t h e  const ruct ion mate r i a l  
f o r  t h e  loops and when subjected  t o  t h e  maximum design condit ions o f p r e s s u r e ,  
thermal, and combined s t r e s s  a r e  designed f o r  a  d e f i n i t e  f a t i g u e  l i f e  of 
65,000 cycles  according t o  t e n t a t i v e  design c r i t e r i a .  

8.81 I n t e r n a l  Heating Rate 

I 

Heat generat ion r a t e s  i n  t h e  four-lobe c o r  pressure  v e s s e l  were 
ca lcu la ted  from t h e  f l u x  equations given by R o c h e l l . '  Each lobe  of t h e  
four-lobe was assumed t o  be an  evenly d i s t r i b u t e d  c y l i n d r i c a l  source.  Core 
buildup was derived from plane  i s o t r o p i c  buildup f a c t o r s  f o r  lead.2  Point  
i s o t r o p i c  buildup f a c t o r s  were used i n  t h e  aluminum3 and plane  i s o t r o p i c  
buildup f a c t o r s  i n  water r e f l e c t o r s . 2  Sources f o r  prompt and f i s s i o n  
product gammas were from ~ o c k w e l l  .l The source was based on a power den- 
s i t y  of 1000 watts/cc. 

Neutron heat ing was ca lcu la ted  f o r  e l a s t i c  and i n e l a s t i c  
s c a t t e r i n g  and capture.  Sca t t e r ing  hea t ing  assumed.al1 c o l l i s i o n s  of 
f a s t  neutrons w e r e ' f i r s t  c o l l i s i o n s  i n  t h e  tank n e a r , t h e  core .  

The r e s u l t s  a r e  a s  follows: 
T o t a l  Heating 

Four-Lobe (vesse l  outs ide  ou te r  r e f l e c t o r )  watts/g 

Average f o r  v e s s e l  with 
59 i n .  diameter . 

.Average fo r '  v e s s e l  with 
75 i n .  diameter 0.021 

1, T. Rockwell ,  " ~ e a c t o r  Shielding Design Manual", D. VanNostrand, 1956 
2. S. Presser ,  P. S. Mittelman, C .  R .  Berndtson, "Plane I s o t r o p i c  Build- 

up Factors f o r  Lead and Water wi th  Applicat ion t o  Shie ld ing Calculat ions",  
NDA-10-144, 1954 

3. H. Goldstein and J. E. Wilkins, "Calculat ions of t h e  Penet ra t ion  of 
Gamma Rays", NYO-3075, 1954 - 



8.82 m t e r i a l  Select ion 

With p o t e n t i a l l y  high thermal s t r e s se s  from i n t e r n a l  heat  
generation and with high s t reng th  a t  temperature required, t h e  combined 
s t r e s s e s  i n  various mater ia ls  were compared with t he  maximum allowable 
s t r e s s  values a t  temperature a s  required by t he  ASME "Boiler and Pressure 
Vessel  Code".l For those  designs i n  which t h e  pressure  vesse l  i s  ins2de 
t h e  ou te r  r e f l e c t o r  so  t h a t  t h e  i n t e r n a l  heat  generation i s  g rea te r  than 
2 watts/g (see Table 8 . 8 ~ )  t h e  t o t a l  s t r e s s  i n  a s t a i n l e s s  s t e e l  pressure 
v e s s e l  becomes grea te r  than t he  allowable s t r e s s ,  while t he  t o t a l  s t r e s s  
i n  an aluminum k l loy  vesse l  i s  l e s s  than t h e  allowable s t r e s s .  I n  t h e  
design wherein t h e  vesse l  i s  outside t he  outer  r e f l e c t o r  so t h a t  at tenua- 
t i o n  of neutrons and gammas i n  t h e  water and poss ibly  t h e  thermal sh ie ld  
uccurs, steel a s  a mate r ia l  f o r  t h e  pressure vesse l  s h e l l  i s  more a t t r a c t i v e .  
According t o  a prominent f ab r i ca to r  of aluminum shapes, .\;he l a rge s t  tubes 
extruded a r e  24 i n .  0.d. so t h a t  allowable s t r e s se s  f o r  vesse l  s h e l l s  i n  
excess of 24 i n .  according t o  ASME code would be based on t h e  annealed value.  

. , In  TaPle 8 . 8 ~  a r e  thermal s t r e s s  fac tors  and ASME code allowable 
she l1 , th ickness  f o r  various mater ia ls  a t  several  tube diameters f o r  t he  
following design condit ions : 

I n t e r n a l  Pressure 425 p s ig  
External  Pres,sure 0 . p i g .  
Maximum Metal ~ e b e r a t u r e  2 0 6 0 ~  

It i s  noted t h a t  high s t reng th  aluminum a l l oys  o f f e r  an advantage i n  re -  
duced thermal s t r e s s  by g r ea t e r  than a f ac to r  of 15.  

0 The corrosion res i s tance  of these  a l loys  a t  200 F should be 
adequate, although t h e  p o s s i b i l i t y  f o r  s t r e s s  corrosion does e x i s t .  The 
bene f i c i a l  e f f ec t s  of copper addi t ions  to a1 i ~a i  n1.m and espec ia l ly  of 
n i cke l  on t he  corrosion resistance i n h i  p;h p ix i t  y water at, ~1 PV,? toed 
temperatures has been noted by severa l  authors .')j 

8.83 S t resses  i n  Reactor Core Vessel and Loop Tubes I 

The s t r e s s e s  i n  t h e  loop tube and the  reac tor  pressure vesse l  
were s tud ied  t o  determine t h e  thermal and pressure s t r e s se s .  The methods 
of ca lcu la t ion  a r e  b r i e f l y  described. :., 

1. ASME Boilcr  and Pressure Vessel Code 1956 Section VIII Unfired ' ,  

Pressure Vessels. 
2. R .  L. Dillon, R .  E. Wilson, W .  H. Troutner, "High Temperature 

Aqueous Corrosion of Comer ica l  Aluminum Alloys", HW-27636, , 

January 11, 1956. 
. J . li. Uraley and W .  E. Ruther, "Corrosion Resis tant  Aluminum Above 

200°C", ANL-5430, J u l y  15, 1955. 



TABLE 8 . 8 ~  

THERMAL STRESS FACTORS AND ASME CODE . 

A.LLOWABLE SHELL THICKNESS AT 200 '~  

Material Property values' 

The property values assumed f o r  t h e  aluminum a l loys  and 
f o r  s t a i n l e s s  s t e e l  a r e  temperature dependent. The values used i n  t he  
calcula t ions  a r e  given i n  Table 8 . 8 B  ( fo r  temperature range 77-21.2°~). 

aF, 

k (1-v) 

1.62 
.2.34 
2.62 
2.25 
2.28 
2.89 
2.89 
2.89 
2.89 
2.89 

38 
38 
38 
38 

8.832 Uniform In t e rna l    eating 

.Thickness i n .  

3-52 . 
0 0.33 
0.58 
0.55 

- o ..99 
1-52  
2.. 21 
2.81 
3.32 

0.59 
0.85 
1.08 
1.28 

. . 

Materials 

Aluminum Alloys 

1100-0 
2014-~6 
5052-~34 
6061-~6 
2018-~6 
5454-0 . 

Sta in less  S t e e l  
Type 347 

The r a t e  of i n t e r n a l  hkat generation w i l l  not be uniform 
through t he  metal due t o  a t tenuat ion so t h a t  t h e  heht generation w i l l  be 
higher a t  t he  surface.  Since cooling i s  a l s o  accomplished a t  t he  surface, 
t h e  temperature d i s t r i bu t i on  through t h e  metal w i l l  be l e s s  than f o r  uni- 
form heat  generation. A value of thermal s t r e s s  leading t o  conservative 
design w i l l  therefore  be obtained by an assumption of uniform i n t e r n a l  
hea t  generation. 

Tube Diameter 
.i .d. i n  i n .  

26.3 
22.0 
22 .O 
22.0 
22.0 
26.3 
40.5 
59.0 

. . 
75 .O  
88.5 

40.5 
59.0 
75 - 0  

I 88.5 
u . .  



PROPERTY VALUES OF VARIOU~S A ~ Y S  USED IN 

TIlERMAL STRESS .CALCULATIONS 

Proper ty  Values 

Coef f i c ien t  of Thermal Expansion, 
0 i n . / i n .  F 

Modulus of E l a s t i c i t y ,  p s i  

Poisson 's  Rat io  

0 
Thermal Conductivity, ~ t u / h r - f t -  F 

The formula used assumes t h a t  t h e  cyl inder  i s  f r e e  t o  
expand i n  an  a x i a l  d i r e c t i o n ,  t h a t  t h e  v e s s e l  i s  r e l a t i v e l y  long, and t h a t  
t h e  v a r i a t i o n  i n  temperature along t h e  a x i s  i s  gradual  so  t h a t  a x i a l  temp- 
e r a t u r e  d i f fe rences  do not  cause appreciable  s t r e s s e s .  The maximum ' 3 

t a n g e t i a l  s t r e s s  i n  a hollow tube i s  given1 by: 

. .. 

o = t h e  long i tud ina l  and t a n g e n t i a l  stress, p s i ,  
a = c o e f f i c i e n t  of thermal expansion, i n .  /in.OF, 
E = rn~dulus of el a . s t i  r i  t.y, ps3 ) 
k = thermal couductivi  Ly, ~ t u / h r - f t - O ~ ,  
v = Poisson 's  r a t i o ,  

3 q = hea t  generat ion p e r  u n i t  volume, ~ t u / h r - f t  , 
b = outs ide  rad ius  of t h e  tube, f t ,  
a - i n s i d e  radius  u r  Lhe tube, it, and 

0 
T = temperature a t  thc n i 1 r f ~ r . e  dtuoted, F. 

2014-~6  

S t r e s s e s  due t o  t r ansmi t t ed  hea t  w i l l  be  r e f 1 e ~ t e d . b ~  a 
thermal g rad ien t  ac ross  t h e  cy l inder  wall .  

8.833 .Strcsaes Due t o  Pressure 

. s t a i n l e s s  

When hydros ta t i c  pressures  a r e  appl ied  t o  e i t h e r  surface  
of t h e  cyl inder ,  t h e  t a n g e n t i a l  stress i s  computed by t h e  formula: 

5454-0 

1. , R  . Daane, "Nuclear Engineering Handbook", e d i t e d  b y  H. Etherington, 
p,. 9-112, 1958. 

S t e e l  



where 

P = pressure a t  t h e  surface denoted, p s i .  

Where t h e  pressure  is  an i n t e r n a l  pressure  only and 
t h e  thickness is  small compared t o  t h e  radius, t h e  above formula reduces 
t o  t he  fami l ia r  formula f o r  loop s t r e s s :  

.s = P R / ~  , 
where . . 

k= ' t he  t angent ia l  stress., p s i ,  
' 

: 2 ' =  i n t e r n a l  pressure, psi ,  
. . R = ins ide  radius, in . ,  and 

h .= thickness, i n .  
. .. 

8.834 Combined S t resses  

When t h e  s t r e s se s  i n  a s t r uc tu r e  occur a s  a r e s u l t  of 
more than one type of load, t h e  resu l tan t  s t r e s s  i n  t h e  mate r ia l  is  obtained 
by superposit ion of t h e  primary o r  col inear  s t r e s se s .  The tangent ia l  pres- 
sure  and thermal s t r e s s e s  can there fore  be added a lgebra ica l ly  t o  f i n d  t h e  
combined s t r e s s .  I f  t h i s  s t r e s s  i s  t h e  numerical maximum, it can then be 
compared with t h e  allowable s t r e s s  values a t  temperature a s  required by 
t h e  ASME, "Boiler and Pres'sure Vessel code". 

The pressure and thermal s t r e s s e s  a s  functions of wal l  
thicknesses a r e  shown by Figures 8 . 8 A  and 8 . 8 ~ )  f o r  an i n t e r n a l  heat  
generation r a t e  of 2.5 watts/g. 

8-83? , B e ~ c t o r  Core Vessel 
I . :.. 

I n  t h e  ETR I1 t h e  diameter of t h e  pressure  ve s se l  limits 
t h e  use of heat  t r e a t ed  high s t reng th  aluminum a l l oys .  The advantages of 
these  alloyscare indicated i n  Table 8 . 8 ~ .  Design Conditions: 

I n t e rna l  Pressure 425 p s i  
Metal Temperature ?OO°F 
Wall Temperature Difference 10% 

It i s  read i ly  seen t h a t  t h e  high s t reng th  aluminum a l l oys  
have a d i s t i n c t  advantage i n  meeting ASME code requirements a t  t h e  higher 
i n t e r n a l  heat ing r a t e s .  However, a s  t he  pressure  vesse l  i s  moved away 
from the  f u e l  annulus and t h e  heat ing r a t e  decreases, t h e  advantage changes 

' 
t o  t h e  use of s t a i n l e s s  s t e e l  ( ~ y p e  3 0 4 ~  o r  347) because of i ts  proven 



a b i l i t y  a s  construction material i n  reactor pressure vessels.  The predictable 
b e t t e r  resistance t o  s t r e s s  corrosion conditions 'under i r d d i a t i o n  makes 
Type 3 0 4 ~  o r  347 s t a in l e s s  s t e e l  the preferred material  a t  low (< 2.0 watt,s/cc) 

, heating rates ,  see Table 8.8C. J 

COMPARISON OF TOTAL STRESS WITH ALLOWABLF: STRESS 
. . 

FOR VARIOUS MATERIAIS AND VESSEL DIAMETERS 

In terna l  
IIeatiiig i rnteria1 1 watts , cc 

Aluminum Alloys 

S ta in less  s t e e l  
Type 34'7 

Inside 
Diame.L;er 

i n .  
!Thicknessn I Total Stress  

9,800 
a4, ooo 

, 10,600 
9,910 
9,000 

. 6,600 
6,500 

3i ,  400 
15,800 
14, goo 

in.  

Allowable 
Stress.** 

ps i  

21,600 
21:, 600 
2i,  600 
11,150 
11,150 
11,150 
li, 150 
.28,100 
28,1.00 

" 28,100 . . 

ps i  

* Thickness equal t o  o r  greater  than ASME Code requires. 
X+ Allowable s t r e s s  i s  1 . 5  times S value i n  Table 23, Section VIII, 

ASME Code. 
. .. 

8.836 Loop Tubes 

In order t l m t  eutire lubp system Containing primary , 

coolant may be decontaminated with various chem.j.cal procedures, the in-pi le  
loop tubes should be constructed of high a l loy  st,eel..s, . . . .  

. . 

The pressure and thermal s t resses  f o r  loop tubes o f  
various thicknesses a r e  given i n  Fig. 8 . 8 ~  fo,r the. following design conditions: 

. . 

In terna l  Pressure 2200 paig 
External Pressure 0 psig 
Uniform Internal  Heat Generation . 20 
W i m u m  Metal, Temperature . 500°F 
Internal  Diameter . 3 -018 in . ,  - ..: 

. . . . .  . - .  

The requirement o.f maximum. loop water coolant t e6 , e ra tu re  
of 650 '~ can be met by providing an adiabatic inside wall  (stagnant water 



l a y e r .  .or .gas' b i e r  ). so t h a t  , t h e  thermal stress,es were. ca lcula ted . fo r  cooling 
from the  outs ide .  wall  only. . A comparison o f . t 6 t a l  s t r e s s  with allowable 
s t ress1 . (1.5s) . i s  given' i n ,  Table 8.813 f o r  . s ta inless :  s t e e l  .. 

. . 

COMPARISON OF .TOTAL STRESS. W I T H  .ALLOWABLE STRESS 
. . 

1 

* Thickness equal t o  o r  g rea te r  than required by ASME Code. 
** Allowable combined s t r e s s  i s  1 . 5  times S  value from Table 23, Section 

V I I I ,  ASME Code. 

It i s  seen from the  above Table t h a t  with these  design 
condit ions even t h e  s t rongest  ( ~ y p e  316) 3 i n .  s t a i n l e s s  s t e e l  schedule- 
f o r t y  pipe  (0.216 i n .  wal l  th ickness)  does not meet t h e  allowable s t r e s s  
requirements of t he  ASME Code; ne i ther  w i l l  a  th icker  wall,  a s  i s  seen 
from Fig.  8 . 8 ~ .  Although construction of t h e  loop tube from Type 347 
s t a i n l e s s  s t e e l  requires  a  th icker  wal l  t o  meet t he  pressure s t r e s s  re -  - 
quiremetits, i t s  known corrosion and fa t igue  l i f e  behavior under i r r a d i a t i o n  
makes it t h e  p re fe r red  mater ia l  of constructipn f o r  t h e  loop tubes.  
Reduction of t h e  thermal s t r e s s  even by reduction of t he  temperature 
di f ference across  t h e  wal l  t o  lo°F, does not r e s u l t  i n  .a combined s t r e s s  
within ASME code. Design of the  loop tubes wi thh igh  thermal: heatirig r a t e s  
must the re fore  be made i n  accordance with t e n t a t i v e  methods involving 
a'llowable-pressure and ten ta t ive- fa t igue  design procedures. 

S t a in l e s s  s t e e l  loop tubes with design- cha rac t e r i s t i c s  
s im i l a r  t o  those indicated i n  Table 8 . 8 ~  a r e  now being used' successful ly  
i n  reactoss .  The j u s t i f i c a t i on  e n t a i l s  .calculat ion of t h e  fa t igue  l i f e  
from the  s t r a i n  cycling t h a t  occurs s ince  t he  combined s t r e s se s  exceed 
t h e  propor t ional  l i m i t ,  e .g . ,  t h e  y i e ld  s t reng th  f o r  Type 316 s t a i n l e s s  
s t e e l  a t  500 '~  i s  27,000 p s i . 2  This design procedure 'has not a s  ye t  
been accepted by ASME but i s  used by t h e  Bureau of Ships .3 Following 
t h e  procedure of c o f f i a j 4  t he  fa l igue  l i f e  f o r  Type 347 s t a i n l e s s  s t e e l  

1. In te rpre ta t ions  of ASME Boi ler  and Pressure Vessel Code, Case 1273N. 
2. Reactor Handbook of Nater ia ls ,  U.  S  . AEC McGraw-Hill P r in t ing  Company. 

FJ. 274, 1955. 
3. "Tentative S t ruc tu r a l  Design Basis f o r  Reactor Pressure Vessels and 

Direct ly  Associated Components" dated December 1, 1958, Bureau of Ships. 
4. L. F. Corric~,  "Design Aspects of Hlgh 'I'emperature Fatigue with Pa r t i cu l a r  

Reference t o  Thermal Stresses" ,  Trans. ASME Vol. 78, p .  527,1956. 



under t h e  condit ions of Table 8 . 8 ~  is  65,000 cycles.  'For a  y i e ld  s t r e s s  
of Type 347 s t a i n l e s s  s t e e l  of 32,000 p s i  and pressure and thermal s t r e s s  
values  from Fig. 8 . 8 ~  f o r  a thickness of 0.241 i n .  t he  progressive 'ex- 
pansion of t h e  loop tubes may be examined following t h e  method of Miller  
with t h e  r e s u l t  t h a t  cyc l ic  growth does not occur f o r  a  l i n e a r  o r .  
parabol ic  temperature va r i a t i on  i n  the  metal.  

From t h e  above considerations t he  loop tube should be 
constructed of Type i347 s t a i n l e s s  s t e e l  with a  thickness of 0.241 i n .  
f o r  t h e  3  i n .  i . d .  tubes.  

1. D. R. Miller, "~hcrmml-stress Ratchet Mechanism i n  Pressure Vessels", 
' KAPL-1955, August 12, 1958. 
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FIG. 8.8 A 
TANGENTIAL STRESSES IN REACTOR PRESSURE ' ' V E S S E L  

' VERSUS WALL':THICKNESS 

I 

FORo ALUMINUM 2014 - T 6  
> 

PRESSURE 425 \psi 

INTERNAL HEATING 90 WATTS/cc 

12" I.D. 

WALL TEMPERATURE DIFFERENCE 
l o 0  F 

COMBINED STRESS 

THERMAL STRESS 
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WALL TH ICKNESS ( INCHES) P P C O - A - 2 7 7 0  

FIG. 8.8 8 
IAMGE.bI_LAL.SI_RE.SSES I N  REACTOR PRESSURE .VESSEL 

VERSUS WALL THICKNESS 



FIG.  8.8 C 
TANGENTIAL STRESSES IN IN-PILE LOOP TUBE 

VERSUS WALL THICKN,ESS 






