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-. FOREWORD , . 
. . 

. . 

Th i s  i s one o f  a ser  i es q f  r e p o r t $  cover i ng t e r  hn ica  l  p r o g r e s s  on t h e  
research and development program being performed i n  connect ion w i t h  t h e  
design o f  t h e  Pa th f i nde r  Atomic Power P l a n t .  Th i s  p l a n t  w i l l  be located 
a t  a s i t e  n e a r S i o u x ~ F a l I s , ' S o u t h  Dakota and i s  scheduled f o r  ope ra t i on  

I .  i n  1964.. Owners'and opera tors  ~f  the .  p l a n t  w i l l  be t h e  Northern Sta tes  
Power Company o f  M i  nneapo l ' i s, M i  nnesota . ' 

. . 

The U. $ .  Atomic Energy Commission, through Con t rac t  No. AT( l  l - I  1-589 
. . ' w i t h  Northern StaPes Power  omp pan^, and Cent ra l  u t i l i t i e s  Atomic Power 

Assoc ia tes*  (CUAPA) , are.  sponsors o f  +he research and development program. 

A l l i s -Cha lmers  ~ a n u f a c t u r i n g  Company o f  Milwaukee, Wisconsin, under c o n t r a c t  
w i t h  Northern Sta tes  Power Company, i s  per forming t h e  research, development, 
and design; and w i  l l c o n s t r u c t  t h e  p l a n t  . i n c l u d i n g  t h e  reac tor ,  which i s  
des ignated t h e  Contro' l  l  ed Rec i r c u  I  a t  ion Bo i l  i ng. Reactor (CRBR) w' i  t h .  Nuc l ear 
Superheate'r: Pioneer Serv ice and Engineer ing Company o f  Chicago, I l ! i n o i s  

. i s  p r o v i d i n g  t h e  arch i tec t -eng ineer  s e r v i c e s " t o  ~ l l i s < h a l m e r s .  P o r t i o n s  
o f  t h e  R & D program, p a r t i c u l a r , l y  i n  connec t i on .w i th  f u e l  development, 
have been. subcontracted by all is-Chalmers. 

I . , .  . 

. . . . 
. . 

jCCUAPA MEMBER COMPAN I E S: 

I n t e r s t a t e  Power Company 
lowa Power and L i g h t  Company 
lowa Southern U t i l i t i e s  Company 
Mad i son Gas and E l ee.t8r i c Conlpany 
Northern Sta tes  Power Company 

Northwestern P u b l i c  Serv ice  Co. 
O t t e r  -Ta i l  Power Company 
S t .  Joseph L i g h t  & Power Co. 
Western Power and Gas Company 
Wisconsin P u b l i c  Serv ice  Corp. 



DESIGN' DATA 

P l a n t  

. . . . . . . . . . . . . . . . . . . . . .  Power, b o i l e r  reg ion  157,200 kw 
. . . . . . . . . . . . . . . .  . . .  Power, superheater r e g  i ~n , 42,400 kw . . . . . . . . . . . . . . . .  . 'Steam f l ow  a t  r a t e d  power 616,12,5 Ibs/hr  

. . . . . . . . . . . .  . . . . . . . . .  To ta l  core  power 199,600 kw . . . . . . . . . . . . . . . . .  Gross e l e c t r i c a l  c a p g b i l i t y  66,000kw . . . . . . . . . . . . . . . . . . .  Net e l e c t r  i c a  1 '  ou tpu t  1 62,000 kw . . . . . . . . . . . . . . . . . . . . . . .  Net e f f i c i e n c y  3 1 . 0 p e r c e n t  . . . . . . . . . . . . . . .  S team.ou t l e t  pressure ( r e a c t o r )  535 p s i g  . . . . . . . . . . . . . . . . . . . .  Reactor opera$ing pressure 600 p s i g  . . . . . . . . . . . . . . . . . . . . .  Temperature, b o i l e r  reg ion  '489 F 
O u t l e t  tempe~a+ure, syperheater reg ion  . . . . . . . . . . . . . . .  825 F . . . . . . . . . . . . . . . . . . . . . .  Gross heat r a t e  10,199 Btu/kw-hr . . . . . . . . . . .  . . . .  Reactor b u i l d i n g  s i z e  . . ? 50' f t ' d i a  x 120 f t  

. . . . 

Reactor 

. . . . . . . . . . .  Vessel s i z e  ( o v e r - a l l )  I 1  f t  6 i n  0.d. 36 f t  I i n  . . . . . . . . . . . . . . . . . .  To ta l  core  dimensions 6 f t  x 6 f t  . . . . . . . . . . . . .  Dimensions o f  superheater r e g i o n  6 f t  x 30 i n  
Fuel, b o i l e r  (Zr-2 c lad )  . . . . . .  approx. 2.2 per cent  enr iched U02 
Fuel, superheater ( S . S .  c lad )  . . . .  approx. 93 per c e n t  enr iched U02 . . . . . . . . . . . . . . . .  Fuel, loading, b o i l e r  (U-235) 145.6 k g  . . . . . . . . . . . . . . .  Fuel, loading, superheater (U-235) 4 2 k g  . . . . . . . . . . .  Power d e n s i t y ( b o i l e r c o r e c o o 1 a n t )  8 7 k w / l i t e  5 
Average heat f lux ,  b o i l e r  reg ion  . . .  128,000 B t u / h r - f t 2  

. . . . . . .  Average heat f l u x ,  superheater r e g i o n  77,800 B t u / h r - f t 2  
. . . . . . . . . .  Maximum heat f l u x ,  b o i l e r  reg ion  462,900 B t u / h r - f t 2  

. . . . . . .  Maximum heat f l u x ,  superheater reg ion  245,000 B t u / h r - f t  . . . . . . . . . . . . . . . . . . . . .  R e c i r c u l a t i o n  r a t e  65,000 gpm 
R e c i r c u l a t i o n  pump power . . . .  : . . . . . . . . . . . .  . 823 kw . . . . . . . . . . . . . . . .  Neutron f 1 ux approx . 5 x 16'' n/cm2sec 



1 .  FUEL ELEMENT RESEARCH AND DEVELOPMENT 



1 .  I FUEL M W I A L  C I T 4  TESTfNG 

The ob jec t i ves  o f  t h i s  p r o j e c t  a re  as fo l lows:  1 )  t o  perform labo- 
r a t o r y  work on the m a t e r i a l  and thermal p roper t i es  o f  boi  l e r  f ue l elements 
i n  t h e  fo l l ow ing  two general areas: (a) f u e l  c ladd ing t e s t i n g  and I n v e s t i -  
ga t ions  as required,  and (b) complete aluminum capsule i r r a d i a t i o n  proof -  
t e s t i n g  together  w i t h  pre- and p o s t - i r r a d i a t i o n  examinations; 2) t o  develop 
a high-enrichment uranium d iox ide  s t a i n l e s s  s t e e l  cermet f u e l  element c l a d  
w i t h  s t a i n  less s t e e l  o r  a sui  tab  l e  a l t e r n a t e  mater ia I, wh ich inc ludes 
development o f  means o f  main ta in ing  al ignment and spacing o f  f u e l  bear ing 
tubes and double-wal led i n s u l a t i n g  tubes, development o f  conceptual designs 
f o r  t he  steam e n t r y  and e x i t  sec t i on  support ing the  element, eva luat ion  
o f  assembly techniques, and f a b r i c a t i o n  o f  a steam corrosion-erosion t e s t  
loop and t e s t i n g  o f  superheater f u e l  c ladd ing mate r ia l ;  and 3) t o  develop 
means o f  i n s e r t i n g  burnable poison i n  t h e  reac to r  core, as required, and 
t o  perform s tud ies  and research and development on in-core inst rumentat ion 
f o r  t h e  b o i l e r  reg ion  f l u x  and coo lant  f low d i s t r i b u t i o n  and f o r  super- 
heater reg ion  temperature, f lux and coo l a n t  f low. 

1 . I . I STEAM CORROS I ON-EROS I ON TEST ON STA I NLESS STEELS 

Only l i m i t e d  informat ion i s  p resen t l y  avai  l ab le  on corros ion-qroston 

c h a r a c t e r i s t i c s  o f  var ious  s t a i n l e s s  s t e e l s  i n  oxygenated steam and 

superheated steam. Conventional p lan ts  use s t a i n  less stee l i n  some 

superheater sec t ions  b u t t h e  exposure i s  t o  e s s e n t i a l l y  oxygen-free steam. 

Nuc lear  superheater, f ue l c laddi ng,' however, w i I I be exposed t o  cond i t i ons  I 
a ranging from satura ted t o  superheated steam con ta in ing  oxygen. 

The t e s t s  described here had t h e  o b j e c t i v e s  o f  determining cor ros ion-  

eros ion  c h a r a c t e r i s t i c s  o f  s t a i n l e s s  s t e e l  i n  dynamic sa tura ted oxygen 

conta in ing  steam ... determining corros ion-erosion as a func t ion  o f  moistur6 

content  o f  t h e  steam ... and determining corros ion-erosion i n  dynamic super- 

heated steam. 

Test  Procedure I 
F i gure 1. I shows the  genera l layout o f  t h e  t e s t  apparatus and F igu re  I .P I 

I 

shows t h e  appearance of t h e  opera t ing  loop., The loop func t ions  have been 

previous l y  descr i bed i n  ACMP-6 123, Path f  i nder Technica l Progress Report, 

July-September, 1961. To b r i e f l y  review these func t ions :  

-7- 



.. . 

. Fig. 1.1.. .Schematic. Flow ~ i a ~ r ' a m :  of Corrosion-Erosion Facility (43-024-971). . 



Fig. 1.2,. .Corrosion-Erosion Loop (21,2195) 



Superheated steam was passed over a c lus te r  o f  spec imens. . . 
( 

through a "rebo i ler "  t o  g ive saturated condi t ions.  . .dr ied 

by.passage through a demister ... fol lowed by the i n j e c t i o n  

o f  oxygen. The oxygenated, saturated steam was then passed 

over three sets o f  specimens. Moisture was in jec ted  i n t o  

the steam between the s ta t ions  to g ive 0.1 and 0.5 per 

cent moisture respect ive ly  i n  the steam passi,ng over the 

l as t  two sections. Chlor ide was maintained a t  an average 

concentrat ion of 0.15 ppm i n the "rebo i ler t1 by per iod ic  

b lowdown. 

Table 1 . 1  indicates the t e s t  condi t ions which ex is ted a t  

the various t e s t  s t a t  ions f o r  the 2500-hour t e s t  period. 

Tab le  I. I 

Superheated 
Steam S t a t  ion 

Saturated 
Steam S t a t  i ons 

F low ( f ps) 250 175 175 175 

Pressure (ps i  ) 6 70 600 600 600 

0 
Temperature ( F) 700 489 489 489 

Moisture ($1 - -- 0.0 , 0, I 0.5 

Oxygen (ppm) --- 40 30 30 

A t  the s t a r t  o f  t e s t  i ng, a l l s ta t ions  were loaded w i t h  304L and 3 16L 

s t a i n  less stee I. A t  500-hoar in terva I s  a specimen of  each type was removed 

from each s ta t i on  and replaced w i t h  a Type 304 and 316 s ta in less  s tee l  

specimen respect ive ly .  The specimens consisted o f  two-inch lengths c u t  

from f a  l ly  annealed tubing o f  the composition. given i n  Tab le  1.2. I t  



should be noted t h a t  the 316 SS used f o r  t h i s  t e s t  ac tua l l y  had an 

analys is  w i t h i n  the  316L SS range-of composition. As may be expected 
. . 

- .  from the s i m i l a r i t y  o f  composition, l i t t l e  d i f ference i n  cor ros ion 

s u s c e p t i b i l i t y  o f  the two types o f  316 SS tubing was observed. There- 

fore, f o r .  th - i s  r epo r t  the data f o r  the  .two w i  l l be combined and re fe r red  

to as Type 316L. 

Table 1.2 

COMPOSITION OF SPECIMENS 

E lement 304 304L 3 16 3 16L 

Mo - - - - 2. 10 2.78 

Hardness RE3-72 RB-79 RB-77 R8-83 

Immediate ly  pr, ior t o  inser t ion  i n  the t e s t  loop, each specimen was 

c leaned and p i ck  led i n  12 v/o FINOj - 2 V/O HF. 

~ t '  the emnc l us ion o f  the  tes t ,  the specimens were inspected, weighed, 

descaled, re-weighed, and examined. A sal t -bath descaling procedure was 

found t o  be the best  method f o r  removing corrosion-product f i l m ;  i t  was 

not  e n t i r e l y  sat is fac tory ,  however, i n  t h a t  a b lank co r rec t ion  of 10 mg dm 
2 

was requ i red. . .. 



Jest Resu l t s  

Superheated steam exposure produced a uniform surface f i l m  o f  

cor ros ion product. No evidence o f  local  corrosion a t tack was observed. 

The specimens exposed t o  the saturated steam ( p a r t i c u l a r l y  t h a t  

w i t h  lower qua 1.i t y )  had a dark, b lotchy appearance. These dark areas 

were associated w i t h  intergranw l a r  at tack.  F igure I .3 shows a specimen 

o f  t h i s  type. The b lo tchy pa t te rn  was apparent when the  specimens were 

removed from the t e s t  loop bu t  d i d  no t  show up we I l i n  photographs un t i  l 

a f t e r  desca l i ng . 
Figures 1.4 and 1.5 show the surface appearance o f  the 3 16L and 304 

specimens a f t e r  p i c k l i n g  and before inser t ion  i n  the loop f o r  the t es t .  

When the specimens were removed f o  l low ing exposure, i ntergranu l a r  a t tack 

was observed i n  local  areas. The at tack increased w i th  t ime o f  exposure, 

and was greatest  f o r  the Type 304. Penetrat ion increased w i t h  moisture 

content  o f  the steam. Figures 1.6, 1.7 and 1.8 ind icate  the type and 

extent  o f  penetrat ion found a t  the end o f  the t e s t  f o r  those specimens 

exposed t o  the highest  moisture (0.5 per cent ) .  

The e f f e c t  o f  moisture content  and a l l o y  composition on cor ros ion 

i s  f u r t he r  demonstrated i n  Table 1.3 which presents the observed weight 

loss Cdescaled) o f  the specimens. 



Fig, 1.3 . .  ,Type 304 s/s after  15 weeks exposure to  saturated 
steam containing 0.5 per cent moisture and 
30 pprn oxygen (descaled) (108C-2) 



F i g ,  1.4...0riginal pickled surface of Type 316L prior to 
start of testing.. .250X (9D-5-1) 



- 

Fig. .le5e..Original pickled surface of Type 304 prior to 
start of testing...25OX (9~-2-1) 



Fig. la6,.,Intergranular corrosion of Type 316L stainless 
steel exposed for 2500 hours to saturated 
steam containing 0.5; per cent moisture and 
30 ppm oxygen,. .250X (9D-13-11 



Fig, I,7,..Intergranular corrosion of Type 3 0 4 ~  stainless 
steel exposed for 2500' hours to saturated 
steam containing 0.5 per cent moisture and 
30 ppm oxygen.. .250X (9D-12-1) 



Fig.  1.8.. .Intergranular corrosion of Ty e 304 s t a in les s  
s t e e l  exposed f o r  2500 hours e o saturated 
steam containing 0.5 per cent moisture and 
30 ppm oxygen.. .250X (90-11-1) 



TABLE 1.3 ' 3 .  

CORROS . . 1 OW I N DYNAM I  G STEAM 

Exposure 
Hours 

Superheated Saturated Steam 
Steam Moisture Content 

0.0% 0.1% 0.. 5% 
. . . . 

Type .3 16L 
500 15.4- 23.5" 30.3" 20.5" 

Type 304L 
500 

* Avg. o f  2  specimens 
** Avg. o f  4 specimens 

No explanat ion fo r  t h e  cons is ten t  decreased cor ros ion  o f  t h e  2500-hour 

samples has been found. 

The amount o f  eroslon was ca lcu la ted  by comparison o f  cor ros ion  product 

t h e o r e t i c a l l y  formed w i t h  t h a t  ac tua l l ' y  adhering t o  t h e  specimen, which was 

removed by descal ing. The amount o f  cor ros ion  product formed was ca lcu la ted  



by as~uming  a l l  metal was converted t o  magneti te (72 w/o metal ) .  Table 1.4 

shows r e s u l t s  o f  c a l c u l a t i o n s  on cor ros ion  product  eroded and re leased from 

t h e  specimens. As noted f o r  t he  cor ros ion  data, re lease r a t e  a t  2500 hours 

i s  i nconsi s t e n t  w i  t h  r e s t  o f ,  data.. .and no exp lanat ion has been found. 

Table 1.4 

RE LEASE OF CORROS i ON PRODUG1 
2 " i n  mg/dm 

Exposure Superheated Saturated Steam 
Hours Steam Moisture Content 

0 .O% 0.1% 0.5% 

Type 316L 

Type 304L 
500 

* Avg. o f  2 speci-mens 
** Avg. o f  4 specimens 



, . 
summary 

There i s  no c lear  d i f f e r e n t i a t i o n  among the 'low carbon a l l o y s  ' in any o f  : ' ,  . 

the  environments used i n  t h i s  tes t ,  e i t he r  i n  corrosion o r  corrosion product 

release (erosion). A l l  a l l o y s  suffered some intergranular  a t tack i n  wet, 

oxygenated steam. The intergranular  a t tack increased i n  sever i ty  w i t h  

moisture content o f  the steam and was markedly greater f o r  the higher 

carbon Type 304 s ta in less  s tee l .  Weight changes (descaled) v e r i f y  the 

i ncreased sever i t y  o f  corrosion w i  t h  mi s tu re  qua l i t y  and w i t h  carbon- ' 

content o f  the Type 304 s ta in less  s tee l  a l l oy .  

The hypothesis o f  no erosion o f  corrosion product from the Type 316L 
;,, . 

s ta  i n less. stee'l i.i cons is tent  w i  t h  the exper imenta I :errors o f  the test. . ' ,  

Type 304 a l l o y  exh ib i ted increasing re lease o f  corrosion product w i t h  

carbon content and w i th  moisture content o f  the steam, 



1.6 DEVELOPMENT OF LOW-ENRICHMENT SUPEMEATER FUFL 

The o b j e c t  ives o f  t h  is p r o j e c t  a re  t o  determ i ne the  economic m e r i t  o f  
using low-enr ichment superheater f ue I, t o  determine and se l e c t  a promis ing 
fue l  element design, and t o  develop a low-enrichment superheater f u e l  element 
through app l i cab le  studies,  f a b r i c a t i o n  experiments, and t e s t i n g .  

t 

I A t  such a t ime as a promising f u e l  element concept has beeq selected, a 
f u  1 I-sca le  mock-up w i l l be1 fab r i ca ted  inc  ludi  ng supports and steam e n t r y  and 
e x i t  sect ion, and f low t e s t s  w i l l  be performed to determine pressure drop and 
d imens iona l stab i l i t y  a t  simu la ted reac to r  ope ra t i ng  condi t i o n s .  

I 
Heat t r a n s f e r  ca lcu  l a t i o n s  w i l 1 be performed. A t e s t  e lement w I l l be 

fab r i ca ted  f o r  i n s e r t i o n  i n  the  heat  t r a n s f e r  loop t o  perform heat  t r a n s f e r  
experiments under s imulated Pa th f i nde r  opera t ing  cond i t ions .  Physics 
ca lca l a t i o n s  w i l l be performed, such as t h e  requ i r e d  computer programming 
and operat ion, determinat ion o f  the c r i t i c a l  mass, neutron and gamma f l u x  
and power d i s t r i b u t i o n ,  enrichment, c o e f f i c i e n t s  o f  r e a c t i v i t y ,  c o n t r o l  
rod  e f fec t iveness,  and.conversion r a t i o .  

A p a r t i  a l load ing'  o f  p ro to type low-snr ichment e lements w i l l be f a b r  i - 
cated and tes ted  i n  the  c r i t i c a l  f a c i  l i t y  i n  con junc t ion  w i t h  t h e  remainder 
o f  t h e  superheater s e c t  ion o f  the core  conta i n i ng h i  gh-enr i chment f ue l 
elements. Safeguards r e p o r t s  w i l l  be prepared f o r  t h e  f a c i l i t y  as required '  
t o  meet the  l i cens ing  requirements o f  t h e  AEC. C r i t i c a l  experiments w i l l  
be conducted t o  determine the  nuclear  c h a r a c t e r i s t i c s  o f  t h e  pro to type 
,low-enrichment superheater f u e l  elements. 

I 1 -6.1 NUCLEAR DESIGN 

1.6. 1 .  I Deve l o ~ m e n t  o f  Low-Enr ichment Superheater Ana l v t  i c a  l Mode 1 

Ca l cu  l ated Therma l Mu l t i P l i c a t  ion  Factors  

The deve lopment of an '.ana l y t  i ca 1 mode 1 f o r  determ i n i ng c l ustered.  p i  n 
. > 

superheater l a t t i c e  thermal u t i l i z a t i o n  has been completed. The' f i n a l  s tep 
. . 

i n  t h i s  development e n t a i  led adapting t h e  phys ica l  and mathematical t r e a t -  
I 

ment contained i n  t h e  Phi lco-2000 MARC code t o  t h e  supe iheater  ce l I. 

MARC i s  a therma l mu I t  igroup, XY geometry t r a n s p o r t  program us iong t h e  

Monte Car l o  mathemat i ca  l approach. Except f o r  t h e  mu I t  igroup feature,  MARC 

i s  s imi  l a r  t o  t h e  TRAC-I code described i n  ACNP-62034 (Path f inder  Ju l y -  

September 1962 Q u a r t e r l y ) .  For the  MARC ca lcu la t i ons ,  a cross sec t i on  l i b r a r y  



I - was constructed using a 23 C Ne lk in  kernel ,  hydrogen energy t r a n s f e r  

I 
cross sect ions , hydrogen average s ,ca t te r ing  cosine values determined 

by t h e  Radkowsky p r e s c r i p t i o n  (as i n  SOFOCATE), and microscopic absorp t ion  

and f i s s i o n  cross sec t ions  from BNL-325, 2nd e d i t i o n .  

Resu l t s  

~ Normalized regionwise f i s s i o n  response leve ls  obta ined from MARC a r e  

1 g iven i n  Table 1.5. The experimental values, and those from prev ious ly  

I attempted (and repor ted)  a n a l y t i c a l  methods a r e  repeated t o  make t h e  

tabu l a t i o n  complete. 

Ref. I .  Kerr ,  , B. "Ca l cu la ted  Sca-lter i ng Kerne l s f o r  L i g h t  Water", GEAFj-3944, 
May, 1962. 



TABLE 1 .5 

THERMAL FLUX WE 1 GHT l NG FACTORS 

METHOD REG l ON 

Center P in  Outer P in  - Wal 1 Moderator 

Voided, 7 pin, 3-1/2 w/o, Sinqle-Walled B C e l l  

Exper i ment .756 + .008 .821 - + .003 1.091 - + .010 1.210 + .001 
l2 - SOFOCATE .810 .894 1 .032 1.127 
TRAC-SOFOCATE .769 .024 .817 + .017,  1.037 + .021 1.147 + .026 
MARC .727 + .024 . .799 T - .014 1.037 T - .017 1.205 - + .017 

Voided, 7 p in,  3-1/2 w/o, Sinqle-Walled D C e l l  

Experiment .794 - + .007 .850 - + .003 1.085 - + .009 1.198 - + .011 
1 2' - SOFCCATE .862 ,935 1.019 1 . I23 
TRAC-SOFOCATE .826 + .029 ,840 + .015 1.013 + ,021 1.139 + ,020 , 

MARC .821 T - .022 .829 1 ,017 1.013 - T .020 1.21 1 2. .026 

Voided, 7 pin, 3-1/2 w/o, Double-Wal led B Ce l l  

Experiment 
12 - SOFOCATE 
TRAC-SOFCCATE 
MARC 

Experiment 
12 - SOFOCATE 
TRAC-SOFOCATE 
MARC 

Voided, 7 p i n  7 w/o, Double-Walled B Ce l l  

Flooded, 7 pin, 3-1/2 w/o, Sinqle-Walled 6 Ce l l  

Center P in  Outer P i  n - Wal I Moderator Floodinq Water 

Experiment ,677 - .C ,005 .770 + .002 1.128 - + ,007 1.185 + ,008 ,966 ,006 
1 2 . -  SOFOCATE ,714 .796 1.091 1.129 ,978 
TRAC-SOFOCATE .694 + ,016 .794 + .017 1.103 + .026 1.158 .021 ,975 + .022 
MARC , 6 4 2 2  .025 . 7 3 2 j  - .022 1.134-C - ,033 1.187+ .035 .979+ ,021 



The cases prev ious ly  ind ica ted inc lude a l l  MARC ca lcu la t i ons .  

Experimental and MARC values a r e  U-235 f i s s i o n  a c t i v i t i e s . . . t h e  I  and 
2  

TRAC values a r e  thermal f luxes .  The experimental u n c e r t a i n t i e s  r e f l e c t  

count ing s t a t i s t i c s  on ly .  The Monte Car lo  MARC and TRAC uncer ta in t i es  

correspond t o  t h e  95 per cent  conf idence leve l .  They a r i se ,  i n  a  formal 

mathematica I  fashion, from t h e  J a r i a t i o n  inherent  i n  making s t a t i s t i c a l  

estimates. 

Disagreement between analyses and experiment f o r  t h e  wa l l  f l u x  

leve l  i s  n o t  serious. No d l r e c t  measurements i n  t h e  wa l l  were made; t h e  

"measured" wa l l  f l u x  was the re fo re  def ined i n  a  somewhat a r b i t r a r y  way. 

Thermal m u l t i p l i c a t i o n  f a c t o r s  (Nf 1 a r e  given i n  Table 1.6. These 
2 

i n tegra ted q u a n t i t i e s  a r e  n o t  regarded as s e n s i t i v e  c r i t e r i a  f o r  comparing 

ana lys i s  and experiment. 

TABLE 1.6 

Case - 

THERMAL MULTIPLICATION 
. Method 

Experiment I2  TRAC : ? MARC - 
Voided 7 p i n  3-1/2 w/o 1.355 1 .394 1.362 + ,015 1.355 + .025 
Si'ngle Wa l led 
B c e l l  

Voided 3-1/2 w/o 1.361 1.405 1.372 + .OII 1.355 + .025 
S ing le  Wal led 
D  c e l l  

Voided 3-1/2 w/o 1.202 I ,247 1.226 .0 10 1.208 + ,020 
Donb le  wa I led 
B c e l l  

Voided 7  w/o 1.474 1 .522 1.504 + .016 1.468 + .029 
Double Wal led 
B  c e l l  

F looded' 3- 1 / 2  w/o 
S ing le  Wa l led 
B  c e l l  



Superheater Desian Summary 

I t  i s  now f e a s i b l e  t o  at tempt c lus te red  p i n  superheater designs. 

The MARC code would be necessary t o  o b t a i n  reference r e s u l t s  and t o  v e r i f y  

t h e  f i n a  I c e l  l con f igu ra t i on .  U t i  I iz in 'g Monte Car l o  analyses requ i res  

designing toward an acceptable range o f  superheater performance. For 

example, t h e  MARC computed Nf values imply a r e a c t i v i t y  unce r ta in t y  o f  
2 

about 3-1/2 per cent,  which corresponds t o  an o u t l e t  steam temperature 

uncer ta in ty  o f  about 80 F. However, i t  i s  p r a c t i c a l  t o  increase t h e  Monte 

Car l o  samp l e  s i z e  (and ca lcu l a t i ona  I expense) enough t o  reduce t h i s  t o  a 

40 F;, band. 

Other u n c e r t a i n t i e s  a r e  a d d i t i o n a l .  Important ones a r e  those 

involved i n  computing resonance absorpt ion and those associated w i t h  t h e  

bas ic  cross sec t i on  data. The He. l ls t rand formula has been found t o  be 

t h e  most r e  I iab l e  technique f o r  ca lcu  l a t i  ng resonance i ntegra I s  f o r  t h e s g  

c lus tered-p in  c e l l s .  .'However, the .adapt ion  o f  He l l s t rand ' s  UO formula 
2 

t o  a s i t u a t i o n  d i f f e r i n g  from t h a t  i n  which H e l l s t r a n d ' s  experiments were 

performed introduces uncer ta in ty  i n t o  t h e  low enriched superheater design. 

Therefore, t h e  uncer ta in ty  associated w i t h  t h e  He l l s t rand  formula should be 

regarded as a lower l i m i t  on t o t a l  unce r ta in t y  f o r  superheater design. 



3. NUCLEAR ANALYSIS 



3. 1 'REACTOR PMYS I CS (STAT1 CS) 

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  perform physics ca Icu l a t i o n s  
such as computer programming and operat ion,  and t o  determine t h e  c r i t i c a l  
mass, neutron and gamma f lux and power d i s t r i b u t i o n ,  enr  ichment, qoef f i - 
c i e n t s  o f  r e a c t i v i t y ,  c o n t r o l  rod e f fec t iveness,  and conversion r a t i o  
w i t h  respect  t o  a  Pa th f i nde r  core w i t h  an i n t e g r a l  high-enrichment 
s u ~ e r h e a t e r  region.  An a d d i t i o n a l  o b j e c t i v e  i s  t o  determine s h i e l d i n g  
requ i rements f o r  t h e  Path f  i nder P lant .  

3.1. I PATHFINDER F l RST CORE BORON 

STAINLESS STEEL POISON SHIMS 

To a l low f o r  more r e a c t i v i t y  c o n t r o l  f o r  the  f i r s t  Pa th f i nde r  core, 

boron s t a i n l e s s  s t e e l  s t r i p s  w i l l  be a v a i l a b l e  f o r  i n s e r t i o n  between 

the  f u e l  assemblies o f  t he  b o i l e r  core.  The shims are  0 .1  inch t h i c k ,  
. . . .  . . . . '. . . . .  . 

con ta in  0.2 w/o ngtukg l  boron, and are  t h e  same length as the a ~ t i v e  . .  . 

fue l assernb ly .  Each o f  t h e  t h  i r t y - two  non-quad box fue l assemb l ies 
L 

has been fab r i ca ted  w i t h  s l o t s  on the  ou ts ide  i n t o  which,these boron 
i 

s t r i p s  f i t .  F igu res  3.1 and 3.2' show the  avai lab l e  core locat  ions f o r  

these s t r i p s  and a  c ross  sec t ion  o f  t h e  modi f ied  f u e l  assembly and boron 

s t r i p  respect ive ly ;  

To insure maximum shutdown margin dur ing Phase I o f  the  r e a c t o r  

s t a r t u p  program, q number o f  t he  shims w i l l  be loaded i n t o  t h e  core 

i n i t i a l l y  and removed as p a r t  o f  t he  t e s t  program. I f  i t  becomes 

necessary t o  leave some i n  t h e  core dur ing  reac tor  opera t ion  t o  meet 

the  one2contro I-rod-stuck c r i t e r i a  o r  f o r  o the r  reasons, se lected 

core  locat ions  would be u t i l i z e d  which y i e l d  the  maximum r e a c t i v i t y  

c o n t r o l  co ld,  b u t  r e s u l t  i n  a  minimum r e a c t i v i t y  loss t o  t h e  h o t  

opera t lng  reac tor .  A nuclear  ana lys i s  t o  determine these locat ions  and 

t h e  absq l u t e  r e a c t i v i  t p  .worth of t he  sh ims has been made and t h e  resu I t s  are 

. . -28- 



WEST 

Fig, 3.1,. .Boron-Stainless Steel Shim Locations 
- 

. .. 



BORON~STAINLE.SS.$TE.EL STRIP. '  .2 W/o'NAT.BORON , , - ,  . . 

Fig. 3.2..  .Modif ied Fue l  Assembly and ~ o r o k - s t a i n l e s s  s t e e l  strip , .,' 

. . 



contained i n  t h i s  q u a r t e r l y  repo r t .  

The ob jec t i ves  o f  t h i s  ana l y s i  s were as f o  l lows: 

I. determi ne the  abso lu te  r e a c t i v i t y  worth o f  a I I t h e  sh ims f o r  t h e  

cold, a l  I -contro l - rods- inser ted core; 

2. determine the  r e l a t i v e  worth o f  t he  va r ious  locat ions  i n  whicha 

the  shims can be inser ted  f o r  t h e  cold, rodded core; 

3. determine t h e  absolute worth o f  shims i n  selected locat ions f o r  

t he  c o l d  core w i f i  t h e  maximum-worth c o n t r o l  rod  withdrawn and 

a l l o the r  con t ro  l rods inser ted;  

'4. determine the  r e l a t i v e  worth o f  locat ions  f o r  t h e  hot-voided, a l l -  

con t ro  1'-rods-w i thdrawn core; 

5. determine t h e  absolute worth o f  sh ims i n  se lected locat ions  f o r  t h e  

hot-voided, non-rodded core; and 

6 .  determine the  e f f e c t  on t h e  f lux d i s t r i b u t i o n  o f  locat ing. sh ims 

i n  the  h o t  ope'rat ing reac tor .  

Pe r tu rba t ion  theory  was used t o  evaluate o b j e c t i v e s  1,  2, 4,  and 5. 

Two-dimensional, e x p l i c i t  d i f f u s i o n  theory  c a l c u l a t i o n s  were used .to 

evaluate ob jec t i ves  3 and 6, and t o  check the  adequacy o f  p e r t u r b a t i o n  

theory  f o r  the  o the r  ca lcu l a t  ions. 

Two-dimensional, two-group, a d j o i n t  c a l c u l a t i o n s  were performed f o r  

t h e  cold, clean, a l l - con t ro l - rods - inse r ted  core and f o r  t h e  hot., voided, 

a l l -contro l - rods-wi thdrawn core. These, along w i t h  t h e  f l u x  c a l c u l a t i o n s  

performed f o r  the i d e n t i c a l  core  conf igura t ion ,  were used t o  determine the  

importance func t i on  f o r  t h e  var ious shim locat ions.  The r e a c t i v i t y  worth 

o f  the  shims was found using t h e  f o l l o w i n g  expression, 



I n  t h i s  expression, on l y  changes t o  the  thermal absorpt ion were considered, 

6Za2. Changes t o  t h e  remova l c ross  sect ion,  6ZRI , are neg I i g i  b  le because 

the  s t a i n  less stee l s t r i p  mere l y  rep laced the  meta l m i  l led from the  s ide  

o f  t h e  f ue 1 assemb ly.  Therma l se'l'f sh ie  l d ing was n o t  consi dered f o r  t h e  
' C 9 

per tu rba t ion  ana lys  i s  1 zat (2200 M/sec) = *.24], nor  was t h e  c o n t r i b u t i o n  

t o  the  f a s t  absorp t ion  considered, 6Ea I = 0. These are  compensat ing  e f f e c t s .  

D i f f u s i o n  theory was used in those c a l c u l a t i o n s  i n  which the  shims 

were e x p l i c i t l y  represented. The capture d i f f e rence  between d i f f u s i o n  

theory and t ranspor t  theory, P I  and P approximation, was determined one- 3 

dimensional ly  and incorporated i n t o  t h e  d i f f u s i o n  theory  c a l c u l a t i o n  by 

adjustment o f  G2 o f  the  s t r i p  . 
Exp I  i c i  t two-dimens iona l PDQ-XY ca lcu  l a t i o n s  were made f o r  t h e  co  I d  

c lean core w i t h  a l l  b u t  t he  maximum-worth c o n t r o l  rod  inser ted  and f o r  

t h e  h o t  opera t i  ng core w i t h  no con t ro  l rods inser ted.  Fo r  both prob lems, 

shims were p laced i n  selected symmetric locat ions.  The h o t  opera t ing  c a l -  

c u l a t i o n  was used t o  check t h e  adequacy o f  t he  pe r tu rba t ion  ana lys i s  as 

w e l l  as t h e  e f f e c t  o f  t h e  shim on the  core f l u x  d i s t r i b u t i o n .  

Table 3.1 g ives  t h e  absolute worth o f  i n d i v i d u a l  shims i n  t h e  var ious 

locat  ions as we l l as the  t o t a  1 worth of a 1 1 o f  t h e  shims f o r  both the  

c o l d  and h o t  opera t ing  cond i t ions .  These r e s u l t s  were obta ined from the 

pe r tu rba t ion  ana lys is .  
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Tab le 3. I - REACT1 V I  TY WORTH OF BORON STAl NLESS STEEL SH IMS 
. .  . .  . . 

No. andsh im Locat iop 
Sh i ms i n Bore* 

Worth ( ~ k / k )  Cold . Worth ( ~ k / k )  H o t  
( A  1 1 Rods l Q) .Core ,(A l l R ~ d s  Out) Voided 

I . . Core 

8 ~h ' ims  001 t h r u  008 

8 Shims 009 t h r u  0 16 

8 Shims 0 17 t h r n  024 

8 Shims 025 t h r u  032 

8Sh ims  O 3 3 t h r u 0 4 0  - .O 1250 - .00567 

8 Shims 041 t h r u  048 -.0098 1 - .00573 

8 Shims 049 t h r u  056 - .O 1069 - .00575 

I 8 Shims 057 t h r u  064 - .00384 - .. 00458 

8 Shims 065 t h r u  072 - ,00242 - .00290 

I 72 Shims - .0655 - .0446 
< .  

, .. ... \ 

*see ~ ' i g ' . .  . 3.  :I f o r  pos i t.i ons i n core. 
.. . . ,. ; .; , . . a , '  ... 

....,..-; . ' . . .  . 
~ . a ' l c y  l a t i o n s  have i nd i aated t h a t  t h e  worth o f  t h e  max imum-worth cont ro  l 

rod cou Id be as much as 0.05 ~ k / k .  The shutdown margin f o r  t he  f i r s t  core  
Y \  ~ re ference loadi ng (!% 2.2 w/o enr  iched bo i l e r  e lements and 50 kg U-235 - i n  

superheater elements) i s  ca lcu lated t o  be a t  leas t  0.035 ~ k _ / k .  Thus, t o  

meet t h e  one-rod s tuck  c r i t e r i a ,  i t  may be necessary t o  add another 0.015 

~ k / k  i n shutdown t o  t h e  co l d core. Th i s  cou Id be accomp l i shed by =the 

s e l e c t i v e  locat ion  o f  s i x teen  shims, p o s i t i o n s  041-056 i n  F igu re  3.. 1. 

These locat4 o n l  wou l d s a t i s f y  the  f o l low i ng requ i rements : I) provide t h e  

g rea tqs t  negative r e a c t  i v i  t y  add i t i on i n t h e  co Id  rodded core, 2) p rov i  de 

the  most r e a c t i v i t y  c o n t r o l  around the  maximum worth cont ro  l rod, and I P 



3) g ive the smal lest  negative r e a c t i v i t y  add i t i on  i n  the hot  operat ing 

core. The eigh-t inner con t ro l  rods provide the greatest  r e a c t i v i t y  

cont ro  l worth and a 1 I o f  the above sh i m  pos i t i ons  are adjacent ta the f ue l 

elements about the inner rods. The combined worth o f  these s ixteen shims 

i n  the co ld  rodded core i s  0.0205 ~ k / k  and on ly  0.0115 ~ k / k  i n  the hot, 

non-rodded operat ing core. 

I t  was f o r  these locations t h a t  the exp l i c i t  shim i nse r t i on  problems 

were run. The r e s u l t s  f o r  the h o t  operat ing core are shown i n  Table 3.2. 

Note the c lose agreement w i th  resu I t s  obtained from the per turbat ion 

analysis and the neg l i g i b l e  e f f e c t  on t h e . f l u x  d i s t r i b u t i o n  o r  power 

peaking. 

Table 3.2 - EFFECT OF BORON STRIPS IN SELECTING 
Y LOCATIONS OF MOT OPERATING CORE . 

No. Core Reactiv i t y  Worth (Ak/k) Peak/~ve.  Power (Bo i le r )  
Sh ims Location E i qenva l ue AX Per turbat ion Without Shims With Shims 

The abso lu te  worth o f  these s ixteen sh ims, pos i t i ons  04 1-056 i n  the 

cold, one-control-rod-withdrawn core i s  shown i n  Tablex.3.3. The uncer- 

t a i n t i e s  i n  the analysis which a r i se  from convergence and shim represen- 

t a t  ion are i nc luded. 

Table 3.3 - WORTH OF BORON STRIPS I N  SELECTED LOCATIONS OF COLD 
CORE, MAX I MUM-WORM CONTROL ROD W I THDRAWN 

No. Shims Core Locat ion Worth (hk/k) 



A summary o f  the  core shutdown requi rements w i t h  and w i t h o u t  the  

negat ive shims can be seen i n  Table 3.4. A l s o  given i n  t h i s  t a b l o  are t h e  

shutdown requirements and expected opera t ing  excess r e a c t i v i t y  w i t h  a l l  

ba t  s i x teen  o f  t he  shims removed. Both t h e  shutdown margin and opera t ing  

excess r e a c t i v i t y  shown are f o r  t h e  reference core loading. 

Tab l e  3.4 - SUMMARY OF CORE SHUTDOWN REQUI R E M  TS 

Gold Clean Mot Fu I I Power 
Shutdown Margin Excess R e a c t i v i t y  

I. Reference Core Loading - No Shims - .035 .0e I 

2. Reference Core Loadi ng - A I 1 Sh ims -. 100 

3. Reference Core Load i ng - 16 Sh ims - .055 .0 10 
(041-056 added) 

I f  poison shims are  requ i red  t o  meet the  one-rod-out c r i t e r i o n ,  they 

would be removed a f t e r  several months o f  power operat ion.  



3.2 REACTOR AND SYSTEM DYNAMIC ANALYSIS 

The ob jec t i ves  o f  t h i s  p r o j e c t  a re  t o  perform reac to r  t r a n s i e n t  
analyses-under normal 'opera t ion  and a f t e r  c r e d i b l e  o r  hypothet ica l  
acc idents i n v o l v i n g  equipment f a i l u r e  o r  reac to r  misoperation, as we l l  
as a system s tab i  l i t y  ana lys i s  us ing an analog s imula tor  o r  d i g i t a l  
computer. 

3.2.1 PATHFINDER TRANSIENT SIMULATOR 

Inves t iga t i ons  on t h e  Path f inder  simu l a t o r  o f  runback arid chartging 
.... 

r e c i r c u l a t i o n  f l ow  r a t e  conf irmed r e s u l t s  p rev ious ly  repor ted  (ACNP-62035, 

Path f inder  Technical Progress Report, October-December, 1962). Also 

s tud ied was t h e  withdrawal of  a c o n t r o l  rod  w i t h  t ime v a r i a b l e  f l u x  

peaking. Th is  experiment was performed t o  determine whether a t ime- 

dependent peaking f a c t o r  a f f e c t e d  prev ious ly  repor ted  t r a n s i e n t  r e s u l t s .  

Analys is  o f  t h e  experiments i s  cont inuing.  

Add i t i ona l  t r a n s f e r  func t i on  measurements were taken on t h e  Path f inder  

s imula tor  f o r  several d i f f e r e n t  power- to - rec i rcu la t ion  f low r a t i o s .  These 

r e s u l t s  showed t h a t  t h e  Pa+hfinder c losed loop t r a n s f e r  func t ion ,  a t  var ious  

power-to-flow r a t i o s ,  w i  l l  have shapes s i m i l a r  t o  t h e  r a t e d  f u l  I-power 

condit ion..  Complete r e p o r t s  o f  these c a l c u l a t i o n s  w i l  I  be presented i n  

t h e  technica I  r e p o r t  l lPathfinder Simu l a t o r  Resu I t s "  which i s  p resent ly  

being wr i t t en .  

Fur ther  ana lys i s  was made on a two-region reac to r  model t o  determine 

s p a t i a l  e f f e c t s  o f  t h e  b o i l e r  and superheater regions dur ing  system t ran -  

s ien ts .  This work i s  cont inuing.  



PART 0 

POST CONSTRUCTION R&D 



1.0 INITIAL STABILITY ANDPIBFOFNANCE TESTS 

The o b j e c t i v e s  of t h i s  p r o j e c t  are t o  design and f a b r i c a t e  a  
spec ia l  o s c i l l a t o r  rod  and d r i v e  mechanism together  w i t h  s u i t a b l e  
inst rumentat ion and record ing equipment t o  measure and record  t h e  
resu lti ng v a r i a t i o n s  i n  neutron f lux, and t o  conduct osc i l l a t o r  
t e s t s  t o  v e r i f y  dynamic performance c a l c u l a t i o n s  and t o  determine 
experimen+ally t h e  s f a b i l i t y  o f  t h e  reac to r  system. 

I 1.0.1 OSCILLATOR ROD BUSHINGS 

An i n d i v i d u a l  t e s t  was run t o  determine i f  the 17-4 PW chrome- 

p 1 ated bush i ngs f o r  the  17-4 PH d r i v e  sha f t s  were s a t i s f a c t o r y  f o r  

opera t ion  o f  the  bushing and sha f t s  i n  489 F steam. Test  setup used 

f o r  t h i s  t e s t  was the  same as used f o r  t e s t i n g  bearings f o r  t h e  

Pathf  inder osc i l l a t o r  rod.  

~ The t e s t  was run f o r  305 hours. Test  cond i t i ons  were as f o  l lows: 

a low pressure 489 F steam environment.. .no ex te rna l  r a d i a l  o r  t h r u s t  

load i ng . . .350 rpm s h a f f  speed. 

Upon comp l e t  ion o f  the  t e s t ,  inspect ion  revea led t h a t  b  lack s t reaks  

had formed on both t h e  chromeplated bushing sur face a n d t h e  s h a f t  surface, 

bu t  t he re  was no evidence o f  g a l l i n g .  The ID o f  t h e  bushing and t h e  OD 

1 o f  t h e  s h a f t  were measured. Th i s  showed t h a t  t he re  was very I  i tt le 

1 wear on e i t h e r  surface; hence, the  bushing design was considered 

~ ' 

s a t i s f a c t o r y .  

1 .0.2 OSC l LLATOR ROB ASSEMBLY -. 

The Path f  i nder osc i l l a t o r  rod  assemb l y  was c m p  le ted dur i ng t h  i s  

I Quar ter  and t h e  c o n t r o l  cab inet  was assembled and tes ted.  

1 A t e s t  was run on t h e  osc i l l a t o r  rod  assemb l y  t o  determine i f  t h e  

assemb i y  wou Id func t i on  proper ly, and a  lso t o  check i f  - a l l components 



m would meet performance s p e c i f i c a t i o n s .  

The t e s t  was run i n  cold, demineral ized water i n  a 4 0 - f t  deep 

tank. The t e s t  setup, as o r i g i n a l l y  assembled i n  a i r ,  i s  i l l u s t r a t e d  

i n  F igures 1,O 1 J .. I..O2:,. , and 1.031 The setup outsi.de o f  t h e  tank  was" 

made i n  order  to s e f  t h e  s i  ne-cosi ne potent iometer  t o  g i ve  a s igna l  which 

would be i n  phase w i t h  t h e  ac tua l  r e a c t o r  i npu t  s igna l .  To do t h i s ,  t h e  

motor was run very  s low ly  u n t i l  t h e  cadmium on the r o t o r  and on the  

s t a t o r  of t h e  osc i l l a t o r ,  were d i r e c t  l y  i n  I 1 ne . Then t h e  motor was 

shut  o f f  and t h e  potent iometer was s e t  t o  g i v e  i t s  maximum vo l tage 

output .  

The t e s t  setup was disassembled and reassembled i n  the  tank which 

was f i l led w i t h  demi n e m  l i zed water. The tower was n o t  mounted on t h e  

I d r i v e  assembly b u t  was submerged i n  the  tank w i t h  the  tub ing  assembled 

I on the  tower. The t e s t  was run f o r  a t o t a l  o f  25 hours, inc luding opera t i  on 

o f  t h e  motor a t  350 rpm f o r  20 hours. Dur ing the  remaining time, t h e  
I 

motor was run a t  var ious  speeds. 

The f o l  lowing observat ions were made dur idg  t h e  t e s t :  The bear ing  

I supports d i d  n o t  reach t h e i r  n a t u r a l  frequency a t  maximum speed (350 rpm) 

and t h e i r  design, there fore ,  i s  s a t i s f a c t o r y .  Motor c u r r e n t  increased 

f o r  a f i x e d  speed as t h e  t e s t  progressed.. .due t o  leakage o f  t h e  motor 

housing o i l  i n t o  t h e  transmission, which caused an over loading cond i t i on .  

The breaker points,  s e t  w i t h  a .005-in. gap, d i d  n o t  a rc  i n  t h e  o i  I; 

they funct ioned p e r f e c t l y .  

Upon comp l e t  ion o f  t h e  t e s t ,  t h e  t e s t  setup was dismantled and 

t h e  i n t e r n a l s  o f  t h e  o s c i l l a t o r  rod  assembly were taken apar t  f o r  

checking. ResuJts of t h e  inspect ion  showed: 



Fig. 1.01.. .Oscillator Rod on Test Assembly (7D-0-1) 



od Internals on Test Assembly ( 7D-0-2) 
h.r .C. $> ,,.i,e .t , l  i '.'.y,7' " 8 

- 
- 8 .  . 
, . , ' .. , . "- : 

,, , , :, 4,. > ,  , ,,- . ,:, - 6 :/- i. 



I 

C Fig. 1.03.. .Oscillator Rod Drive Unit on Test Agdernwly  (7L-3-3) 

I 
I 



There was no masurobls wear OR any of the graphite 

b a s r i ~ g  surfacer and there war no evidence of p i w i n g  e l  

the graphltcs bearing o r  @hr@mplated bearing surfaces. 

The ahramplated bushlag mad the 17-4 PW dr ive shaft 

wers, iatrpected. Mo g a l l l r @  war farand on e i ther  bearing 

surfaoe. 

The oenwect\on between the lower and upper dr lve 

shafts wra cksoked. The lead-in swrfaae of the canneatfor 

(which i s  pinned t o  the I w e r  dr ive shaft) showed several 

acratoksr. TR is, however, was anticipated sinae tke  key 

gn the upper dr i ve shaft bad a heavy chromep l a h  wk ish was 

muck harder than the material frm which the oaaaecztion 

was made. Other thaw th is ,  the conme~tion aad the b y  

showed RQ sign of wear o r  damage. 

Tbe ra to r  and tha stator  showed so evidence o f  rubbing 

and the stator  showed no indicat ion o f  being overatr@ssed 

while handling tke i m t e r ~ a l s  aooeahly. 

The breaker poinls, gapped a t  ,005 in., d id  not p i t .  

The Ampbeno l subw~rsls>a-prc;aof aonnecrbrr d i d not  Iamh 

e i thgr  ol l o r  water. 

Close inspection f o r  asrrosion was conducted on a l l  

cmponents. It was found t h a t  r u s t  had formed only a t  

welds whloh had not been properly oleanad. 

The f o l ~ o w i n g  preventive ssarures were taken: the drive mBtor 

u n i t  was rsturaed t o  the manuf maturer f o r  rep lmeemnt of a l l the gaskets 

(to ensure proper seal ing of the un i t ) .  . .and the we Ids wh ick had rohtsd 



were clasimned t o  prevent any re-fwtning of  rust. 

The instrumntatioa system to be assd i n  c ~ ~ ~ j u n ~ t l o ~ l  with the 

o r a i l  lator was completed. The system tes t  skewed several micaor discre- 

pano l e t  I ca the I nstrmntst icpn $ystegt. These were carreatel, however, 

and the system now opsrptas in  a satisfactory manner. Figure 1 .W.. 11 

an i 1 l ustrst ion of the coatp l e h d  p i  le  ere i l lator instrumentation rysba.  

The cceaponer~ts, f m  TQP t o  bot.tom, are: a) Gtmputer patchup problem 

board and pstentlmmtcar strip...b) Camptiter...@) B ig l t a l  v o l ~ t @ r . . .  

d l  Wiarsls3icroaam~~ter.. .e) St r ip  chart reczorder.. . f )  Recorder aslp l i f  ler.. . 
g) Osci 1 l a b r  and i aatrume~tation operat iwg esnso 18.. .h) l% leatmnle 

mul t ip l ier , .  .i) Pan unit .  Figure, 1.08 It a a i r eu l t  b l w k  diagram s f  the 

instroapemtation systsw. P igure I .W i s  9 o loseup o f  the operat lng 

console. Thr ent i re  eso i l  la tor  mehanism and instrumwtation system 

w l l l be @peratad f ram th i s 00113s411e. Thb 1 rnttr1~men-t  lab i net w i l l be 

'Iwated IR the c ~ n t r e l  ram. 

The aetnputer s e c t l ~ w  of the OSGI IIater  instrumntat ion system w i l l  

be used, in  ttre qaar Putwm, t~ -fake a t r i a l  run transfer furnotior ot 

the Pathfinder transletat simulator. 

C o n e l ~ s l @ ~ s  reached from these tests are that  the ssar l fa to r  md 

assembly w l  I 1  per fam sat is fac tor i ly  when assmbled i n  the PathfOnder 

rearetor, and tha t  a l l  materials am acmprtlble mud mest desigw rpamt- 

t ic;at ions. 

q u s ~ u  I; per l ed .  



1 
Fig .  1.04.. .Completed Instrumentation System ( 28~00-4) 



Fig. 1.05.. .Pathfinder Pile Oscillator Instrumentation Schematic Diagram 
( 43-025-297 
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