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T h i s  q u a r t e r l y  r e p o r t  on Fus ion  Energy Research c o n s i s t s  of p rogress  summaries o f  research  

conducted by  t h e  s t a f f  o f  P a c i f i c  Nor thwest  L a b o r a t 0 r i . e ~  (PNL). T h i s  r e p o r t i n g  p e r i o d  i n c l u d e s  

p rogress  made f rom A p r i l  1, 1977 th rough  June 30, 1977. The ERDA D i v i s i o n  of Magnetic Fus ion  

Energy i s  a ma jo r  sponsor o f  t h e  work. However, f u s i o n - r e l a t e d  work sponsored by i t h e i s  i s  

a l s o  i n c l u d e d  as a p p r o p r i a t e .  

The summa.ries a r e  p resen ted  i n  f o u r  ma jo r  s e c t i o n s :  

. o  Fus ion  Systems Eng ineer ing  

0 M a t e r i a l s  Research and R a d i a t i o n  Environment S i m u l a t i o n  

0 S a f e t y  A n a l y s i s  and Envi ronmenta l  E f f e c t s  o f  Fus ion  Concepts 

0 Manpower Development 

A t  t h e  beg inn ing  o f  each s e c t i o n  i s  a b r i e f  summary of t h e  r e p o r t s  making' up t h e  s e c t i o n .  

The r e p o r t s  themselves have been k e p t  r e l a t i v e l y  s h o r t  and i n c l u d e  p r e l i m i n a r y  r e s u l t s  which 

u l t i m a t e l y  a r e  expected t o  be p u b l i s h e d  elsewhere. Because o f  t h i s ,  t h e  reader  i s  cau t ioned  

t h a t  t h e  r e s u l t s  may be m o d i f i e d  b e f o r e  t h e y  a r e  f i n a l i z e d .  I n  some cases, r e f e r e n c e  is .made 

t o  more complete r e p o r t s  t h a t  a r e  a v a i l a b l e  now. 

D. A. Dingee 

Fus ion  Programs Manager 

Other  Repor ts  i n  t h e  Ser ies :  

Annual C o n t r o l  1 ed Thermonuclear Reactor  ~ e c h n o l o g ~  Repor t -1 971 , BNWL-1604. 

Annual Repor t  on C o n t r o l l e d  Thermonuclear Reactor  Technology-1972, BNWL-1685. 

Annual Repor t  f o r  1973 on C o n t r o l l e d  Thermonuclear Reactor  Technology, BNWL-1823. 

Annual Repor t  f o r  1974 on C o n t r o l l e d  Thermonuclear Reactor  Technology, BNWL-1890. 

PNL Repor t  on C o n t r o l l e d  Thermonuclear Reactor  Technology, January th rough  September 1975, 
BNWL-1939-1. 

PNL Repor t  on C o n t r o l l e d  Thermonuclear Reactor  Technology, October th rough  December 1975, 
BNWL-1939-2. 

PNL Repor t  on C o n t r o l l e d  Thermonuclear Reactor  Technology, January th rough  March 1976, 
BNWL-1939-3. 

PNL Repor t  on C o n t r o l l e d  Thermonuclear Reactor  Technology, A p r i l  t h rough  June 1976, 
BNWL-1939-4. 

PNL Repor t  on Fus ion  Energy Ecrearch, J u l y  th rough  September 1976, 
BidWL-1939-5. 

PNL Repor t  on Fus ion  Energy Research, October  th rough  December 1976, 
BNWL-1939-6. 

PNL Repor t  on Fus ion  Energy Research, January th rough  March 1977, 
BNWL-1939-7. 

Subsequent q u a r t e r l y  r e p o r t s  i n  t h i s  s e r i e s  w i l l  be numbered w i t h  t h e  p r e f i x  PNL. 
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SUMMARY 

The c o n t r o l  o f  thermonuclear reac t ions  i s  looked upon as the  u l t i m a t e  source o f  h igh  

temperature energy. Success i n  the  containment o f  f u s i o n  plasma has encouraged s c i e n t i s t s  

t o  look  beyond the  conf i rmat ion  o f  s c i e n t i f i c  f e a s i b i l i t y  t o  the i d e n t i f i c a t i o n  o f  f us ion  

reac to r  engineer ing problems t h a t  need so lu t i ons  before demonstration p lan ts  can be b u i l t .  

Some fundamental and appl i e d  s c i e n t i f i c  problems cou ld  1 i m i  t thermonuclear reac to r  develop- 

ment even a f t e r  s c i e n t i f i c  f e a s i b i l i t y  i s  a t ta ined.  Research a t  PNL continues t o  emphasize. 
> 

research i n  these development and technology areas. 

F ina l  repo r t s  are  being prepared f o r  two design and development s tud ies  f o r  fus ion-  

f i s s i o n  hyb r i d  reac tors  based on the  Two Component Torus (TCT). PNL cooperated w i t h  the 

Pr inceton Plasma Physics Laboratory on a conceptual design o f  a TCT-based hyb r i d  reac to r  and 

w i t h  t he  U n i v e r s i t y  o f  Wisconsin i n  an eva luat ion  o f  the f i s s i l e  f u e l  producing capac i ty  o f  

an outs ide  b lanket  f o r  the  Tokamak Engineering Test Reactor (TETR). 

The development o f  economic data fo r  fusion power p lan ts  continued i n  a study es t imat ing  

the p o t e n t i a l  impact o f  a shortage of ma te r i a l s  important  i n  f us ion  p l a n t  const ruc t ion .  

Estimates o f  the  t o a l  wor ld requirements f o r  these important  ma te r i a l s  are  being prepared 

based on c o r r e l a t i o n s  o f  na t i ona l  consumptions o f  ma te r i a l s  w i t h  indexes o f  i n d u s t r i a l  ou t -  

put .  The estimates o f  wor ld ma te r i a l  requirements w i l l  be compared w i t h  est imates o f  poten- 

t i a l  wor ld  suppl ies,  a l l ow ing  es t imat ion  of long-run p r i c e s  f o r  commodities so designers can 

make b e t t e r  se lec t i ons  o f  power p l a n t  cons t ruc t i on  mater ia ls .  

I n  s tud ies  developing heat t r a n s f e r  and f l u i d  f l o w  design t o o l s  f o r  f us ion  reac to r  

b lankets,  preconceptual design s tud ies  were i n i t i a t e d  t o  i d e n t i f y  the  potent ia l '  design 

l i m i t s  o f  water coo l i ng  i n  t he  f i r s t  wa l l  o f  Tokamak Next Step (TNS) concepts. Thermal 

hyd rau l i c  and p re l im ina ry  s t ress  analyses were conducted t o  evaluate the  Argonne Nat ional  

~ a b o r a t o r y  (ANL) panel c o i l  f i r s t  wa l l  design f o r  the experimental power reac to r  and the  PNL 

double w a l l  design. It appears t h a t  the  wa l l  load ing w i l l  be l i m i t e d  by thermal st resses i n  

the  s ta in less  s tee l  r a t h e r  than by the  heat t r a n s f e r  c a p a b i l i t y  o f  the  water coo lant  except f o r  

very low pressure water systems. 

I n  sur face e f f e c t s  research c lean go ld  samples were i r r a d i a t e d  i n  t h e  U n i v e r s i t y  of 

Ca l i f o rn ia  (D,Be) neutron source f o r  a neutron spu t te r i ng  experiment. Most o f  t he  work 

measuring fus ion  neutron spu t te r i ng  y i e l d s  i s  complete. Measurements o f  b l i s t e r i n g  thresh- 

o lds  fo r  glass-impregnated s ta in less  s tee l  samples have been s t a r t e d  using a new b l i s t e r i n g  

chamber connected t o  PNL's 2-MeV Van de Graaf f  acce lera tor .  



L i g h t  i o n  and neutron i r r a d i a t i o n  experiments have cont inued i n  s tud ies  o f  the  e f f e c t s  

o f  r a d i a t i o n  on mechanical p roper t ies .  The hardening response o f  14 MeV neu t ron - i r rad ia ted  
2 n i c k e l  changed a t  h igh  p a r t i c l e  fluences ,(1016 t o  lb17 p a r t i c l e s l c m  ) wh i l e  t he  hardening 

response o f  16 MeV p ro ton - i r rad ia ted  n i c k e l  d i d  not ,  which may have been due t o  a d i f f e r e n c e  

i n  i r r a d i a t i o n  hardening mechanisms. The f l u x  dependence o f  t he  damage m ic ros t ruc tu re  and 

i r r a d i a t i o n  hardening o f  ma te r i a l s  needs f u r t h e r  study t o  c l a r i f y  unce r ta in t y  about l i g h t  

i o n  and fus ion  neutron damage processes. Neutron i r r a d i a t i o n s  o f  Ni ,  316SS, and Nb wi res  

and f o i l s  were completed. 

I n  ma te r i a l s  development s tud ies  the  examinations of neu t ron - i r rad ia ted  g raph i te  c l o t h s  

and f i b e r s  i s  near ing completion w i t h  t he  f i n a l  r e p o r t  scheduled f o r  re lease next  quar ter .  

F ina l  data ana l ys i s  i s  i n  progress f o r  the  f i s s i o n - f u s i o n  c o r r e l a t i o n  experiment i n  which 

r e l a t i v e  atomic displacement ra tes  i n  g raph i te  a re  being determined w i t h  neutrons o f  d i f f e r -  

en t  energies. Degassing measurements were taken o f  nuclear-grade g raph i te  samples. Data 
+ suggest t h a t  degassing ra tes  a t  e levated temperatures might  no t  be much d i f f e r e n t  from degas- 

s ing  ra tes  f o r  s ta in less  s tee l s .  

Work has continued i n  s tud ies  developing acoust ic  emission (AE) techniques f o r  

determining the  prebreakdown behavior and f a i l u r e  mechanisms i n  e l e c t r i c  i n s u l a t o r s  w i t h  . 

p o t e n t i a l  app l i ca t i ons  i n  f us ion  reac tors .  Scoping experiments w i t h  the  high-vacuum d ie lec -  

t r i c  breakdown apparatus were conducted. I n  o ther  experiments ana lys is  o f  AE s igna ls  

recorded p r i o r  t o  complete breakdown o f  A1203 showed two d i f f e r e n t  frequency spectra f o r  

d i e l e c t r i c  breakdown a t  300 and 450°K. It i s  proposed t h a t  the  frequency component o f  the  

AE s igna l s  contains in format ion  r e l a t e d  t o  the  mechanism(s) o f  i n s u l a t o r  f a i l u r e .  

PNL has prepared a d r a f t  Environmental Development Plan (EDP) t o  i d e n t i f y  the  key 

heal th,  environmental, and sa fe t y  issues associated w i t h  the  development o f  magnetic f us ion  

energy and t o  provide a schedule f o r  research r e l a t e d  t o  these issues. The p lan  o u t l i n e s  

research needed t o  so lve  an t i c i pa ted  problems re levan t  t o  f i r s t  generat ion magnetic fusion 

reactors,  i nc lud ing  cons idera t ion  o f  ma te r i a l s  a v a i l a b i l i t y ,  the  hea l th  e f f e c t s  o f  magnetic 

f i e l d s ,  and the  confinement o f  r a d i o a c t i v e  and t o x i c  ma te r i a l s  dur ing  normal operat ion and 

accident  s i t ua t i ons .  I n  a r e l a t e d  a c t i v i t y ,  the  Regulatory Guides o f  the  Nuclear Reyulatory 

Commission, D i v i s i o n  I, were examined i n  a review o f  e x i s t i n g  f i s s i o n  reac to r  sa fe t y  

c r i t e r i a  and t h e i r  a p p l i c a b i l i t y  t o  f us ion  reac tors .  

PNL s t a f f  f i n i s h e d  teaching the  l a s t  quar ter  o f  a f u s i o n  technology course sequence t h a t  

i s  inc luded i n  the  U n i v e r s i t y  o f  Washington graduate study program i n  nuclear engineering. 

The l a s t  q u a r t e r ' s  work covered ma te r i a l s  problems i n  a cross sec t ion  o f  f us ion  reac to r  

conceptual designs. 



FUSION SYSTEMS WEiNEEElNG 

PNL's effort  i n  Fusion System Engineering comprises research and de re lopmt  aimed at  
solving qo* of the niejor Wchnical problems of brtnging %sfan power Pystwas on-line to ful- 
f i l l  U.5. ener@ needs. It i s  nece%sary that a t e n t i o n  b? given early enatlgh in the fusloh 
p w a m  tg  umperly i h t i f y  and solve these engineering problems so tha t  t h y  do not limit 
the clawlopment and implemtation of fusion reactors in conmercial pow* productton. Work 
reported th i s  quarter includes a cr i t ica l  mte r l a l s  analysis for  fusion W e r  plants and 
tnftiatlon of preconce-1 design studies t o  identify potential design limits for water- 
eooled Tokamak Next Step (TW) Ftrot walls, 

In stud'les developing economic data for fusion power plants PNL i s  exanrinlhg the 
potential -impact of a shortage of materials important in a s i o n  plant constructiwr. The 
national consumptions of the nihtartafs chammrist icallyr  used i n  fusion reactor conStrtlc- 
tion uerq found to be @ s t  correlated w i t h  indexes of indqstrial wtput. Prelimfhary eLti- 
m a w  of total world m e r i a l  requirWent5 are Ning pr@parea for comparison M estimates 
of petbntial world supply. Ultimtely, long-run estimrvtes of t m o d i t y  p r i c e  wuld mahle 
designers to make belter kele&tions gf fusion p r  plant ConstrwcEicln materials. 

In blanket and shield wgineerlng studles m%perimnOal @+we? reacbr  (EPR) blanket 
wolfng studies are belng perfom& to develop heat t rmsfe r  and fluid flow des+gn taofs 
for fusion reacwr blankets. Hfgh and law pressure design concepts for water-coaled TNS 
ffrst walls were analyzed i h  ( r t x w 3 0 n ~ p ~ 7  design studies ini t iated t o  identify potential 
Uesi$n limfts. The thema1 h$3raulie prfomsnce of the ArgPnne EPR pane1 a i l  f i r s t  wall 
design and the PNL dowble wall dwlgn were ahrl~ned f n  detail.  a t  was fuund that; 11 
ttre PNL wall would requiM higher pressuras M.8 atm) ts operate i n  *he 2 to 3 M~JM? wall 
loadins range; 2) nucleaw hoilfnf4 a n  be expc%d tn  n o m l  #e ra t i an  a t  0.6 BWtln?; 
3) cnn@lete blocksga of one ftaw ohamel in the AEIL lvall acalfld not tvsult t n  boiling in 
adjacent channete, bqt tkt t h e  PNL wall wdtuld ekt-eed the melting point under those eoniii- 
Zions; q i )  cyclfc temperature varTations of over 2WqC md 121% oc6br for the AllL and PNL 

2 wallis, m p w t l v e l y ,  over EtW operattonal cycle a t  0.6 M / m  . Preliminary stress analyes 
of the AllL anQ PNL a11 concepts indfcated that both walls would have a very short  l i f e  due 
ta Ulerrnal fatfgue, 25 and 50 hr. respectqvely. It appears that  the wall loading will be 
Ilmited by thew7 stresses i n  the stainless 3-1 mthw than the heat transfer capability 
or tke hcter awlan t  except fpr w r y  low prmsure water systems. Additional studies are i n  
p r o s ~ e s  to &*mine the maxlwm theurnill loads fa r  acceptable vvall l i f e  and s l t s r n a e  
m k r t . a J ~  that  w l d  extend wall 71%. 

FlnaT reports are being prepared for tm desi$n and dwelopnent studles for Fusion- 
fission hybrid rpactors hased on the TW CBmpnent TBPw [TET). PNL cooprated w i t h  the 

BrinEetOn P l a m  Physics Laboratory on the Conceptual design oT a TCT-based hybrid MetQr 
and with the Univergity of Wisconsin t o  @valuate the f i s s i l e  fuel producing eapabtlfty ef 
an outslde blanket. for  the Tokamk Engfnaerfng Test Reactor [TFFlI). 
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SYSTEMS STUD1 ES 
4 .  

. , 

" .  

Systems studies focus on providing.key technical and economic information for'planning 

and analyzing the fusion power program. One concept under study in the national fusion pro- 

gram is the fusion-fission (hybrid) system, which offers a possible near-term application of 

the fusion principle. The PNL studies of the hybrid are continuing to provide a rational 

basis for evaluating the merits of this concept in the nation's energy economy. A coopera- . 

tive effort between Princeton Plasma Physics Laboratory (PPPL) and PNL .has been completed o n ,  , . 
the conceptual design of a hybrid based upon a Two Component Torus (TCT). (I) This concept 

utilizes intense neutral deuterium beams to drive a tritium Tokamak plasma, and it provides 

the basis upon which the Tokamak Fusion Test Reactor (TFTR)'~) has been designed. Another 
' 

cooperative effort with the University of Wisconsin has been completed. This study has , . 

evaluated the plutonium breeding capabi 1 ity of perhaps a more near-term but smaller' 
device--the Tokamak Engineering Test Reactor (TETR)(~) which is also based upon a TCT. ' , 

Efforts for the past quarter have been in preparation of final reports. 

The Economic Regimes task is assisting in the development of economic data that will 

allow comparative analyses between fusion reactors and competing systems. Such analyses will 
be needed to determine the best opportunities for investing research and development funds - .  

for fusion power systems. ' .. . 

ECONOMIC REGIMES 

D. E. Deonigi 

This quarter's effort on the Economic Regimes task has concentrated on a critical 

materials analysis for fusion power plants. 

METHODOLOGY FOR FUSION PLANT CRITICAL MATERIALS ANALYSIS 

General assessments of material requirements and availability for fusion power plant con- 
struction starting about the year 2000 have been reviewed by K~lcinski(~) and Hartley. (5) The 

two reports made comparisons between estimated.fusion power requirements and materials reserve 

and resource estimates for the United States and the world. Hartley's report clearly identi- 

fied the increased requirements for critical materials associated with fusion power relative 

to the total requirements of the U.S. economy. Only a few materials exhibited dramatic increases 
in the demand growth forecast. However, comparisons between the projected demand and current 
reserves of some critical materials indicated that consumption by other elements of the economy 
would consume known reserves well before year 2000. This should be expected as, generally, 

reserves are normally identified ten to twenty years prior to their use. 

The economist's point of view is that materials are always'available in the future, but 

possibly at a higher price required to recover or recycle low-grade ore. Thus, the reason for 

examining a list of potentially important materials in fusion plant construction is to esti- 

mate the potential impact of shortage on price. Designers can then incorporate this 

information into their selection of materials for construction and testing. Table 1 (Table 21 



of H a r t l e y ' s  r e p o r t )  i nd i ca tes  t h a t  some of these ma te r i a l s  have small reserves and a r e  

p r i m a r i l y  imported; t he  Uni ted States must r e l y  on World reserves fo r  i t s  f u t u r e  supply. How- 

ever such a  comparison omits the  problem t h a t  the  Uni ted States i s  n o t  the  o n l y  consumer of 

these' resources i n  t he  world. To make the  wor ld resource est imate i n fo rma t ion  usefu l  i t  i s  

necessary t o  est imate the  wor ld demand w i t h  wor ld suppl ies,  i nc lud ing  the  Un i ted  States. To - . .  

(6) ob ta in  t h i s  est imat ion,  one must go through a  process s i m i l a r  t o  t h a t  used by Roberts 
. .  . _.I 

where the  estimates a re  made o f  expected growth i n  populat ion,  i n d u s t r i a l  output ,  and GNP of .. . 

. .  . . . . . ,  
na t ions  o r  groups o f  na t jons  t o  represent the  e n t i r e  wor ld  as a  basis f o r  demand estimates. 

Relat ionships such as per cap i t a  consumption must be der ived o r  consumption per u n i t  o f  

i n d u s t r i a l  ou tput  f o r  each ma te r i a l  p o t e n t i a l l y  c r i t i c a l  t o  f us ion  reac to r  const ruc t ion .  

Based on the  wor ld growth scenar io and the  consumption r a t e  co r re la t i ons ,  a  t w t a l  wor ld 

consumption can be estimated f o r  each metal. 

As most o f  t he  cumulat ive consumption w i l l  be i n  t he  c u r r e n t l y  i n d u s t r i a l i z e d  count r ies  

over the  per iod  between now and year  2000, i t  i s  important  t h a t  d e t a i l e d  ana lys is  o f  these 

count r ies  be included along w i t h  the  l ess  d e t a i l e d  representa t ion  o f  t he  developing count r ies  

o f  the  world. Resul ts from the computer model, EXPLOR,(~)  used by Har t l ey  t o  est imate U.S. con- 

sumption are  ava i l ab le  w i t h  representat ions of the  i n d u s t r i a l i z e d  count r ies  and the  r e s t  o f  

the  world. These r e s u l t s  w i l l  be used t o  make forecasts i n  the  c r i t i c a l  ma te r i a l s  ana lys is .  

Such a  scenar io has been developed cover ing the  per iod  through year 2010, which includes a  

popu la t ion  growth p a t t e r n  a t  about two- th i rds  o f  the cu r ren t  pace and the  r a t e  o f  economic 

growth der ived from the  h i s t o r i c a l  long-term growth t rends i n  i n d u s t r i a l  i z e d  count r ies  augmented 

by a  r a p i d  growth scenar io f o r  the  OPEC count r ies  and a  somewhat slower g r o ~ t h  r a t e  f o r  t he  

l ess  developed count r ies  : 

TABLE 1. C r i t i c a l  Fusion Power P lan t  Ma te r i a l s  Uses Versus Current Reserves and Resources 

M a t e r i a l  

Beryl  1 ium 

Chromium 

Coppcr 

I r o n  

Hel ium 

Mercury 

L i t h i u m  

Molybdenum 

N i c k e l  

Lead 

T o t a l  U.S. Use t o  
2040 M i l l i o n  M e t r i c  Tons 
Ili t h o u t  U i  t h  
Fusion Fusion 
Reactors Reactors -- 

0 . 3 0  2 . 4  

140 180 

41 0 440 

25000 25000 

0.73 1 . 2  

0 . 4 8  0 . 4 8  

0 . 8 1  6 . 0  

6 . 0  8 . 0  

54 8 3  

690 760 

R a t i o  Cumulative Use 
(1975-2040) t o  1974 Reserves 

U.S World 
Without  U i t h  Without  With 
Fusion Fusion Fusion Fusion 

, Reactors F a c t o r s  Reactors Reactors 

R a t i o  Cumulative Use (1975-2040) t o  Resources 
U.S. World 

Without With Without L l i th  
Fusion Fusion Fusion Fusion 
Reactors Reactors Reactors Reactors ---- 



The consumption o f  t h e  m a t e r i a l s  c h a r a c t e r i s t i c a l l y  used i n  f u s i o n  r e a c t o r  c o n s t r u c t i o n  

was found t o  be b e s t  c o r r e l a t e d  w i t h  t h e  index  o f  i n d u s t r i a l  o u t p u t  as opposed t o  p e r  c a p i t a  

consumption o r  o t h e r  p o s s i b l e  measures o f  consumption. These c o r r e l a t i o n s  a r e  c u r r e n t l y  

be ing  used t o  make p r e l i m i n a r y  es t imates  o f  t o t a l  w o r l d  requi rements and t o  compare o t h e r  

- f o r e c a s t s  where t h e y  e x i s t .  The n e x t  q u a r t e r l y  r e p o r t  f o r  t h e  Economic .Regimes t a s k  w i l l  

. . i n c l u d e  these  es t imates  compared w i t h  p o t e n t i a l  s u p p l i e s .  

U l t i m a t e l y ,  comparisons between these  c o r r e l a t i o n s  w i l l  a1 low e s t i m a t i o n  o f  l ong- run  

p r i c e s  f o r  dommodit ies so des igners  can make b e t t e r  s e l e c t i o n s  o f  m a t e r i a l s  f o r  c o n s t r u c t i o n .  

The S o l a r  D i v i s i o n  o f  ERDA i s  c u r r e n t l y  making es t imates  o f  t h i s  n a t u r e  f o r  c r i t i c a l  mater-  

i a l s  i n v o l v e d  i n  t h e  c o n s t r u c t i o n  o f  s o l a r  techno log ies  and, i n  p a r t i c u l a r ,  p h o t o v o l t a i c  

s o l a r  techno log ies .  



BLANKET AND SHIELD ENGINEERING 

Blanket and Sh ie ld  Engineering s tud ies  focus on developing v a l i d  techn ica l  bases f o r  

reac to r  design and t r a n s f e r r i n g  the  technology t o  i ndus t r y  c a p a b i l i t y .  Experimental Power 

Reactor (EPR) b lanket  coo l i ng  s tud ies  are  being performed t o  develop heat t r a n s f e r  and f l u i d  

f l o w  design t o o l s  f o r  f u s i o n  reac to r  b lankets.  PNL i s  a l s o  p a r t i c i p a t i n g  i n  the  nuclear data 

community t o . d e f i n e  nuclear data needs and develop best-est imate nuclear data f i l e s  f o r  DMFE 

technology programs. 

HEAT TRANSFER AND FLUID FLOW 

D. T. Aase, C'. W. Stewart, M. C. C. Bampton 

The o b j e c t i v e  o f  these s tud ies  i s  t o  develop design ana lys is  t o o l s  and t o  scope exper i -  

mental needs t o  i nves t i ga te ,  def ine,  and assess the  heat t r ans fe r  and f l u i d  f l o w  development 

requirements f o r  the  base technology o f  f us ion  reac tors .  

Low pressure water (1-2 atm) i s  being considered i n  nea r l y  a l l  Tokamak Next Step (TNS) . 

concepts as a f i r s t  wa l l  coolant .  Since TNS w i l l  no t  be requ i red  t o  produce e l e c t r i c i t y ,  low- 

temperature low-pressure water can be considered as a f i r s t  w a l l  coo lant  w i thou t  compromising 

the  performance o f  the  p lan t .  The extensive heat t r a n s f e r - f l u i d  f l o w  and ma te r i a l s  compati- 

b i l i t y  technology developed f o r  water coolants make i t  des i rab le  t o  se r i ous l y  consider t h i s  

op t i on  f o r  TNS. Preconceptual design s tud ies  have been i n i t i a t e d  a t  PNL t o , i d e n t i f y  p o t e n t i a l  

design l i m i t s  f o r  water-cooled TNS f i r s t  wa l ls .  To do t h i s ,  two s p e c i f i c  design concepts, one 

h igh  pressure and one low pressure, have been analyzed t o  evaluate t h e i r  performance. 

The thermal hyd rau l i c  performance o f  t he  Argonne Experimental Power Reactor (EPR) panel 

c o i l  f i r s t  wa l l  and the  PNL double wa l l  designs has been analyzed i n  some d e t a i l .  The 

developmental vers ion  o f  the  computer code COBRA was used t o  study pressure drop and heat 

t r a n s f e r  cha rac te r i s t i cs ,  and the  TRUTH code was app l ied  t o  provide d e t a i l e d  mater ia l  tem- 

pera ture  d i s t r i b u t i o n s  using COBRA output  f o r  boundary cond i t ions .  A channel length  o f  8 

ft and a normal opera t ing  c y c l e  of 15 sec off and 45 sec on were assumed. The f o l l o w i n g  

s i g n i f i c a n t  r e s u l t s  were obtained- from the  thermal hyd rau l i c  ana lys is :  

2 
r Both wa l l  designs are  capahle o f  operat ion i n  the  2-3 MWt/m wa l l  loading range. 

However, the  PNL wa l l  w i l l  r e q u i r e  h igher pressures t o  avoid b o i l i n g  ($100 p s i  o r  

~ 6 . 8  atm). 

2 Nucleate b o i l i n g  may be expected i n  normal opera t ion  a t  0.6 MWt/m . 
The ANL wa l l  i s  ab le  t o  wi thstand the  complete blockage o f  one f l ow  channel w i t hou t  

b o i l i n g  i n  adjacent  channels; the  PNL wa l l  exceeds the  me l t i ng  p o i n t  under these 

condi t ions. .  

Cyc l i c  temperature va r i a t i ons  o f  over 400°F (204OC) f o r - t h e  ANL wa l l  and 250°F (121°C) 
2 i n  t he  PNL design occur over the  operat ional  cyc le  a t  0.6 MWt/m . 



The v e r y  h i g h  hea t  f l u x e s  i n v o l v e d  make subcooled n u c l e a t e  b o i l i n g  t h e  dominant phe- 

nomena. U n f o r t u n a t e l y ,  we do n o t  have t h e  c a p a b i l i t y  a t  p r e s e n t  t o  i n c l u d e  t h i s  i n  t r a n s i e n t  

thermal  h y d r a u l i c  analyses so i t s  i n f l u e n c e  i n  f l o w  s t a b i l i t y  and p ressure  d r o p  cannot  be 

s t u d i e d  i n  d e t a i l .  Even i f  sub-cooled b o i l i n g  e f f e c t s  c o u l d  be analyzed i n  t h e  one-dimen- 

s i o n a l  channels, u n c e r t a i n t i e s  would remain i n  man i fo ld  en t rances  and e x i t s ,  bends, l o c a l  

r e s t r i c t i o n s ,  and o t h e r  areas.  I f  d e p a r t u r e  ' f rom n u c l e a t e  b o i l i n g  (DNB) occur red  a t  a  h i g h  

heat  f l u x ,  s t r u c t u r a l  f a i l u r e  would a lmos t  c e r t a i n l y  occur .  

P r e l i m i n a r y  s t r e s s  analyses were completed on b o t h  t h e  PNL doub le  w a l l  and t h e  ANL panel 
2 c o i l  concepts a t  0.4 MWtIm w a l l  l o a d i n g .  The r e s u l t s  i n d i c a t e d  t h a t  b o t h  concepts would 

have v e r y  s h o r t  l i f e  due t o  thermal  f a t i g u e ,  50 h r  and 25 h r ,  r e s p e c t i v e l y .  Except f o r  v e r y  

low p ressure  wa te r  systems, i t  appears t h a t  t h e  w a l l  l o a d i n g  w i l l  be l i m i t e d  by thermal  

s t r e s s e s  i n  t h e  s t a i n l e s s  s t e e l  w a l l  r a t h e r  than  t h e  hea t  t r a n s f e r  c a p a b i l i t y  o f  t h e  wa te r  

coo lan t .  Severa l  a d d i t i o n a l  s t u d i e s  a r e  i n  p rogress  u s i n g  t h e  same two geometr ies.  Reduced 

thermal loads  a r e  be ing  r u n  t o  de te rmine  t h e  maximum thermal  l o a d  t h a t  w i l l  y i e l d  accep tab le  

w a l l  l i f e .  Secondarly,  a l t e r n a t e  w a l l  m a t e r i a l s  a r e  be ing  s u b s t i t u t e d  i n t o  t h e  same two 

geometr ies t o  t r y  t o  extend t h e  w a l l  l i f e .  S i n t e r e d  Aluminum Product  (SAP) and vanadium a r e  

be ing  eva lua ted .  

NUCLEAR DATA STANDARDS 

B. R. Leonard, J r .  

The o b j e c t i v e  o f  t h i s  t a s k  i s  t o  p a r t i c i p a t e  i n  t h e  development o f  c u r r e n t  b e s t - e s t i m a t e  

n u c l e a r  d a t a  f i l e s  f o r  DMFE Technology programs. Dur ing  t h i s  q u a r t e r  t h e  DMFE-sponsored 

Symposium on 10-40 MeV Nuc lear  Data was a t tended  a t  Brookhaven N a t i o n a l  Labora to ry  (BNL). 

The p r i n c i p a l  i n v e s t i g a t o r  served as chai rman o f  t h e  work ing  group on i n t e g r a l  d a t a  and 

wro te  t h e  summary conc lus ions  o f  t h a t  group f o r  t h e  symposium proceedings.  

The p r i n c i p a l  i n v e s t i g a t o r  ar ranged a  s p e c i a l  meet ing o f  t h e  Cross-Sect ion E v a l u a t i o n  

Working Group's  (CSEWG) N o r m a l i z a t i o n  and Standards Subcommittee. T h i s  meet ing was h e l d  a t  

BNL i n  c o n j u n c t i o n  w i t h  a  CSEWG meet ing.  The p r i m a r y  purpose o f  t h e  meet ing was t o  r e v i e w  

a  NEANDC r e p o r t  on s tandards and d isc repanc ies .  M a t e r i a l  f o r  a  N o r m a l i z a t i o n  and Standards 

c r i t i c a l  r e v i e w  r e p o r t  was accumulated. 
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c l o t h  i s  scheduled f o r  issue next quarter. Plans were made t h i s  quarter t o  irradiate 

graphite samples a t  temperatures up to 2000eC in  the High Flux Isotope Reactor a t  Oak Ridge 

National Laboratory. Final  data analysis i s  i n  progress f o r  the f ission-fusion cor re la t ion  

experiment i n  which r e l a t i v e  atomic displacement ra tes i n  graphite are being determined w i th  

neutrons o f  d i f ferent  energies. Degassing measurements were taken o f  nuclear-grade graphi te  

samples heated in-system t o  400DC then heated induc t i ve ly  t o  between 800 and 200Q°C. 

Degassing ra tes for samples previously degassed a t  2000eC were c l x  lo-'' torr-alsec-g 

a t  temperatures 5 1500°C. Data suggest tha t  graphite degassing ra tes a t  elevated tempera- 

tures might no t  be much di f ferent from those for  s ta in less steels.  Further work w i l l  deter- 

mine the condit ions necessary f o r  reducfng graphite degassing t o  very low rates and inves t i -  

gate the effects o f  sample s ize and graphite type. 

Work has continued i n  studies developing acoustic emission (A€) techniques f o r  deter-  
mining prebreakdown behavior and f a i l u re  mechanisms i n  e l ec t r i ca l  insu la tors  w i t h  potent ia l  

appl lcat ions i n  fusion reactors. Progress t h i s  repor t ing per iod concentrated on completion 

of the high-vacuum d i e l e c t r i c  breakdown apparatus and the spectral analysis o f  AE s ignals 

t o  ascertain mechanism(s) o f  breakdown i n  ceramic insulators.  Scoping experiments w i t h  the 

high-vacuum d i e l e c t r i c  breakdown apparatus have been conducted a t  temperatures t o  200DC and 
4 OC voltages o f  5.5 x 10 V. The apparatus can a l low d i e l e c t r i c  breakdown measurements a t  a 

vacuum of h.2.6 x lou5 Pa. I n  other experiments, the d i e l e c t r i c  breakdown character is t ics  of 

A1203 were analyzed a t  300 and 450'K. Spectral analysis o f  AE signals recorded p r i o r  t o  

complete breakdown showed d i f fe ren t  frequency spectra for d i e l e c t r i c  breakdown a t  the two 

temperatures. This data was cons'istent w i t h  the proposal t ha t  the frequency component o f  A€ 

signals contains information re la ted t o  mechanism(s) of i nsu la to r  fa i l u re ,  i n  t h i s  case 

e l e t m n i c  breakdown (300°K) and mixed e lect ron ic  and thermal breakdown (450°K). 



SURFACE SCIENCE RESEARCH RELATED TO FUSION TECHNOLOGY 

T h i s  work i s  examining t h e  e f f e c t s  o f  t h e  f u s i o n  r e a c t o r  env i ronment  on s u r f a c e  and 

near -su r face  r e g i o n s  o f  r e a c t o r  s t r u c t u r e s  and t h e  i n f l u e n c e  o f  plasma-wal l  i n t e r a c t i o n s  on 

t h e  plasma. Ions,  n e u t r a l  p a r t i c l e s ,  neutrons,  p ro tons ,  and e l e c t r o n s  f r o m  t h e  plasma wi 11 

i n t e r a c t  w i t h  exposed sur faces  t o  produce e f f e c t s  such as p h y s i c a l  and chemical  s p u t t e r i n g ,  

desorp t ion ,  b l i s t e r i n g ,  and re-emiss ion.  M a t e r i a l  t h a t  l eaves  t h e  w a l l  due t o  these  e f f e c t s  

may then  e n t e r  t h e  plasma and cause l o s s  o f  plasma energy th rough  bremsstrahlung o r  l i n e  

r a d i a t i o n .  E r o s i o n  w i l l  weaken s t r u c t u r a l  i n t e g r i t y  and may a d v e r s e l y  i n f l u e n c e  sur faces  

exposed t o  c o o l a n t  i n  t h e  c o o l i n g  channels. 

SURFACE EFFECTS 

M. T. Thomas, D. L. S t y r i s ,  D. R. Baer 

The PNL Sur face  Science group has been work ing  on severa l  exper imenta l  programs con- 

cerned w i t h  p lasma-wal l  i n t e r a c t i o n s  .in Tokamak plasma machines. Measurements o f  f u s i o n  

neu t ron  s p u t t e r i n g  y i e l d s  have been a ma jo r  p r o j e c t  o f  t h e  group f o r  severa l  years .  A l though 

most o f  t h e  work has been completed and accepted f o r  p u b l i c a t i o n ,  a n e u t r o n  s p u t t e r i n g  

exper iment  on c l e a n  g o l d  samples .was performed i n  June on t h e  U n i v e r s i t y  o f  C a l i f o r n i a  (D,Be) 

source. I r r a d i a t i o n s  were made f o r  24, 36, and 48 h r .  Dur ing  t h i s  q u a r t e r  t h r e e  papers on 

e a r l i e r  n e u t r o n  s p u t t e r i n g  work were accepted f o r  p u b l i c a t i o n  by t h e  Journa l  o f  A p p l i e d  

Phys ics  (JAP) and an abr idged  v e r s i o n  of t h e  round r o b i n  r e p o r t  (neu t ron  and p r o t o n  

s p u t t e r i n g  exper iments)  was a l s o  accepted by t h e  JAP. 

The new b l i s t e r i n g  chamber connected t o  PNL's 2-MeV Van de  G r a f f  a c c e l e r a t o r  has been 

p u t  i n t o  i n i t i a l  o p e r a t i o n .  Some measurements o f  b l i s t e r i n g  t h r e s h o l d s  f o r  s p e c i a l l y  p r e -  

pared, g lass- impregnated s t a i n l e s s  , s tee l  samples has been s t a r t e d .  R o t a t i n g  sample 

exper iments a r e  n e a r l y  ready t o  begin.  

1 A c o l u t r o n  i o n  source has been connected t o  o u r  Scanning Auger system and t h e  f i r s t  i o n  
t 

beam was produced. T h i s  i o n  source w i l l  a l l o w  us t o  i n t r o d u c e  s l - e V  t o  5-KeV i o n s  i n t o  t h e  

Auger chamber th rough  a d i f f e r e n t i a l  pumping system., 

G ~ r i n g  t h i s  q u a r t e r  a paper on i m p u r i t y  f l o w  i n  t h e  UCLA Tokamaks was presented a t  t h e  

s p r i n g  meet ing o f  t h e  American P h y s i c a l  S o c i e t y .  We were a l s o  represen ted  a t  t h e  American 
. . Chemical S o c i e t y  symposium on s u r f a c e  Chemical Problems i n  C o n t r o l  l e d  Thermonuclear 

' Reactors.  



BULK RADIATION EFFECTS AND SIMULATION 

S t r u c t u r a l  m a t e r i a l s  i n  magnet ic  f u s i o n  r e a c t o r s  w i l l  be s u b j e c t e d  t o  b u l k  r a d i a t i o n  

damage f rom e n e r g e t i c  neu t rons  coupled w i t h  c y c l i c  temperatures and s t r e s s e s .  I r r a d i a t i o n -  

induced creep, f a t i g u e ,  and e m b r i t t l e m e n t  o f  m a t e r i a l s  a r e  s e r i o u s  l i m i t a t i o n s  on t h e  d e s i g n  

l i f e  o f  many f u s i o n  r e a c t o r  components. An unders tand ing  of t h e  s p e c i f i c  e f f e c t s  o f  i r r a d i a -  

t i o n  on creep, f a t i g u e ,  and c r a c k  g rowth  r a t e s  i s  necessary f o r  t h e  development and s e l e c t i o n  

o f  a l l o y s  f o r  these components; however, m a t e r i a l s  s t u d i e s  f o r  f u s i o n  r e a c t o r  a p p l i c a t i o n s  

a r e  s e v e r e l y  hampered by  t h e  l a c k  of a  h i g h - f l  ux, high-energy, large-volume i r r a d i a t i o n  f a c i -  

l i t y .  Charged p a r t i c l e  i r r a d i a t i o n s  of m a t e r i a l s  can h e l p  s a t i s f y  t h e  f l u x  and energy r e q u i r e -  

ments f o r  i r r a d i a t i o n  damage s t u d i e s  w h i l e  l o w e r i n g  t h e  necessary r a d i a t i o n  l e v e l s  ( r e l a t i v e  

t o  n e u t r o n i c  i r r a d i a t i o n s )  and o f f e r i n g  t h e  p o t e n t i a l  t o  c o n t r o l  r a d i a t i o n  parameters. A  

balanced program o f  l i g h t  ion,  f u s i o n  neutron,  and f i s s i o n  n e u t r o n  i r r a d i a t i o n  s t u d i e s  i s  

underway t o  g a i n  an unders tand ing  of t h e  e f fec ts  of a  f u s i o n  n e u t r o n  envi ronment  on t h e  

mechanical p r o p e r t i e s  .of m a t e r i a l s .  

ALLOY DEVELOPMENT FOR IRRADIATION PERFORMANCE - MECHANICAL PROPERTIES 

R. H. Jones, D. L .  S t y r i s ,  E. R. Brad ley  

The i r r a d i a t i o n  behav io r  o f  f u s i o n  r e a c t o r  m a t e r i a l s  i s  b e i n g  s t u d i e d  w i t h  a  v a r i e t y  o f  

r a d i a t i o n  sources because o f  t h e  l a c k  o f  a  f u s i o n  n e u t r o n  source w i t h  t h e  a p p r o p r i a t e  f l u x  

and s p e c t r a l  c h a r a c t e r i s t i c s .  Fus ion  energy neu t rons  ob ta ined  f r o m  t h e  T(d,n) and Be(d,n) 
+ 

r e a c t i o n s  and 16 MeV p r o t o n s  ( p  ) a r e  t h r e e  types  of r a d i a t i o n  c u r r e n t l y  be ing  used by 
+ 

researchers  s t u d y i n g  f u s i o n  r e a c t o r  m a t e r i a l s .  16 MeV p a r e  o f  i n t e r e s t  because: 1  ) t h e r e  
t 

i s  some ev idence t h a t  t h e  damage s t r u c t u r e  produced w i t h  16  MeV p  i s  s i m i l a r  t o  t h a t  p r o -  
14 2  

duced by 14  MeV neutrons;  2 j  p a r t i c l e  f l u x e s  o f  5 x  10 /cm -sec, wh ich  a r e  equal t o  f l u x e s  

i n  f u t u r e  f u s i o n  r e a c t o r  f i r s t  w a l l s ,  a r e  p o s s i b l e ;  and 3 )  16 MeV p+ can p e n e t r a t e  a  rea-  

sonably  t h i c k  (20.25 mm) specimen, t h e r b y  m i n i m i z i n g  con tamina t ion  from t h e  bombarding i o n  

and t . h ~  chemical  environment. 

The near  te rm o b j e c t i v e  o f  t h i s  program i s  t o  c o r r e l a t e  t h e  m i c r o s t r u c t u r e s  and r a d i a t i o n  

harden ing  produced by  l i g h t  i o n s  and f u s i o n  neutrons.  To accompl ish t h i s  o b j e c t i v e  t h e  
+ 

m i c r o s t r u c t u r e  and y i e l d  s t r e n g t h  change o f  N i ,  316 SS, and Nb i r r a d i a t e d  w i t h  16 MeV p  and 

(D,T) and (D;Be) neu t rons  a r e  be ing  evaluated.  The l o n g  te rm o b j e c t i v e  o f  t h i s  program i s  t o  

s tudy  t h e  creep, f a t i g u e ,  and t e n s i l e  p r o p e r t i e s  of f u s i o n  cand ida te  m a t e r i a l s  under s imula-  

t e d  f u s i o n  r e a c t o r  o p e r a t i o n  c o n d i t i o n s .  

LIGHT ION/NEUTRON CORRELATION EXPERIMENT 

The l i g h t  i o n / f u s i o n  n e u t r o n  c o r r e l a t i o n  exper iment  i s  expected t o  produce d a t a  which 

w i l l  a l l o w  a  comparison between t h e  damage e f f i c i e n c i e s  o f  16 MeV p+ and (D,T) and (D,Be) 

neutrons.  Data f o r  c o r r e l a t i n g  (D,T) and (D,Be) neu t ron  damage w i l l  a l s o  be produced. 



+ 
16 MeV p I r r a d i a t i o n s  

A se r i es  o f  i r r a d i a t i o n s  a t  1012 p+/cm2-sec and 35'C t o  f luences o f  3 x 1016 p+/cm2, . 

2 2 6 x 1016 pt/cm and 1 x 1017 p+/cm have been completed. The change i n  y i e l d  s t rength  f o r  

n i c k e l  and niobium f o r  those i r r a d i a t i o n s  are  shown i n  Figures1 and 2 a long w i t h  the ( d , ~ )  

neutron i r r a d i a t i o n  data. Also shown on these f i g u r e s  i s  the  Lawrence Libermore Laboratory 

(LLL) data f o r  (D,T) .neut ron- i r rad ia ted copper and niobium. A t  low f luences, t he  16 MeV p+ 

i r r a d i a t e d  n i c k e l  and (D,T) neut ron- i r rad ia ted copper behaved s i m i l a r l y .  The s i m i l a r i t y  

between the  (D,T) neu t ron - i r rad ia ted  n i c k e l  w i re  and the,copper sheet a t  h igh  f 1 uences 

suggests t h a t  the  (D,T) neut ron- i r rad ia ted n i c k e l  would ' a l s o  behave s i m i l a r l y  a t  low f luences. 
+ 

A change i n  t he  hardening reponse o f  the  16 MeV p i r r a d i a t e d  n i c k e l  was no t  observed 
2 

up t o  a f luence of 1 ;1 x 1017 p+/cm w h i l e  a change i n  the  hardening response has been 

observed a t  fluences exceeding 3 x 1016 n/cm2 i n  copper and 6. x 1016 n/cm2 i n  n i c k e l  as shown 

i n  F igure  1. I f  the  change i n  hardening response w i t h  f luence i s  associated w i t h  t he  onset 
t 

o f  c l u s t e r  format ion,  a d i f f e r e n c e  i n  the  hardening mechanism o f  16 MeV p and 14 MeV neutrons 

may be suggested by t h i s  data. However, i t  i s  premature t o  conclude whether t he  d i f f e r e n c e  

i s  physical  o r  experimental because o f  unce r ta in t i es  i n  t he  beam cu r ren t  and p r o f i l e .  

Experiments w i t h  improved beam moni to r ing  c a p a b i l i t i e s  and h igh  f luences are  planned f o r  

the  nex t  quar ter .  
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FIGURE 1. 'The AYS Versus P a r t i c l e  Fluence o f  MRC Marz Grade Nicke l  I r r a d i a t e d  a t  25'C 
w i t h  14 MeV Neutrons and 16 MeV Protons a t  a Flux o f  1012 ~ a r t i c l e s l c m 2 - s e c .  



+ 
The hardening response o f  16 MeV p i r r a d i a t e d  n i o b i u ~ ~ ~  was a l so  much l e s s  than t h a t  

observed f o r  14 MeV neutrons, as shown i n  F igure  2. The c lose agreement between the  (D,T) 
neu t ron - i r rad ia ted  niobium w i re  (PNL) and sheet (LLL) indica'tes t h a t  the  proton/neutron 

d i f f e rence  i s  e i t h e r  due t o  i o n  beam measuring e r r o r s  o r  the  displacement process. 

The damage energy and displacement cross sect ions f o r  16 MeV p+ and 14 MeV neutrons are  

compared f o r  n i cke l ,  copper and niobium i n  Table 2: It can be seen from t h i s  data t h a t  the  

damage energy imparted t o  the  t a r g e t  ma te r i a l  per i n c i d e n t  p a r t i c l e  i s  g reater  f o r  16 MeV p+ 

than i t  i s  f o r  14 MeV neutrons. A p l o t  o f  the  y i e l d  s t reng th  increase versus the  damage . 

energy would increase the  d i f f e r e n c e  between the  pro ton and neutron data by s h i f t i n g  the  

proton r e s u l t s  t o  h igher damage energies r e l a t i v e  t o  t he  neutron data f o r  an equa! number o f  

p a r t i c l e s .  

M i t c h e l l  e t  a1. (8 )  concluded t h a t  16 MeV p+ and 14 MeV neutrons produced very s i m i l a r  

mic ros t ruc tures  . i n  copper a t  20°C. However, t he  pro ton f l u x  was 20 t imes greater  than the  

neutron, f l u x .  The f l u x  dependence o f  the  damage m ic ros t ruc tu re  and i r r a d i a t i o n '  hardening o f  

n i cke l ,  316 SS and niobium w i l l  be studied as p a r t  o f  t he  16 MeV proton/neutron c o r r e l a t i o n  

experiment which, i t  i s  hoped, w i l l  c l a r i f y  many o f  the  unce r ta in t i es  t h a t  p resent ly  e x i s t  

regarding the  l i g h t  i o n  and fus ion  neutron damage processes. 

T(d,n) I r r a d i a t i o n s  

2 . ~ r r a d i a t i o n s  o f  Ni ,  316 SS, and Nb wires and N i  and Nb f o i l s  t o  1 x 1017 n/cm and 
' 2 2 x 1017 ~/CI I I  a t  20°C have been completed. Also, Ni ,  316 SS, and Nb wires and f o i l s  have 

2 been i r r a d i a t e d  t o  1 x 10'' n/cm a t  175°C. The y i e l d  s t rength ,eva luat ions  o f  t he  specimens 

i r r a d i a t e d  a t  20°C w i l l  be performed next  qua r te r  w h i l e  the.elevated temperatures t e s t s  w i l l  

be performed a t  a l a t e r  t ime. 

1 6 ~ e ~  H+ NIOBIUM 

x 14 MeV n NIOBIUM 
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PARTICLE FLUENCE, c ~ n - ~  

FIGURE 2. The ALYP Versus P a r t i c l e  Fluence of MRC Marz Grade Niobium I r r a d i a t e d  a t  25OC 
w i t h  14 MeV Neutrons and 16 MeV Protons a t  a Flux o f  1012 Part icles/cm2-sec. 



TABLE 2. Comparison o f  16 MeV Proton114 MeV Neutron Damage Parameters 

Target 
M a t e r i a l  Damage Parameter 16 MeV Pro ton  , 14 MeV Neutron Reference - -  

Nicke l '  Damage Energy 592 254 . 9  
barn-keV 

Displacement, 4.6 1.5 10 
Cross Sect ion,  Coulomb 

k i l o b a r n  . S c a t t e r i n g  Only 

Copper Defec t  C l u s t e r s  
25-50A" 2.1 x 1015 cm-3 1.7 x 1015 8 
50-75A" 4 . 1 x 1 0 ~ ~ c m - ~  5 . 8 x 1 0 ~ ~ c r n - 3  
100-1 25A0 5 . 2 x 1 0 ~ ~ c m - ~  8 . 0 x 1 0 ~ ~ c m - 3  

Damage Energy 58 9 267 9 
barn-keV 

Niobium Damage Energy 723 266 9 
barn-keV (636 @ T > 0.035) 

Displacement 4.0 2.5 1 0  
Cross Sect ion,  
k i l o b a r n  

Be(d,n) I r r a d i a t i o n s  

2 I r r a d i a t i o n s  o f  N i ,  316 SS, and Nb w i r e  and f o i l s  t o  5 x  1017 nlcm and 1  x 1018 nlcm 2 

a t  20% have been completed. Bob He inr ich  o f  Argonne Nat ional  Laboratory assembled and 

analyzed the  dosimetry f o i l s  w i t h  assistance on the  sho r t - l i ved  f o i l s  from Cur t  Rowe o f  

Lawrence Livermore Laboratory. 

2 Proton i r r a d i a t i o n s  a t  1013 ptlcm -sec t o  c o r r e l a t e  w i t h  these i r r a d i a t i o n s  are  planned 

f o r  the  next  quar ter .  

Transmission E lec t ron Microscopy 

M ic ros t ruc tu re  eva luat ion  o f  the  fusion neut ron- i r rad ia ted f o i l s  has been i n i t i a t e d .  

E f f o r t s  w i l l  be concentrqted on the  (D,T) neut ron- i r rad ia ted n i cke l . and  niobium since the 

y i e l d  s t rength  data f o r  these ma te r i a l s  i s  the  most re1 i ab le .  Pro ton- i r rad ia ted f o i l s  w i l l  

be examined a f t e r  the  quest ions regarding the  p ro ton - i r rad ia ted  w i res  have been resolved. 



- ..' . . '. MATERIALS TECHNOLOGY 

. Programs t o  i d e n t i f y  and s o l v e  m a t e r i a l s  problems a r e  e s s e n t i a l  t o  success fu l  commercial 

f u s i o n  power development. The PNL m a t e r i a l s  techno logy  program addresses areas where in fo rma-  

t i o n  w i l l  be needed f o r  exper imenta l  and commercial r e a c t o r s ,  i n c l u d i n g  , the behav io r  o f  g ra -  

p h i t e s  and e l e c t r i c a l  i n s u l a t o r s  i n  f u s i o n  r e a c t o r  environments. E l e c t r i c a l  i n s u l a t o r  s t u d i e s  

a r e  examining t h e  proposal  t h a t  a c o u s t i c  emiss ion  d a t a  generated d u r i n g  d i e l e c t r i c  breakdown 

may c o n t a i n  i n f o r m a t i o n  r e 1  a t e d  t o  mechanism(s) o f  i n s u l a t o r  f a i l u r e .  

EVALUATION OF CARBONS AND GRAPHITES FOR 

FUSION REACTOR APPLICATIONS 

W. J. Gray, W. C.  Morgan, G. L. T ingey  

Some f u s i o n  r e a c t o r  concepts have proposed t h e  use of a  low-Z l i n e r  between t h e  plasma 

and t h e  f i r s t  s t r u c t u r a l  w a l l .  A  number o f  m a t e r i a l s  a r e  be ing  cons idered  f o r  t h e  l i n e r ,  

i n c l u d i n g  g r a p h i t e  o r  g r a p h i t e  c l o t h .  Among t h e  more i m p o r t a n t  d a t a  r e q u i r e d  b e f o r e  t h e  

c h o i c e  o f  l i n e r  m a t e r i a l s  can be narrowed a re :  1  ) r a d i a t i o n  damage, 2) neutron,  i o n ,  and 

chemical s p u t t e r i n g ,  and 3) degassing. 

To p r o v i d e  t h e  necessary i n f o r m a t i o n  on g r a p h i t e ,  t h e  f o l l o w i n g  areas a r e  b e i n g  i n v e s t i -  . . . 
ga ted  : . . 

R a d i a t i o n  Damage i n  G r a p h i t e  C l o t h  - e v a l u a t i o n  o f  r a d i a t i o n  damage e f f e c t s  i n . c l o t h s .  
m .  

and f i b e r s  s i n c e  t h e r e  a r e  no p r e v i o u s  d a t a  f o r  these m a t e r i a l s  above about  1  x  l o L '  
EFF. ( a )  

R a d i a t i o n  Damage a t  Very H igh  Temperatures - e v a l u a t i o n  o f  r a d i a t i o n  damage e f f e c t s  a t  

temperatures up t o  2000°C s i n c e  no d a t a  e x i s t  above %140O0C. 

F iss ion-Fus ion  C o r r e l a t i o n  - exper imenta l  t e s t i n g  o f  t h e  c o r r e l a t i o n  between damage 

p r o d u c t i o n  r a t e s  i n  f i s s i o n  and f u s i o n  r e a c t o r  spec t ra .  T h i s  w i l l  a l l o w  more a c c u r a t e  

p r o j e c t i o n s  of g r a p h i t e  performance i n  f u s i o n  r e a c t o r s  based on t h e  e x t e n s i v e  g r a p h i t e  

d a t a  f rom f i s s i o n  r e a c t o r  i r r a d i a t i o n s .  

S p u t t e r i n g  - measurement o f  neutron,  i o n ,  and chemical  s p u t t e r i n g  r a t e s  f o r  carbon. 

T h i s  work i s  done i n  c o n j u n c t i o n  w i t h  o t h e r  s u r f a c e  sc ience  research  presented i n  t h i s  

r e p o r t  ., 
Degassing - measurement o f  degassing p r o p e r t i e s  o f  l a r g e  g r a p h i t e  samples under  cond i -  

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

RADIATION DAMAGE I N  GRAPHITE CLOTH 

G r a p h i t e  c l o t h s  and f i b e r s  have been i r r a d i a t e d  t o  a  maximum f l u e n c e  o f  1 .0  x  10  
22 cm-2 

EFF a t  470°C i n  EBR-11. R e s u l t s  o f  examinat ions w i t h  o p t i c a l  and scanning e l e c t r o n  m i c r o -  

scopy, as w e l l  as measurements o f  d e n s i t y ,  s u r f a c e  area, and f i b e r  l e n g t h  changes, were 

~ ( 1 2 )  (a)~ll f l u e n c e s  a r e  quoted i n  terms o f  " E q u i v a l e n t  F i s s i o n  F luence f o r  Damage i n  Graph i te .  



repor ted  l a s t  quarter.(13) Measurements of f i b e r  diameter changes are  near ing completion. Pre- 

l i m i n a r y  r e s u l t s  f o r  11 d j f f e r e n t  types of f i be rs  i n d i c a t e  r e l a t i v e l y  smal l  shrinkages o f  up 

t o  s 6% f o r  7 types, shrinkages of 15 t o  20% fo r  2 types, and expansions o f  s 30% f o r  2' types. 

 h he f i n a l  r e p o r t  f o r  t h i s  task w i  11 be issued next '  quarter .  

RADIATION DAMAGE AT -VERY HIGH TEMPERATURES 

Plans t o  i r r a d i a t e  'g raph i te  a t  temperatures up t o  s 2000°C are  i n  progress. .Much o f  t h i s  

qua r te r  has been spent eva luat ing  the  r e l a t i v e  m e r i t s  o f  conducting the i r r a d i a t i o n s  i n  the  

High F lux  Isotope Reactor (HFIR) versus Oak Ridge Reactor, both a t  ORNL. I n  the  i n t e r e s t s  o f  

both t ime and money, HFIR i s  t he  best  choice. I r r a d i a t i o n  capsule design work has been resumed. 

The f i r s t  capsule w i l l  be charged i n t o  HFIR du r i ng  the  f i r s t  h a l f  o f  FY-1978 f o r  a 1-cycle 

i r r a d i a t i o n  where a maximum neutron f luence o f  s 2.4 x lo2 '  EFF w i l l  be achieved. 

Graphi te temperatures o f  s 1900°C and s 1500°C a r e  planned. 

FISSION-FUSION CORRELATION 

Re la t i ve  atomic displacement ra tes  i n  g raph i te  i r r a d i a t e d  w i t h  neutrons o f  d i f f e r e n t  ener- 

g ies  a re  being determined by measuring r e l a t i v e  changes i n  the e l a s t i c  modulus o f  h igh l y  o r i -  

ented p y r o l y t i c  g raph i te  samples i r r a d i a t e d  i n  th ree d i f f e r e n t  neutron sources. The three 

sources are: 

1 ) The Rota t ing  Target  Neutron Source a t  LLL w i t h  neutron energies o f  s 15 MeV; 

2) The D-Be source a t  Davis, C a l i f o r n i a ,  operated a t  an average neutron energy of s 5 MeV; 

3)  The Brookhaven Medical Research Reactor where average neutron energies a re  s 1 MeV. 

Th is  task has taken much longer than an t i c i pa ted  because o f  an unexpected annealing phenomenon. 

That i s ,  the e l a s t i c  moduli  o f  samples i r r a d i a t e d  and then s tored a t  room temperature have 

changed s lowly  over per iods o f  several months, decreasing toward the  o r i g i n a l  un i r rad ia ted  

values. A l l  t h ree  i r r a d i a t i o n s  have now been completed. F ina l  data ana l ys i s  i s  i n  progress, 

and task completion next  qua r te r  i s  an t ic ipa ted.  

SPUTTERING 
# 

No work was done on t h i s  task' dur ing  t h i s  quar ter .  

DEGASSING 

Degassing measurments us ing  t h e  apparatus described previously(14) a r e  i n  progress. Only 

one type o f  nuclear-grade g raph i te  and one sample s i z e  and geometry (314 i n .  d i a  'x 1 - in - long 

c y l i n d e r  weighing s 12 g)  have been tes ted  t o  date. Degassing was done i n  two stages: 

1 )  both sample and system were heated a t  temperatures up t o  400°C; then 2)  the. sample was 

heated i n d u c t i v e l y  a t  temperatures between 800 and 2000°C wh i l e  the  system was maintained near 

room temperature. 
- 

Typ ica l  p re l im ina ry  r e s u l t s  f o r  as-received samples a re  shown schemat ical ly  i n  F igure  3. 



TEMP, OC 

TIME, HR 

FIGURE 3. Schematic Representation o f  Typ ica l  Degassing Data f o r  a ~ u c l e a r  
Grade Graphi te , 

These data show t h a t  degassing ra tes  f o r  samples prev ious ly  degassed a t  2000°C were s 1 x 10'1° 

t o r r  l i t e r s l s e c - g  a t  1800°C; no degassing was detected fo r  temperatures ( 1500°C and the  ra tes  

were, therefore,  l ess  than s 1 x 10- l1 t n r r - l i t e r s l s e c - 9 .  These ra tes  were observed whi.le 

the pressure was s 1 x t o r r .  To ta l  gas invo lved was s 0.5 t o r r - l i t e r s / g  up t o  400°C and 

and add i t i ona l  s 0.1 t o r r - l i t e r s l g  up t o  2000°C. Gas evolved from a sample prev ious ly  degassed 

a t  2 0 0 0 " ~  and then soaked i r ~  one atmosphere o f  d r y  n i t r ogen  a t  room temperature f o r  24 hrs  

cou ld  n o t  be accura te ly  determined a t  400°C. because o f  t he  c o n t r i b u t i o n  from the system, b u t  

was on the order o f  5 5 x l o m 3  t o r r - l i t e r s / g .  Add i t i ona l  gas evolved as the  sample temperature 

was increased t o  2000°C was s 1 x t o r r - l i t e r s l g .  

The g raph i te  degassing ra tes  shown here need t o  be p u t  i n  perspect ive by comparing them 

w i t h  values reported f o r  o the r  mater ia ls .  So f a r  t h i s  has been done on ly  i n  a very cursory 

manner. Room temperature values f o r  we1 1 degassed s ta in less  s tee l s  o f  s 10- l4  t o r r - l i t e r s /  
2 2 sec-cm are  reported. Rates a t  e levated temperatures may be c 10- l1 t o r r - l i t e r s l s e c - c m  o r  

even h igher  depending on pretreatment. Thus, i t  appears poss ib le  t h a t  g raph i te  degassing 

ra tes  a t  e levated temperatures might  be no t  much d i f f e r e n t  from those f o r  s ta in less  s tee ls .  

Add i t i ona l  , more d e f i n i t e , ;  comparisons w i l l  be made i n  t he  fu tu re .  



Fur ther  work w i l l  a l so  be devoted t o  determining the  minimum cond i t ions  necessary f o r  

reducing g raph i te  degassing ra tes  t o  very low values, and t o  i n v e s t i g a t i n g  the  e f f e c t s  o f  

sample s i z e  and g raph i te  type. 

ELECTRICAL INSULATORS FOR FUSION REACTOR APPLICATIONS 

J. E. Garnier, A. S. Rupaal, J. L. Bates 

Current  .technology c a l l s  f o r  t he  use of e l e c t r i c a l  i n s u l a t o r s  i n  var ious l oca t i ons  i n  

c o n t r o l l e d  thermonuclear reac tors .  These i n s u l a t o r s  w i l l  be subjected t o  a v a r i e t y  o f  c y c l i c  

cond i t ions  and must f u n c t i o n  i n  the  r e a c t o r ' s  complex r a d i a t i o n  environment. One o f  the more 

s t r i n g e n t  requirements i s  t h e  need f o r  i n s u l a t o r s  which are  e l e c t r i c a l l y ,  thermal ly ,  and 

mechanical ly  s tab le  t o  in tense neutron, p a r t i c l e ,  gamma, and beta rad ia t i on ,  e.g., %1 016 nv 

and nv t .  I n  some cases the  i n s u l a t o r  w i l l  be requ i red  t o  wi thstand very h igh  e l e c t r i c a l  

p o t e n t i a l s  (s100 kV/cm) and c y c l i c  cond i t ions  a t  h igh  temperatures. 

One o f  the  major goals o f  t h i s  program i s  t o  evaluate the  d i e l e c t r i c  breakdown behavior 

o f  ceramic i n s u l a t o r s  us ing  acoust ic  emission (AE) techniques. These s tud ies  emphasize: 

1 ) Development and understanding o f  acoust ic  emission i n fo rma t ion  generated dur ing  the  

occurrence o f  e l e c t r i c a l  breakdown and the  r e l a t i o n s h i p  o f  these data t o  ma te r i a l  

p roper t ies .  

2 )  Acqu is i t i on  o f  d i e l e c t r i c  s t reng th  and element r e s i s t i v i t y  data on p o t e n t i a l  f us ion  

reac to r  i n s u l a t o r  ma te r i a l s .  

Progress i n  these areas i s  described below w i t h  major e f f o r t  d i r e c t e d  toward completion 

o f  the  d i e l e c t r i c  breakdown apparatus and the  .use o f  spect ra l  ana l ys i s  o f  AE s igna l s  t o  

asce r ta in  mechani sm(s) of breakdown. 

HIGH-VACUUM DIELECTRIC BREAKDOWN APPARATUS 

The vacuum t e s t  chamber and i n t e r n a l  d i e l e c t r i c  breakdown t e s t i n g  apparatus has been 

completed and the  system checked. As shown i n  F igure  4, t he  system cons i s t s  o f  l a r g e  vacuum 

cross chamber d i r e c t l y  attached t o  a d i f f e r e n t i a l - i o n  (D / I )  pump. A l i q u i d  n i t r ogen  cooled 

so rp t i on  pump i s  used t o  lower the  pressure below 10 microns a t  which the  D/ I  pump can begin 

t o  operate. The i n t e r i o r  components cons i s t  o f  a water-cooled support stand, heater, and 

sample holder. 

A d e t a i l e d  schematic o f  the sample ho lder  i s  shown i n  F igure  5.. The sample temperature 

i s  determined by. two type-K thermocouples embedded i n  the  base a t  a l o c a t i o n  d i r e c t l y  beneath 

the  base sample e lec t rode.  Additional~thermocouples are  located on the  AE transducer and 

near . the upper sample.electrode. The sample i s  held i n  p o s i t i o n  by means o f  a spr ing  located 

a t  t he  edge o f  the  sample. The AE transducer i s  coupled t o  t he  sample w i t h  a ceramic cement 

(Cermabond 503, Aremco Products, N.Y. ) .  . . 

C a l i b r a t i o n  o f  the  frequency response o f  t he  AE transducer i s  made using a helium gas 

j e t  technique. (15) During the  c a l i b r a t i o n s ,  the  transducer i s  maintained a t  t he  opera t ing  
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temperature o f  t he  subsequent experiment. Since the  maximum opera t ing  temperature o f  t he  

transducers i s  s l O O ° C ,  the  transducer i s  maintained a t  a temperature be'low the  sample e lec t rode 

by heat ing the  e lec t rode end on ly .  

Scoping experiments have been conducted on t h i s  system a t  temperatures t o  200°C and DC 
4 

vol tages t o  5.5 x 10 V.  The system w i t h  a l l  i n t e r n a l  components and the  sample i n  p lace i s  

capable o f  opera t ing  a t  a vacuum t o  s2.6 x 1 0 ' ~  Pa. 

SPECTRAL ANALYSIS OFAE SIGNALS EMANATING FROM ELECTRICALLY STRESSED SOLID DIELECTRICS 

(16y17) t h d t  l o c a l i z e d  e l e c t r i c a l  discharges can occur i n  insu la&rs  a t  It has been shown 

f i e l d  s t rengths  below t h a t  requ i red  f o r  complete f a i l u r e  o f  t he  i nsu la to r .  These l o c a l i z e d  

discharges can occur a t  any reg ion o f  enhanced e l e c t r i c a l  s t ress  ( i .e. ,  voids, ma te r i a l  inhomo- 

gene i t ies ,  etc.  ). (17) A p o i t i o n  o f  the  energy d i s i pa ted  i n  these discharges w i  11 be converted 

i n t o  pressure waves (AE) which can be detected and analyzed. The remainder o f  the l o c a l  d i s -  

charge energy w i l l  be d i ss ipa ted  v i a  heat ing o f  t he  surrounding discharge reg ion.  

During a l o c a l  discharge, t he  associated l o c a l i z e d  temperature may r i s e  t o  as h igh  as 

6000°K.(18) I f  the  e l e c t r i c a l l y  st ressed reg ion i s  capable o f  repeated discharge, u l t i m a t e  

f a i l u r e  o f  t h e  i n s u l a t o r  can occur. 

Although the  l o c a l i z e d  cu r ren t  dens i t y  i n  t h e  discharge reg ion  may reach several thou- 

sand amperes dur ing  the  discharge, the  ne t  cu r ren t  f l o w  through the  e n t i r e  i n s u l a t o r  w i l l  

remain on the  .order o f  1 0-14 t o  1 o - ~  A (depending on i n s u l a t o r  res is tance and app l ied  vol tage).  

The changes i n  cu r ren t  associated w i t h  t h e  l o c a l  d ischarge a re  several orders o f  magnitude 

l s s s  than t h e  t o t a l  cu r ren t  f low.  Th is  makes i t  exceedingly d i f f i c u l t  t o  measure these small 

changes i n  cu r ren t  l e v e l s  and t o  extract, i n f o ~ m a t i o n  concerning the  breakdown mechanism(s). 

However, i t  has been shown (16y17) t h a t  moni to r ing  acoust ic  emission s igna l s  from an e l e c t r i c a l l y  

st ressed i n s u l a t o r  i s  a s e n s i t i v e  t o o l  f o r  d i s t i n g u i s h i n g  d i f f e rences  i n  pre-breakdown 

behavior. 

I T  IS  PROPOSED THAT A FREQUENCY ANALYSIS OF ACOUSTIC EMISSIONS RESULTING FOR LOCALIZED 

DISCHARGES WILL CONTAIN INFORMATION RELATED TO THE OPERATIVE MECHANISM(S) LEADING TO FAILURE 

OF THE INSULATOR. 

It i s  known t h a t  t he  frequency component o f  AE s igna l s  w i l l  be dependent on sample 

geometry, couplant,. transducer, and source o f  AE generation. To produce system-independent 

AE spect ra l  in fo rmat ion ,  a hel ium gas j e t  spect ra l  c a l i b r a t i o n  i s  used. i15) I f  on ly  t he  

source of AE generat ion i s  changed, then a r e l a t i v e  comparison o f  AE spect ra l  in fo rmat ion  

can be made by accounting on l y  f o r  t he  change i n  frequency character is t ic ; '  o f  the  transducer 

w i t h  temperature. 

As determined by ~ r i t t ( l ~ )  and shown i n  F igure  6, t he  d i e l e c t r i c  s t rength  o f  Lucalox 

increases w i t h  increas ing temperature from 300°K t o  s400°K, which i s  c h a r a c t e r i s t i c  o f  a 

ma te r i a l  e x h i b i t i n g  e l e c t r o n i c  breakdown. A t  temperatu'res from s500°K and above, the  

d i e l e c $ r i c  s t rength  o f  Lucalox decreases w i t h  increas ing temperature. This i s  c h a r a c t e r i s t i c  



o f  thermal  breakdown. A t  temperatures between s300°K and s500°K, t h e  mechanism o f  f a i l u r e  i n  

Lucalox was cons idered  by  B r i t t  t o  be mixed ( i . e .  b o t h  . e l e c t r o n i c  and t h e r m a l ) .  To e v a l u a t e  

t h i s  hypo thes is  and f o r  comparat ive purposes, t h e  d i e l e c t r i c  breakdown c h a r a c t e r i s t i c  o f  

A1203 (McDaniel ACL-112, 99.9% p u r i t y )  were analyzed a t  300°K and 450°K, F i g u r e  6. 

I f  t h e  f requency  c o n t e n t  o f  t h e  a c o u s t i c  emiss ions generated i n  t h e  e l e c t r i c a l l y  s t r e s s e d  

samples o f  A1 203 c o n t a i n  i n f o r m a t i o n  r e l a t e d  t o  t h e  o p e r a t i v e  mechanism(s) l e a d i n g  t o  f a i l u r e ,  

then  t h e  s p e c t r a l  c o n t e n t  of t h e  AE s i g n a l s  o b t a i n e d  a t  300°K and 450°K shou ld  be d i f f e r e n t .  

The s p e c t r a l  a n a l y s i s  o f  AE s i g n a l s  recorded p r i o r  t o  complete breakdown f o r  t h e  same .. 

sample o f  A1203 a t  300°K and 450°K a r e  i l l u s t r a t e d  i n  F igures  7 and 8,  r e s p e c t i v e l y .  Large 

peaks a r e  observed a t  300°K i n  t h e  f requency  spectrum a t  90 KHz, 140 KHz, and 190 KHz, w i t h  , 

' 

severa l  s m a l l e r  b u t  w e l l - d e f i n e d  peaks a t  f r e q u e n c i e s  between 240 KHz and 360 KHz, F i g u r e  7. 
. ,  ' 

On t h e  o t h e r  hand, t h e  f requency spectrum a t  450°K, F i g u r e  8, a l s o  shows peaks i n  t h e  v i c i n i t y  

o f  .90 KHz, 140 KHz, and 190 'KHz, b u t  no we1 1-def i n e d  peaks a t  f requencies above 200 KHZ. 1" 
a d d i t i o n ,  t h e r e  appears an a d d i t i a n a l  we l l -de f ined  peak o f  l ower  f requency  a t  30 KHz. 

A1203 M I S  STUDY, McDANlEL REF. 
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FIGURE 6.  Breakdown S t r e n g t h  (kV/mm) Versus Temperature (OK) f o r  ~ u c a l o x ( ' ~ )  and 
A1203 ( T h i s  Study) .  
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FIGURE 7. AE Spectrum [AE Signal Amplitude (db) versus Frequency (kHz)] o f  Prebreakdown 
Signal on Sample of A1203 a t  300°K Stressed t o  48 kV/mm. 
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FIGURE 8. AE Spectrum [AE Signal Amplitude (db) versus Frequency (kHz)] o f  Prebreakdown 
Signal on Same Sample as Figure 7 a t  450°K Stressed t o  57 kV/mn. 



To produce system-independent AE spectral information(15) the spectral information i n  

Figures 7 and 8 are corrected for the ef fects of transducer, sample, and couplant using the 

following relationship: 

db(corrected) = db(AE signal) - db(ca1ibration) 
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The resul ts  o f  db(corrected) determined a t  corresponding frequences o f  db(AE signal) and 

db(ca1ibrations) areshown i n  Figure 9. 

If the spectral content of an AE signal emanating from an insulator undergoing electronic 

breakdown contains higher frequencies, and if that o f  an insulator undergoing thernal break- 

down contains lower frequencies, then an insulator that  undergoes mixed breakdown (i.e., both 
e lec t r i ca l  and t h e m 1  ) should exhib i t  pronounced low and high frequencies. This would be 

consistent wi th the observed differences i n  the AE spectra o f  A1203 i n  the region o f  

electronic breakdown (300°K, Figure 7) and mixed breakdown (450°K, Figure 8). 

Efforts next quarter w i l l  be directed towards generation and analysis of AE frequency 

spectra information on other insulators. An extension o f  AE experiments on A1203 t o  

temperature above 450°K w i l l  be made. 

FREQUENCY, I(Hz 

FIGURE 9. The Corrected Spectrums for A1203 Undergoing Breakdown a t  300 and 430°K. 



SAFETY AND ENVIRONMENTAL PRQGRAM R A N M N G  FOP MAGNETIC FU5K3N 

PML is working On plahning efforts t@ asrura the timely availabil l W  of infwmtion whfch 
will be m i r e d  when safe-ty analysis reports and wlviromnental impact statements are pre- 
pared for QMFEi9 ftislon power developnent program. The fdentif4catl;on af pnt~ntial asion 
safety and environmental impacts ewly enough i n  the devalopment progrm would p m l t  fuaxlw~ 
mpemphasis on research and reactor desips to minimize these imwcts. 

FNL bas prepa~ed a draft Environmental Dwe?ownt Plan (EDP) to idmtify the key health, 
anvtranmental, and safety Pssues associated with the development of m ~ g n e t i c  fusion energy 
and to  pmvfdc a schedule for researsh relatad tc  these issues. The EDP degoribes the present 
status of magnetic fusion energy %echnel(~gy and identifies a ~ 6  of enviromnsntal. health. 
and u f e t y  mneern. Thib plan enceuragles peswrth te solve antisipatd problms relevant to 
f l r s t  generatfan magmtic fusion reactors, inclurflng csnsideration of mterials icvailability. 
tM health e f f e t s  trf magn&ic fields, a& the eonfirwent & ~ a d i o e ~ t i v e  and toxic fuater4icts 
durlng m 1  0pwEttfon and accident s7t~'d%lons. 

Existing ffssion reachor safety criteria are k i n g  reviewed t o  evaluate their applica- 
bility ta fusion reactors. The Xe~ulaWry 6ui4es qf the Nuclear Rqulatom Cmatissibn, 
Bivision I, were m v i w d  thlr quarter and classified according to applfoability tQ fusion 
systems QF reector  onf fin en rent. 
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FUSION SYSTEMS SAFETY ANALYSIS 

The development program leading toward p rac t i ca l  fusion power w i l l  invo lve construction 

and operation o f  a number o f  experimental reactors. This w i l l  requi re  an understanding of 

the normal and accident behavior of the reactor systems i n  order t o  assure the safety of the 

operating s t a f f  and the publ ic.  Potent ia l  safety concerns i n  such f a c i l i t i e s  and i n  the sup- 

p o r t  a c t i v i t i e s  (e.g., transportation, waste disposal, etc.) need t o  be addressed ear l y  i n  

the program t o  al low t ime ly  development o f  necessary data and the p red ic t i ve  methods. PNL's 

fusion systems safety  analysis task i s  i den t i f y i ng  the key needs and providing a p lan f o r  

obtaining t h i s  information. This task w i l l  a lso review ex is t ing  and evolving safety c r i t e r i a  

which may be appl icable t o  fusion reactors. 

FUSION SAFETY PROGRAM PLANNING 

H. J. Willenberg, F. P. Hungate 

A d ra f t  Environmental Development Plan (EDP) has been prepared t o  iden t i f y  the key health, 

environment, and safety issues associated w i t h  development o f  magnetic fus ion energy, and t o  

provide a schedule for  performing research re la ted t o  these issues. This EDP f o r  magnetic 

fus ion energy (MFE) b r i e f l y  describes the present status o f  MFE technology and i den t i f i e s  

potent ia l  areas of concern relevant t o  the heal th  o f  workers and the natural  and man-made 

environment. It also addresses socioeconomic and safety impl icat ions. This p lan encourages 

research t o  solve ant ic ipated problems i n  a t imely  fashion so tha t  design and operational 

decisions can be made w i t h  reasonably re levant  data on which t o  base such decisions. 

The p r inc ipa l  concern i s  rad ia t ion  exposure resu l t i ng  d i r e c t l y  and i n d i r e c t l y  from the 

deuter ium-tr i t ium fusion react ion t o  be used i n  ear l y  fusion devices. Later fus ion cycles 

may be able t o  r e l y  on other than rad ioact ive fue ls  w i t h  reactions producing less act ivated 

materials, bu t  containment and heating problems preclude t h e i r  ear ly  use. Potent ia ls  f o r  

personnel and environmental exposure t o  t r i t i u m  and neutron-activated mater ials necessitate 

special consideration i n  the select ion of mater ials and development of techniques t o  minimize 

escape of these rad ioact ive mater ials and t o  ameliorate the consequences o f  contamination 

events. As always, accidents represent the greatest potent ia l  for exposure of operating 

personnel, the environment, and the publ ic.  

The presence o f  magnetic f i e l d s  up t o  500 gauss i n  occupied areas of magnetic fusion 

reactors (MFRs) raises the question o f  possible health consequences. Work has already been 

i n i t i a t e d  t o  determine whether health effects from magnetic f i e lds  are t o  be expected and 

t o  provide a basis f o r  MFR design c r i t e r i a .  Other po ten t i a l l y  hazardous mater ials include 

the a l k a l i  metals, beryll ium, and mercury. It i s  ant ic ipated tha t  adequate designs and opera- 

t i n g  techniques w i l l  be developed t o  make potent ia l  health, environment, and safety (HE&S) 
effects from these mater ials nominal under normal operating conditions. Possible accident 

s i tuat ions'  require understanding the behavior and e f fec ts  of these mater ials when released 

i n t o  the environment. 
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MFRs will require large amounts of special materials whose price and availability must 

be considered. Of these, helium, required for magnet cooling and possibly for heat transfer, 
appears to be the most critical. Consideration of steps to stockpile helium from currently 

rich sources is in order. Other scarce materials, such as beryllium, will warrant special 
attention as they become more specifically identified for use in MFRs. 

This EOP addresses only HE&S issues relevant to first generation MFRs. Significant pros- 
pects beyound the first generation include using fusion reactions not requiring or producing 
large quantities of radioactive materials and using the products of fusion for direct energy 
conversion. These prospects for the future development of fusion reactors capable of pro- 

ducing cleaner energy should in themselves encourage rapid progress in fusion technology. 

FUSION REACTOR SAFETY CRITERIA 

H. J. Willenberg, S. H. Bush 

A review is being performed of existing fission reactor safety criteria to evaluate their 
applicability to fusion reactors. The technical, philosophical, economic and political basis 
for their adoption will be reviewed so that a basis can be formed for establishment of 
fusion reactor safety criteria. The applicable fission criteria have been identified this 
quarter. 

The Regulatory Guides of the Nuclear Regulatory Comnission, Division I, were reviewed 
during the quarter. Each guide was evaluated regarding its applicability, either directly 
or indirectly, to the fusion system itself or to reactor confinement or containment. This 
classification, together with progress reported in the last quarterly progress report( com- 
pletes the review process. Identification of the basis for establishment of the existing 
criteria was initiated. 



MANPOWER DEVELOPMENT 

TO p r m t e  & better understarding of fusion techmle$y, PNL part idpates fn  educational 
p r o p m  qffered through the Joint Center for 6raduate Stady i n  Ri6hland, Washington. PNL 

W f f  finisbed teaching a course saQueTIee for the thrae quarters of the 1876-77 5a&nic 
year a5 a part of the Univerrfty of Mashingtoh's graduate study pmgrsm i n  Nuclear Enginwr- 

ing. The las t  quarter, finished in June, cavered lnaterials problme encoutitered i n  a cross 
w t i o n  of fusion reactor conoeptual designs. 
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EDUCATIONAL DEVELOPMENT 

( a ) ~ f f o r t  funded as p a r t  o f  the  J o i n t  center  f o r  Graduate Study Program 

B. F. Gore, A. €3. Johnson, J r . ,  H. B. Liemohn, F. P. Hungate 

A graduate course sequence on fus ion  technology w i t h  a balanced emphasis o f  plasma and 

engineer ing aspects was approved f o r  t he  Nuclear Engineering Curriculum o f  the  U n i v e r s i t y  o f  

Washington a t  t he  J o i n t  Center f o r  Graduate Study.(a) The Center i s  operated i n  Richland, 

Washington, by Oregon Sta te  Un ive rs i t y ,  Washington Sta te  Un ive rs i t y ,  and the  U n i v e r s i t y  o f  

Washington. 

The sequence i s  being given r o u t i n e l y  i n  th ree quar ters  s t a r t i n g  w i t h  the  1976-77 

academic year.  The f i r s t  quar ter  covered fusion plasma engineer ing and included an i n t r o -  

duc t ion  t o  plasma theory  and i t s  a p p l i c a t i o n  t o  c o n t r o l l e d  thermonuclear fusion.  The second 
' 

qua r te r  emphasized b lanket  technology and environmental aspects. <The l a s t  quar ter ,  f i n i s h e d  

i n  June, covered ma te r i a l s  problems encountered i n  a cross sec t ion  o f  f u s i o n  reac to r  

conceptual designs. This inc luded discussions o f  f i r s t  wa l ls ,  coo lant  systems, b lanket ,  

sh ie lds ,  magnets, and heat exchangers. 
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