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FISSION REACTORS 

J O I N I N G TECHNIQUES FOR CORE FLOW TEST LOOP A. J. Moorhead 
FUEL R O D S I M U L A T O R S R. W. McCulloch 

Arthur J. Moorhead ( t o p ) (BS, meta l lu rg ica l engineer ing , Uni-
vers i ty of T e n n e s s e e , 1 9 6 2 ) is a r e sea rch s t a f f m e m b e r in t h e 
Weld ing a n d Brazing G r o u p , Meta l s a n d C e r a i r i c s Divis ion, 
O a k Ridge N a t i o n a l L a b o r a t o r y ( O R N L ) . He has pub l i shed 
ar t ic les o n laser we ld ing , b raz ing , r e f r a c t o r y m e t a l , fe r r i t i c s tee l , 
a n d s ta inless s tee l jo in ing . R e c e n t l y , h e was c o d e v e l o p e r of a 
t h e r m a l - s h o c k - r e s i s t a n t c e r a m i c - t o - m e t a l seal f o r i n s t r u m e n t a -
t i o n used t o m o n i t o r f lu id f l o w p a r a m e t e r s in h igh t e m p e r a t u r e 
o u t - o f - r e a c t o r s a f e t y e x p e r i m e n t s . R. W. McCulloch (BS, elec-
t r ica l eng ineer ing , Univers i ty of Kansas , 1 9 7 0 ; MS, me ta l l u rgy 
a n d ma te r i a l s sc ience, Leh igh Unive r s i ty , 1 9 7 4 ) is a s t a f f devel-
o p m e n t eng inee r a t O R N L . He has b e e n re spons ib le f o r deve lop-
m e n t of high f l u x / h i g h t e m p e r a t u r e f u e l r o d s imu la to r s a t 
O R N L since 1975 , C u r r e n t in te res t s i n c l u d e high re l iabi l i ty , 
smal l d i a m e t e r s h e a t h e d t h e r m o c o u p l e and r e f r a c t o r y al loy 
f u e l rod s i m u l a t o r d e v e l o p m e n t . 

I N S T R U M E N T F A U L T D E T E C T I O N 
WATER REACTOR PRESSURIZER 

IN A PRESSURIZED 

Robert N . Clark ( t o p ) (BS, 1 9 5 0 , a n d MS, 1951 , e lec t r ica l 
eng ineer ing , Univers i ty of Michigan; P h D , S t a n f o r d Univers i ty , 
1 9 6 9 ) has b e e n o n t h e f a c u l t y of t h e Elec t r ica l Eng inee r ing 
D e p a r t m e n t a t t h e Univers i ty o f W a s h i n g t o n s ince 1957 . C u r -
r e n t l y he is i n t e r e s t ed in t h e t h e o r y of fa i lu re d e t e c t i o n in 
a u t o m a t i c c o n t r o l sy s t ems a n d t he a p p l i c a t i o n of such s chemes 
t o n u c l e a r p l a n t s and ae rospace sys t ems . Bruce Campbell (BS, 
eng ineer ing , U .S . Mil i tary A c a d e m y , 1 9 7 2 ; MS, nuc l ea r engi-
neer ing , Univers i ty of W a s h i n g t o n , 1980 ) is a nuc l ea r s a f e t y 
analysis eng inee r f o r B r o w n & R o o t , Inc . , c u r r e n t l y assigned t o 
t h e S o u t h T e x a s Nuc lea r P ro j ec t . 

R. N. Clark 
B. Campbell 

M E A S U R E M E N T S A N D C A L C U L A T I O N S OF T H E FUEL 
T E M P E R A T U R E C O E F F I C I E N T OF R E A C T I V I T Y FOR T H E 
H I N K L E Y POINT 'B' A D V A N C E D GAS-COOLED REACTOR 

A. R. R. Telford (BSc, phys ics ; PhD, x - r a y a s t r o n o m y , Univer -
s i ty of Br i s to l , Eng land ) j o i n e d t h e R e s e a r c h Division of t h e 
Cen t ra l E lec t r i c i ty G e n e r a t i n g Boa rd in 1 9 7 3 . Since t h a t t i m e 
he has b e e n w o r k i n g ma in ly o n t h e t r a n s i e n t behav io r of 
advanced gas -coo led r eac to r s ( A G R s ) , w i t h a p a r t i c u l a r in te res t 
in reac t iv i ty t e m p e r a t u r e f e e d b a c k e f f e c t s . He is p r e s e n t l y 
s t udy ing p o s t - t r i p h e a t r emova l in A G R s . 

Andrew Richard Raymond Telford 



ANALYZING THE ROD DROP ACCIDENT IN A BOILING 
WATER REACTOR 

Hsiang-Shou Cheng 
David J. Diamond 

Hsiang-Shou (Sam) Cheng ( r igh t ) [ P h D , n u c l e a r eng ineer ing , 
Massachuse t t s I n s t i t u t e o f T e c h n o l o g y (MIT) , 1 9 6 8 ] is a m e m -
b e r of t h e S i m u l a t o r I m p r o v e m e n t G r o u p at B r o o k h a v e n 
N a t i o n a l L a b o r a t o r y ( B N L ) . David J. Diamond ( P h D , n u c l e a r 
eng ineer ing , M I T , 1 9 6 8 ) is g r o u p l eade r f o r t h e C o r e a n d 
S y s t e m s C o d e D e v e l o p m e n t G r o u p at B N L . T h e i r i n t e re s t s 
are in t h e d e v e l o p m e n t of phys i c s a n d eng inee r ing c o m p u t e r 
m o d e l s and in t h e i r a p p l i c a t i o n t o l ight w a t e r r e a c t o r s a f e t y 
a n d co re p e r f o r m a n c e p r o b l e m s . Th i s i nc ludes b o t h s t a t i c a n d 
t r ans i en t analysis o f t h e en t i r e s t e a m s u p p l y s y s t e m a n d t h e 
i n t e r p r e t a t i o n o f r e a c t o r i n s t r u m e n t a t i o n . 

FUEL CYCLES 

THE ROLE OF PLUTONIUM-238 IN NUCLEAR FUEL 
CYCLES 

John V . Massey ( t o p ) ( P h D , n u c l e a r eng ineer ing , Georg ia Ins t i -
t u t e o f T e c h n o l o g y , 1 9 8 0 ) is an eng inee r w i t h t h e R e s e a r c h 
a n d Eng inee r ing Divis ion , Process T e c h n o l o g y D e v e l o p m e n t 
D e p a r t m e n t o f B e c h t e l G r o u p Inc . in San F r a n c i s c o , Ca l i fo rn ia . 
His p r e s e n t act iv i t ies i n c l u d e p l a n n i n g a n d analys is o f t h e 
l i q u i d - m e t a l fas t b r e e d e r r e a c t o r a n d o t h e r a d v a n c e d f u e l 
cyc le s y s t e m s a n d des ign , analys is , a n d eva lua t ion o f a d v a n c e d 
f u e l r ep rocess ing a n d i s o t o p e s e p a r a t i o n t e chno log i e s . Alfred 
Schneider ( P h D , chemica l eng ineer ing , P o l y t e c h n i c I n s t i t u t e of 
N e w Y o r k , 1 9 5 8 ) has b e e n a p r o f e s s o r of n u c l e a r eng inee r ing 
a t t h e Georg ia I n s t i t u t e of T e c h n o l o g y since 1975 . H e pre-
v ious ly was d i r e c t o r o f n u c l e a r t e c h n o l o g y f o r All ied C h e m i c a l 
a n d A l l i ed -Gene ra l N u c l e a r Services. His r e sea rch in t e re s t s 
i n c l u d e t h e n u c l e a r fue l cyc le , chemica l a spec t s of n u c l e a r 
p o w e r r e a c t o r s , a n d ene rgy conve r s ion . 

J. V. Massey 
A. Schneider 

OPTIMIZATION OF FUEL CYCLE STRATEGIES 
CONSTRAINTS ON URANIUM AVAILABILITY 

WITH 

Pekka Silvennoinen ( t o p ) (MS, eng inee r ing phys ics , Hels ink i 
Un ive r s i ty of T e c h n o l o g y , 1 9 6 8 ; P h D , n u c l e a r sc ience a n d 
eng ineer ing , Virg in ia P o l y t e c h n i c I n s t i t u t e a n d S t a t e Un ive r s i ty , 
1 9 7 1 ) is t h e h e a d o f t h e N u c l e a r Eng inee r ing L a b o r a t o r y at t h e 
T e c h n i c a l R e s e a r c h C e n t r e of F i n l a n d . His r e sea rch in te res t s 
i n c l u d e f u e l m a n a g e m e n t and energy e c o n o m i c s . Juhani Vira 
( c e n t e r ) (MS, m a t h e m a t i c s , 1975 , a n d Lie . T e c h . , app l ied 
m a t h e m a t i c s , 1 9 8 1 , Hels ink i Univers i ty of T e c h n o l o g y ) is a 
r e sea rch sc ient is t a t t h e N u c l e a r Eng inee r ing L a b o r a t o r y o f t h e 
T e c h n i c a l R e s e a r c h C e n t r e of F i n l a n d . His c u r r e n t in te res t s are 
in m a t h e m a t i c a l m o d e l i n g of t h e n u c l e a r fue l cyc le dec is ions . 
Roger Westerberg ( b o t t o m ) (MS, n u c l e a r engineer ing , Hels inki 
Univers i ty o f T e c h n o l o g y , 1 9 7 9 ) has b e e n a r e sea rch sc ient is t 
a t t h e N u c l e a r Eng inee r ing L a b o r a t o r y of t h e T e c h n i c a l Re-
sea rch C e n t r e of F i n l a n d , m a i n l y involved in nuc l ea r fue l cyc le 
analysis . C u r r e n t l y h e is w i t h t h e I n t e r n a t i o n a l A t o m i c E n e r g y 
A g e n c y , V i e n n a . 

P. Silvennoinen 
J. Vira 
R. Westerberg 



NUCLEAR F U E L S 

I R R A D I A T I O N PERFORMANCE OF C O A T E D FUEL PAR- R. Forthmann 
T ICLES W I T H FISSION PRODUCT R E T A I N I N G K E R N E L 
A D D I T I V E S 

Riidiger Forthmann (Dr . , i no rgan ic c h e m i s t r y , T e c h n i c a l Uni -
vers i ty C laus tha l , F e d e r a l R e p u b l i c of G e r m a n y , 1 9 6 5 ) is g r o u p 
l e a d e r in t h e C h e m i s t r y Division of t h e I n s t i t u t e of R e a c t o r 
Mater ia l s a t K e r n f o r s c h u n g s a n l a g e Ju l i ch . His r e sea rch in t e re s t s 
a re t h e eva lua t ion of i r r ad i a t i on tes ts w i t h c o a t e d par t ic les , a n d , 
p a r t i c u l a r l y , t h e t r a n s p o r t b e h a v i o r o f solid f iss ion p r o d u c t s in 
f u e l ke rne l s a n d c o a t i n g ma te r i a l s . 

RADIOACTIVE WASTE 
M A N A G E M E N T 

M I G R A T I O N OF BRINE INCLUSIONS IN SALT Thomas H. Pigford 

Thomas H. Pigford (ScD, chemica l engineer ing , Massachuse t t s 
I n s t i t u t e of T e c h n o l o g y , 1 9 5 2 ) is p r o f e s s o r of n u c l e a r engineer -
ing at t he Univers i ty of Ca l i fo rn i a , Be rke l ey . His research 
in t e re s t s i nc lude nuc lea r fue l cycle analysis , f u e l m a n a g e m e n t in 
r e a c t o r s , nuc l ea r chemica l engineer ing , m i g r a t i o n o f rad io-
nuc l ides in geologic m e d i a , nuc l ea r s a f e t y , and e n v i r o n m e n t a l 
e f f l u e n t s . H e b e c a m e in t e r e s t ed in t h e m i g r a t i o n of b r ine 
inc lus ions whi le serving o n t h e Pane l o n t h e Waste I so l a t ion 
Pi lo t P l a n t , N a t i o n a l Resea rch C o u n c i l , N a t i o n a l A c a d e m i e s 
of Sc ience a n d Engineer ing . 

zm>. 

T H E I N F L U E N C E OF SPECIATION ON T H E GEOSPHERIC / . Hadermann 
M I G R A T I O N OF R A D I O N U C L I D E S 

Jorg Hadermann ( D i p l o m a , phys ics , 1 9 6 4 , a n d P h D , t h e o r e t i c a l 
nuc l ea r phys ics , 1968 , Univers i ty of Basle, Swi t ze r l and ) is 
c u r r e n t l y w i t h t h e Swiss Fede ra l I n s t i t u t e f o r R e a c t o r R e s e a r c h 
a t Wii renl ingen, Swi t ze r l and . He has b e e n involved in l ow a n d 
i n t e r m e d i a t e energy nuc lea r phys ics f o r 14 years . S ince 1 9 7 8 
he has been w o r k i n g o n p r o b l e m s cen te r ing o n r a d i o n u c l i d e 
t r a n s p o r t f r o m was te repos i to r ies . He re , his in te res t lies pri-
mar i ly in s a f e t y assessment . 

ECONOMICS ! i i ! i P i : 
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FUEL CYCLE COST C O N S I D E R A T I O N S OF INCREASED Lawrence R. Scherpereel 
DISCHARGE BURNUPS Fred J. Frank 

Lawrence R. Scherpereel ( r ight ) (BS, 1967 , a n d MS, 1969 , 
m e c h a n i c a l e n g i n e e r i n g - n u c l e a r o p t i o n , Univers i ty of N o t r e 
D a m e ) is c u r r e n t l y m a n a g e r of fue l a n d f ield services evalua-
t ions , Wes t inghouse N u c l e a r C o m m e r c i a l O p e r a t i o n s Divis ion. 
His respons ib i l i t ies inc lude m a n a g e m e n t of n u c l e a r fue l fabr ica -
t i on a p p l i c a t i o n eng ineer ing act ivi t ies , i nc lud ing t h e d i r ec t i on 



of m e t h o d s a n d ana lyses re la t ing t o n u c l e a r f u e l cyc le e c o n o m i c 
a n d t echn i ca l eva lua t ions . Fred J. Frank (BS, m e c h a n i c a l engi-
neer ing , O h i o S t a t e Un ive r s i ty , 1 9 5 7 ; g r a d u a t e s tud ies , n u -
clear eng ineer ing , Univers i ty of C inc inna t i , 1958 t o 1961 ) is 
c u r r e n t l y a f e l low eng inee r of f u e l a n d f ie ld services eva lua t ions , 
Wes t inghouse N u c l e a r C o m m e r c i a l O p e r a t i o n s Divis ion. His 
respons ib i l i t i es i n c l u d e n u c l e a r fue l cyc le t echn ica l eva lua t ions 
inc lud ing t h e e s t a b l i s h m e n t of a n d i m p r o v e m e n t s in n u c l e a r 
fue l cyc le e c o n o m i c m e t h o d o l o g y . 

M A T E R I A L S 

IN-REACTOR MEASUREMENT OF CLADDING STRAIN: 
FUEL DENSITY AND RELOCATION EFFECTS 

Paul J. Fehrenbach ( t o p ) ( P h D , m e c h a n i c a l engineer ing—mate-
rials sc ience , Univers i ty of W a t e r l o o , 1 9 7 2 ) is a research engi-
n e e r in t h e F u e l Mate r ia l s B r a n c h a t t h e C h a l k River N u c l e a r 
L a b o r a t o r i e s ( C R N L ) of A t o m i c E n e r g y o f C a n a d a L t d . His 
c u r r e n t i n t e r e s t s i nc lude t h e des ign a n d analys is of i n s t r u m e n t e d 
ce r amic f u e l i r r ad i a t i ons a n d a p p l i c a t i o n of t h e resu l t s t o f u e l 
p e r f o r m a n c e m o d e l s . Paul A . Morel ( c e n t e r ) is a r e sea rch 
t e c h n i c i a n in t h e F u e l Mate r ia l s B r a n c h at C R N L . His c u r r e n t 
r e sea rch act ivi t ies i n c l u d e f a b r i c a t i o n a n d o p e r a t i o n of ins t ru -
m e n t e d f u e l assembl ies f o r d e t e r m i n a t i o n of t h e i r r ad ia t ion 
b e h a v i o r of c e r amic fue l s . R. Donald Sage ( b o t t o m ) is also a 
r e sea rch t e c h n i c i a n in t h e Fue l s a n d Mater ia ls B r a n c h at C R N L . 
His c u r r e n t r e sea rch in t e re s t s i nc lude c o m p u t e r p r o g r a m devel-
o p m e n t f o r t h e re t r ieval a n d analys is of i r r ad ia t ion d a t a f r o m 
i n s t r u m e n t e d ce r amic fue l assembl ies . 

P. J. Fehrenbach 
P. A. Morel 
R. D. Sage 

THE EFFECT OF RESIDUAL DECONTAMINATION RE-
AGENT ON STRESS CORROSION CRACKING OF AUSTEN-
ITIC MATERIALS UNDER HIGH TEMPERATURE WATER 

Masami Yajima ( t o p ) (BS, 1960 , a n d P h D , 1970 , me ta l lu r -
gical eng ineer ing , T o k y o I n s t i t u t e of T e c h n o l o g y ) is p r e s e n t l y 
m a n a g e r of app l ied m e t a l l u r g y a n d c h e m i s t r y , N u c l e a r Ene rgy 
G r o u p , T o s h i b a C o r p o r a t i o n . He j o i n e d T o s h i b a in 1 9 7 7 a n d 
w o r k e d as a s en io r r e sea rch eng inee r r e spons ib le f o r t h e resea rch 
w o r k o n boi l ing w a t e r r e a c t o r (BWR) p l an t ma t e r i a l t ech -
n o l o g y un t i l 1980 . Pr ior t o t h a t , he w o r k e d at H i t ach i , w h i c h he 
j o i n e d in 1960 , at i ts C e n t r a l Resea rch L a b o r a t o r y , w h e r e he 
w o r k e d in t h e f ie lds of m e c h a n i c a l m e t a l l u r g y a n d h igh p ressure 
m e t a l l u r g y . Naoaki Takashima ( b o t t o m ) (BS, m e c h a n i c a l engi-
nee r ing , Waseda Unive r s i ty , 1 9 6 4 ) is m a n a g e r of o p e r a t i n g p l an t 
eng ineer ing , Nuc lea r Ene rgy G r o u p , T o s h i b a C o r p o r a t i o n . Since 
h e j o i n e d T o s h i b a in 1964 , he has w o r k e d as a sy s t em design 
eng inee r in t h e f ie lds of o f f - g a s sy s t ems and rad ioac t ive d isposal 
s y s t e m s of BWR p lan t s . He is also r e spons ib le fo r t he research 
a n d d e v e l o p m e n t p r o g r a m o n r e a c t o r sy s t em d e c o n t a m i n a t i o n 

Masami Yajima 
Naoaki Takashima 
Sadaaki Sasaki 
Satsuharu Takimoto 



technology in Toshiba. Sadaaki Sasaki (top) (BS, electro-
chemistry, 1968, and MS, nuclear engineering, 1970, Tokyo 
Institute Technology) is currently involved with the transpor-
tation of spent fuels and fuel reprocessing in the Nuclear 
Fuels Department of Tokyo Electric Power Company Inc. 
He carried out research and development work on BWR 
water chemistry and reactor system decontamination at the 
Nuclear Power Research and Development Institute of Tokyo 
Electric Power Company Inc. Satsuharu Takimoto (bottom) 
(BS, chemical engineering, Ibaragi University, 1962) is pres-
ently a section manager responsible for radiation control 
and water chemistry at Fukushima-daini Nuclear Power Station 
of Tokyo Electric Power Company Inc. He was formerly a 
member of the task group on reactor system decontamination 
technology development at Tokyo Electric Power Company 
Inc. 

INFLUENCE OF PARTIAL BLOCKAGE OF A BWR BUNDLE Bernhard Brand 
ON HEAT TRANSFER, CLADDING TEMPERATURE, AND Hans-Peter Gaul 
QUENCHING DURING BOTTOM FLOODING OR TOP Janardan Sarkar 
SPRAYING UNDER SIMULATED LOCA CONDITIONS 

Bernhard Brand (top) [Dipl.-Ing., mechanical engineering, 
Technical University of Darmstadt, Federal Republic of Ger-
many (FRG), 1971] has been involved in the nuclear safety 
programs of Allgemeine Elektrizitatsgesellschaft (AEG)/Kraft-
werk Union (KWU) as research engineer since 1971 and is pres-
ently a senior supervisor with the PKL Project. Hans-Peter Gaul 
(center) (Graduate, Ing., physics, Higher Technical College, 
Liibeck, 1969) has been working with SIEMENS/KWU in the 
nuclear safety programs as a research engineer since 1969. His 
current interests are two-phase flow measurement techniques 
and planning and designing of thermal-hydraulic test facilities. 
Janardan Sarkar (bottom) (BSc, physics, University of Calcutta, 
India; Dipl.-Ing., chemical engineering, Technical University of 
Berlin, 1970), with SIEMENS/KWU since 1971, has been 
involved in nuclear safety programs dealing with data evaluation 
and analysis. His current interests include fluid dynamics and 
heat transfer. 

DOWNFLOW POST-CRITICAL HEAT FLUX HEAT TRANS- PaulRobershotte 
FER TO LOW PRESSURE WATER Peter Griffith 

Paul Robershotte (photo not available) [BS, 1976, and MS, 
1977, mechanical engineering, Massachusetts Institute of Tech-
nology (MIT)] has been with the U.S. Army Corps of Engineers 
since his graduation. Peter Griffith (BS, mechanical engineering, 
New York University, 1950; MS, mechanical engineering, Uni-
versity of Michigan, 1952; ScD, mechanical engineering, MIT, 
1956) has worked in boiling, condensation, two-phase flow, and 
supercritical heat transfer. He has consulted in the nuclear and 
chemical industries, and has been on the faculty of MIT since 
1956. 



A N A L Y S E S 

FAST-NEUTRON HODOSCOPE AT TREAT: METHODS FOR 
QUANTITATIVE DETERMINATION OF FUEL DISPERSAL 

Alexander De Volpi ( t o p r igh t ) [MS, n u c l e a r eng ineer ing 
phys ics , 1958 , a n d P h D , phys ics , 1967 , Virg in ia P o l y t e c h n i c 
I n s t i t u t e and S t a t e Un ive r s i ty ( V P I ) ] is a phys ic i s t w i t h a 
r e a c t o r r e sea rch b a c k g r o u n d . His d e v e l o p m e n t of t h e fas t -
n e u t r o n h o d o s c o p e b e g a n in 1 9 6 3 . H e is a u t h o r of a 1 9 7 9 b o o k 
o n f iss ion w e a p o n s p r o l i f e r a t i o n a n d c o a u t h o r o f a n e w b o o k o n 
p r o l i f e r a t i o n of f u s i o n w e a p o n s . D e V o l p i is m a n a g e r o f t h e 
In-Pi le Diagnos t i c s S e c t i o n of t h e R e a c t o r Ana lys i s a n d S a f e t y 
Divis ion a t A r g o n n e N a t i o n a l L a b o r a t o r y ( A N L ) , a n d t h e o t h e r 
c o a u t h o r s of t h i s p a p e r are o n t h e s t a f f o f t h a t s ec t i on . Charles 
L. Fink ( t o p l e f t ) (BS, phys ics , 1 9 6 6 , a n d P h D , n u c l e a r phys ics , 
1 9 7 1 , Univers i ty of P i t t s b u r g h ) is a phys ic i s t w h o s e c u r r e n t 
w o r k involves analysis o f h o d o s c o p e d a t a a n d d e v e l o p m e n t o f 
i m p r o v e d f u e l - m o t i o n d e t e c t o r s . Gerald E. Marsh ( c e n t e r r igh t ) 
(BS, 1 9 6 2 , a n d MS, 1 9 6 5 , phys ics , Univers i ty of Ch icago) is a 
n u c l e a r eng inee r w h o special izes in analysis of n e u t r o n h o d o -
s c o p e d a t a f r o m T r a n s i e n t R e a c t o r T e s t Fac i l i t y e x p e r i m e n t s . 
Edgar A. Rhodes ( b o t t o m l e f t ) (MS, phys ics , VPI , 1 9 6 5 ; P h D , 
phys ics , F l o r i d a S t a t e Un ive r s i t y , 1 9 7 2 ) has r esea rch e x p e r i e n c e 
in so l id - s t a t e a n d r e a c t o r phys ics . He j o i n e d t h e A N L s t a f f in 
1 9 7 4 as a m e m b e r of t h e h o d o s c o p e g r o u p . George S. Stanford 
( b o t t o m r igh t ) (BSc , phys i c s , A c a d i a Unive r s i ty , 1949 ; M A , 
phys ic s , Wes leyan Unive r s i ty , 1 9 5 1 ; P h D , n u c l e a r phys ics , Yale 
Un ive r s i ty , 1956 ) has b e e n w i t h A N L s ince 1 9 5 9 . H e c u r r e n t l y 
ana lyzes a n d i n t e r p r e t s h o d o s c o p e d a t a . 
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