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This book i s a col lec t ion of 48 
p a p e r s p r e s e n t e d at eight s e s s i o n s of 
the sympos ium. The m a j o r i t y of the 
p a p e r s deal with the u s e of high-level 
rad ia t ion to t r e a t liquid w a s t e s and 
s ludges , although the p a p e r s in one 
of the f i n a l s e s s i o n s cons ide red 
t r e a t m e n t of solid w a s t e s and exhaust 
g a s e s . 

The b o o k i s r e m a r k a b l y well 
o rgan ized . The f i r s t s e s s i o n (chap-
t e r ) cons i s t s of s e v e r a l rev iew 
p a p e r s that survey c u r r e n t w a s t e -
w a t e r t r e a t m e n t technology. The 
following t h r e e s e s s i o n s p r e s e n t 
top ics in biology, chemis t ry , and 
phys ic s that a r e pe r t inen t to u n d e r -
s tanding the e f f e c t s of r ad ia t ion on 
m i c r o - o r g a n i s m s and aqueous pol lu-
t an t s . Each of t h e s e s e s s i o n s begins 
with a rev iew p a p e r . The second half 
of the book a d d r e s s e s the techno-
logical and economic a s p e c t s of th i s 
app roach to was te t r e a t m e n t and the 
e x p e r i e n c e s obtained f r o m pilot plant 
ope ra t ions . The p a p e r s included in 
each s e s s i o n genera l ly a d d r e s s the 
t h e m e of the ses s ion , with the excep-

tion of one on the " U s e of Sewage 
Sludge a s F o d d e r , " which has l i t t le 
to do with the u se of rad ia t ion in 
was te t r e a t m e n t . 

F o r some t ime , work on us ing 
rad ia t ion fo r d is infect ion of wa te r 
and was te wa te r ha s yielded p r o m i s -
ing r e s u l t s ; however , economic con-
s i d e r a t i o n s have not been favorab le . 
The fo r eword of the book s t a t e s that 
th i s confe rence was mot ivated by the 
wor ld energy shor tage . This impl i e s 
that the cen t r a l i s s u e to be a d d r e s s e d 
i s the inf luence of the energy s h o r t -
age on the economics a s soc i a t ed with 
a l t e rna t ive methods of wa te r t r e a t -
ment . P e r h a p s the g r e a t e s t d i s -
appointment i s that the economic 
ana lys i s contained in t hese p a p e r s i s 
not comple te enough for a r e a l i s t i c 
economic a s s e s s m e n t of the r e l a t ive 
cos t s or p ro j ec t ed cos t s of v a r i o u s 
t r e a t m e n t a l t e rna t ive s . Also, a c o m -
p a r i s o n of the energy in t ens iveness 
of the v a r i o u s t r e a t m e n t s t r a t e g i e s 
would h a v e aided the r e a d e r in 
a s s e s s i n g f u t u r e ro le of th is t e ch -
nology r e l a t i ve to conventional t r e a t -
men t s . 

The quality of the p a p e r s i s high 
and un i fo rm. The r e a d e r will a l so 
find the d i scuss ion at the end of each 
p a p e r u se fu l . Th i s book i s an exce l -
lent r e s o u r c e book fo r r e s e a r c h e r s 
o r g radua te s tudents . Because of the 
inclusion of the n u m e r o u s rev iew 
p a p e r s and the extens ive r e f e r e n c e s , 
the book p rov ides a good introduct ion 
f o r r e a d e r s who a r e contemplat ing 
r e s e a r c h on the u s e of rad ia t ion fo r 
was t e t r e a t m e n t . 
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This volume conta ins 48 p a p e r s 
(of which 11 a r e in F r e n c h and 3 in 
Russ i an with a b s t r a c t s in English) 
that w e r e p r e s e n t e d at the Sympo-
sium on Reliabi l i ty of Nuc lea r Power 
P l a n t s in Innsbruck, Aus t r i a , in Apr i l 
1975. The d r a f t r e p o r t of WASH-
1400 was i s sued in August 1974, and 
quite na tura l ly , the p a p e r s of the 
Symposium do not r e f l e c t the g rea t 
impac t that the r e p o r t h a s had in the 
a r e a of p robab i l i s t i c r i s k a s s e s s -
men t s . Only occas iona l r e f e r e n c e s 
to the r e p o r t a r e made in the d i s -
cus s ions that f o l l o w the p a p e r s , 
which, incidental ly , a r e among the 



b e t t e r p a r t s of the p r o c e e d i n g s . My 
i m p r e s s i o n f r o m r e a d i n g t h i s vo lume 
i s tha t r e l i ab i l i t y e n g i n e e r s and r e -
s e a r c h e r s wil l not f ind much that 
wi l l be u s e f u l to t h e m . 

The f i r s t g r o u p of s even p a p e r s 
(one in Russ i an ) d e a l s with R e l i a -
b i l i ty Data Col lec t ion , S to rage , and 
Use . The e f f o r t s to c r e a t e a c o m -
p u t e r i z e d da ta b a s e in the U.S. a r e 
d e s c r i b e d by M. J . Wise in " T h e U.S. 
N u c l e a r P l an t Re l iab i l i ty Data P r o -
g r a m , " and s i m i l a r e f f o r t s in the 
United Kingdom a r e d e s c r i b e d in 
C. D. H. F o t h e r g i l l ' s " T h e C o l l e c -
tion, S to rage and Use of Equ ipmen t 
P e r f o r m a n c e Data f o r the Safety and 
Rel iab i l i ty A s s e s s m e n t of N u c l e a r 
P o w e r P l a n t s . " The l a s t p a p e r a l s o 
d i s c u s s e s the p r o b l e m of f i t t ing a 
t h e o r e t i c a l d i s t r i b u t i o n to the da ta 
and the d e r i v a t i o n of conf idence 
bounds ( a l t h o u g h the u s e of the 
K o l m o g o r o v - S m i r n o v g o o d n e s s - o f - f i t 
t e s t when the p a r a m e t e r s of the d i s -
t r i bu t i on a r e e s t i m a t e d f r o m the da ta 
i s ques t ionab le ) . The co l l ec t ion of 
da ta i s a l s o the t h e m e of B. A n d e r s o n 
et al . in " F a i l u r e Data Col lec t ion 
f r o m a Swedish N u c l e a r P o w e r 
P l a n t " and H. Zeib ig e t a l . in " C o l -
lec t ion of Re l iab i l i ty Data f o r Sodium 
Componen t s in K N K . " A. Fa t t ah and 
R. Sk joe ldeb rand in " P e r f o r m a n c e 
A n a l y s i s on N u c l e a r P o w e r P l a n t s 
f r o m Ope ra t i ng E x p e r i e n c e D a t a " 
ana lyze the p e r f o r m a n c e da t a (load, 
opera t ion , and unava i l ab i l i ty f a c t o r s ) 
of 107 r e a c t o r s f r o m 75 m e m b e r 
s t a t e s of the I n t e r n a t i o n a l Atomic 
E n e r g y Agency. The p a p e r by J . R. 
T a y l o r , " A Study of F a i l u r e C a u s e s 
B a s e d on U.S. P o w e r R e a c t o r A b n o r -
m a l O c c u r r e n c e R e p o r t s , " con ta ins 
s e v e r a l v e r y i n t e r e s t i n g o b s e r v a -
t i ons c o n c e r n i n g the c a u s e s of f a i l -
u r e s and i n t e r d e p e n d e n c i e s among 
c o m p o n e n t s . The dominan t c a u s e of 
f a i l u r e i s d e s i g n e r r o r (36% of 490 
f a i l u r e s ) , whi le the u sua l " h a r d -
w a r e " f a i l u r e s accoun t f o r only 19% 
of the to ta l . T h i s c e r t a i n l y shows 
how i m p o r t a n t f u r t h e r work on d e -
s ign e r r o r s i s , even today. A n a l y s i s 
of mu l t i p l e and s ing le f a i l u r e s shows 
tha t coupled f a i l u r e s a r e much m o r e 
f r e q u e n t than one migh t expect , a 
point that s u p p o r t s the c u r r e n t i n t en -
s ive e f f o r t s to i m p r o v e ou r abi l i ty to 
hand le c o m m o n c a u s e f a i l u r e s . 

The second s e s s i o n i nc ludes s ix 
p a p e r s (two in F r e n c h ) on Me thods 
and Techn iques of Re l iab i l i ty Ana l -
y s i s . A d e s c r i p t i o n of the s p e c i a l 
f e a t u r e s of the REDIS p r o g r a m i s 

g iven by H. E. Kongso in "REDIS, 
A C o m p u t e r P r o g r a m f o r S y s t e m 
Rel iab i l i ty A n a l y s i s by D i r e c t S imu-
l a t i o n . " A method of f i t t ing a d i s t r i -
bution to o b s e r v e d da ta was developed 
s e v e r a l y e a r s ago by W. Nelson of 
Gene ra l E l e c t r i c C o m p a n y . T h i s 
method u s e s p lo t s of the h a z a r d 
func t ion in s t ead of the cumula t ive 
d i s t r i b u t i o n funct ion , and it i s qui te 
f l ex ib le in that it can handle i n c o m -
p l e t e da ta and m o r e than one f a i l u r e 
c a u s e . W. A. Wolfe in " I n t e r p r e t i n g 
F a i l u r e Data in a N u c l e a r P l an t by 
the H a z a r d F u n c t i o n " a p p l i e s t h i s 
me thod to f i t the Weibul l d i s t r i bu t i on 
to f a i l u r e da t a on pump s e a l s c o l -
l ec ted f r o m the P i c k e r i n g N u c l e a r 
Gene ra t i ng Stat ion ove r a p e r i o d of 
t h r e e y e a r s . Two m o r e p a p e r s in 
Eng l i sh a p p e a r in th i s s e s s i o n , 
"Mode l i ng M a x i m u m Likel ihood E s -
t i m a t i o n of A v a i l a b i l i t y " by R. A. 
W a l l e r e t a l . and the v e r y m a t h e -
m a t i c a l " D i a k o p t i c a l Re l iab i l i ty 
A n a l y s i s of T r a n s i s t o r i z e d S y s t e m s " 
by J . M. Kontoleon e t a l . F ina l ly , the 
p a p e r by J . - P . S ignore t on " F i a b i l i t e 
et Disponib i l i t e de S y s t e m e s R e -
dondants : P r o g r a m m e de Calcul 
e t Ut i l i sa t ion d ' A b a q u e s " p r e s e n t s 
n o m o g r a p h s f o r the d e t e r m i n a t i o n of 
the r e l i ab i l i t y and ava i lab i l i ty of r e -
dundant s y s t e m s when the f a i l u r e and 
r e p a i r r a t e s a r e g iven. 

The t h i r d s e s s i o n on Rel iab i l i ty 
A s s e s s m e n t of N u c l e a r P o w e r P l an t 
S y s t e m s con ta ins ten p a p e r s (five in 
F r e n c h ) . Re l iab i l i ty m e t h o d s a r e 
used to c o m p a r e d i f f e r e n t des igns , 
ident i fy weak l inks , and g e n e r a l l y 
i m p r o v e the p e r f o r m a n c e of s y s t e m s . 

The fou r th s e s s i o n on Appl ica t ion 
of Re l iab i l i ty A n a l y s i s in N u c l e a r 
P o w e r P l a n t Des ign c o n s i s t s of s even 
p a p e r s (one in F r e n c h and one in 
R u s s i a n ) . A g a i n , s e v e r a l of the 
p a p e r s show how i m p o r t a n t the u s e 
of r e l i ab i l i t y t echn iques i s in the 
des ign . L. A. Hopkins et al . in 
"Ava i l ab i l i t y : The Othe r A s p e c t of 
N u c l e a r P o w e r P l a n t R e l i a b i l i t y " 
e m p h a s i z e that p lant ava i lab i l i ty in 
addi t ion to sa fe ty should be a f a c t o r 
in the des ign , l i cens ing , and o p e r a -
t ion of n u c l e a r p l an t s . S imi l a r ly , 
L . Cave in " T h e Re la t ionsh ip B e -
tween Rel iab i l i ty and Safety in Nu-
c l e a r P o w e r P l a n t s " a r g u e s that the 
des ign c r i t e r i a f o r r e l e a s e s up to 
103 Ci 131I p e r r e a c t o r y e a r should be 
b a s e d on e c o n o m i c f a c t o r s (plant 
avai labi l i ty) , whi le f o r h ighe r po ten -
t i a l r e l e a s e s , r e a c t o r s a f e ty should 
be the dominan t c o n s i d e r a t i o n . " R e -

l iab i l i ty S t u d i e s in a Developing 
T e c h n o l o g y " by L. A. Mi tche l l et al . 
g ives a c l e a r expos i t ion of the s p e c i a l 
p r o b l e m s that a r i s e when m e c h a n i c a l 
componen t s a r e used in new e n v i r o n -
m e n t s f o r which p r e v i o u s e x p e r i e n c e 
cannot be used f o r r e l i ab i l i t y e v a l u a -
t ions . 

The s e s s i o n on Tes t ing and I n s p e c -
t ion of N u c l e a r P o w e r P l an t S y s t e m s 
and C o m p o n e n t s con ta ins eight 
p a p e r s (one in F r e n c h ) . P . Nicho l s 
in " L i m i t e d T e s t Data : The Choice 
Be tween Conf idence L i m i t s and In-
v e r s e P r o b a b i l i t y " c o m p a r e s the 
B a y e s i a n a p p r o a c h to e s t i m a t i o n with 
the c l a s s i c a l conf idence l i m i t s . A l -
though one may ob jec t to s o m e of h i s 
a s s u m p t i o n s , e .g . , the u s e of a un i -
f o r m d i s t r i bu t i on a s the p r i o r d i s t r i -
bution, the idea i s good and d e s e r v e s 
m o r e a t ten t ion . Seve ra l p a p e r s in 
t h i s s e s s i o n examine v a r i o u s a s p e c t s 
of u l t r a s o n i c t e s t ing . 

The next g roup of t h r e e p a p e r s 
(two in F r e n c h ) c o m e s u n d e r the t i t l e 
"Qua l i t y A s s u r a n c e of N u c l e a r 
P o w e r P l a n t s . " Having r e a d t h e s e 
p a p e r s and the fol lowing two on 
N u c l e a r Technology S t a n d a r d s and 
Rel iab i l i ty (one in Russ i an ) , t h i s r e -
v i e w e r a g r e e s with L. Cave , who 
c o m m e n t e d in the ensu ing d i s c u s s i o n 
that " . . . some th ing should be done 
to put t h e s e r e q u i r e m e n t s into quan-
t i t a t ive t e r m s . " 

The l a s t s e s s i o n of f ive p a p e r s i s 
en t i t led Ope ra t i on and Main tenance 
of N u c l e a r Power P l a n t s . R. K. 
Robinson e t a l . in " A n E n g i n e e r e d 
Main tenance Approach to I m p r o v e d 
N u c l e a r P l an t A v a i l a b i l i t y " d e s c r i b e 
the deve lopment and i m p l e m e n t a t i o n 
of a m a i n t e n a n c e p r o g r a m at Han-
f o r d ' s N R e a c t o r , which w a s v e r y 
e f f ec t i ve in r e d u c i n g the n u m b e r of 
f o r c e d outage h o u r s to 6 p e r 100 
ope ra t i ng h o u r s , whi le the n u c l e a r 
i n d u s t r y ' s a v e r a g e w a s 20 p e r 100 
o p e r a t i n g hours (1974 f i gu re s ) . M a t h -
e m a t i c a l m o d e l s b a s e d on M a r k o v 
p r o c e s s e s a r e p r e s e n t e d by N. Kon-
toleon et a l . in " T h e Th row-Away 
Main tenance Phi losophy V e r s u s R e -
p a i r , " whi le the o the r p a p e r s of the 
g roup a r e qua l i t a t ive and have to do 
with o p e r a t i n g e x p e r i e n c e s . 

In conclus ion , I would hope tha t a 
f u t u r e s y m p o s i u m of t h i s kind would 
include m o r e p a p e r s on the p r o b l e m s 
tha t a r e s t i l l with us , e .g . , the h a n -
dl ing of c o m m o n c a u s e f a i l u r e s , and 
that t h e s e p a p e r s would ach i eve a 
b e t t e r b a l an ce be tween m a t h e m a t i c a l 
a n a l y s i s and app l i c a t i ons . 
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Small , Beaut i fu l World , Can We 
Help You? 

Once t h e r e w e r e m a n y s m a l l 
g roups of people, each group con-
ce rn ing i tself with s o l v i n g some 
u r g e n t p r o b l e m . " T h i s p a r t of the 
s y s t e m i s out of ba lance; l e t ' s fix i t 
t h i s w a y , " one group sa id . Another 
g roup h e a r d the plan. "If you f ix the 
s y s t e m that w a y , " the second group 
said, " i t will come unglued over 
h e r e . " The f i r s t g roup responded , 
"If we don ' t solve th i s p r o b l e m soon, 
the s y s t e m will be pe rmanen t ly b e -
yond r e p a i r . Can we f ix our p a r t of 
the s y s t e m so that your p a r t won' t 
b r e a k ? " The two g roups c o n f e r r e d . 
" M a y b e , " they ag reed , "if we r e -
a r r a n g e d things yonder , both th i s 
p r o b l e m and that p rob l em will be 
r e s o l v e d . " So they t r i e d it. I t ' s too 
soon to judge the r e s u l t s , but s o m e -
thing v e r y unexpected happened: The 
g roups decided to get toge the r with 
o the r s m a l l p r o b l e m - s o l v i n g g roups 
to s e e if they could a g r e e on some 
ways to solve all the p r o b l e m s each 
g roup had t r i ed to solve s epa ra t e ly . 
They found ways to think about the 
whole s y s t e m . 

Some people in the s m a l l g roups 
ca l l t h e m s e l v e s " e n v i r o n m e n t a l -
i s t s . " T h e r e a r e many o ther s m a l l 
g roups ; if o t h e r s wish, they can join 
the game . Any number can play. It 
wil l be e a s i e r now; the e n v i r o n m e n -

t a l i s t s have "go t the i r ac t t o g e t h e r . " 
In The Unfinished Agenda, the p rob -
l e m s the s m a l l g roups a r e t ry ing to 
solve a r e def ined and solut ions a r e 
sugges ted . Th i s i s a ve ry s igni f icant 
book. It will help if m e m b e r s of 
o ther g roups r e a d it and r e spond to 
it . 

Those who cons ider t h e m s e l v e s to 
be env i ronmen ta l i s t s have devoted 
decades of thoughtful c o n c e r n to 
f inding ways to implemen t su rv iva l 
on spacesh ip ea r th . Among those 
a rden t e a r t h - e n t h u s i a s t s , s o m e a r e 
w i l d e r n e s s h i k e r s . I t ' s a r e a l cha l -
lenge to plan a rough hike: One d e -
t e r m i n e s the des t inat ion f i r s t , then 
thinks backwards . Which pa th? How 
many d a y s ' supply of food and wa te r 
to t ake? Can fel low h i k e r s t o l e r a t e 
the r i g o r s of th i s route or should an 
a l t e rna t e t r a i l be scouted? Many 
l awyer s , eng inee r s , and even nuc l ea r 
s c i e n t i s t s enjoy w i l d e r n e s s h ikes . 
Given th i s way of thinking, one can 
app rec i a t e " s p a c e s h i p " logic. The 
Unfinished Agenda m i g h t be ap -
p roached f r o m th i s pe r spec t ive . 

P r i o r to the 1976 elect ion, The 
Rockefe l l e r B r o t h e r s Fund ini t ia ted 
" T h e Env i ronmenta l Agenda P r o j -
e c t " to find out what the so -ca l l ed 
env i ronmen ta l i s t s in f ac t want. What 
a r e they / o r ? (It i s no s e c r e t what 
many a r e aga ins t . ) Pooling the i r 
expe r t i s e , many v is ib le , r e spons ib l e 
spokespeople fo r the env i ronmenta l 
movement helped to identify what the 
env i ronmen ta l i s t s p e r c e i v e to be the 
c ruc i a l i s s u e s to be faced in the 
decade ahead and to r e c o m m e n d ex-
p l ic i t ac t ions that might be taken a s 
s t eps along the path to surv iva l . 
Short p a p e r s w e r e submit ted to be 
evaluated by many. A tenta t ive d r a f t 
w a s drawn up by Gera ld Barney 
(PhD, physics) , and a confe rence w a s 
held in New York. A task f o r c e , one 
r e p r e s e n t a t i v e f r o m each of the 12 
env i ronmenta l o rgan iza t ions having 
the l a r g e s t m e m b e r s h i p , a ided 
Barney in r e w r i t i n g h i s f i r s t d r a f t 
into the publ ished v e r s i o n of The Un-
finished Agenda. It i s a consensus 
document . The o r d e r in which the 
i s s u e s a r e a d d r e s s e d i s s igni f icant . 
R e m e m b e r , t he se a r e r e spons ib l e 
su rv iva l s t r a t e g i s t s , f r o m va r i ed 
backgrounds and d i sc ip l ines . They 
found they could a g r e e on which 
i s s u e i s fundamenta l . It i s f i r s t . 

The th i rd , and contingent, i s sue , 
i s " E n e r g y . " The en t i r e sec t ion on 
that topic w a s wr i t t en by Amory 
Lovins . Well known to nuc l ea r s c i -

en t i s t s a s an " a n t i - n u k e , " Lovins 
d e s e r v e s spec ia l a t tent ion: Barney 
c o n f i r m s that Lovins i n d e e d ex-
p r e s s e s the consensus opinion of the 
Task F o r c e . Lovins i s a r t i cu l a t e ; he 
p r o p o s e s " o r d e r l y phas ing-ou t over 
about ten y e a r s of ex is t ing (nuclear) 
f a c i l i t i e s " (p. 66) and " r e p e a l of the 
P r i c e Anderson A c t " (p. 66), leading 
to " t e r m i n a t i o n of the f a s t b r e e d e r 
p r o g r a m and a l l o ther s t e p s leading 
toward a plutonium e c o n o m y " (p. 67). 
He has shown e l s e w h e r e how he b e -
l i eves that th i s could be done without 
m a j o r d i s rupt ion to the f a b r i c of 
soc ie ty . 1 

It i s the e x p r e s s e d hope of the 
Rockefe l le r B r o t h e r s Fund staff that 
The Unfinished Agenda wil l in i t ia te 
dialog on the i s s u e s a d d r e s s e d . This 
volume has won wide r e a d e r s h i p in 
Washington and among those in f avo r 
of a non-nuc lea r f u t u r e . A s p o k e s -
man for P r e s i d e n t C a r t e r h a s c o m -
mented that the book will s e r v e a s a 
benchmark aga ins t which th i s Ad-
min i s t r a t i on will be judged. 

Th i s book will not be en joyable 
reading, but i t i s cer ta in ly impor t an t 
r ead ing . Meaningful dialog i s p o s -
s ible only when each pa r ty to the 
dialog has given thoughtful c o n s i d e r -
ation to what the o ther pa r ty i s 
saying. Viewing the book f r o m the 
p e r s p e c t i v e of the w i l d e r n e s s h ike r , 
cons ide r Lov ins ' model of two d i v e r -
gent pa ths . Each path i s an energy 
s t r a t egy : One s t r a t egy i m p l e m e n t s 
the " h a r d " technologies—including 
coal and nuc lea r ; the o ther i m p l e -
m e n t s " s o f t " technologies , which 
re ly on such r enewab le energy r e -
s o u r c e s a s s o l a r energy . Lovins 
be l i eves we have recen t ly p a s s e d the 
fork in the path. He be l i eves " s o f t " 
technologies a r e along the t r a i l to 
su rv iva l . B a c k p a c k e r s k n o w that 
d ivergent pa ths may lead to the s a m e 
des t inat ion. P e r h a p s one i s the high 
road, the o ther the low r o a d - d i f f e r -
ent h ikes fo r d i f f e r e n t tykes . Can 
reconc i l i a t ion be e f f e c t e d through 
meaningfu l d ia log? What k i n d of 
f u t u r e can we all a c c e p t ? 
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