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Coal Quandary 

At a time when we are striving to make greater use of 

domestic energy resources, nearly all experts point to coal 

as one of the few short-term alternatives with significant 

potential for electric power production. Projections tell us that 

coal use in the year 2000 will be over 35 quadrillion Btu and 

that at least two-thirds will probably be consumed by the 

electric power industry. 

Although most generation plants at that time will 

probably still be directly firing pulverized coal, a broad array of new technologies are 

being developed and readied to use coal both efficiently and in a more assuredly 

"clean" manner. These include; chemical coal cleaning (such as solvent-refined coal), 

coal hydrogenation (to produce liquid fuel from coal), fluidized-bed combustion (to 

capture sulfur ahead of the exhaust stack), and coal gasification integrated with 

combined cycles (converting coal to a low- or intermediate-Btu gas and then extracting 

its energy through gas and steam turbines in tandem). In addi1ion, new systems are 

being developed to transport coal from mine to power plants. Each of these 

technologies offers different performance and economic incentives; however. all depend 

on having coal available. 

Encouragingly, in this circumstance, we have long thought that the United 

States has a nearly inexhaustible supply of coal: even, some experts say, for 300 years 
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or more. But in this month's lead article, we look beyond this apparent panacea to 

consider just what our usable coal inventory may be. Further, we begin to assess the 

real question. "Can enough coal be produced to meet our potential demand?'' 

As we will see, there appear to be shortfalls developing in eastern coal 

output, even within the next 10 to 15 years, and western coal production remains a 

question mark due to the heavy influence of federal government holdings and policies. 

Tightening environmental restrictions based on use of the ''best available control 

technology'' may force the use of precombustion coal beneficiation as well as 

postcombustion control of sulfur oxide, nitrogen oxide, and particulate emissions from 

coal-fired plants, even from those burning low-sulfur coal. Against the seemingly 

endless set of requirements and restrictions, can coal really play the role in which It 

is cast? 

Dwain F. Spencer, Director 

Advanced Fossil Power Systems Department 

Fossil Fuel and Advanced Systems Division 
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Authors and Articles 

• In a n  apt  phrase from the ationa l 
Coa l Associa tion, "c a l  is the ace in 
the hole." The in fe rence is t ha t  fue l s  
.ire the h igh ca rd s in the resources 
poker game of this ene rgy-intensive 
nat i  n. The players a re pr duce r and 
us rs, po l icymakers and economists, 
regu lators and geologists, electric uti l i t ies 
and technol gis ts .  I t  is a I ng-standing 
game of high stakes, heavy betti ng, 
and inevitably some bl uffing, played 
aga i nst a background of k ibitzers. 

Which player holds the ace? Wh  
determines its t rue val ue? How7 

CoaJ's v.:i l u e  is more than a matter 
f tonnage figures or regional prici ng 

or even minera l consti tuents .  I t  is in­
Auenced by a comple m i  of d efini­
t i n , I ng-standing perceptions, and 
practices among many ind ustries that 
pervade the U.S. economy a nd requ i re 
the ta lents of a l l  the p laye rs in th 
resou rces game. Some i ns ights are 
offered i n  th j s  month's cover fea t u re, 
"Coal: Keystone of Energy Fuels" 
(page 6) .  

luchard A. chmidt writes with the 
perspective of an economic geologist 
a.nd the sentiment of one who ha 
hea rd the creakings of a coa l m ine 
roof deep underground . A project 
manager in EPRI's Advanced Foss i l  
Power Systems Depa rtmen t since ear ly 
1974, he p reviously spent  mor than 
s ix  yea rs wi th SRI In ternational (for­
merly Stanford Resea rch Insti t u te) in 
energy resou rce development and man­
agement ,  specia l izing i n  coa l in the 
U .S. a nd abroad . Tra ined as a geolo-
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g i.s t at Franklin and Marshal l  Col lege 
(85 1957) and the Un ivers ity of Wis­
consi n  (MS 1 959, PhD 1 963), Schmid t  
ha s  participa ted in assessments of t h  
m inera l  resou rce potentia ls o f  A laska 
and Saud i  A rabia and has contr ibuted 
to studies s p  nsored by federal and 
s ta te  agencies on energy and env i­
ronmenta l topics. 

• In "Load Forecasting- Modeling 
Wi th Judgment' ' (pag 12), Anthony 
Lawrence a kn wledges that advances 
i_n compu terized data manipu lat ion 
have led to improved forecasting meth­
ods. But his point remains that  " th  
forecaste r's good judgment  a lways 
has been and always will be the sine 
qua non of load forecasting." 

Lawrence is a project manager in the 
Dem nd and Conserva t ion Program  
of EPRJ 's Energy Ana lvs is a nd  Envi ­
ronment  D ivis i n .  He is responsib le 
for stud ies in Lhe  devel opment of load­
forecasting methods and is  also i n­
vol ved wi th research i nto energy use 
for transportat ion and commerce. Last 
spring Lawrence partici pated in an  
internationa l load-forecasting con fer­
ence in England, wh ich  was attended 
by lead ing t ime-series stat i s tica l econo­
mis ts and economic an.1 lys ts from 
energy and communic.iti ns industries . 
He a lso to k pa rt in a load-forecasting 
workshop in A pen, Colorado, togethe r 
with acc1demic, government, and i n­
dustria l econ mis ts fr m th rough u t  
North Ameri a . 

Lawrence came to EPR I in 1975 from 
the Univers i ty of Kentucky, wh re he 
was an assistant p rofessor of econom­
ics. From 1972 to 1 974 he served as a 
research economist with the U.S . Bureau 
of Labor Statis t ics in the Office of 
Price . Ea rl ier, he was a Lehman Fel low 
in the Socia l  Sciences Department at 
the State Univers ity of ew York at 
Buffalo, where he received a doctorate 
in economjcs . 

• By pick i ng up a te lephone o r  tapping 
out  keyword s on a terminal , users f 
EPRl's R search and Development 
In ormation System (ROIS) have access 
to detailed i nformation on some 3000 
electric energy R&D pro jects. Begun 
in 1974 wi th a pilot data base  fr m 
si u ti l i t ies, ROIS now con ta i ns ab-
t racts from some 90 companies and 

p rovi des on-line computerized access. 
I t  is a lso se rving as a tool to red uce 
dup l ica t ion in research .  RO IS manager 
Ken ton Andrews and his s taff suppl ied 
th i nput  for "A Key to U t i l i ty R&O 
Ia ts" (page 18) by J UR AL taff 
wri ter Stan Terra . 

• I t 's a long jump from the 3000 re­
sea rch projects -past and present -
in EPR l's ROI to t he 30 tha t a re rugh­
l igh ted n these pages . But "30 R&D 
Solu tions: An ApplicaHon Agenda" 
(page 20), as the title suggests, iso la tes 
a special category: EPR l -s ponsored 
find ings that mark the beginning of 



the lnstitute's payoff to its members 
and their customers . Winnowed through 
the cooperative efforts of the Research 
Advisory Committee and EPRI's p lan­
ning staff, these proj ects are charac­
terized by RAC Chairman Lud Llscher 
as "items of use to us today'' or "far 
enough along that they should be con­
sidered for appl ica tion in our present 
plans ."  Llscher's advice reflects the 
necessity- and the risk-of the next 
step: ''Some of these accomplishments 
may not stand the hard test of use in 
the field, but  we wi l l  know this only 
by application on our systems. " 

• If you're a fan of The Rea ders D igest, 
you know about the cool wind of re­
sistance to change that blows through 
the State of Maine. ft's often docu­
mented by the laconic quips of "down 
easters" in the humorous anecdotes 
sca ttered among Digest articl es. 

Well, it's not true. The evidence is 
"Peter Bradford: Perspectives on En­
ergy'' (page 28), which documents the 
conjunction of an energetic young 
utility commissioner and a rejuvenated 
view of the regulatory function born 
in this decade from such newly u rgent 
issues as consumerism, inflation, and 
the Arab oil embargo . Bradford's per­
spectives were captured for the JOUR­
NAL las t April by Marie Newman of 
the EPRI News Bureau .  

Now, as this issue i s  prepared for 
publication, Peter Bradford may be 

latory overview: In mid-Ju ly he was 
nom inated by President Carter to serve 
on the Nuclear Regulatory Commission. 

• ln the continu ing effort to boost 
power p lant ava i lability and capacity 
factors, in-service inspection is a key 
function. For nuclear plants, it is impor­
tant not only because it improves these 
measures of reliabi l i ty but also because 
such vigilance is the price of safety. 
Tolerances are tighter, stresses are 
greater, instrumentation is more com­
plex, monitoring and record keeping 
are more extensive . The resu lt is a 
recognized need for "Evaluating the 
Performance of In-Service Inspectors" 
(page 61). 

In EPRJ's Nuclea r Powe r D ivision, 
Eugene R. Reinhart heads R&D for 
in-service inspection methods. A proj­
ect manager in the Systems and Ma­
terials Depa rtment since 1974, Reinhart 
has a solid background in his specialty. 
He began six years' work as a design 
and research engineer at the Rocketdyne 
Division of Rockwell Internationa l Corp. 
in 1962, after earn ing a bache lor's de­
gree at the University of Texas and a 
master's at the Un iversity of Southern 
California -both in mechanical engi­
neering. In 1968 he went to Southwest 
Research Institute as a senior resea rch 
engineer specializing in remote inspec­
tion systems, and in 1972 he became 
program manager for the development 
of nondestructive examination tech-

moving to yet another position of regu- niques for in-service inspection. 

Schmidt 

Lawrence 

Reinhart 
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C
oal, the fuel that powered the 
industrializaUo� of t�e

. 
Ameri­

can economy, 1s receiving re­
newed attention as the nation seeks 
domestic resources to satisfy future 
energy needs. But iJ coa l is to rega in 
its position as the keystone of U.S. 
energy fuels, a better bal ance is re­
quired in dealing with several factors 
that control its production and con­
sumption: issues of policy, of technol­
ogy, of environmental controls, and of 
coal industry outlook. Each of these ­
as well as all of them together - is oJ 
great importance to the electric utility 
industry. 

How much coal? 

Basic to any assessment of coal devel­
opment issues is a foundation of fact 
(or, at least, of agreed assumptions) as 
to the size of the resource, its quality, 
and how fast it can be p roduced and 
used . 

Despite hundreds of years of coal 
mining, our understanding of coal 
quantity remains imperfect. To begin 
with, we distinguish between the total 
amount of coal deposited by nature 
(which geologists call resources) and 
the portion that can be developed for 
use (which they call reserves) . Re­
sources can be estimated or postulated 
on the basis of geologic knowledge. 
Reserves, however, are by definition 
more precisely measured as to quantity 
and cost of mining by specific means. 
The U .5.  Geological Survey maintains 
information on all designated coal re­
sources, and the U.S. Bureau of Mines 
is responsible for compiling estimates 
of the coal reserve base in measured 
and indicated deposits. 

Demonstra ted reserves are well cat­
aloged :  measured quanti ties in the 
thickest seams at depths  less than 305 
meters ( 1000 feet) . Even so, not a l l  

Richard A .  Schmldl i s  a project manager lor power 
plant requirements and analysis in the Advanced 
Fossil Power Systems Department ol EPRl"s Fossil 
Fuel and Advanced Systems Divis ion. 
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Coal : 
Keystone of 
Ellergy Fllels by Ri o hacd A. Sch m id i  

How much coal ? How soon? A r igorous new 

assessment of our accessible coal inventory emphasizes 

the importance of understanding how coal production 
is i nfluenced by government pol icy, technology, 
pol l ut ion controls , and coal i ndustry outlook .  

D An EPR I  state-of-the-art feature 



Product Fuel 1 20  b i l l ion tons 

Recoverable Reserves 1 50 b i l l ion tons 

Demonstrated Reserves 434 b i l l ion tons 

Identi fied Resou rces 1 731 bil l ion tons 

Total Est i mated Resou rces 
3968 b i ll ion tons 

H ow m uch coal do we have? 
How far down? How th ick? 

I n  what k ind of ground?  
How good is i t?  What would 

i t  cost to m i ne it today? 
Ten years from now? 

And how certa in is ou r  knowledge? 
The total resource est imate 

reflects not on ly actual 
ex p loration but a lso specu lat ions 

and inferences from geolog ic 
data and processes. Ident i f ied 

resources are more narrowly construed ; 
g ross quant ity and qua l i ty determinat ions have 

been made.  By defin i t ion , demonstrated 
reserves are the port ion of  resources that are 

amenable to m i n ing u nder today's condi t ions of cost, 
technology, and market. Esti mates d iffer in part 

accord ing  to the level  of detai l  used in the i r 
d er ivat ion .  Geolog ic and m i n ing knowledge thus 

perm its the finer physica l  del ineat ion of recoverab le  
reserves and product fuel ; but  because economic factors a re  inherent 

i n  the i r defi n i t ion , a l l coal reserve est imates are subject 
to j udg m ent and to change. 

such reserves can actually be extracted 
and used . In underground mines, for 
example, some perfectly good coal 
must be left in place simply as struc­
tural support between rooms and haul­
ageways . Similarly, efficient extraction 
from one mine may alter s tress condi­
tions so as to preclude development 
of other seams in, the same  coalfi eld. 
Also, legal provisions limit mining 
beneath cities, parks, rivers, and pre­
viously mined areas .  

FrequentJy these and other restric­
tions on coal recovery are estimated, 
somewhat arbitrarily, to be as much 
as 50%, i nd icating a tota l recover-
able U.S. coal reserve of somewhat 
over 200 bill ion tons. * But detailed 
studies by the author, assessing coal 
reserve data state by state (recognizing 
mining methods as well as discrete 
geologic data for individual mines 
and coalfield s), suggest that such an 
assumption is liberal .  The overa l l re­
coverability is closer to 33%, yielding 
a much lower reserve figure of 150 
billion tons. 

final ly, even the best coal-handling 
and -cleaning processes outside the 
mine also lead to losses. What we 
term product fuel is thus the important 
measure, yet it is as much as 20% 
lower. Th is ultimately usable net re­
serve appears to be about i20 bil l ion 
tons (using production and beneficia­
tion methods known today), or less 
than one-th ird the often-cited base 
of demonstrated coal reserves. But 
we now use 0.7 billion tons annually, 
and we are proposing to raise that 
figure to at least 1.0 bill ion tons in 
the next eight years. Clearly, even 120 
billion tons would be exhausted in a 
relatively short time on history's time 
scale. In the author's opinion, there 
is a real need for intensifying explora­
tion to better define the coal reserve 
base and for developing ways to re­
cover coals that are not mineable at 
present. 

Explora tion of inferred and specu la-
6ve deposits may increase the known 
recoverable reserves fourfold or more . 

• 1  b i l l i on  tons = 1 gigaton. 



Where are U.S. coal deposits? How much is left? In a state-by-state analysis. historic 
production totals were combined with current recoverable reserve figures to derive estimates 
of original quantities. Today's reserves are thus expressed as percentages. Western coal 
wealth is evident. Eastern coal depletion (under today's reserve definitions) is startling. 

Additional coal may be discovered in 

areas not presently considered as coal­

fields. For example, analysis of data 

from oil wells in Kansas, Nebraska, 

Oklahoma, and Texas will probably 

extend the midwestern bituminous coal 

deposits farther to the west. 

Better mining techniques and equip­

ment should add to the reserve inven­

tory, and it may also be possible to 

exploit coal reserves (other than by 

mining) through in situ burning pro­

cesses to produce low-Btu gas. How­

ever, a recently prepared EPRI estimate 

is that even underground coal gasifica-
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tion would, at most, double the 120 

billion tons foreseen as recoverable 

through mining from known deposits. 

What future production can be ex­

pected? To approach a better under­

standing of how much coal can really 

be recovered, detailed data must be 

compiled, at least on a state-by-state 

basis. The results are, in some cases, 

startling. The best known deposits 

have been severely depleted in several 

states that depend heavily on coal as 

the mainstay of their economies: Ala­

bama, Tennessee, Pennsylvania, and 

West Virginia. Of course, substantial 

inferred reserves remain. However, 

unless these are delineated and devel­

oped, or alternative activities estab­

lished to replace coal, depletion of 

reserves ( or even the prospect) could 

upset state and regional economies. 

Prohibition of coal development, it 

should be noted, can have the same 

economic effect. 

On the other hand, reserve depletion 

is at a very early stage in many west­

ern coal-bearing states. Here the prob­

lem is to plan for development so as 

to conserve both the coal and the re­

lated resources, such as water, agricul-



tura l acreage, and the soi l  itsel f. 
In sum, the U .S. has l a rge q uantities 

of coal by any scheme of c lassifica tion 
or measu re ment. But technica l assess­
ments today teU us that the foresee­
able yield of processed, d e l ivered fuel 
is a smal ler proport ion of demonst rated 
reserves tha n com monly esti mated .  
Also, the state-by-s tate inventory of 
untapped coal reserves requires careful 
explorat ion and a nalysis. Both facts 
emphasize that coal , l ike other foss i l  
fuels, is  fin i te a nd its development 
cal l s  for prudent planning. Any sudden 
rise in price due to a rev is ion in the 
magn itude of recovera b le reserves 
alone is highly un l ikely. 

How good is it? 

The q ual.ity of coa l has received con­
siderable a tten t ion in rece n t  yea rs, 
ma inly in relat ion t the chemistry of 
emissions (es pecia l ly su lfur ox ides) 
from coal-fi red power pla nts. Beca use 
sul fur d ioxide is subject to a l r  pol l u ­
tion regu lat ion ,  coals have com e  to be 
d.istinguis hed as much by their su l fur 
content as by their specific heating 
va l ue. M ost low-su lfur coa l s  come 
from western coa lfi elds, wh i l e  those 
with a greater ra nge of su l fu r  content 
come from the East a nd M idwest .  

I n tensive expl ora t ion for more low­
sulfur coal suppl ies in the East ha 
been u nderta ken i n  recent yea rs. A lso, 
ma jor research effo rt is in progress to 
develop coa l-clea ning technologies and 
em ission treatments . But  su l fur  rem ova l  
remains an el usive technology and has 
not yet been perfected. 

There are, of course, nu merous other 
coal-q ua l ity fa ctors crit ica l to p lant  
performance: hea ting va lue; ash on­
tent, composit ion, a nd fusion tem pera­
ture; and eng ineering properties (such 
as grindabi l i ty) u nder opera ting con­
di t ions. Th ese a re often cr i t ica l  in de­
termin ing w hethe r or not a g iven coal 
can be used successful ly in a pa rticular  
pla nt, a nd they deserve grea ter a t ten­
tion. But all are over hadowed by the 
prese nt focus on t he emiss ions  of s u l­
fu r  oxides and other polJuta nts . 

Coal in the years ahead 

Projections of U. . c al production a nd 
consumpt ion va ry. I n  a nalyz.ing these 
forecasts, it  ca n be c ncluded tha t  each 
(or  none) is o rrect . Here we wiJ l  con­
ce rn ou rse l ves w i t h  just two: the Na­
t ional Elect ric Re l i ab i l ity Counci l  (N ERC) 
project ion  of fu tu re coal consu m ption 
by e lect ric util i t ies and the ationa l  
Coa l Association ( CA) projec t ion of 
pla nned coal supply for the u t i l ity 
ma rket. These estimates are timely, 
the i r  sources are k nowledgeable, and 
they d raw on individua l  produce rs and 
consum ers to com pile totals ( ra ther 
tha n ass u ming growth rates or deriving 
equ i va lents in terms of other fu els) . 

According to present pl ans, e lectric 
u t i l i ty  c al product ion and consum p­
tion a re forecas t to be in a dose ba l­
ance over the ne t deca de. Notewo rthy 
is the find ing of the Na tional Coa l 
Associa t ion that coa l wil l  be used where 
it  is produced, with l itt le in terregiona l 
movemen t between east and west.  
Ea stern coa l outpu t wil l  i n crease at 
only a modest ra te, wi th m uch new 
p rod uct ion needed to re place depleted 
m ines. When these est imates were 
made, the la rger increase was seen to 
be in the Wes t. The adminis trat ion's 
national energy pol icy, if accepted by 
Congress, wiJI resu l t in greater use of 
eastern coal, a l tering the rela t ionships 
forecast by NERC and NCA. Th e ease 
of estab l ish ing a new ba la nce in re­
sponse to th is cha nged ondit ion re­
ma ins to be determ i ned because of 
bas ic  matte rs of coal q uan tity and 
q uali ty, as wel l as an a rray of Fa tors 
in fluencing coa l  deve lopment. 

Win ning against uncerta inty 

Deceptive ly sim p le in concept, the 
act i vities of coa l p roductio n st i ! J con­
sti tute a n  a rt or a c raft more than an 
e act science. They a re replete wit h 
u n  e rta in t ies in such funda menta l  ele­
ments as depos it  cha racteristics, min ing 
cond i t ions, and coa l cha racter, not to 
mentio n l abor rela t ions, ma rket eco­
nom ics, equ ipmen t performa nce, trans­
portation avai labi l ity, fina ncia l  secu rity, 

and gove rn men t  regulation .  This array 
of u ncerta inties is such that- coa l pro­
duction was formerly described as 
"win n i ng. " The term reflects the st rug­
gle of coa l  producers against the im­
perfectly understood p rocesses of nature 
that created the d eposits they labor 
to e pl ait .  Redu c ing these u nce rta in t ies 
req uires knowledge of at least the 
fo l lowing factors that in fluence coal 
development :  pol icy, tech nology, pollu­
tion control, and industry ou t look. 

Pol icy 

Many attempts to form a national 
energy pol i cy have been ad voca ted and 
und erta ken in recent yea rs; the lates t  
was  annou nced by the pres ident in 
Apri l of th is year.  W ithout embracing 
or reject ing these latest pr p sals , 
which a re still being  considered by 
Congress, i t is possible to ana lyze the 
thru st of the p rovis ions concerning coal.  

In t he pr incipl es enu nciated by the 
presiden t, emphasis is placed o n  sh i ft­
i ng from sca rce fue ls to coal . A s pe­
cifi c  goa l  is to in crease a nnua l  coal 
prod uction by more than 400 m i l lion 
tons *  by 1985, from nearly 700 mil l ion 
tons today. It  remains to be deter­
m ined whe ther the tra nsi t i  n wiJJ be 
esse ntial ly volu ntary, encouraged by 
va rious ta ince ntives, or mandated 
under the authority o f  the Fede ral 
Energy Admin istra t ion ( F EA) as pa rt 
of a new Department of Energy. 

The re l a t ion of expanded use of coal 
to protection of the envi ronm ent  (a lso 
a p rinciple of the pres ident's progra m )  
n eeds  to b e  assessed .  We don't know 
whether the rising concern over par­
ticulate contro l wil l  in fluence the fi -
nal enviro nmental cont r  I program or 
whethe r a l ternative pol l ution control 
strategies will be avai la ble. A mong 
these are coa l conve rs ion processes to 
p roduce "c lea n" fuels, i m proved co m­
bustion m ethods, and the  use of com­
bi ned-cyde genera t i ng systems. If 
scru bbers a re req uired for both new 
and e ist ing coa l-using p w r p lants,  
we cou ld experience a sh ift in forecast 
patterns for regiona l  c al p rod uction 

· 1 m i l l i on  tons = l mega ton.  
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Where wi l l e lectric ut i l i ties get coa l .  and where w i l l  they use i t? The trend of an nua l 
prod uct ion for ut i l i t ies is u pwa rd to nearly 800 m i l l ion tons by 1 985 in th is Nat ional  Coal 
Associat ion forecast. Western coal q uadrup les to 400 m i l l ion tons an nua l ly in the per iod. 
The net from eastern coal f ie lds is nearly leve l .  a l thoug h by 1 985 there are over 1 5 0  m i l l ion 
tons from new devel opments to replace ret i red fac i l i t ies. The N at ional  E l ect r ic Re l i a b i l i ty  
Counc i l ' s  forecast of  ut i l i ty requ i rements i n  the East and in the West t racks wel l wi th  NCA's 
project ion, indica t ing  l i tt l e  i nterreg ional  coal  movement .  But nat ional energy prog ram 
proposals now before Congress may req u i re these forecasts lo be  a l tered. 

- Consu mpt ion 
--- Product ion 

.§ 600 

� 
.E 
-� 

Western 
United States 

� 400 
:::> 

0 
rn 
0 

CJ 

c:: 
� 
.E 

.� 

ro 
C) 

200 

Eastern capacity replacement 

Eas1ern 
Un i ted States 

0 +-����������-,-�����������.--���������-----1 

1 970 1 975 1 980 1 985 

1 200 

800 
New technology 

Contemporary technology 
00 

E>11s 1 1ng fac1 l i t 1es 
o +-��������������������������������-----J 

1 970 1 975 1 980 1 985 1 990 1 995 2000 

How do we dou ble annua l  coa l product ion between now and 1 985? Most signi f icant ly, we do 
it a l most ent i re ly by wider use of the technology and methods known today. and we replace 
worn-out faci l it ies at the same t ime_ The lead t ime for R&D and  commerc ia l ization of marked l y 
new technology is at least e ight years. Thus . the impact of that technology by 1 990 or 1 995 -or  
any d i stant year -depends on how soon the  "wi ndow" ot  n ew tec h nology can  be opened . 

and use. The prospect ive advantage of 
low-sulfur wes tern coaJ in midwestern 
or eastern ma rkets would be reduced 
or el iminated, s lowing the pace and 
sca le of  western coal development. 
Because the federal government owns 
the p rincipa l western coal reserves, 
their development will continue to be 
closely contro l led. In sum, the rela­
t ive ly undeve loped West, rich in low­
sulfur coal , is market-l im ited. There 
the quest ion will be, "How fast is it 
necessary to increase product ion?" 

At the same time, greater levels of 
production of h igher sulfur, h igher 
heat ing va lue  midwestem and eas tern 
coals would be encou raged because of 
proximity to consumers and lower 
transportation costs and because scrub­
bers will probably enable t hese coa ls 
to sa tisfy air poll ution control objec­
tives. Ea stern coal is l a rgely owned by 
private o rganizations or ind ividuals ;  
in the further development of reserves, 
they face a chaUenge to avoid adverse 
socia l  and environmental effects from 
the operations themselves or from the 
exhaustion of deposits where extract ion 
is already we ll advanced .  I n  cont rast to 
the West, the East is resource- l im ited, 
and the question there wil l be, "How 
slowly may we increase p roduction?" 

Clearly, the p roposed goals for coa l  
a re consistent with t h e  principles o f  
the adm inistra tion's energy pol icy i n  
tha t envi ronmental quality would be 
served by sl ower-paced western coal 
development and by manda ted em is­
sion controls, and economic redevelop­
ment i n  t he m idwestern and eastern 
coa l fi elds would be served through 
i ntens ified coal development and use. 

Technology 

Today's technology fo r coa J  production 
and use - for the most part -evolved 
from a h istory of engineering empiri­
cism and tria l and error. Ma rked or 
widespread change is unlikely through­
ou t the remainder of the twen tieth 
century because if any new technology 
we re to have signi ficant impact  on coa l 
product ion w ith i n  10 yea rs, it would 



have to be in the hands of the mining 
industry today. William Poundstone of 
Consolidation Coal Co. said it Aatly: 
"New technology won't give us any 
overnight solutions. lt took the coal 
industry years to refine the continuous 
miner and make it worth the sizable 
investment involved." 

An analogous situation exists with 
respect to technologies for coal conver­
sion and use. This reality was empha­
sized by Richard Balz.hiser, Director of 
EPRl's Fossil Fuel and Advanced Sys­
tems Division, in testimony before the 
U.S. Senate's CommHtee on Energy 
and Natural Resources: "The principal 
form will continue to be pulverized 
coal, directly fired to raise steam for 
electric power generation." 

Looking ahead, it is possible to de­
lineate the role of existing coal tech­
nology in serving electric utility re­
quirements. Many of today's facilities 
(mines and power plants) will have 
been retired as the end of the century 
approaches, although some will remain 
in service beyond 2000. for at least the 
coming 10 years, the opening of new 
mines with technologically current 
equipment can be expected to com­
pensate for those retirements and to 
satisfy growing demand. Assuming 
that new technology is perfected and 
demonstrated according to current 
R&D plans, the earliest opportunity for 
new technology would appear to be in 
the late 1980s or early 1990s. In view 
of this, it seems worthwhile to devote 
special efforts toward incremental im­

provement of today's technology so 
that it can-as it must-carry the bulk 
of the load for this quarter century. 

Examples of the kinds of improve­
ment needed are the U.S. Bureau of 
Mines' programs for development of 
an automated extraction system (com­
bining roof supports with a continuous 
mining machine) and Consolidation 
Coal's effort to perfect hydraulic trans­
portation of coal from underground 
mines. While these are advances over 
present practices, they are not com­
plete departures, as are concepts for 

outfitting coal miners with "space suits" 
or using chemicals for coal extraction. 

Pollution control 

Mitigation of pollution to the physical 
environment has become a strong in­
Auence on aU aspects of coal develop­
ment and use. After a long struggle 
between the coal industry and an active 
coalition of groups concerned about 
the environment, a federal strip mine 
control law has been enacted. The law 
establishes uniform minimum surface 
mining and reclamation requirements. 
Many of these requirements (especially 
those pertaining to rehabilitation of 
mined lands or prevention of pollution 
from active operations) already exist to 
some degree in state laws and regula­
tions and in operating requirements 
for federal coal leases. 

Although the provisions of thiS law 
may lead to somewhat higher produc­
tion costs and restrict development of 
certain deposits, an analysis sponsored 
by FEA suggests that these effects will 
be relatively small. Now that the issue 
is resolved, the energies directed to­
ward the pollution control debate can 
be refocused on improvements in re­
serve recovery and productivity. 

The controversy over means to con­
trol pollution from coal-using facilities, 
however, continues unabated. Unless 
it is resolved soon, expanded coal use 
is still unlikely, leaving the nation vul­
nerable to increasing petroleum im­
ports. Exhaust gas scrubbers for sulfur 
oxide control, which lead lo higher 
capital costs and somewhat reduced 
plant efficiency, are required for most 
new coal-fired plants under today's 
performance standards for such new 
sources. 

As with strip mining, having a known 
regulation in effect, even though not 
the preferred one, can be a construc­
tive resolution that permits progress. 
But a requisite for the installation of 
scrubbers (or any pollution control 
strategy, for that matter) is that the 
requirements be dear1 consistent, and 
specific and that they not change ap-

preciably (if at all) during the useful 
lifetime of a power plant. Provision for 
scrubbers is being made in the design 
and construction of new plants, but 
demonstration of their operability and 
assurance of stability in the standard­
setting arena is needed before they 
will be universally accepted. 

An innovative and potentially pro� 
ductive group has been formed to 
address environmental policy matters 
that have ramifications in the eco­
nomics of coal technology and of coal­
producing regions. During the past 
year the National Coal Policy Council 
has brought together the National Coal 
Association, The Sierra Club, Con­
solidation Coal Co,, Friends of the 
Earth, Peabody Coa:l Co., and others 
of widely divergent views on coal de­
velopment. It may be worthwhile for 
electric utilities-who collectively con­
sume two-thirds of U.S. coal produc­
tion-to add their voice and viewpoint 
in this forum. 

Outlook and implications 

The nature of coal, its whereabouts, 
quantity, and quality, may be expected 
to control the manner of its use. As 
in the past, most coal will be used in 
the same region as it was produced. Es­
tablished patterns of development will 
strongly influence the location and 
scale of future activities. And for at 
least the remainder of the century, 
both coal production and use will de­
pend on the expanded deployment of 
existing technology, with the role of 
truly advanced technology being smalL 

Since the technical timetable is largeJy 
independent of changing needs and 
necessarily proceeds at a more mea­
sured pace, coal producers, users, and 
regulators must be innovative in stabil­
izing the conditions under which they 
compete and cooperate to fill consumer 
needs. Knowing and understanding 
viewpoints, and appreciating their ori­
gins and differences, are perhaps the 
most important contributions each can 
make in restoring coal as the energy 
keystone. 
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A
ccura te l oad forecasting has be­
come increas ingly important to 
electric u ti l i t ies, but  the accu racy 

of load forecasts has Jeft much to be de­
sired. Recent improvements in computer 
efficiency and the development of sophis­
tica ted forecasting methods show promise 
for sol vi ng th i s  in tricate probl em . 

The premium pla ced on accuracy and 
the di.ffkuJty of forecast ing both stem 
from the same et of factors . Throughout 
the 1950s and 1 960s, energy and load 
requ irements grew stead i ly and accurate 
projections cou ld  be made wi th s imple 
stat ist ica l  models. Aggrega te peak  load 
and energy use  model , which took into 
account a few key economic and demo­
graphic variables, produced fairly accu­
rate forecasts. These foreca sts owed their 
a ccuracy to the fact that energy was 
cheap, economic growth was  steady, and 
re la t ive energy prices were stable, so 
there were no incentives for dramatic 
changes i n  energy use. Tradi tiona l  meth ­
od s were adequate, and l itt le attention 
was pa id to developing or implementing 
new forecasting approaches. 

Throughout this period the demand 
for electricity rose much faster than the 
rate of economic growth due to a gradu­
a lly fa l l ing rea l  price leve l for e lectr icity 
a nd a simultaneous shift to electricity as 
a cleaner and superior form of energy. 

In the early 1 970s the energy picture 
began to change, slowly at first, then 
explos ively. Pent-up economic forces 
created du ring the Vietnam conA ict 
caused rapid i nfl a tion and economic dis­
loca tion. The steady econom ic growth 
f the 1 960s ended. Energy prices in­

creased slowly as supp lies t igh tened and 
as a ir qua l ity regulat ions changed e n ergy 
demands in favor of expensive low-su lfur 
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Load 
Forecasting­
Model ing With 
Judgment 
by Anthony Lawrence 

Simple p reembargo methods of load 

fo recast ing are giv ing way to 

soph isticated statist ical model i ng  

that p rom ises more rel iable load 

curve project ions. 

o An  EPR I  prog ram artic le  

Anthony Lawrence i s  a n  economis t and pro1ect mana­
ger i n  t11e Demand and Conservauon Program of 
EPR I ·s Energy Analysis and Environment D ivision 

coal and imported oi l .  Fin a l ly, the OPEC 
oil emba rgo shattered the market, tra ns­
form ing al ready serious domestic energy 
problems in to the energy crisis . 

Fai lu re of old methods 

As aftershocks from the energy crisis 
resounded th rough the economy, re l i ­
abi l ity of energy demand and consump­
tion forecasts tumb led. ew forecasts 
repeatedly m issed the mark. Traditional 
methods of forecast i ng, wh ich rel ied on 
the correlat ion of a few variab les or the 
extrapolat ion of ex is ting da ta, fai led to 
produce cred i ble resul ts for uti l ity mana­
gers and public pol icymakers. The fore­
casts fai led when they were most needed 
- when private industry and government 
were redesigning pol icies for energy 
product ion,  d istr i bution, and use. 

Uses of forecasts 

Load forec.1sts have many different  uses. 
The i ntended use of a forecast determ ines 
i ts t ime horizon into the future and its 
level of deta i l .  General ly, the longer the 
range of the forecast, the greater the need 
for det i i .  This general rule rests on the 
fact that more and more factors a re sub­
ject to change the further one pro jects 
i nto the future . For short-run forecasts, 
a l l  these ompl ica ting factors can be 
ignored in favor of factors tha t have 
ma rked short - run varia t ion, such as 
weather. 

In the l ong run, vi rtually all economic 
and technologica l pa rameters may 
change. An understanding of the l ong­
run impact of these changes on the load 
pa ttern requi res load models  for specific 
end uses and locations .  Perhaps the best 
test imony to the importance of economic 
a nd technica l change is the historical 



Ut i l ity  syste m  forecasts may vary in length f rom 3 hou r s  to 50 years . depend i ng  on 
thei r pu rpose.  The longer the t ime span covered . the g reater the dept h of  detai l 
req u i red: the fu rther i nto the futu re the project ion . the g reater the proba b i l ity of a 
change i n  the determin ing  factors. For short-run dispatch sched u l i ng, for instance, the 
forecaster can concentrate on short-range variat ion in factors such as weather. For 
l o nger- r u n  project ions , determi nants that change over t ime ,  such as economic 
g rowth, reso u rce avai labi l i ty, and developing technology, need to be considered . 

Depth of Detail Length of  Forecast 

Short ru n Medium run Long run Very long run 
(3 hours-3 days) ( 1 day-2 years) ( 1 year- 1 5  years) ( 1 0-50 years) ,_ 

Nationa l , Dispatch Main tenance Generation Research 
regiona l . schedu l ing schedu l ing plann ing and 

or 
Distribution Transmission 

development 
system planning 

load planning and for 
distr ibution new 
p lanning production ,  
Revenue and distribution, 
rate and 
planning util izat ion 

technolog ies 
Customer 

class 
or 

other 
d 1v1s 1on 

of  
system 

load 

Individ ua l  
customers 

l nd 1v1dual 
prod ucllon 

process 
or 

energy-us ing 
appliance 
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experience of air conditioning. In the 

post-World War II period, its rapid 

market penetration changed many util­

ities' annual peak demand from winter 

evenings to summer afternoons. Looking 

into the distant future, the load forecaster 

must be alert for similar load-shifting 

innovations. 

Varied ranges 

The range of load forecasts varies from 

a few hours to fifty years. Short-run fore­

casts, ranging from a few hours to a few 

days, are made for dispatching electric 

power. Most utility companies or power 

pools have economic dispatch models 

that schedule generation equipment to 

be brought into service in a three-hoUI 

to three-day period. Medium-term fore­

casts, from a few days to several months, 

schedule maintenance, renovation, and 

installation of generation equipment. 

The uncertainty associated with short­

and medium-run forecasts affects system 

reliability. Power system reliability is the 

probability of the system's meeting total 

customer demand. 

If the actual demand is much greater 

than the demand forecasted, it may over­

burden the system and cause outage. All 

else being equal, the more uncertain the 

load forecast, the more standby equip­

ment is required and consequently, the 

higher are the capital and operating costs 

to maintain the level of service. It is 

ernnomically important to both pro­

ducers and consumers of electricity that 

the uncertainty of load forecasts be re­

duced to the smallest possible level by 

using the best data and methods. 

Long-term load forecasts, from a few 
years to a few decades, are used for utility 

system planning and revenue projections 

and as aids in rate design. Both the 

amount and the composition of genera­

tion, transmission, and distribution 

equipment are determined by load fore­

casts. The total planned capacity of the 

system must exceed the fore.casted peak 

load by a reserve margin to maintain 

system reliability. Generation equipment 

is composed of baseload, intermediate, 

and peak load generators. The proper 
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proportions for each type of equipment 

depend on the shape of the forecasted 

load. (The relationship between load 

shapes and capacity proportions is dis­

cussed in the EPRI JOURNAL, May 

1977, p. 6.) 

Revenue projections derived from 

long-run load forecasts must be matched 

with the capital requirements for system 

expansion. Rates are designed to pro­

duce adequate revenues and manage the 

system load shape. 

Research decisions about new tech­

nologies to produce and use electricity 

must be made far in advance of their 

entry in the marketplace. Very long-run 

load forecasts are useful in making R&D 

decisions. For instance, if some fortujtous 

combination of forecasted future de­

mands resulted in a flat load profile, it 

would no longer be necessary to develop 

large-scale storage battery technology. 

Such R&D concerns are of primary im­

portance in EPRI's load forecasting re­

search. 

The new premium placed on forecasts 

derives from their value in decision 

making for conservation, load control, 

and technological change. The present 

scarcity of energy and capital has given 

greater importance to these areas. 

Conservation 

Accurate load forecasts promote conser­

vation through the efficient operation of 

Lhe power Supply syslem Uy (Jl'UViU[1tg 

information for power dispatching, by 

contributing to the most efficient design 

of the generation and distribution system, 

and by aiding R&D decision making 

about future technologies for the supply 
and use of electric power. Inaccuracies 

in the dispatch forecasting model on the 

high side of actual demand cause exces­

sive operating costs and fuel consump­

tion, while inaccuracies on the low side 

of actual demand require the purchase 

of power from neighboring systems, the 

shedding of interruptible customers, or 

voltage reductions in the system. 

If future load forecasts show that sys­

tem loads will be relatively level, then 

the future generation mix will be more 

heavily weighted with baseload equip­

ment powered by coaJ or nuclear fission 

than with equipment of greater cyclic 

capabilities, which require expensive oil 

or gas fuels. Similarly, the unevenness of 

the forecasted load pattern should be a 

determinant of the research priority for 

load-leveling devices. 

Controlling the load curve 

Load management is a generic tenn for 

policies pursued by electric utilities to 

control the shape of their load curve. Load 

control measures may be characterized 

as hard or soft. Soft load control measures 

rely on customers to respond to economic 

incentives. Hard load control measures 

are designed to give the electric utility 

dispatcher physical control over the 

amount of load available for particular 

end uses by specific customers at each 

point in time. Forms of soft load control 

are electricity prices that vary by time 

of day or by season and rate schedules 

that have separate charges for energy use 

and peak demand. Two forms of hard 

load control are interruptible agreements 

with industrial users and ripple control, 

which allows the utility to shed specific 

appliances by sendjng a small electric 

impulse over the power lines. 

For a load control measure to be effi­

cient, it is necessary to forecast load 

accurately. Soft load control requires 

measurement of the effects of alternative 

rate <lesigns un load shape. for hard load 

control, the time pattern of the inter­

ruptible load must be known to measure 

the impact of load shedding on the system 

load curve. 

Technological change 

Detailed load anaJyses are necessary to 

determine the impact of new energy­

using devices on electricity load. The 

effects of new energy-using processes and 

appliances on the load pattern are criteria 

for assessing the desirability of devel­

oping and promoting new technologies. 

Thus, the load dynamics of new electric 

goods, such as electric: vehicles and 

heat pumps, are of major interest. New 

methods of generating power become 



feasible by technologkal research and 

development. One factor in evaluating 

the economic desirability of potential 

generating technologies is the overall 

load pattern that must be served by new 

technologies in tandem with existing 

technologies. For example, if a new gen­

erator is capable of being turned on and 

off rapidly, then it will have its greatest 

value if the system Joad is highly variable, 

Technological change in energy-using 

equipment is also related to accurate load 

forecasting through its effects on the 

regional growth or decline of specific 

industries. As the industrial composition 

within any one region changes, the load 

pattern of the region changes. For the 

utility to plan and cope with its changing 

industrial load, the load forecasts should 

be directly related to industrial compo­

sition and technical changes. 

Methods and data 

There are several methods of load fore­

casting. The best method for a given 

situation depends on the use of the fore­

cast and on the time and effort available 

for developing it. Ideally, the time and 

resources put into the forecasting effort 

are balanced against the expected value 

of the information to be gained from the 

forecast. 

Generally, three types of information 

are available to forecasters: historical 

data, engineering data, and intuition or 

judgment. Historical data include time 

series of observations on economic and 

environmental variables and observations 

on the same variable over a cross section 

of similar units. The most important 

data for short-run load forecasting are the 

load's own history and time series of 

weather variables. For longer- term fore­

casting, cross-section data on economic 

variables such as income, prices, and 

employment are desirable for develop­

ment of statistical models of the load 

pattern. Engineering data include theo­

retical and empirical knowledge of the 

operations of various energy-using 

processes. for instance, the load pattern 

of heat pumps can be described mathe­

matically by using physical principles 

and it can also be measured by automatic 

recorders. In principle, both should agree. 

No load forecast is complete without 

the judgment of the forecaster. Pure intu­

itive or judgmental forecasts are primitive 

in the sense that they cannot be repro­

duced objectively. However, they should 

not be disregarded, since they often 

include experience with factors that 

cannot be easily quantified. Judgmental 

forecasts of certain key variables can be 

regarded as a test of the reasonableness 

of an econometric or engineering model. 

Techniques exist that allow for judg­

mental forecasts to be explicitly incor­

porated into the estimation of a load 

forecasting model. When reliable judg­

mental forecasts are available, they 

enhance the value of carefully constructed 

statistical models that include both the 

be.havioral and the technological struc­

ture of energy use. Mathematical models 

that can incorporate judgmental forecasts 

can be especially valuable in assessing 

the implications of pubUc policies, rate 

designs, economic growth, and technical 

change on the total load pattern. 

Engineering accounting methods de­

velop load forecasts by enumerating the 

number and type of energy-using appli­

ances and then multiplying each ap­

pliance by its energy requirements and 

frequency of use during every time 

period. Tbe load pattern is then con­

structed by adding up the energy used 

in all appliances for every time period. 

Forecasts using this technique are de­

veloped by extrapolating into the future 

the numbers or saturation rates of all 

the appliances. 

Engineering process models are more 

sophisticated than engineering account­

ing techniques. Process models are math­

ematical descriptions of how a particular 

item is produced or socne need is satisfied. 

A process model includes mathematical 

equations describing technological and 

behavioral relationships and operating 

constraints or restrictions. Process models 

can yield predictions of the time and 

intensity of energy demand for specific 

methods of energy use as a function of 

the process's outpuland its environment. 

Cogeneration 

Under the proposed energy program, 

load forecasting will be complicated by 

increased cogeneration by industrial 

customers. This problem can be analyzed 

by developing load projections based 

on engineering process models of the 

industries involved. Such models will 

have to account not only for the indus­

tries' demands for power from the utility 

systems but also for the industries' supply 

of power to the grid. A process model 

can project the pattern and intensity of 

the power demands or supplies resulting 

from the industry producing its primary 

product. 

Scheduling in most industries is dic­

tated by social customs, such as the eight­

hour workday, and by the nature of the 

industrial process. Deviations from both 

are possible at some cost, such as over­

time pay, but will be made only to mini­

mize costs of production. Thus, there is 

a potential for electricity rate structures 

to be manipulated to induce cogenerators 

to demand and supply power to the grid 

at economically efficient times. 

Historical data 

Models that rely on historical data 

may be subdivided into time-series 

models, aggregate econometric models, 

and microeconometric models. Time­

series models differ from econometric 

models in a fundamental way. Econo­

metric demand models specify the be­

haviora I and technological structure of 

energy demand, relating it to other 

economic and social variables. Time­

series techniques analyze the behavior of 

each variable over time and attempt to 

predict the variable's future based on its 

past behavior. Neither method is a com­

plete paradigm for all forecasting tasks, 

and they can be combined to produce 

hybrid models. Both techniques, sepa­

rately or in combination, must be 

tempered with generous measures of 

physical knowledge and good judgment 

to produce superior load forecasting 

models. 

Generally, time-series models forecast 

the future values of an economic variable 
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Long-run resident ia l  load forecast ing requi res models of many behaviora l and 
tech nolog ical factors , inc lud ing r is ing  fami ly i ncome (which sharpens peak demand) 
and such chang ing  demog raph ic  pat terns as more working women with sma l ler  fami l ies 
(which tends to lessen daytime demand ) . Offsett ing these factors wi l l  be new uses of 
power. such as e lectr ic veh ic les and storage heat i ng .  U t i l i t ies need to promote 
desi rab l e  res ident ia l  load shapes by encourag ing new uses that create off-peak demand 
and by contro l l ing demand through  "soft" pr ici ng incent ives or " hard " d i rect load 
con t ro l  of  such  major uses as water heat ing and space cond i t ion i n g .  

Ex1s 11ng load profi le  
iyp 1cal household 
in northern u1 1h1y 

on winter weekday 

R 1s 1 ng income 
ra ises demand 

and sharpens peaks 

Soft load management 
t ime-of-day pr ic ing spreads 

and flattens peaks 

Changing demographics 
with more work ing women 

and fewer chi ldren 
peaks spread and 

midday demands are lower 

New products 
and hard load management 

w11h elect r ic veh icles 
and srorage heating . 

nightl 1me and midday 
valleys are l i l ied 1n 
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as a function of time and the variable's 

own history. Tn the construction of a fore­

cast, these models take advantage of 

trends and recurrent patterns that are 

evident in the variable's history by repli­

cating them into the future. The simplest 

class of such models includes linear and 

exponential trend models. 

Sophisticated time-series methods 

include Box-Jenkins methods, spectral 

analysis, Fourier series, and periodic 

spline functions. These methods provide 
neither a structural explanation of the 

causal relationship between the variable 

being forecast and other variables nor 

insight into how the variable might be 

subject to control. Time-series methods, 

however, do have a useful role in load 

forecasting. In the short run they are 

quite accurate and require only limited 

data, analysis, and computer time. These 

economies stem from the fact that the 
history of only one variable, the variable 

being forecast, is required. 

There are multivariate extensions of 

time-series methods. However, these 

methods are more difficult and expensive 

to use than single variable time-series 

models. It is difficult to interpret the 

causal meaning, if any, of the interrela­
tionships between variables in a multiple 

time-series model. However, these 
methods deserve further attention for 

electricity load forecasting, especially 
in short-run situations whe.re there are 

only a few variables of interest. 

Econometric forecasting 

Time-series models are most useful in 

the short run. For forecasts of one to five 

years, aggregate econometric methods 

are adequate for most purposes. They 

can capture important interrelationships 
between variables when there are few 
fundamental technological or structural 
changes at the microlevel. 

To capture long-run changes in a load 

forecasting model it is necessary to ana­

lyze detailed behavioral and technological 

data. Ideal econometric load forecasting 

methodology requires the forecaster to 
combine well-reasoned behaviordl theory 
with detailed engineering information 

in formulating the model. This perspec­
tive does not limit the econometrician's 

tools to classical economic theory and 

multivariate regression but includes the 

vast scope of mathematical and statistical 

methods, behavioral postulates from 

other disciplines, and engineering in­

formation. 

Forecasting residential loads 

The residential load profile typically has 

h,vo peaks during the day-in the morning 

and in the late afternoon or early evening. 

Winter heating and lighting loads shift 

the evening peak a few hours later and 

flatten the nighH-jme valley somewhat. 

Summer air conditioning advances the 
evening peak to the afternoon and par­

tially fills the daytime valley. 

Individual household load data can 

be combined with weather data and sur ­

vey data on household characteristics 

to produce high-quality load projections. 
The household characteristics include 
an enumeration of appliances, type of 

dwelling, and the demographic a.nd 

economic characteristics of the family. 

When combined with models of appli­

ance choice, these load forecasting models 

aid in evaluating the impact of changes 

in the efficiency or quantity of electrical 

appliances. The models can be extended 
to evaluate the load impact of such new 

electrical devices as solar-assisted heat 
pumps or electric automobiles. I t  is pos­

sible that both would fill the nighttime 

valJey in residential demand. 

The reshaping of the load pattern 

resulting from secular changes in demo­

graphic and economic characteristics 

can also be estimated. Two important 

trends are the rising participation of 

married women in the labor force and 

the decreasing number of children per 
household. These h·ends should result 

in a deepening of the daytime valley and 

a spreading of the peaks as the family 

rises earlier and retires lc:1ter. 

The effects of both soft and hard load 

management policies on the residential 

load shape can be incorporated and mea­

sured with a detailed econometric model. 

Time�of-day pricing is the most fre-

quentJy discussed soft policy for resi­
dential load management. Early results 

using data froro federally sponsored 

experiments indicate significant load 

shifting as families readjust their sched­

ules to avoid high peak period rates. 

While this is encouraging, it does not 

diminish the potential role for hard 

policies to manage residential loads. 

Some utilities and their customers have 

already enjoyed considerable economies 
from ripple-controlled water heating. 

Rech.arging electric vehicle batteries is a 

likely candidate for direct load control 

in the future. 

New methods 

The development and the implemen­

tation of new load forecasting methods 

are progressing rapidly. Some new 

methods rely on the firm foundation of 

statisLical time-series theory, some are 

built from engineering process models, 

and others result from microeconometric 

analyses of electricjty users' behavior. 

The new methods are more complicated 

and sophisticated than the preembargo 

forecasting techniques that have proved 
inadequate. Time-series methods are 

useful for short-run forecasts and will 

replace simple trend extrapolation tech­

niques. Process modeling and micro­

econometric modeling are promising for 
longer-run forecasting. These methods 

will supplement or displace engineering 

accounting techniques and aggregate 

econometric modeling. 

The implementation of advanced fore­
casting methods is made possible by the 
ever-increasing efficiency and faJling 

costs of computerized data manipulation. 

Despite these advanted techniques being 

inseparably tied to the computer, they 

are certainly not automatic or cybernetic 

forecasting tools. On the contrary, much 

as the development of delicate heart and 

bra in surgery requires increasingly skilled 

surgeons, the implementation of sophis­

ticated load forecasting methods requires 

ever more skillful forecasters. The fore­

caster's good judgment always has been, 

and always will be, the sine qua non of 

load forecasting. 
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A Key to Utility 
R&D Facts 

ROIS serves the utility industry as 

an authoritative source of R&D facts 

and as an aid in reducing 

duplication of research effort. 

T
ennessee Valley Authority instru­
mentation engineer Ernest Clauss 
called to find out if a project TV A 

was about to begin would duplicate 
EPRI's work on water reactor sensor 
time-response verification. John Buech­
ler, an electrical engineer at long Island 
Lighting Co., wanted to know if any re­
search was being done to determine the 
effect of more home insulation on the use 
of residential air conditioners. 

These are typical of the inquiries that 
come into EPRl's Research and Develop-

ment Information System (ROIS) office 
in Palo Alto. About 50 such requests for 
information about electric utility R&D 
are fielded each month by the ROIS staff, 
according to ROIS manager Kenton An­
drews. Andrews referred Clauss to the 
EPRI technical staff in charge of the proj­
ect in question and, guided by informa­
tion from the data base, gave Buechler 
contacts at Pacific Gas and Electric Co. 
and at a midwestern university for dis­
cussions of the air conditioning issue. 

ROIS, established by EPRI in 1974 as a 
primary source of information about the 
R&D activities of EPRI and the U.S. elec­
tric utilities, contains details on approxi­
mately 3000 R&D projects under way or 
recently completed by some 90 organi­
zations. ROIS was designed as a single 
authoritative source of electric utility 
R&D information to reduce the duplica­
tion of research effort and broaden the 
application of new and improved tech­
nology. Details about EPRI projects in 
the data base are updated monthly. Infor­
mation is revised annually for the proj-

ects of other participating organizations. 
The data base is computerized so that 

access is provided through a com­
puter terminal linked by telephone and 
teletype lines through the Telenet com­
munications system to the RECON IV 
program of Informatics, Inc. The central 
computer containing the ROIS data base 
is located at the Informatics facility in 
Fairfield, New Jersey. Many requests, 
however, come directly to EPRI by tele­
phone or by mail. In such cases, the ROIS 
staff accesses the data base and supplies 
the inquiring party with a printout of the 
requested data. 

The data base is organized in 13 major 
subject categories: general R&D support, 
hydroelectric power, nuclear power, fos­
sil fuels, advanced power systems, trans­
mission, distribution, stations and sub­
stations, customer utilization, economics, 
personnel, area development, and envi­
ronmental assessment. Specific infor­
mation about each project includes the 
project title; the name of the sponsor, 
research correspondent, and contractor; 



the amount of funding, and a list of pub­

lications resulting from the research. For 

projects funded above $15,000 there is a 
technical abstract of the research objec­

tive and significant results. ROIS users 
may access information by utility project 

number; FPC category; EPRI subject cate­

gory; the name of the reporting utility, 

prime contractor, or cosponsors; and/or 

keywords. For example, an EPRI report 
on trace metals in the New York City 

atmosphere can be accessed by the key­

words trace metals, air pol/11/ion, or copper; 

by the EPRI project number RP117; or by 

the category number 13.0lF, which cov­
ers all data records on ambient pollutants. 

The entire data base is published an­

nually as Digest of Curren/ Research in /lie 

Eleclric Wilily Industry. Some 3000 copies 

of the 1976 Digest have been distributed 

throughout the United States and to over­

seas electric utility research organizations 

with whom EPRI has bilateral agreements 

for the exchange of information. The Di­

gest goes routinely to EPRI member utility 

chief executive officers, to member utility 

information coordinators, and to the 

approximately 300 members of EPRI's 

industry advisory committees, among 
others. It is widely distributed, on re­

quest, to manufacturers, government 

agencies, research organizations, and uni­

versities. 

Information about new projects for the 
data base comes to the ROIS office from 

the utilities on a standard questionnaire 

supplied by EPRI. The information is 

recorded, using a Oatapoint-1100 unit 

connected to a servoprinter that produces 

a printout. This printout is sent to the 

originating utility for verification of data 
before it is entered in the data base. The 

EPRI equipment enables the ROIS staff 

to perform off-line editing of the project 

information. About 150 new entries are 

made each month. 

Andrews points out that the ROIS of­
fice is about to release a new publication, 

Keyword Thes1111r11s, which wiJl assist the 

users of ROIS. "Its purpose," explains 

Andrews, "is to standardize access to the 
data base." 

EPRI member utilities and those con­

tributing project information to the data 

base a.re entitled to searches by the ROIS 
staff without charge. Those wishing to 

access ROIS directly through an interac­
tive terminal pay Informatics an initial 

subscription fee of $100. The fee for com­

puter connect time is $50 an hour, pro­

rated according to the actual time used. 

In addition to its data base activities, 
the ROIS office publishes a quarterly 

listing of EPRl's R&O projects. There are 

now some 960 EPRI projects listed­

current, completed, and in contract nego­

tiation. The entry for each project i11-
cludes the project number, title, and 

shortened abstract of the purpose of the 

work. 

"The success of ROTS,'' says Andrews, 

"depends on widespread utility partici­

pation. All electric utilities having R&O 

projects are urged to report them fully 

and regularly to ROIS to ensure that it 

will be a complete and accurate source of 

current information for benefit of the 
entire electric power industry." 

A page from Digest of Current Research in the Electric Utility Industry (left). ROIS staff in 
Palo Alto check printout (below) accessed from the central computer in New Jersey and feed 
new data into system (right). 



30 R&D Solutions: An Appl ication Agenda 
EPR l ' s  Research Advisory Committee sel ects the research 

results that electric ut i l i t ies can apply i n  the i r  operations  and p lann i ng  now. 

Today, j ust ove r three years since the E lec tric 
Power Research Institu te began its research, we 
are seeing the benefits of our i nveshnent.. EPR I 
is fu l fi l l i ng i t s  i n tended role in sponsoring co­
ord inated re search and deve lopment and in 
acti ng a s  an  important util ity indus try contact 
wi th government and priva te agencies on matte rs 
re la ted to R&D. 

Research programs and results are careful ly 
reviewed by the industry commi ttees to ensure 
tha t R&D effort i s  focused on our most urgent 
priori t ies .  For example, sign i ficant work is under 
way on important  fu tu re fossil fue l  and nuclear 
a l terna tives requ i red to ensure the re l iable 
opera tion of our generating units .  Progress is 
a lso be ing made on developing an  improved 
understand ing of the environmenta l a spects of 
the i ndustry, as we l l  as the i ssues surrounding 
energy demand, conservation, and resource u t i­
l ization. We can ant ic ipa te grea t long- te rm 
benefits from these R&D programs. At the same 
time, important resu l ts a re be ing developed that 
wi l l  find more immed ia te app l ica tion .  Near-term 
development, wh ich shou ld  be of value by 1985, 
accounts for about 50% of the Electr ic  Power 
Research lnstitute's progra m fund ing. 

It has a l so been he lpful  to be able to prove 
what wi l l  nei ther work nor be benefi c ia l  to the 
u t i J i t ies and thei r customers. Programs  such as 
flywhee l and superconducting magnetic energy 
storage are i n  this category. EPR T has ceased 
work and phased out more tha n 18 projects of 
this type. 

To reap  the benefits of the R&D we sponsor, 
i t  is i ncumbent on us to see that these concep ts 
and technologies a re tested in the practica l wor ld 
of ut i l ity systems. Some of these accompl ish­
ments may not stand the hard test of use i n  the 
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fie ld, but we wi l l  know this only by application 
on our systems. 

The desire to identify and present resu l ts o f  
near-term projects in a factual manner prompted 
us to deve lop a l ist of some of EPRl's accom­
pl ishmen ts to da te .  The l i s t  was reviewed and 
a care fu l  selection of sign ificant items  was made 
by the i ndustry committees and the EPRI staff.  
We be l ieve these project resu l ts a re representa­
tive o f  the current effort. I tems of use to us 
today are inc luded,  a s  wel l  as those that are far 
enough along that they should be cons idered for 
appl ication  in ou r present p l ans. The h ighl ights 
of these accompl ishments a re presented on the 
fol lowing pages and are l isted accord ing to the 
key program areas used i n  our pl anning process .  

a Resource Processing, i ncluding developments 
related to the process ing of coa l and nuclear 
fuels  

o Energy Conversion, i nclud ing fossil fuel ,  nu­
clear, and advanced conversion p lants 

o E lectrica l  Systems, i nclud ing elec tricity genera ­
tion, transmission, and d i stribution systems 

o Envi ronment, Energy Management, and Energy 
R&D Analysis ,  including efforts d irected toward 
environmenta l  issues, conserva tion, and  eco­
nomic analysis 

We hope th i s  ma te ria l wi l l  s timu late your 
appl ication of these technologies . The industry 
committees a re proud o f  the p rogress made on  
each of the programs, bu t our real sat isfaction 
wil l  come as we see substantia l use of the 
results. 

L. F. Lischer, Cha irman  
Research Advisory Committee  



RESOURCE PROCESSING 

H igh-I ntens i ty ion izer 

A major step has been taken toward 
more efficient  col lection of fly ash 
from coal- fired boi lers by the develop­
ment of a h igh- i ntens ity ionizer. I ts 
unique electrode geometry establ ishes 
electr ic fields some five t imes h igher 
t ha n  in conventiona l electrostatic 
precipi tators . Five months of sys tem 

testing a t  flow ra tes to 2.5 m3 /s (5000 
Ft3/m in) with both medium- and low­
su l fu r  coal confirmed the d es ign: the 
ionizer and a th ree-stage co l l ecto r  
reduced h igh-resist iv ity pa rt icle pen­
etra t ion by 70%. A commerc ia l  proto­
type is being tested at 1 6 .5 m3 /s 
(35 X 103 ft3/min)  this summer, and 
TVA is retrofi tt ing a 1 40-m3 /s 
(3 X 105 ft3 / min)  passage at its 
Shawnee powe r plant .  Ionizers a re 
to be commercia l ly manu factu red 
under l i cense from EPR T .  For new 
installat ions, the foreca s t  is tha t they 
wil l  cut cos ts by 25-30%; for retrofi ts, 
t.hey should cut costs by about 60-70%. 
(RP386) 

E l ectrostatic prec i pitator 

Improvements in techni ques for ac­
curately p red ict ing the efficiency of 
e lectrostatic precipi tators have re­
su l ted from EPR l-sponsored fie ld  tests 
at six uti l ity sites. The tests s howed 
that large fractions of total part iculate 
em issions occu r du r ing preci p i ta to r  
rapping cycles (about  30% for cold-

s ide prec ipi tators, 60% for hot-side). 
Rapping losses occu r for the most pa rt 
in the la rger pa rt icle s izes, primar i ly  
as pa rticles la rger than 2 µ.m diam.  

However, rapping losses from both 
hot- and cold-s ide precipi ta to rs a re 
ma jo r  contribu tors to the overa l l  
penetrat ion and i l lustrate that sign ifi­
can t  improvement in mass effic ie ncy 
may be possib le by optim izing the  
rappi ng system des ign and program­
m ing. The tests a l so i ncreased the  
re l i ab i l ity of a c mputer model 
commonly used in pred ict ing pre­
cipita tor performance. (RP4 3) 

Bag f i l ters fo r particu late control 

Becau se str i ngen t  pa rticu la te  s tan­
da rds are  stre tch i ng the performance 
capabi l ity of electrostatic prec ip i tators, 
fabric fi l ters have been investiga ted as 
an a lternat ive. To determ ine fractional 
efficiency, measu rements of particu ­
la te size and composi t ion were made 
a t  filter i n l et and out let. Con t inuous 
measurements of opac ity a t  those 
points perm i tted correlat ion  o f  aerosol 
capacity with such events as boi l e r  

upsets, fi l ter clean i ng cycles, va lve 
actuat ions, and so on. Test resu l ts 
s how that fabric fi l ters ach ieve the 
highest efficiency now poss ible for 
pal'ticulate con trol , es pecia l ly  for h igh­
resist ivi ty fly ash .  Mass em ission da ta 
at ha lf and fu l l  load revea l that effi­
ciency is typica l ly 99.9% for 0 .02-
2-J!m d iam  pa r t ic l es, though some 
la rger pa rt icles seep through at fu l l  

load . P lume opacity is virtua l ly  ni l ,  
ra nging a s  low as 0.02% (equ iva len t  to 
13-mi visibi l ity) .  (RP534) 

Flue gas desulfur ization 

H igh-velocity scrubbers have the 
potential for red uc ing the capita l cost 
of em ission control equipment by 
cutt ing th e number of scrubber 
modu les needed. Two advanced un i ts 
should equa l the capabi l ity of fou r 

countercu rrent ver t ica l scrubbers and 
a t  about ha l f  the cost .  A 1 -MW pi lot 
fac i l i ty on the TVA system has been  
used t o  test t h e  cocurren t  and hori­
zon ta l  scrubbing concepts. In rela ted 
research, reheaters and demisters 
have a l so been eva lua ted: rehea ters 
because they use 25-50% of the 
scrubbi ng system energy input and 
demisters because thei r re l i ab i l i ty is 
key to system success . Tests r suits 
show that the cocurrent scrubbe r  
uses a bou t h a l f  t h e  energy o f  a 
coun tercu rrent scrubbe r for equa l  
performance in 502 remova l .  This 
concept has been sel ected for u se wi th 
h igh-su lfur coa l i n  a 10-MW TV A 
pi lot  faci l i ty .  The horizonta l sp ray 
is bei ng used in an Ohio Ed ison Co. 
scrubber design. (RP209-2, RP537) 

NO, control 

I n  anticipation of more s tringent s tan­
dard s  for  NQ em issions from coa l ­
fi red plants, field tests were conducted 
to assess the rela t ive effect iveness of 
windbox gas recircu l a t io n and staged 
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combustion for NO
,, 

contro l .  The 
boiler used was a 550-MW un i t  fir ing 
high-sulfur eastern coa l .  The effects 
of stage combustion on boiler opera­
bil ity were a lso eva l ua ted on a 750-
MW boiler firing low-su lfur western 
coal. Du ring the 1 8-month study, 
measurements were made of NO,, 
po l ycycl ic orga n ic  materials , and tota l 
particulate and size d istribution, as 
well as obse rvations o f  slagging, 
fou l ing, and fu rnace wal l  corrosion . 
Tests results indicate that windbox 
gas recircu lation is relatively ineffec­
t ive compared to staged combustion 
in controlling NO., and it also carries 
a 1% pena lty i n  boi ler efficiency. 
(RP529, RP530) 

Solid waste as a boi ler fuel 

The feas ibil ity and other aspects of 
using fuel derived from municipal 
sol id waste for fi ri ng power pla nts 
were investigated by EPRI . The study 
showed that util ity involvement in 
municipal sol id waste disposal ra ises 
financ ial ,  l ega l ,  and institutiona l prob­
lems that ou tweigh the techn ical 
consid era t ions. Three case stud ies 
describe how u ti l i t ies have dea l t  with 
these issues . The s tudy report ou tlines 
the options ava i lable and under d eve l­
opmen t for use of sol id waste in power  
production .  It describes the prob l ems  
deal i ng with effi ciency, cost, and 
technology so that utilities can use 
this informa tion to res pond to requests 
from loca l commun it ies for he lp in 
solving the sol id waste dis posa l p rob-
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]em.  It was found tha t energy efficiency 
of waste shredding and supplementa l  
fir ing would be  about 29% if used i n  
a plant with a 43% coal-to-busba r  
efficiency. (RP26 1 )  

Fuel dens i fication 

In late 1972 AEC placed tempora ry 
operat ing restrict ions on some power 
reacto rs after observing the pinching 
of some PWR fuel rod s, which was 

attributed to d ens i fi c a tion of the fuel 
pel lets contained . AEC a lso required 
new conserva tive assu mptions in 
l icensing safety calcu lat ions, which 
led to temporary reductions in maxi­
mum operating powe r and other re­
strictions at a number of nuclear units .  
An EPRJ study determined the struc­
tu ra l characteristics and irradiation 
behavior controlling the densification 
of fuel pe l l ets and developed p roce­
dures (subsequently used by NRC) for 
infe rring th i s  behavior from s imple 
ou t-of-core tests. Dol lar  savings are 
imposs ible to quan tify, but success 
in fabricating dens ification- resistant 
fue l assu res the industry th is is no  
longer a p roblem. (RP13 1 )  

Fuel performance evaluat ion 

Because the rel iabi l ity of nucl ear fuel 
a nd the abil i ty to predict  fue l  rod 
fa i lure probabil ity are so important, 
EPRl eva lua ted the abil ity of an em­
pirical model to make s uch predictions 
based on mechanica l in teraction be­
tween the u ranium d ioxide fuel pel let 

and its cladding. The EPRI study 
showed tha t  such a model can pred ict 
fail ure probabi l ity in LWR fuel rods. 
The model perm i ts the u ti l ity to opti­
mize core power maneuvers to m in i ­
mize both l oss of p lant outpu t and 
number of fai l ed rods. EPRI is now 
compu terizing the logic of this analytic 
model for optima l  use by s ite engi­
neering and operating s taffs to im­
prove fuel rel i ab i l ity .  Its importance 
is indica ted by the $3-$5 m i llion an­
nua l  cost of replacement power due to 
reduced plant avai lab i l ity or capa c ity 
factor caused by fuel rel iabi l ity prob­
l ems. (RP509) 

EN ERGY CONVERSION 

BWR blowdown 

A maj or consideration in designi ng 
and l icensing power reactors is p ro­
viding s uffic ient cool ing capability 
to keep fuel from overheating in the 
remote event of a LOCA. So it is essen­
tial to be ab le to predict the response 
of the system and fue l and to design 
accident-preventing or - l imiting steps 
into the system. EPRI ,  NRC, and 
General Electric Co. s ponsored engi­
neering tests on BWR system perfor­
mance under LOCA condit ions .  The 
tests showed a number of inherent 
cooling mechanisms are not taken into 
account in current l icens ing eva luation 
methods. The resu l ts from th is  p roj ect 
are being u sed to develop more ac­
cu ra te and realistic computer codes 



to improv BWR sa fety margin . A 
poten t ia l  1 %  incr as in plant capacity 
wou ld be worth $ 1 00,000-$600,000/ 
p lant-year. (RP288) 

BWR toru s 

The ca pabi l ity of BWR pressure sup­
pression systems to wi thstand sudden 
loads from hyd rodynam ic forces in 
the event of LOCA and re lief-va lue 
discha rge condit ions has become a 
sub ject of concern. Using sca le mode l  
experiments a nd mathematica l and  
a na lyt ic techniq ues, EPRT has t ud ied 
and quant i fied the pool-swel l  effe ts 
i n  the pressu re suppression torus  
under such  cond i t ions. The test data 
were taken i nto account in a n  NRC 
regulatory decision permitting co n­
t inued operation of a gro u p  of BWR 
uni ts whi le  assessment  of t he  s i tuation 
wen t  on .  EPRJ has also developed a 
compu ter m odel to pred ict the mot ion 
of water in the pool  d u ring a blow­
down . The cost of EPRI 's effort to date 

has been est imated as be ing less tha n 
two days of downt i m e  on a s ingle B W R  
power pla n t .  (RP693-1 ,  RP693-2) 

Steam-water mix i ng 

Anothe r LOCA resea rch progra m per­
tains to the abil i ty f a PWR system 
to accept the in jection of emergency 
c o l ing water to keep the reactor core 
covered with  the in tact piping circu its . 
EPRI experiments a nd a nalyses of 

-
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s team-water mix ing fu rn is hed data 
a l lowing more rea J i  tic a nalysis of 
steam-venting co nd it io ns, and has 
resu lted in a red uction of 50- 100 ° F 
in the maxi m um tempera ture a lcu ­
lated during a pos tu l a ted LOCA when 
the ECCS goes i nto opera t ion .  Model 
work at 1 /3-sca le  confirmed that 
p l ugging does not occur  duri ng core 
reAood . The data hav been placed in 
the public d ma in, sa ving u t i l i t ies 
many t imes the p ro ject cost. (RP294) 

Decay heat 

AJterheat fol l owing shu tdown in a 
rea t r due to fiss ion  product decay 
is an importa nt para meter in LO A 
and other sa fety eva lua tions. E peri­
mental d iffi ul t ies have often pre­
cluded maki ng d i rect measurements 
of a fterheat. EPR I has ca rried ou t  
measurements to estab l i sh  it wi th 
high precis ion and accu racy. The low­
error ba nd of the d a ta ,  togethe r w i th  
other  recent  experimental and theo­
ret ica l  stud ies with which the data 
a re in good agreem ent, wi l l  l ead to 

reeva l uation and possible lowering of 
cu rren tly ace pted standa rds. This 
wou ld  have a significa nt impact on t he 
safety analysis and licensing of nuc lear 
plants . Each 1% uncerta inty in decay 
heat resu l ts in a 1% decrease in maxi­
mum permiss ib le power fo r each nu­
clea r un i t  tha t has  been derated for 
LOCA considerations, and each 1% 
reduct ion of the u ncertainty band 
represents a potential saving of 
$ 1 00,000-$600,000 per unit per year. 
(RP392) 

New computer codes 

More and more, ut ilit ies need analytic 
capa bi l i ty to make structural  and 
reactor fuel ma nagement analyses 
and opera tions safety eva l uat ions­
tasks for wh ich the tools have  not bee n  
widely avai lable .  EPRl has developed 
fi ve ana lytic codes for use by u t i l i t ies: 
ARMP, MEKl I STEAL TH, RELAP I 
E, a nd RETRA . A RMP prov ides a 
fuel management and operat ions 
a na lys is capabi l ity.  MEKJN is a com­
putation progra m for analyzing reactor 
core transients in BWRs and PWRs. 
STEALTH analyzes such phenomena 
as seismic wave propaga t ion, the B W R  
pressure-suppression system, res idua l 
stress fr m welding, a nd so on. 
RELAP /E is a new, improved ca lcula­
tion tool fo r "best est imate" ana lyses 
of EC S performance in LOCA situa­
t ions .  RETRA is used for calcu­
lat ion of reacto r system tra nsients .  
( RP1 1 8, RP307, RP342 1 RP8 1 1 ,  RP889) 

Torn ado missi le protection 

u lea r power plants are req uired 
to be sa fe aga inst impact from tornado­
borne debris, even debris of improb­
able weights and speeds .  EPRJ's tests 
wi th  ro ket-propel led ob j  cts d riven 
at h igh sp eds into s imulated aux i l iary 
bu i ld ing wa l l s  showed tha t  1 2- in  re­
inforced concrete wa l ls  can safely 
wi thsta nd im pact by u ti l i ty poles,  3-in 
diameter steel pipes, and 1 - in rein­
fo rc ing ba rs; 1 8-in wa l l s  can also with­
sta nd being struck by 1 2- in  pipe 
sectio ns. These resu l ts p rove tha t  a 

EPRI JOURNAL Augusl 1 97 7 23 



nuclear plant is safe i n  tornado condi­
tions. I t  may also be reasonably 
ass umed that the results contributed 
to NRC's decision to re duce m inimum 
wall - thickness requirements to 20 in 
from 24 in for eigh t nuclea r  units under  
construct ion or awa it i ng construction 
pe rm it .  Th is means a potential signifi­
cant cost sav ing for the affected bu ild­
ings . (RP308, RP393, RP399, RP61 6) 

Crack arrest data 

The probabil ity of cracks init iat lng 
from ex isting flaws in a reactor pres­
sure vesse l  unde r norma l  and test 
cond i t ions is extremely smal l .  How­
ever, in a hypothetical a ccident, such 
as a LOCA, crack initiation is postu­
lated for small flaws located in certa i n  
regions o f  t h e  vessel a nd  i t  is necessary 
to demonstrate that such a crack will 
stop growing before it traverses the 
reactor wa l l ,  maintain ing vessel integ­
rity. Theoretica l and experimenta l 
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studies on p ressure vessel steels 
showed present regu latory ru l ings 
on crack arrest to be conserva tive 
and es tablis hed improved con fidence 
levels in the accepted curve for pre­
dict ing crack arrest. The prima ry 
research benefi t  is minim izing the 
probabi l ity of extended ou tages for 
ins pection or repa ir cau sed by un­
certainty i n  calcu lat ions rather than 
by actual hazard. (RP303-l,  RP303-2, 
RP499) 

Steel fracture toughness 

I n  1972 AEC declared that add itional 
resea rch wa s required to demonstrate 
the adequacy of fracture toughness 
requirements for nuclear pressure 
vessel steel . EPRI tested more than 50 
heats of steel from normal production 
l ots to determ ine generic fra cture 
toughness requ irements for pressu re 
vessel fabrication use. The resul ts of 
the study show that present design 
p ract ices are overly conservative. Thus 
the project ave rted potential forced 
outages due to regulatory action by 

providing more accurate methods for 
characterizing flaws i n  pressure ves­
sels .  The reduction of forced out­
ages represents a substan tial sav ing to 
the uti l i ties tha t  ould average from 
$250,000 to $300,000 per day per unit .  
The results have a lso been submitted 
to ASME.  I f  adapted, they will help 
to limi t  the cont inuing increase in 
design and ana lysis requ i rements. 
{RP232, RP312, RP696) 

Boi l er feed pump improvement 

Boi ler feed pump fai lure is a major 
cause of power plant forced outage, 
costing an estimated $55 m i l lion a 
yea r in fossi l- fired un its l a rge r than 
600 MW. An EPRI survey revealed 
that many boiler feed pump fai l u res 
resu l t  from axia l imba lance or pump 
rotor instabil ity .  The  impel ler thrust 
on a worn pump may exceed the 
balance disc reaction on the original 
design. A simp le mod ification of the 
ba lance disc in trials proved to rectify 
the diso rder and prompted vendor  
adopt ion of the design change. Other 
problems were a lso ident ified in the 
su rvey, resu l t ing in improvements 
that  a re est imated to be worth abou t 
$10 mi l l ion a yea r in savings to the 
i ndustry. The Salt R iver Pro ject i n  
Ar izona anticipa tes yearly savings o f  
some $2  mi l l ion .  TVA expects t o  save 
nearly $ 1  mill ion a year in rep lacement 
powe r costs . Outlay for the EPRJ 
su rvey was $26,000 . ( RP641 )  

Opt imized solar energy system 

As solar heating and cooling sys tems 
come into wider  use, increas ing frac­
tions of central electric generating 
capacity will have only a standby or 
backup role . Yet the costs of tha t 
capacity wil l  remain in the rate base. 
A computer p rogram has been deve l ­
oped with the capability o f  deter­
min ing optimal, or "preferred," solar 
heating and cooling systems for 
specific se rvice areas, including the 



uti l ity costs of p rovid i ng su pplemental 
or backu p service. The progra m per­
m its analyses of system and subsys­
tem sizing, various ut i l ity service costs, 
d ifferent rate structures, and sh ifts in 
uti l ity load cha racteristics. To test the 
progra m, it was exercised with specific 
da ta fro m the se rvice areas of 1 6  
electric util i t ies .  I t  i s  n o w  bei ng ex­
tended and documen ted so tha t the 
progra m and a user's gu ide  can be 
made available to util i ties later this 
year.  (RP549, RP926) 

ELECTRICAL SYSTEMS 

Ultrahig h voltage tra n smission 

As systems expa nd, a poin t is reached 
where it becomes necessary to intro­
duce a new voltage l eve l .  H istorica l ly, 
the new voltage has been approxi­
mately do uble the highest existing 
vol tage on a system. Ut i l i t ies with 
500-kV and 765-kV systems began 
to consider a h igher vol tage in the 
1 100- 1 500-k V range that  cou ld  serve 
the needs of both systems.  Testing 

·, 
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cond ucted at Project UHV has  demon­
s t rated the engineering feas ib i l ity of 
constru cting and operating tra nsmis ­
s ion l ines i n  th is range. The Tra nsm is­
s io n  Line Reference Book, 345 kV a n d  
Above was publ i s hed i.n 1 975, giving 
data and design ru les for conductor 
selection, insulat ion req uire ments, 
a.nd electric fields.  At least three uti l ­
i t ies are currently using t h e  data to 

deve lop tra ns miss ion a l te rnatives for 
the i r  future ge nera tion addi tions. 
(RP68) 

HVDC transm ission l ines 

Successful opera tion of the Pacific 
Coast de intert ies showed the advan­
tage of  de tra ns m ission for  certa in 
special u ti l ity appl ica tions.  A l though 
a pattern of de l i ne costs has not yet 
been fi rm ly es ta blished, the da ta devel -

I 
I 

oped through this project wil l  red uce 
the engi neering ma n-hours requ i red 
for the design of future de projects . 
The Bonnevil l e  Power Admi nistra tion 
cooperated with EPR I to co m plete 
research on design criteria for circuits 
ra ted to ± 600 kV. Resu lts of th is proj­
ect were publ ished in the Tra nsm issio n 
Line Reference Book, HVDC lo ± 600 
kV. The data have been used in p la n­
ning or const ructing l ines across 
Minnesota, Utah, and Arizona. Pub­
l ication and use of these data w i l l  
lead to confidence in the  selectio n of 
de transmiss ion options to enhance 
syste m stability and ach ieve econom ic 
benefits in long-distance, bu l k  powe r 
transmiss ion. (RP 1 04) 

Prototype de l i nk  

ln future yea rs HVDC tra nsmis s ion is 
expected to play a n  i mportant rol e  in 
power infeed s into the city areas.  Its 
inherent  a dva ntages i ncl ude lower 
cost and ease of h igh -ca pacity ca ble 
tra ns m ission, no increase in short­
circuit curren t  at the poi n ts  of con-
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nection to the a c  system, and con­
trolled powe r infeed .  But power infeed 
cannot be ins talled in city areas wi th­
ou t compact ing the de te rm i na l s . Com­
pact converter technology -in its 
entirety, or i n  par t - is needed today. 
One EPRI project involves researc h, 
development, design, manufa ctu re, 
and insta lla tion of a 100-k V, 1 00- M W  
(with 400-k V insula tion) l ink with 
compact terminals at the Astoria Sub­
station of the Consol ida ted Ed ison 
Co. When energized i n  1 978, th.is 
development wi l l  be appl ica ble, jointly 
or sepa ra tely, to converter ratings up 
to ± 400 kV, 1000-2000 MW. (RP213) 

Cal i brat ion of CCVTs 

Cou pling capacitor vol tage tra ns­
forme rs (CCVTs) a re u sed i n  bulk 
powe r su bsta tions to sense vo l tages 
needed for metering and control.  
Periodic cal ibration of the voltage and 
cu rrent sensors is necessary to ensure 
accura te power- flow metering and 
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rel iab le system protection and contro l .  
Ca libration errors i n  these devices 
may be eigh t  t imes the a l lowable, and 
aging of the device may cause d rift 
in the calibra t ion from yea r to year. 
A prototype mobile unit su i table for 
use in field ca l ibra t ion of CCVTs has 
been successfully developed, con­
stru cted, a nd field tes ted . Based on 
field experience, the design is being 
optimized. The field tr ials of the ca li­
b ra tion system have verified the need 
to ca l ib rate the voltage ra tio and phase 
angle of CCVTs on ins ta l lat io n and 
periodical ly thereafter. (RP134) 

Varistors for su rge a r resters 

Power trans fo rmers and other sub­
station eq u ipment, as wel l  a s  over­
head l i nes, must be bu i l t  to wi thstand 
ove rvoltages caused by l igh tning, 
swi tch i ng su rges, a nd ferroresonance. 
This  e tra insu lat ion is costly and adds 
to the size and we ight of the equ ip­
ment. Two projects were i n it iated 
by EPRJ to develop improved metal 
oxide su rge arresters for overvoltage 
protection. Two contractors have 

Modern Su rge Arresters 
L im i t  Su rge to r 2 .2  per Un it 
Normal L ine-to-Ground Vo l tage 

1 .0 per Un i t \ 

developed devices that  cou ld  be used 
to produce surge a rresters with better 
protective cha racteristics than the 
p resent gap-type arreste rs . Work 
completed at this t ime wi l l  make these 
devices ava ilable for other  appl ica­
tions, such as fau l t  cu rrent l imi ters, 
de breakers, and series capac itor pro­
tection. One uti l ity is planning to test 
a series capacitor scheme using ZnO 
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arresters . (RP657) 

Control l ing decay In wood poles 

It is estimated that 50% of the four 
mil l ion wood poles sold annually in 
the United Sta tes a re replacements 
for exist ing poles that are considered 
unsa fe due to groundl ine  decay. A 
research effort was undertaken to 
better understand the decay mecha­
nism in wood poles and to determine 

the most effective and environmentally 
safe method of con trol ling decay with 
fumigants. Internal decay in Douglas 
fir poles can now be arrested with one 
of thiee new volat i le  chemica l fumi­
gants .  As liqu id s  poured i nto holes 
d ril led into the pole near the ground­
l i ne, these fumigants vaporize and 
move deep into the pole, trave l ing 
both upward and downward from the 
point of applicat ion. They have been 
demonstra ted effective for six yea rs 
or more in control l ing i nterna l  pole 
decay. One of the fum igants is already 
in use by companies offering pole 
trea tment services . (RP212) 

Spl ice for extruded Insu lation 

Tape-wrapped spl ices have long been 
used very successfu l ly for oi l-paper 
cables, and a polymeric tape wrap was 
the first means t sted to splice the 
newly developed sol id  d ie lectric cables 
rated 138 kV.  In sp ite of the historical 
rel. iabi l ity of taped sp l ices on oil-paper 
cables, their counte rpa rts on extruded 
dielectric cables have performed qu i te  

poorly. The premolded splice tha t has  
been developed can be tested in the  
factory before sh ipment and shou l d  
be  more re l iabl e . The new splice 
al lows for shrink-back of the cab le  
insu lation, requ ires only nominal 
skil ls tha t are easily ta ught  and 
l earned, and needs significantly less 
ins ta l la tion time . The ava ilabil ity of 
a more reliable spl ice is expected 
to promote the use of the more effi­
cien t and potentia l ly more economical 
extruded dielectric cables . (RP7815) 

Polymer concrete insulation 

Porcela in has long been the basic out­
door i nsu lat ing material used by the 
i ndustry. There have been recurring 
shortages of porcelain du ring peak 
construction periods, with deliveries 
delayed as long as two years. The 
production of porcela i n  is a lso an 
ene rgy-i ntens ive process due to the 
h igh- temperatu re firing required for 
porcelai n products. A project wa s 



in i t iated to in vestigate the feasib i l i ty 
of u s ing a cast concrete impregnated 
with a polymer com pound as an alter­
na tive to porcelain .  The new polymer  
concrete (now design a ted Po lys i l )  has  
twice the d ie lectric s t re ngth of porce­
l a in  and one-hal f the dielectric con­
sta nt . Pol ys i l  has  passed a l l  electr ical 
and weather ing tests avai lable in the 
labora tory. Present prod uct ion est i­
mates a.re a pprox imate l y 50% of por­
ce lain costs . ( RP480) 

ENVIRONME NT, ENE RGY 
MANAGEMENT, AND  
ENERGY R& D ANALYS IS 

Fossi l fuel combu sti on a n d  health 

Air q ua l ity standa rds in the  U .S. , 
esta b l ished in 1 97 1 ,  were based largely 
on inadequa te data. Recogn izing the 
need for im proved understanding of 
air pol lutant effects so that a rational,  
cost-effect ive con trol s trategy ca n 
be pl anned, EPRI is a nalyzing m uch 
of the da ta tha t su pport today's 
sta ndards and the inform a tion d evel ­
oped si nce 1 97 1 . A reassessm ent  o f  a 

·des· cur1 
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port ion of E PA's Com munity Health 
Eva l uation Surve i l la nce System 
(CH ESS) resu l ts, for i n stance, ind i­
ca tes that  the origina l  in terpreta t ion 
of the fi ndings may be i ncorrect .  EPR l 's 
a nalyses have paid special a ttention 
to da ta re l a t ing to su l fur oxides, 
ni t rogen ox ides, and pa rt icu l ates, and 
the ir  effects on hea l t h .  The resu l t s  of 
th se studies shou l d  provide a more 

rea l isti c base for revised a i r  qua lity 
standards. (RP68 1 , R P809) 

Effects of electric fie lds 

As the vo l tage i n  t ra nsmi ssion l i nes 
has increased, so has pub l ic  concern 
over the poss ible ha rmfu l effects that 
electric fields genera ted by these l ines 
may have on exposed plant and a n ima l  
life. EPRI is fund i ng $2 m i llion in 
research to determ ine those effects.  

A com prehensi ve rev iew of the resu lts 
of previous resea rch has been com ­
pi led and a stu dy of effects on ca rdiac 
pacemakers is nearing compl eti n .  
Several projects are under way to 
determine effects on large a nimals, 
m ice, ch ick embryos, honeybees, and 
plants and to  assess the possible effects 
on humans. So far, no a dverse effects 
have b-een fou nd. The facts developed 
by this i ntensive i nvestigation wi l l  be 
usefu l to uti l it ies in continu i ng to 
design, construct ,  and operate syste ms 
with d ue regard fo r p ub l i c  hea lth and 
safety and for envi ron m enta l in tegrity. 
(RP 1 29, R P381 ,  RP58 1 ,  R P679) 

Ura n ium resou rces and pr ices 

EPR I ana lyses of the data su pplied 
by A EC a nd ERDA on uran ium re­
serves and resources ind ica ted serious 
inadeq uacies, wh ich l ed  to new est i ­
ma tes pub l ished by EPRl . For years, 
uran ium prices d id  not appear on the 
industry su pply cu rve; informatio n 
on d iscoveries was incom plete and 
slow in be ing reported . Three EPRI 

stud ies have provided a description 
of the strengths and wea knesses of 
AEC-ERDA data ,  an ana lys is  beyo nd 
tha t  of AEC and ERDA on domestic 
exp lora tion efforts and resu l ts , and 
an economic i nterpreta tion of u ran ium 
costs and prices and their s ignificance 
in forecastings. These studies pro­
d uced in formation tha t helps deter­
mine  whether  ura n i um resources can 
support planned LWR expansion and 
enables a more accura te assessment  
of u ran ium resou rces. ( RP4 89, RP490, 
RP666) 

Energy assessment models 

Energy mod els are essent ial  in EPRI's 
R&D plann i ng. They a lso provide 
i nsights i nto a lternat ive futu res for 
the u t i l ity i ndustry and ca n present 
the indust ry's perspective to govern­
men t for onside ra tion in forming 
pu b l ic pol icy. EPRI is developi ng 
assess me nt model s and app lying 
energy-economic models to eval uate 
the os t-benefi t re lationsh ips of al ter­
nat ive energy technologies. Models 
have been used to ex p lore such issues 
as the econom ic consequences of a 
nuclear mora tori u m  and the payoffs 
from a vigorous syn the tic fuels pro­
gram.  EPRI  a lso has established the 
Energy M del ing Foru m, bringing 
together energy model deve lope rs and 
users fro m priva te ind ustry, public 
age ncies, and un i versit ies to improve 
the u nderstanding and use of mode ls.  
(RP263, RP442, RP652, RP873, RP874, 
RP 1 0 1 4) 
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Peter Bradford: 
Perspectives on 
Energy 

Commissioner Peter A. Bradford 

brings to EPRl's Advisory Council 

energy perspectives gained through 

experience with the consumer 

movement, environmental matters, 

and energy policy planning. 

o An EPRI interview 
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W
hen you talk a bout a diversified 

energy strategy, you're talking, 

in part, about the ability of the 

electric utility industry to use a variety 

of basic fuels to provide energy for con­

sumers," explains Peter A. Bradford, a 

utility commissioner in the State of 

Maine, a member of EPRI's Advisory 

Council, and, as of July 13, a nominee to 

the Nuclear Regulatory commission. 

When Bradford talks about a diver­

sified energy strategy, he's talking about 

his view of an optimal energy scenario 

for the future-a scenario that will ensure 

security and maximize freedom of choice. 

"The real key to energy security is 

maximizing your alternatives so that if 

any one source is cut off or turns out to 

be economicaJly unfeasible, you won't 

have too many of your eggs in that 

basket," says Bradford, a 35-year-old 

attorney who served as one of "Nader's 

Raiders" and who is today one of three 

members of the Maine Public Utilities 

Commission. "It's easy to imagine an 

Arab oil minister turning off a pipeline, 

but there's another kind of embargo­

discovering that a particular energy 

source is too dangerous to use or that it 

pollutes the air so badly it can't be used. 

What's really involved is coming up with 

a mixture of technologies to maximize 

freedom of choice. That means coal, 

nuclear, hydro, and oil, plus whatever 

else you can sensibly use. That way, 

you have a mixture of plants in a mixture 

of locations with an appropriate mixture 

of transmission lines, and no one con­

tingency will black you out." 

Peter Bradford discussed his views of 

the nation's energy future during an 

interview in his office in Augusta, the 

capital of Maine. It was April 20, the day 

President Carter was to unveil his energy 

proposals to a joint session of Congress. 

Bradford explained his belief that the 

government's role in deaJing with the 

energy problem should be to ensure 

freedom of choice at national, state, 

regional, and individual levels. 

For example, although most govern­

ment energy programs in recent years 



"/ think the federal government 

may have been too has ty in its 
emphasis on conversion from oil 

to coal . . . 

have emphas ized red uced U .S. consu m p­
t ion of foreign o i l ,  Bradford bel ieves that  
reg iona l freedom to use  th is power 
source should be ma inta i ned as Jong as 
it  is economica l ly feasible .  

" J  think the Federa l gove rn m e n t  may 
have been too hasty in i t s  em phasis on 
conversion from o i l  to coal , at least as 
fa r a s  t h is reg ion i s  co nce rn ed," the co m­
m iss ioner  says.  "W e're about  as far as 
you can get from the coal fie ld s .  We 
shou l d n't  rely overly on fore ign o i l , of 
cou rse, bu t  I don't think i t 's a wise federa l 
pol i cy to ru le  i t  ou t a l together as a sou rce 
of fuel for power p la nts ." 

Bradford stipulates tha t  plan ts a l l owed 
to bum oil shou l d  have s tandby pla ns ,  
s uch as t he ca pabi l i ty of co nve rt ing to 
coa l or another fue l .  And h e  says the 
reg ions served by those p l a n ts sho u l d  
have the ca pabi l ity of gett ing a long wi th­
ou t  th m for a l im i ted period of t ime.  But  
as  l ong a s  o i l  re ma ins  econom ica l ly  
feasi b l e  for the  region involved, he con­
tends tha t  i t  shou I d  not be a ! togethe r 
d i scarded as a powe r sou rce. 

I n  the d iversifi ed energy st ra tegy he 
sees for the futu re, Brad ford descr ibes 
the electric uti l ity industry as play ing 
"a cr it ica l swing rol e" because of i ts 
ab i l ity to conve rt a va riety of bas ic  fu els 
i n to energy for a ra nge of uses .  

"Electric energy p rodu ction is t h e  on ly 
way we ca n re l y o n  u raniu m as a fue l 
sou rce, because you and I ca n ' t  use  
u ran ium in our  ho mes. I n  New England,  
i t 's  the only way we now use oa l ,  be­
cause New Engla nde rs don' t burn coa l  as 
fuel a ny more. And i t  d ive rsifies ou r 
rel iance on o i l ,  i n  the sense that  power 
pla nts use o .  6 oi l , whi l e we use No .  2 
oi l  to hea t ou r homes .'' 

I n  th is sc nar io B radford a t tr ibutes a 
cr i t i ca l ro l e  to electric energy research 
and development .  "[ t's in  v i tably a part 
of tryi ng to expa nd a l ternatives,'' he 
says, "and 1 ssu me that  EPR I is go ing  
to  be very m uch in the  fo refront of t hat 
effo rt." 

Pe ter Bra d ford is one of seve n u t i l ity 
reg u lators who sit on E PRl 's Ad viso ry 
Counc i l .  He br i ngs to that  rol e  a back-

grou n d  of ex pe rie nce in the  cons u me r  
movement, e nvironmenta l  matters, a n d  
e nergy po l icy p l a n n i ng o n  a sta te leve l .  

A 1968 gra d uate of Yale  Law School, 
B radford was one of the origi na l m e m bers 
of Ra lph  Nader's consumer a t ion grou p 
in Wash ington, D .C., working that sum­
mer on what  he describes as "a study of 
the Federal Trade Commiss ion's fa i lu re 
to adeq uately d ischa rge i ts d uties . " After 
tha t  he jo i n ed the staff of then Gove rnor 
Ke nneth Cur t i s  of M a i ne, acting as an 
advise r on oi l ,  power, and envi ronmenta l  
affa i rs and a ss ist ing i n  the  prepa ra t i o n  
and d raf t ing of M a ine's land ma rk l a ws on 
o i l ha nd l i ng and i ndustria l  s ite se lect ion .  

Since 1 97 1  he has se rved on th e Main e 
Publ ic  U t i l i t ies Comm ission; he was  
chairm a n  for  1 1  months .  O n e  m ight  think ,  
give n h i s  backgrou nd , tha t  h i s  perspective 
in th is  role wou ld  be entirely consumer­
oriented .  Indeed, he adm its t hat he was 
appointed to the com m ission "specifically 
a s  the res u l t  of consumer groups in Maine 
req ues t ing that the governor rind some­
one with a perspective on consumer 
problem s." 

However, B ra d ford resists the label 
of consumer advoca te wi th respect to h is 
posit ion as a state u t i l i ty reg ulator .  

" I  don't  th ink that's wha t  I 'm here to do 
unde r the l aw or the theory of regu la tory 
co mmissions," he expl a ins.  "Commis-
ioners a re supposed to br ing the bes t  

j udgment  they ca n to the solv ing  of prob­
lems with i n  the lega l fra mewo rk they 
a re set up to work under. And t he re's 
j ust no way tha t you n l ogica l ly a l ways 
a d h e re to a consumer perspect ive or an 
envi ronmental pe rspective o r  a u t i l ity 
pe rspective and  be d o i ng the job you 're 
su pposed to do . ' ' 

He uses n uclear power as a n  exam ple 
of the i nco ns istenc ies that ca n be in­
vo l ved . "At least one envi ronme ntal 
perspect ive says you shou ld be opposed 
to nuc l ear powe r, and there wou ld  be a 
co nsu mer pe rspect ive, a t  least o n  the 
basis f M a i ne Yan kee's opera ting record, 
that would l ead you to be for it. The two 
pe rspectives may merge somewhere 
down the road, but i n  the short ru n a t  
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least, they aren't consistent . So I don't 
th ink it 's a good idea for a com missioner 
to try to be an advocate of a nything other 
tha n common sense and good, indepen­
dent j udgment." 

Com mon sense, to Bradford, implies a 
fair measu re of s kepticism, an a ttr ibute 
he claims he acq u ired during his associa ­
tion wi th  Ra lph Nader.  "Before that  I wa s 
inc l ined to bel ieve that things worked 
more or less the way one lea rns they work 
in h igh school and in college," he reca l l s , 
s mil ing. Working with Nader i m pressed 
on B radford "the im portance of pro­
ceeding with real concern, with thorough­
ness, and with a wi l lingness to work 
terribly hard ." It a lso made him real ize, 
he says, that "there was a sound bas is for 
the th ings Ral ph was saying abou t the 
ways that regulated ind ustries regulated 
their regu l a tors." 

Peter Brad ford is the type of indepen­
dent thinker who ca n be intimately 
involved in a situation and yet be a ble 
to assess it with the ca lm impar t ia l i ty 
of a casual obse rver. H is  quiet, easy 
demeanor is deceptive . Bradford can 
dissect a problem wi th the precis ion of 
a surgeon and articula te it  w ith the d irect­
ness and force of a tria l lawyer. 

He revea ls a l l  these qual i t ies- skep­
ticism, d irectness, inde pendent judg­
ment - when he discusses one of his 
primary conce rns, the adequacy of state 
regula tion of uti l it ie s .  He bel ieves this 
su bject to be of crit ica l im portance to the 
electric u ti l ity ind ustry, and a lthough he 
sits on a uti l ity com m iss ion h imself, he 
does not hesitate to express h is sent i ­
ments in fra nk terms. 

"Ut i l i ty regulat ion in Maine today is 
both a hoax and a c r is is,'' B rad ford 
cha rged during an address at a local 
col lege last yea r.  In his speech he cla imed 
that the uti l ity com mission was u nder­
staffed, overworked, and inad eq uate ly 
funded. It was therefore u nable to respon­
sibly regulate the l a rge, we ll-fu nded 
industries en trusted to i t .  H is pronou nce­
men ts drew insta nt response from the 
p ress a nd the pu blic in Ma ine a nd we re 
instrumenta l in spu rring remedia l  act ion .  
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When Peter Bradford discusses utility 
regulation, he doesn't l i m i t  his comments 
to the State of Maine. I n  fact, he bel ieves 
that uti l ity regulation has been uniformly 
inadequate in the recent past and that 
regulated industries, including the el ectric 
utility indu stry, suffer today from a 
cred ibi l ity problem, partly as a result 
of association with what he cal ls the 
dwa rf commissions of the 1960s. 

" Most i ndustry executives have begun 
to  real ize tha t the i r  own credibil ity is 
very closely t ied to the cred ibi l i ty of the 
government agencies tha t regu late them," 
he explained . " A uti l ity has no credib i J ity 
in saying tha t it ne d s  a ra te increase, 
for example, iJ i t  can be shown that the 
public ut i l ity co m m ission that gra nts 
the increase does not exe rcise informed 
judgment in doing so. Many of the in­
d ustry's other prob lems would  be di­
m i n ished i f  the p u blic is prepared to 
trust the regu latory a nd governmental 
processes that affect the industry's 
cred ibil ity." 

According to Bradford, the problem 
is that the publ ic has been unwi l l ing to 
give that trust. He cla ims this reluctance 
stems from a period in the 1 960s when 
regula tion was not under scru tiny and 
commissioners had terms much lo nger 
tha n  their vis ion. Appo in tm ents to the 
commissions were "pol i t ical in the very 
worst sense," Bradford explained, in­
volving "people who knew noth ing  a bou t 
the industries they were regu la t ing and 
who weren't unde r any publ ic  pressure 
to learn." 

These a re the "dwa rf" com m issions 
that Bradford speaks abou t. He says 
that "when the cru nch ca me, they lacked 
the s taff, the budget, and the sophist i­
cation to dea l  independe ntly wi th the 
problems that arose. " 

The ''crunch " was the combined ef­
fects of inflation, consum erism, and the 
1973-1 974 Ara b  oi l  emba rgo. It  resulted 
in escalating fuel costs tha t were im­
mediately passed on to consu mers 
through fuel ad justmen t clauses. Sud­
denly the pu b l ic was complacent no 
longer.  Comm issio ns ca m e  u nder fi re, 

"Commissioners are supposed to 

bring the bes t judgment they can 

to the solving of problems within 

the legal framework. " 



and accord ing to Bradford, "gove rnors 
couldn't get away with the kinds of 
appointments they were making before. 
They started appoint ing p rofessionals 
with some kind of knowledge of ut i l ity 
regulation: attorneys, econom ists, e nv i ­
ronmental is ts, consumer representa tives. 
The shin within the state comm issions 
was dramatic ." 

As a resu l t ,  Bradford be l ieves that 
publ ic fa ith in the i ndependence and 
honesty of the regulatory processes is 
s lowly being rebuilt on sounder founda­
tions. He believes tha t  as this happens, the 
credibil ity of the regu lated industries­
including the e lectric power industry­
will improve as well . "Then when a 
gove rnment agency says that a rate in­
crease or an energy pol icy is necessary, 
the publ ic wil l be more wi l l ing to bel ieve 
tha t it real ly is ." 

Sim ila rly, Bradford contends  that as 
the research funded by the electric u ti l i ty 
industry is found credible by gove rnment 
bod ies working on energy issues, that 
credibi] jty will be trans ferred to EPRI 
and th rough it to the industry. 

"Five years ago the e lectric industry 
was sha rply crit icized for not doing 
enough R&D," he says. "It was left to the 
equ ipment manufactu rers, and it a lways 
turned out that any given power company 
was spending fa r more on adve rtis ing 
than on any kind of R&O .  EPRJ shou ld 
remove that negative factor and fi l l  the 
gap." 

Will EPRT's research resu I ts be accepted 
as credible by a public tha t looks on the 
Institute as an i n dustry- funded organi­
zation? 

"That d epends on the format," Brad­
ford comments. " In  many cases the cred i­
bil ity won't come until some other group 
has a lso relied on EPRl's research con­
clusions and has found them to be va l id. 
For examp le, if EPRI officials are invited 
to tes t ify befo re Congress and the materia I 
they present is accu rate and s tands up 
unde r scru t iny by staffs that have some 
knowledge of the field, that will bui ld 
up a sort of inst i tut ional credibi lity. Un­
fortunately, the climate today is such 

that people go by labels, and if something 
comes from industry, it loses cred ib i l ity. 
The process of reversing that  will depend 
partly on the integrity of EPRJ's research 
and pa rt ly on a more genera l process by 
which credibility is transferred to EPRI 
through other groups." 

One of Bradford's key concerns in 
electric u til ity resea rch is what he cal ls 
capacity conservation, wh ich he explains 
as "the whol e business of ra te redesign tng, 
making better use of the capacities tha t 
the u t i l i t ies have now." 

He sees a clear potentiaJ for i t .  " l t 's  
been reflected in Bel l System's prices 
for yea rs, and if you can make a very 
cheap phone cal l  a fter 1 1  p.m., then by 
the same theory you a lso ough t to be able 
to purchase relatively cheap electricity 
after 1 1  p .m.  

"If it works with the telephone indus­
try, which has the same capital-intensive 
pattern and need to meet peak demand as 
the e lectr ic uti l ity industry, there's no 
reason it can't work with the electric 
industry as wel l ." 

Bradford is a member of the EPRI 
Advisory Counci l 's Power Sou rces and 
Uses Committee, wh ich studies the 
efficient use of nuclea r and foss i l  fuels 
and othe r powe r sources. The use of 
nuclea r powe r is an issue about wh ich he 
adm i ts ambiva lent feelings. 

"If I had nothing to go on but the 
exist ing track records of the nuclear 
plants now serving the State of Maine, 
I wou ld be - I  guess -a  gung-ho nuclear 
advocate. As a regulator, I can't respon­
sibly deny that i t has been the best pos­
s ib le source of power in Maine in the last 
two or three years," he admi ts. 

His reservations stem, he says, from 
questions that have yet to be a nswe red 
to his sa t i s faction. "Wha t  happens i f  we 
run out  of natural ly occurri ng u ranium? 
If we do,  do we use reprocessed fuel  and 
plu tonium?  I f  we don' t ,  what wi l l  we do 
about  wa s te  s torag ?" Un ti l  these q ues­
tions a re answered by both government  
and industry, Bradford says he wou ld 
£ind i t  very ha rd to approve a nuc lea r  
p l an t  if an app lica tion we re b rough t 

"It doesn 't ser.1e anyone 's in terest 

to have important decisions delayed 

beyond the minimum time necessary 

to analyze the da ta and reach a 

fair result. " 
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before h im .  
" l t  jus t  doesn't make sense to  me to  

ask  a state age ncy to say tha t  the  publ i c  
needs a faci l ity whose sources of  fuel  
and whose waste d isp sa l a re so uncerta in 
1 0  or 1 5  years down the roa d .  I f yo u d on't 
know that reprocessed fuel is going to 
be a poss ibi l ity, and i f  yo u don't know 
what  you 're going to do with the spent 
fue l if it  isn't, i t 's p retty hard to vote for 
the powe r sou rce, even acknowledg ing 
its clea r economic and e nvironmenta l  
benefits in ew England compared w ith 
those of coa l ."  

Utility regulators a re ofte n crit icized 
by the industries they regu late for un­
reasonable delay in app roving pla n t  
appl icat ions a n d  rate cha nges. B radfo rd 
ca n see both s ides of the issue. 

"Th is wh le synd rome of regu latory 
lag is a two-way street," he says . "With i n  
l i mits, regu la tory lag is o n e  of t h e  g rea t  
incentives to  efficiency. Ut i l i t ies ca n ma ke 
money by a h ieving savi ngs between 
rate cases . On the othe r hand,  it  can't be 
denied tha t regu latory lag is a problem 
and that i t  doesn't serve a nyone's interest 
to have im portant decisions delayed 
beyo nd the min imum t ime necessary to 
ana lyze the data and reach a fair resu l t .  
For a b i g  ra te case or a nuclear powe r 
plant,  there's going to be a period of 
months necessary to reach a decis ion, 
but it  shouldn ' t  ever stretch out i nto 
years ."  

On this subject B radford speaks fro m 
the perspect ive of one associa ted on the 
receivi ng end with an exa m ple of regu­
latory delay a t  its wo rst. He ca l l s  i t  the 
Machiasport incident .  

I n  1 968 the S tate of Maine appl ied to 
the federal Foreign Trade Zones Boa rd 
for the creation of a foreign trade  zone 
in the  a rea of Mach iasport ,  a job-poor 
coastal fishing vi l lage of some 800 i nha bi­
ta nts.  The zone would have enabled a 
group of entrepre neurs to bu i .ld  a n  o i l  
refinery to be ru n on low-cost impo rted 
oil. The New England govern ors s u p­
ported the project because it would have 
prov ided a way for thei r states to secu re 
home heating o i l  a t  p r ices lowe r tha n 

32 EPRI JOURNAL August 1 977 

prevai l ing domest ic rates . Main e was 
ent h us iast ic because the prospect of a 
new industry pro mised economic revital­
ization for a dep ressed area . The appli­
ca t ion was fi led in 1 968; two yea rs later 
i t  st i l l  lay u ntouched . The refinery was 
never b uilt  and New England never got 
its o i l .  

Bradford was involved beh ind the 
sce nes in the incident th rough his role 
as an a ide on oi l a nd power issues to 
Maine's Gove rnor Ke nneth Curt is .  H e  
chronicles the Mach iasport incide nt i n  
a book pu bl ished in 1975 b y  Harper's 
Magazine Press . Ti t led Fragile Struc/11 res: 
fl Story of Oil Refineries, Nationa l  Secu rify, 
and th e Coast of Ma ine, the book describes 
how a group of diverse interes ts were 
a ble to block actio n on the Ma ine appli­
ca tion and destroy the cha nces of build ing 
the refi nery. The New Yo rk Times describes 
the book as "a tho roughgoing accoun t  of 
how energy policy is made - not just 
th rough ra t iona l deba te among competing 
in te rest grou ps . . .  bu t  through back­
door and s i de-door pressures as we l J ." 

Fragi le Struc tures describes a n  era in 
energy pol i cy making that  Bradford feels 
industries such as the electric powe r 
i ndustry should have studied more 
c lose ly than t hey a ctual ly d i d . " Anybody 
looking at U .S .  oil pol icy in a se rious way 
in 1 968- J 969 had to be very a l a rmed 
a bou t it," he says, "and the industries 
that relate to it, such as the electric 
power ind ustry, would  have been better 
off knowing a l i tt l e more, I thin k, about 
developmen ts wi th rega rd to oil. The 
t iming makes such a difference. Things 
learned in 1974 m ight have been m uch 
more valuable if they had been learned 
in 1 973 or 1972 ." 

B radford feels the same wa y about  
national energy pol icy. "Tim ing," he 
says, "is a crit ica l  ingredient. One of the 
problems today is that so ma ny years 
we re lost during wh ich no pol icy decis ions 
were mad that you get backed fu rther  
and further into a comer and you r  sol u­
t ions have to be m ore and more d rastic . 

"To some extent the president  is in a 
box because for at least 10 or 1 2  years 

"What 's really involved is coming 

up with a mixture of technologies 
to maximize freedom of choice. " 



energy pol icy was n eglected - to be more 
a ura te , 30 or 35 years. In terms of 
changes in the na ti on 's h igh gaso l ine 
consu mp tion pattern, a d ec is ion to tax 
automobi les moderated in 1 969 o r  1 970 
wou ld have b rought  abou t the ame 
resu lts as a very h igh gasol ine  ta , imposed 
today, and it would hav done so mu h 
more pa i n l ess ly . " 

A l though Bradford is optimis tic about 
the current a dm inis tra tion's energy 
proposa l s ,  he is uneasy in the sense that 
"I can ' t  make a l l  the pieces consistent 
with one another." One f these pieces 
is the poss ible effect of a p roposed gaso­
l ine tax on the poor. 

" I n  the hort run, it l ooks as though 
th is comb inatio n of energy pol icies, 
in l u d i ng lowered energy growth,  is 
goi ng to h i t  poor rura l states very hard , 
especia l ly  poor rural sta tes w i th  no 
i nd igenous energy resources other t han  
fa l l ing water. 

"Ma ine people, for example, d r ive long 
d istances to work. By and l a rge they do 
it i n o ld ca rs that are not very energy­
efficient .  The u se of a tax-especia lly 
a tax s udden ly imposed - is going to 
mean tha t  an  awfu l lot of th fue l  saving 
wil l  come right  out  of the h ide f th e 
rura l poor. They're j ust not go ing to be 
able to c n t inue using their au torn bi les 
the way they a lways have. Tha t's a very 
sharp d im inut ion  in the qua l i ty of ] i f  
a t  th e  lower end of the socia l sca le where 
the qual i ty wasn't very h igh to sta J' t with ." 

B rad fo rd expla in ed that he wou ld much 
p refe r  to see the same  goa ls met th rough 
the  pri ing of au tomobiles . ' 'Then the 
energy-consum ing mach i n ery would 
hange, ra the r  than an abrupt hange in 

the l i festyle  of peop l e  in a sta te l i ke 
Maine ." 

A l though Brad ford fee ls that  energy 
pol icy should incl ude cons idera t ion of 
social iss ues, he does not usua l ly fa vor 
using energy prices to ach ieve in ome 
red i s tri bution .  He is no t, for e amp l e, 
an advocate of l ife l ine electric ity ra tes 
for the po r and the elderly, desp i te a 
yea r-long e periment with the oncept 
i n  Maine. 

''When the legis la tors who devised 
the b i l l  came to m ab  ut i t ,  l a sked 
t hem to conve rt it i nto some s rt of time­
of-day e pe riment ,"  B radford explai ned .  
"My theory was tha t  the l i fe l ine e pe ri­
men t  real ly wasn ' t  going t t l l  us much . 
I contended that  if you hold ra tes down 
to t h ree cen ts pe r ki lowa tthour for a 
spec i fi ed class of people a nd offe r them 
tha t  ra te vers u s  a h igher ra te, they w i l l  
t ake the I wer ra te. Y u w i l l  learn t h a t  
and not much else. "  

A l though B radford is ''a l l  for making 
sure tha t  eld rl y pe p ie  and poor people 
have enough money to pay their electr ic 
b i l ls ," he takes the  " fa irl y o nvent iona l 
v iew that  i t 's be tte r done through the 
norma l  system of assis ta nce for payments, 
whether i t's soc i 1 e u rity, unemploy­
ment ompensa tion, or we l fa re .  I t  seems 
to me," he says "tha t th i  is the way to do 
it ra ther than to hold the e lectric rates 
down artificial l y ." 

Bradford ch uck l  s when h e  reca l ls 
tha t  he d id  make one sign ificant cont ri­
but ion to the legislation manda ting 
Maine's l ifel in experiment .  

"O riginal ly the bi l l  provided tha l the 
only q ua l i fication fo r the l i fe l ine rate was 
being ove r 62 yea rs of age,'' he expla ined .  
"I d id  poin t  out that Nelson Ro  kefe l l er's 
summer home was in Maine and tha t  he 
d id  not need that  kind of ass istance." 
Bradford explained tha t the  l egislat ion 
was changed to in clude an income s tan­
dard .  

Peter B rad ford's te rm on the Ma i ne 
Publ ic Ut i l i t ies Commiss ion wi! J  end in 
December of this year . What l ies ahead 
for him is uncerta in, he says. 

"I suppose if I'm ever going to pract i e 
law I shou ld do i t  for at least a few 
months," he laughs .  "Bu t i f  r don't , I 'd 
l ike t do some mo re wr i t ing, in the short 
run a t  least . " 

What  abou t the  l o ng run? Wha t  a bou t 
elect ive office ? At the t ime  of th is  in ter­
view, Bradford made no comment  on the 
one and d ism issed the othe r . But  even 
h is  s hort- run plans for writing or l aw 
practice, not to men tion h is  rema in ing 
months on the state commission, were 

pu t up  i n  the. a i r  by the W h i�e House 
announcement on J u ly 1 3  of his n m ina­
t i on  by President Carte r to .a pos i t ion on 
the uclear Regu la tory Com m issi n . 

The nominat ion must be seen as an 
endorsemen t of B radford's perfo rmance 
in energy affairs. Subject t h i s  confir­
ma tion by the Senate, then, it a ppea rs 
that Brad fo rd wi l l  move from the natio n ' s  
wings to spend h i s  ne · t  five years on i t s  
center stage. 
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At the Institute 

Board Approves $40 Mi l l ion in  Research 

The EPRl Boa rd of Directors approved 
$40 mi l l ion in el ectric energy research 
for 50 new proj ects and 25 previously 
authorized projects at a meeting in Wash­
ington, O.C., on May 5. 

I n  foss i l  fuel research, the directo rs 
approved a $3 mil l ion fu nding increase 
to cont inue operat ing a pilot p lan t  at 
W i lso nvil le, Alabama, that produces 
clean solid fuels from coa l .  The project 
is a lso be ing funded by ERDA and 
Sou thern Company Services, Inc., of 
B i rm i ngham, Alabama .  

In the  area of new electric energy tech­
nologies, the Boa rd a pproved a joint 
project wi th ERDA to develop prelim­
inary engineering designs for com­
pressed a i r  storage and underground 
pumped hydro storage systems fo r use by 
uti l i t ies. A nother key proj ect approved 
by the Board w i l l  develop in fo rmation on 
the costs of he l iostats ( m i rrors) that may 
be used at solar- thermal power plants. 
Rece n t  stud jes indicate that hel iostats a re 
a key cost item in cen tral-receiver solar 
pla nts. 

A series of studies were approved for 
elec t r i ca l  systems research to determine 
the effect of b roken co nductors on tra ns­
miss ion l i nes. The tests w i l l  be performed 
on seven mi les of tra nsmission l i ne  
sched uled for d isman tl i ng by  Wiscons in 
Power and Ligh t Co . Also app roved was 
a jo int pro j ect with the Nat ional Bureau 
of Standa rds to devel p a screening 
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progra m to determine t h e  su i tab i l i ty  
o f  using certa in  polymer ma terials for 
h igh-vol tage underground tra nsmiss ion 
ca bles. 

The Board esta bl is hed budgetary 
guid elines for EPRI for 1979- 1 982, 
which provide for more than $1 bi l l i on  
i n  electric energy resea rch and develop­
ment. A 1 978 research and development 
budget of $193 mi lUon was approved. 

Another significa n t  act ion wa s the 
i nterim appointment to the Board of 
Floyd W .  Lewis, p resident of M iddle  
Sou th Uti l it ies .  Lewis, who w i l l  serve 
un til the 1978 Annual Meet ing of Mem­
bers, i s  fill ing the vacancy created by  the 
death of Clyde A. Lil l y, Jr . ,  pres ident of 
Southern Compa ny Services, lnc. 

The Board elected Fra nk M .  Warre n as 
its chairm a n  a nd A u brey J .  W agner as 
vice chairman.  Warren is cha irman of 
the board and chief execu tive officer of 
Port land Genera l  El ectric Co. (Oregon). 
He succeeds Shea ro n Ha rris, cha i rman of 
the board of Carolina Powe r & Light Co. 
Wagner is cha i rma n of the Tennessee 
Val ley Authority . 

A t  the annua l m eeting of EPRI mem­
bers the day before the Board meeting, 
John  J. B uga s, president of Colorado Ute  
Electric Associat io n  and Thomas J .  Ga l l i­
gan ,  J r . ,  president of Bosto n Ed ison Co. ,  
were elected t o  t h e  EPRI Board for terms 
of four years each. 

Lewis 

Warren 

Wagner 

Bug as 

Gal l igan 



Former EPR I  Chai rman Honored 

Leaders of the nat io n's electr ic ut i l ity 
industry met on May 5 in Washing ton, 
D.C., to honor  J ames E. Watson, who 
recently retired from the Tennessee 
Va l ley Au th rity (TVA ) .  Watson had 
served wi th TV A since 1 936 and wa s 
manager of powe r from 1969 to 1976 - a  
posit ion that  p laced h im in cha rge o f  the 
nation's la rgest electric sys tem.  He  also 
served as seni r ad v i se r, power; d irector 

of powe r marketi ng; and ch i ef, power 
cont racts bra nch. 

Wa tson was a member of the Federa l 
Power Com mission's Southeast Regional 
Advisory Commi ttee on the National 
Power Su rvey and a member o f  the 
Nat iona l  Electric Re l iab i l ity Council , and 
he was chai rman  of EPRI's B ard of 
Di rectors from 1 973 t 1975 . 

Cable Boring  Technology Workshops 

Two EPRI workshops in the field of dis­
tri bu t ion  cab l e  bor ing tedmology we re 
he ld in Da l las and At la nta . EPRI is p l a n­
n ing to sponsor research i n  t h is a rea and 
the Apri l workshops were organ ized to 
obta in information on the s t a te  of the art . 

Bo ring is one of the methods used to 
i nsta l l  unde rground d istr i bution cond u i ts 
and directly buried cables; it is an al terna­
tive to the more common ly  used methods 
of trenching-backfil l  and plowing. 

"E l ectr ic ut i l i t ies have used bo ring for 
years to insta l l  underground fa ci l i t ies, 
especia l ly where other methods a re no t  

pe rmitted ,"  says PRI 's Dick Stei ner, 
ci t i ng i ts use under ra i l roads a J1d  thor­
ough fa res as a key examp le. 

tei ner, manager o f  the EPRl  Distr i­
bu tion Program, notes tha t  the amoun t 
of underground d istri bu tion l in e  i ns ta l la­
t ion be i.ng done by bori ng st i l l  rep resen ts 
on ly abou t  1 % or 2% of underground 
d istr ibution  l ine cons t ructio n .  But  he a lso 
says tha t  i f  bori ng methods and eq u ip­
ment we re improved, app l ica t ions cou l d  
be s igni fi a n t ly increased. "This m ethod 
cou ld p rove particu larly advantageous 
for future cable rep lacement ," he states. 

Fast Breeder Ca l l ed Energy Insurance Policy 

The cos t  to the  nat ion of defe rri ng the 
fast breeder reactor ( FBR) wi l l ra nge from 
$100 b i l l ion  to as much as $3 .5 tr i l l ion 
ove r the next  75 years, according to Rene 
H .  Males, director  of the EPRJ Energy 
Analys is  and Envi ronmen t Divis ion, re­
spond i ng to the  recent ly relea sed Fo rd­
Mitre study on nuclea r powe r iss u es and 
choices. 

Address ing the Nuclear Regu lation 
Subcommi ttee of the Senate Committee 
on Environment and Publ ic Works in 
Washington, D.C. 1 on April 28, Ma les 
refe rred to the breeder as a na tiona l 
ene rgy i nsu rance pol icy. " l f  our  other 

and gas, and u ran i um, prove to be ade­
quate, the benefi ts of the breeder are st i l l  
s ign i fi cant . But  i f  some  of these ene rgy 
resou rces fal l  short of expecta t ions, de­
ferm e nt of the breeder could cos t  us 
dearly . "  

Ma l es sa id  t ha t  i f  a l l  three major re­
sources proved to be in short s upply ,  
financia l co nsequences of FBR defe rmen t  
ou ld  go  as h igh  as  $3 .5 tri l l ion .  That 

would amount to a 5 .7% ave rage annua l  
reduc t ion i n  gross nationa l product be­
tween now and the yea r 2050, accord ing 
to the EPRl d i vis ion d i rec tor. 

Males told the subcommi ttee tha t fu-
known majo r energy resou rces, coa l , oi l  t ure e l ectr ic ity prices wou ld rise s ubstan-

Watson 

Three main recommendations were 
made by the workshop participants : first, 
EPRI should i nvest igate the gu idance 
system fo r a mechanica l mole- devel­
oped  some years ago by the Bell labora­
tories- to determine i f  it cou ld  be app lied 
to e lectric d js tr i but ion boring; second, 
EPRI  should proceed with resea rch to 
develop improved eq uipment for sma. J J  
bores; th ird , EPRl s hould consider a 
pa ra J Jel research effort to develop a sys­
tem for detecti ng and loca t ing subs u r­
face obsh·uctions to boring and trenching . 

tially i f  the amount of economica l ly re­
coverab le  u ran ium is Jim i ted .  "However, 
t imely i nt roduction of the b reeder can 
significan t ly reduce the  s ize of tha t  in­
crease in electricity cos t  to the consumer. 
Delays i n  breede r development coul d 
increa se a l ready high e l ectri c i ty prices 
in the year 20 1 0  by nearly 100%, depend­
ing on future constra i nts of the major 
energy resou rces," h stated . 
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Yeager to Succeed Hi l l  

Kurt Yeager will s ucceed George Hi l l  as 
director of the EPRT Fossil Fuel Power 
Plants Depa rtment th is  September, a c­
cording to an  announcemen t by R ichard 
Ba lzhiser, di rector of the Foss i l  Fue l  and 
Advanced Systems D ivi sion. Hi l l  wil l  
take the Envirotech Chair a t  t h e  Univer­
sity of Utah as a professor in the Chem ica l 
Engineering Depa rtment. 

Prior to his new ass ignment, Yeager 
was manager of EPRl 's A i r  Qua l ity Con­
trol Program .  Dona ld Teixei ra, formerly 
a project manager in the Air Qual ity 
Control Program, i s  replacing Yeager as 
program manager. 

H i l l  joined EPRI in 1 973 after 1 5  

Yeager Hi l l  

months as the director of the Office of 
Coa l Resea rch, U.S. Department of the 
Interior . Before tha t, he wa s on the facu lty 
of the Univers ity o f  ta h for 26 yea rs. 

New Nuclear Pol icy Cou ld  Be Counterproductive 

Proposa l s  aimed at prevent ing nudear 
weapons p rol ife ration by not recycl i ng 
nucl ea r fuel could be counterproduc­
tive and could increase the potential for 
spreading nuclea r weapons rather than 
l imit i ng it, s a id  EPRJ Presi dent hauncey 
Sta rr .  

I n  a luncheon add ress a t  the American 
Power Conference on April 19, S tarr de­
clared that "it is a disservice to the peopl e 
of the U . S .  and of the world to create the 
i l lus ion tha t by pu tting restrict ions on 
civi l ian n uclea r power we have somehow 
so l ved the pro l i feration problem. 

" In  the Non-Proliferation Treaty, 
wh ich 1 05 othe r  nat ions signed a t  the 
urging of the U.S. ,  we agreed to make 
avai lab le  the benefi t s  of pea ceful nucl ear  
power through i nternational cooperat ion 
in return for a pledge of abstent ion from 
making nuc lea r  weapons. Tha t  th is  pol­
icy ha s worked may be seen from the fact 
that a lmost any nation wi th the resou rces 
to afford a viable m i l i tary establishment 
could certainly afford a nuclear weapon, 
yet only one- not a signer of the treaty­
has chosen to do so. " 

The new U .S. pol icy, reve rsing a quar­
ter century of U.S .  stra tegy, wi l l  inevi-
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tably be seen abroad  a s  a unilatera l rein­
terpreta t ion of our commitments under 
that trea ty, Starr sa id .  But  because other 
nations cannot afford to make wastefu l 
use or less than  opt imum use of their 
energy resources, even if the U .S. does 
so, those nations wi l l  be driven to develop 
or to buy from other sou rces thei r own 
reprocess ing plants and breeder reactors. 

"Thus it is clear," Starr stated, "that the 
proposed administra tion pol icy wou ld 
be counterproducti ve by creating re­
source conRicts, removi ng faith in the 
U .S .  umbre l la  to protect the welfare of its 
al l ies, and st imuJ a t ing the expansion o f  
ind igenous nucl ear capabil i t ies a b road, 
includ i ng enrichment  and reprocess i ng." 

Spokesmen for a number of na t ions 
have indica ted tha t this is an a l ready de­
ve lop i ng i nternationa l  response. The 
EPRI president reported tha t at a meeting 
in New York last March, each spokesman 
declared that  nuclear power i s  not a pos­
sibl e ophon but an i ndispensable neces­
sity for his nat ion: "A French spokesman 
sai d  his country is not even studying the 
option of not reprocessi ng spent  civi l i an  
nuclea r fuel and declared tha t  France w i l l  
provide and guarantee fuel cycle servi ces 

Teixe i ra  

Yeager jo ined EPRl i n  1 974 after serv­
ing as director of Energy R&D Planning 
for the U.S. Envi ronmenta l  Protection 
Agency's Office of Research .  

to  deve lopi ng countries wi thout strings 
atta ched. "  Starr also said tha t  a West 
German remarked that U.S. denial of re­
processing or breeder technology would 
create greater pressure on others to move 
ahead faster with domestic reprocess ing 
and breeder programs. At the same  time, 
a Japanese sa id his country's confidence 
in dea l i ng with the U.S. appears to have 
been shaken, accordi ng to S ta rr. 

The EPRI president further pointed 
out t hat com mercial nuclear power is 
only one of eight d ifferent ways avai lable 
today, with widely k nown technology, 
to produce weapons material .  Of the 
eight, it is the mos t  expensi ve, ta kes long­
est to i nsta l l and begin yield i ng materia l , 
and requ ire the h ighest l evel of support 
technology and the broadest ba se of sup­
port industry. ' ' l t  is, t herefore, the l east 
l ikely route to be chosen should a gov­
ernment decide to establish its own ca ­
pabil ity to make weapons," sa id Sta rr. 

Who wou ld benefi t from the new ad­
min istra tion's pol icy? "The o i l  exporting 
nations, of course," sa id Starr, "and those 
na tions tha t a re continuing to develop al l 
the i r  nuclear power options without re­
striction." 



EPR I  Reports Avai lab le  for Purchase 

Technical reports describi ng research 
projects sponsored by EPRI can be pur­
chased through the Resea rch Reports 
Center (RRC) of Pa lo A l to, Cal i fornia . 

AlJ reports, however, w i l l  conti nue to 
be sent gra tis to EPRI member u ti l i t ies, 
uti l ity industry associat io ns, nat ional , 
state, and local government agencies, 

Fusion Seminar  P lanned 

A three-day execut ive semina r  on fusion 
is p lanned by EPRI and ERDA for Octo­
ber 1 1 ,  1 2, and 1 3  at the Shera ton-Palace 
Hote l in San Fra nc isco. The pu rpose of 
the sem inar is to provide information for 
the uti l i ty i ndustry that w i l l  h el p  i n  as­
sessing its ro le in fusion deve lopment. 

New Insu lating Oi l s  Meeting  

Genera l Electric Co., wh ich is developing 
new i nsu lat i ng oi ls  under EPRl contrac t ,  
repo rted on its research to representa­
t ives from maj or U.S. o i l  companies at 
an  April meeting. 

West inghouse El ectric Corp .  and 
McGraw-Edison Co .  are  a lso conducting 
resear h in this a rea for EPRI. 

Ed orton, a project manager in the 
EPRI  El ectricaJ Systems Division, ex­
plains that  the el ectric u ti l i ties' suppl ies 
of naphthen ic- ba sed oils a re vanish ing 
rapidly and that al ternative o i ls  must 
be developed for transformers, circu i t  
breakers, and o ther types of electrical 
equipment. 

"Lubrication o i l s  a re made from the 
same d ist i l lat ion fract ion as transformer 
oils. The same refin i ng equipment, there­
fore, may someday be used for both i n ­
dus tr ies," orton says .  

EPR l  resea rch is i dentifying t h e  refin­
ing processes and the types of crude oi ls  
tha t have potential for u t i l ity app l ica­
t ions. 

and foreign organ iza tions wi th whom 
EPRI has  a lega l  agreement for the  ex­
change of i nforma tion. 

Mor than 400 EPR I  reports are ava i l ­
ab l e  th rough RR coveri ng R&D on 
electric power production from nuc lea r  
sou rces, fossi l  fue l s, and advanced sy -
te rn s; ele tr ic power transmission and 

The p resentat ions wi l l  emphasize the 
status and poten t ia l  app lications of 
fusi n power ra ther  than the technica l  
aspects f i ts development. Accord i ng to 
Steve Nichols, sem ina r  coord inator, 
enrol lment  wi l l  be l imited. 

Addit ional i nformation can be ob-

d istr i bution; and a range of el ectr i c  
energy and environmenta l concerns. 

Lists and p rices of EPRI techn ical 
reports can be obta ined through Resea rch 
Reports Center, P.O . Box 10090, Pal o  
A l to, Ca lifornia 94303; (415 ) 366-5432. 

tai ned from Steve ichols, Assistant 
Professor, Mechan ica J Engineering De­
p rtment , Un ive rs ity of Texas, Austin, 
Texas 78712; {5 1 2) 471 -4585 . 

EPR I  President Chauncey Starr  ( left) welcomes T. K. S loat of West i nghouse E lect r ic Corp .  
( right) and Earl Morrison from the Department of Water & Power , C ity of Los Angeles . prior 
to a recent  EPRI meeti ng on new insulating oi ls for e lectr ic  ut i l i t ies . 
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Project High l ights 

Report Questions Air Pol l u tion Heal th Effects Data 

An EPRI report rel eased ea rly in May 
raises questions concern ing EPA con­
clusions that the re is a l i n k  between 
occurrence of asthma attacks and pa rticu ­
late and sulfa te  levels in air (EA-450). 

Working unde r an EPRI  contract , the 
San Rafa el ,  Cali fornia, firm of Greenfield, 
Attaway & Tyler  reana lyzed data from a 
1974 EPA report on th is subject. That 
report was based on a s tudy conducted 
by EPA in the greater New York City 
area during 1970 and 1971 . The EPRl 
report does not question the fact tha t high 
levels of air pollut ion can produce adverse 
healt h effects. Instead, it simply concludes 
tha t the EPA data are inadequate to sup­
port any contention that the re was or 
was not an associa tion between the inci­
dence of asthma atta cks and the a i r  pol­
lution concentrations measu red, which 
were in the normal  range for tha t area. 

During the fa l l  of 1970 and winter 
and spring of 1 971 ,  EPA began a se ries 
of epidemiological studies known as the 
Community Health Eva luation Survei l ­
lance System (CHESS) . They were carried 
ou t at seve ra l loca tions ,  i ncluding the 
greater New York City area . These st u d ies 
genera Uy involved the short-term impact 
of environmenta l agents, including air 
po l lu t ion,  on certain hea l th  ind icators, 
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such as t h e  da ily occu rrence of a sthma 
attacks . 

S ince completion of the studies, many 
questions have been raised in the scien­
tific community on the res u lts of the study 
and their interpretation. Recen tly, a 
subcommittee of the U .S. House of Rep­
resentatives Committee on Science and 
Technology, chaired by G. E. Brown, Jr . ,  
issued an  investigative report that criti­
cized aU the reported CHESS studies . 
For one specific CHESS study (the one 
deal ing with asthma), the EPRI report 
confirms the conclus ions of the so-ca l led 
Brown report. 

"But in all fairness, any judgments or 
policy decis ions based on the CHESS 
interpreta tions, as a whole, shouJd await 
the resul ts of the detailed reanalys is 
efforts now under way," says Cyri l  
Comar, d irector of the EPRI Environ­
mental Assessment Depa rtmen t. 

A lthough CHESS data were not used 
in setting emission standards, Comar 
sta tes that the data are bei ng widely 
quoted in support of regu latory and 
standards action. 

"For the first t im , the E PRl report 
presents the original CHESS data, which 
were not avai la ble in the publ i s hed l iter­
ature, so that anyone c,m examine them," 

states Comar. Ln addit ion, Comar says 
the EPRI report provides biostatistical 
methods that may be usefu l to researchers 
in future epidem iological research .  

As pa rt of  i t s  overall research program, 
EPR I has been sponsoring a number of 
studies evaluating the possible hea lth 
effects from foss il fuel combustion .  The 
report released in May represents the 
second EPRI evaluation of health effects 
of a i r  pol lu tion. The first report, published 
in January of this yea r, dea ls with su lfur 
compounds. It emphasizes the inade­
quacy of existing da ta and descr ibes the 
research needed for making ra tional 
decis ions on sulfur emission standards 
as wel l  as for developing sulfur emission 
control technologies . 

EPRI p lans to sponsor future efforts on 
the reevaluation of the CHESS data . Such 
studies wil l  incl ude da ta on asthma in 
New York City during 1971-72, chronic 
bronchitis in New York City, card iopul­
monary disease in New York City, and 
pu lmonary funct ion in schoolchi ldren 
in Birmingham, Alabama, and Charlotte, 
North Ca rolina. 



Coal Gasification Technology Moves Ahead 

'The re ent ly announced pa rticipa tion 
of the fed ral government in a coa l  ga i­
fication test facil ity shou ld  speed the day 
when th is new technology can be used 
to generate ele tricity," said EPRl 's Dwain 
Spencer, commenting on last week's 
announcement by ERDA to commit $ 1 .8 
m ill i n t Commonwealth Ed ison Co. 
for the further design of a coal gas ifi­
cation- ombined-cy I gas t u rbine test 
faci l ity. When buil t and operated at 
Commonwea lth Edison 's Powerton s i te 
near Pekin, L l l inois, the faci l ity wiJ I pro­
duce 25 MW of electri ity. 

Most of the na tion's ele tr ic u tilities, 
which represent about  80% of U .S. 
generating capaci ty, have supported the 
inj tia ! design efforts of the Powerton 
test pla n t  since March 1974 through thei r 
membe rsh ip  i n EPRI .  Commonwea l th 
Edison has supported th is  effort with its 
own funds, as wefl as through its con­
tributions to EPRJ's research program .  

Tests conducted a t  Powerton should 
lead to a demonstration of this new type 
of coal-fir d power plant by 1985 . 

power p lants promise h igher effic ien ies 
and less environmenta l impact than con­
ventional coal-fired p w r plants," sa id 
Spencer, director of the EPRI  Advanced 
Fossi l Power ystems D pa rtme.nt. Ac­
cording to Spencer, these systems offer 
the greatest potentia l for increasing ou r 
country's use of coal in a way that is 
environmen ta l ly a ceptab le  and in accord 
wi th the goa ls of the president's recent  
energy message. 

Powerton's gas i fica t ion uni t wi l l  be 
based on the technol gy developed b 
Lu rgi M inera loltechn ik GMBH of West 
Germany.  The Powe rton system wil l  
p roduce a gas (with a hea t ontent abou t 
one-seventh that  of ord inary na tura l  ga s) 
by reacting c al under pressure with a 
m ixture of a i r  and steam .  The gas wi l l  
then pa s th rough a cl a nup sys tem and 
desu lfur izer before bei ng fl red in the gas 
turbine..  

"By removing such mission-forming 
const i tuents as pa rt icu la tes, n itrogen, 
and sulfur compounds fr m the gas pri r 
to combustion, p wer sys tems based on 

"The coal ga s ifica tion-comb i ned -cycle coa l gasifica t ion off r ign ificantly re-

Study Finds Continued Fuel Price Increase 

The price of fuels wi l l  contin ue  to i n -
rease up t o  t h e  year 2000, ace rd ing t 

a report by Foster Associa tes, Inc., of 
Wash ington, D.C. , wh ich was re leased 
in Ap ri l by EPRJ . Th study deve l  ped 
p rice proje t ions on a regional basis , 
both at po ints of production and at points 
of consumpti n. 

Although futu re energy p rices inv Ive 
many un e rtainties, the report asserts that 
even withou t inflation, the price of a l l 
forms of fuel wi l l  increase substantia l ly .  

The report, EA -4 1 1 , Fu I 11 11d Energy 
Priu Forernsl, Vol. 1, fora /  Rt'pv rl. and 
Vol. 2, Sc/urlu lrs, notes tha t  the price of 
uran ium,  the fuel for nuclea r power re-

actors, i e pe ia lly uncerta in .  "Uran ium 
i s  one  energy source that h a s  many unan­
swered questi ns in r spect to require­
ments, the size and natur o f  the resou rce 
base, a nd the costs of exp l ora tion and 
prod uction," the report  tates. 

Accord ing I Thomas B rowne, an  
EPRl proj ect manager, t h e.  tudy was 
made to provide i nput to lhe forecast ing 
efforts of th EPRI  Energy upply Pro­
gram.  Browne noted tha t as wi th a]! con­
tractor reports the publ i  a tion of th is 
report does not imply EPR l's endorse­
ment of the analy is or on l us ions. 

An imp rtant conclus i n f the repo rt 
is that the rgan ization of Petroleum 

duced emissions compared w ith today's 
coal-fired un its," ac ording to EPRl 's 

evi l l e  Holt . 
One of the main reasons for the high 

efficiency of the ga s ifica ti n process re­
su l ts from i t s  integration with the om­
bined ycle. In a combined cycle, waste 
hea t  from the gas tu rbine is used to make 
steam f r a sepa rate turbine-generator 
in tead of b i ng d issipated into the envi­
ronmenl as occu rs with most gas turbi nes. 

"These plants hould be ab l e  to pro� 
vid more kil watts of e!e t ricity per ton 
of coa l than conventiona l  power plants," 
sta ted Hol t , manager of the EPRJ Clean 

aseous Fue l s  Program .  " In  add i tion ,  
these advan ed power plants wi l l  require 
much less land and only 60-70% of the 
wa ter needed by present coa l - fi red 
pla nts." 

Under the proposed budget for the 
Powerton  plant, ERDA wil l  prov id 
$ l l  5.6 m il l io n f the tota l fund ing. EPRJ 
wi l l  contr ibute $30 mil l i o n; ommon­
wealth Edis n, $ 1 4 .2 miU ion; and the 
State of I l l inois, $7.2 miU i  n .  

Expo rt ing C un tries (OPEC) wil l con­
t inue to be a dominant force in deter­
m in ing the price of world oi l  up to the  
yea r 2000 . I n  add it ion, world o i l  prices 
wil l ont in u e  to i nAuenc other ene rgy 
prices in th U . S ., a lthough this in flation 
wil l  lessen cons iderab l y  in the 1990s 
because of the rising cost of domestic 
n rgy ources. 

fo r the  year 2000, the report f recasts 
tha t th ave rage cost of domesti and 
imported crude oil in 1975 d Uars, wi l l  
b ab u t  $18 pe e  ba rrel ,  ra nging from 
ab  u t  $10 to $24, wh ich reflects the un-

rtainty of the forecas t .  
or ga from all sources al poi_nts  of 
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product ion, the most l ikely ca se sh ws 
the average p r i  e to be just over $3/ m i l­
L ion Btu in 1975 do l lars .  The range for 
the gas price forecast is from $ 1 .50 to 
$4/ mi l l ion B t u .  

Bitum inou s coa l costs at t h e  m ine, i n  
1975 dol lars, w i l l  va ry depend ing on type 
of mine and region. For eastern high­
su lfur coal ,  the low pr ic  wi l l  be  a round 
$23/ ton, wi th a h igh pr ice of $26 / ton. 

M idweste rn high-su l fur coa l  w i l l  be 
about $21 / ton .  Western l ow-s u lfur  coal 
will have a low price of $25 / ton and a high 
price of $3 1 /ton. 

The most  l ike ly cos t of uran ium i n  the 
yea r  2000 is p ro j ected as $74/ lb, with a 
range of $44 / lb to $ 134 / l b, reAecting the 
unce rta in ty i n  the p roject ion .  

The  price of u ran ium must be i n ter­
preted somewhat d iffe rent! than other 

EPRI  Joins Air Pol lution Hea lth Effects Study 

EPRI a nnou n ced in Apr i l  that it had joined 
the federal g vernment i n  s pons ring 
"wha t is probably the most importan t  
ongoing environmenta l hea lth study i n  
the U .S .  today, " according t o  the manager 
of EPRI's Health Effects Program .  

James McCa rro l l ,  M .D . , sta ted tha t  a 
$378,000 EPR I  award to the Ha rva rd 
School of Public Heal t h  wi l l  support a 
role for the e l ectric u t i l i ty industry i n  a 
pro ject fund d by the a tional l nsti tu te 
of Env i ro nmen tal Hea lth Sciences 
( I EHS) . 

"This pro ject is the la rgest epidemio­
logica l study of the heal th effects of air 
pol lu tants on humans in the .S . today. 
Jt is well conce ived, comprehensi ve, and 
s igni ficant in t e rms  of both sample s ize 
and fund ing," sa id McCarrol l .  

The  s tudy focuses on  six commun iti s 
in the U.S . and involves samples of 1 600 
to 2400 adu l ts i n  each community.  Ch i l ­
d ren a re a lso being st udied. The  projec t 
has been under way since 1 974, w i t h  
approximately $3 .S mi llion total cost 
committed thr ugh 1979 from J EHS. 
If further fed ra l fund ing is a pproved at 
that  time, the study is expected to last 
th rough 1 983 . 

The si · communi t ies under invest i­
gation are: Watertown , Ma ssachusetts; 
Kingsto n-Harr iman, Tenne see; the 
southe rn end of St .  Louis , M issou ri ; 
Steubenv i.l le , Ohio ;  Topeka, Kansa s; a n d  
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Po rtage, W isconsin . The plan ca l l s  f r 
i nvest iga tors from the Ha rva rd S hool 
of Public Hea l th, under the d i rection of 
Ben jamin Ferris, M .D ., to col lect , cor­
rela te, and analyze health and air qua l ity 
data in these communit ies .  Socioeco­
nomic and meteoro logic cond it ions i n  
t h e  a reas are a lso being stud ied .  

I n vestiga tors a re col lecting hea lth 
assessmen t data on adu lts and chi ld ren 
by conduct i ng personal in terviews and 
adm inis te ri ng lung funct ion tests. Adu l ts 
a re retes ted every three yea rs; ch i l dren 
are retested annu a l ly. 

"The real payoff in the s t udy should 
come with the c h i ld ren  because any 
effects of air po l lu t ion may be more d is­
cernjb le in deve l opi ng l u ngs," stated 
McCarro l l .  

A i r  qua l ity i n  the  communi ties i s  being 
measu red with three types of monito ri ng 
devices . One type measu res concen tra­
t ions of air pol lu ta n ts at a n ed loca t i on  
i n  ea ch comm un ity .  Th js centra l  loca tion 
serves as a reference point for a network 
of samplers posi t ion d th r ughout the 
commun ity. 

A second instrument measu res a i r  
pol l utant levels inside t h e  horn s of a t  
leas t 1 0  volun teer from each community 
for a yea r. Samp les a re taken in the room 
whe re the fam i ly spends most of i ts t. ime. 

The third measu re of a ir qua l ity is 
provided by a portab l  mon i toring device 

fue l prices because of the l ong t ime re­
qu i red to build a nuclear powe r plant and 
secure the necessary l icenses . The prices 
quoted above reflect u ran ium purchased 
in the year 2000 for de l ivery approxi­
ma tely J O  yea rs l a ter. U ranium burned 
i n  nuclea r reactors in the yea r 2000, for 
e a mple, wou ld be produced from uran­
ium pur hased in 1 990. 

t hat vo lunteers from the samp le ca rry 
with them every six days. The monitoring 
dev ice coll ects a 24 -h r  i ntegra ted sample 
of a l l  the poll utants to wh ich the volun­
teer is exposed i n  t ravel ing throughout  
the commun ity . 

"Most other stud ies h ve only mea-
ured a i r  pol lution leve ls a t  fixed l ocations 

in a community," McCa rro l l  poi nted out .  
'Th is is t he  fi rst t ime  t ha t  a major study 
has also monitored pol l u t ion levels within 
the home and on a communitywide expo­
sure basis. By ta k ing in to account a l l  
three measures, we hope to get  a more 
comprehens ive picture of the effects of 
air pol l u tants on human hea lth ." 
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R &D Status Report 
ELECTRICAL SYSTEMS DIVISION 
John J. Dougherty, Director 

OVERHEAD TRANSMISSION 

The mechanical design of overhead trans­
mission lines must accommodate the effects 
of wind loading. Wind is a dynamic, nonuni­
form force that can cause two problems: 
conductor oscillations and transverse load­
ing stresses on sections of transmission 
line. The overhead transmission mechanical 
research subprogram is studying both 
problems. 

Conductor motion studies and damper 
development are concerned with wake­
induced oscillations. Designing for trans­
verse wind loads is undertaken in separate 
projects. 

A project on wind-induced conductor 
motion is now under way (RP792). It con­
cerns the three forms of conductor motion: 
aeolian vibration, galloping, and subcon­
ductor oscillation. The investigators soon 
discovered that although this subject had 
been extensively researched throughout the 
world, very little of the information could be 
correlated and very little was available in 
one place. One outcome of the project will 
be the publication of the fourth EPRI trans­
mission line reference book. This will present 
both published and previously unpublished 
data in a form usable by the line designer. 
The reference book will contain theoretical 
causes and practical solutions for dealing 
with conductor motion and will include a 
section on fatigue. 

The project was started in late 1976 and 
is expected to be completed by early 1 978. 
The contractors are Alcoa Conductor Prod­
ucts Co. on galloping, fatigue, and subcon­
ductor oscillation, Boeing Engineering & 
Construction on subconductor oscillation, 
and Washington State University on aeolian 
vibration. Commonwealth Associates Inc. 
will coordinate and edit the final published 
document. 

One type of conductor motion, galloping, 
has long been of concern to transmission 
line engineers. Recent increased emphasis 
on more attractive and compact overhead 
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line designs intensifies the industry's interest 
in resolving the problem, despite years of 
unsuccessful attempts. EEi, IEEE, and CIGRE 
have for some years promoted efforts toward 
the solution of this wind-induced problem. 

Ontario Hydro has been very active in re­
search to conquer galloping and has tested 
many possible solutions on test spans and 
operating lines within its system. Most 
attempts to control motion have used 
damping devices installed on the conductors 
or towers. Ontario Hydro has recently de­
veloped a device called a galloping detuner 
that has shown promise of resolving the 
majority of galloping problems. The device 
is reasonable in cost and may be attached 
to new or existing lines, much as a vibration 
damper or spacer is now installed. It sepa­
rates the torsional and vertical natural fre­
quencies of the span. The theory is to inhibit 
initiation of motion rather than to absorb the 
energy of an already moving conductor, as 
with a damper. 

To obtain in-service experience on the 
device, Ontario Hydro has developed an 
expanded field evaluation program with 
EPRI (RP1095). Installation of galloping 
detuners on existing spans of about six U.S. 
utilities is planned for late 1 977. Through 
evaluation of the projected test spans in the 
U.S. as well as in Canada, It is hoped that this 
long-standing transmission line problem can 
soon be controlled. 

An unexpected benefit from a recent 
project on compact transmission line design 
with Power Technologies, Inc. (PTI) has 
been an increased understanding of trans­
verse conductor wind loading (RP260). 
This is the least well defined contributor 
to tower loading. Substantial savings in 
structure cost, as well as a reduction in the 
necessary clearance requirements in high­
wind areas, can be obtained by developing 
the concepts identified. 

PTl's test line data correspond to earlier 
data from the Hornisgrinde test site in 
Germany. However. they indicate loadings 

substantially less than those obtained by 
using the time-honored equation for calcu­
lation of wind pressure on a conductor. 

Figure 1 shows the trend of loading versus 
wind speed given by the two methods. The 
essential difference is that the PTI work and 
the German work take advantage of the fact 
that for most span lengths the wind speed 
is not the same at all points along the span 
due to gusting. This fact, although recog­
nized, has not been investigated to any 
significant degree in the U.S. Although pre­
liminary work performed in the U.S. and in 
Europe confirms the benefits that can be 
derived, ii does not provide sufficient data 
for application of the clearance reduction 
factors in the various situations required. 
It has shown that the amount of reduction 
increases with higher wind speed as well 
as with span length. 

To solve this problem and to make savings 
in tower steel and clearances, an evaluation 
program is being developed. It will be neces­
sary to determine (1)  how uneven wind 
gusts-which are distributed in time and 
space on the line-affect loading, (2) how 
different types of terrain cause wind-gust 
variations, and (3) how the gustiness varies 
at different average wind speeds. 

An EPRI workshop was held to discuss 
ways of investigating reductions in wind 
loading without sacrificing reliability. A proj­
ect may soon be under way that will make 
possible significant savings to line designers, 
particularly in areas of severe wind con­
ditions. Project Manager: Mike Silva 

Environmental effects of de lines are 
rapidly assuming increased importance to 
the U.S. utility industry. Electric field effects 
have been one of the primary reasons used 
by utility intervenors to block construction 
of ac high-voltage transmission lines. Regu­
lators are now beginning to apply ac field 
criteria to de lines. even though the field 
conditions are widely different. This places 
a severe cost penalty on the de line. 

Very few data have been published on de 



Figure 1 Com parison of calculated and measured transverse wind-loading pressu res on 
transmission l ines . Wind gusts , which are uneven and d ist r ibu ted along the l ine , appear to 
account for the difference between the curves at higher wind speeds. When properly 
documented, wind data may make possible some modifications in loading cr iter ia and a 
resul ting reduction in steel requirements. 
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f ie lds because of the lack of sui table instru­
mentat ion. Accu rate prediction and mea­
su rement of electrostat ic f ields is absol ute ly 
necessary to estab l ish a verifiable facts base 
that is responsive to publ ic inqu iry .  The few 
instrume nts available have been uniquely 
developed by each investigator and have 
only modest correlat ion between each other .  
I f  commercial de field instrumentat ion were 
avai lable to all i n terested part ies , the myste ry 
su rrou nd ing  de f ield ef fects could soon be 
removed and reasonable de li ne design 
criteria could be set , unbiased by ac li ne 
problems . 

The l ine parameters of i n terest in quant i ­
fying the sever i ty of any env i ronmenta l 
impact are e lect rical f ield strength , ion den­
s ity, a nd current density . An EPRl -sponsored 
project with Westi ng house E lectric Corp. as 
the main contractor and System Plann ing 
Corp. as a subcontractor w i ll develop an 
i nst rumentation package that can be pro­
duced on a commercia l basis (RPl  046) . 
The instruments are designed to take mea­
su rements not only at ground level but also 
in the a i r .  They should be sui table for long­
term record ings and di rect readouts a nd 
shou ld provide con nect ion to recorders or 
te lemet ry for unattended ope ration. An 
operator 's remote-display and readout uni t  
may e l imi nate effects on the calibrat ion and 
performance of the instrument caused by 
the operator ' s presence (Figure 2) .  

The instruments wi l l probably be unat­
tended for long periods while measu r ing 
ion dr i f t  or the effect of weather parameters 
on de li ne fields. For this reason the feasi bility 
of automat ica l ly co ntrol l i ng sensitive inst ru -
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Figure 2 Proposed design approach for 
integrated de field strength i n strumentation 
(RP1 046). The head contains two conductivity 
chambers, two ion-charge counters , four 
e lectric f ield mil ls , and a zero-charge system. 

ments will have to be investigated. 
Successful completion of the project 

should provide the industry with new tools 
for obtaini ng a better understand ing of de 
transmission l ine performance .  thus pro­
viding ut i l ity engi neers and the public with 
added conf idence in these c i rcui ts as impor­
ta nt l inks in the nation 's  power systems. 
Project Manager: Lennart Svensson 

Substation s 
The growth of power transmission systems 
stead i l y  increases the short-circ ui t-i nter­
rupti ng requi rements for power c i rcuit 
breakers. There are systems today i n which 
the breaker-i nterrupt ing requ irements are 
at or nea r t he rat ing of t he  l a rgest breakers 
availab le : today' s breakers w i l l  qu ickly be­
come obsolete. Wit h  growth i n system ca­
pacity, greater load-current-carry ing abi l ity 
is a lso needed. 

SFs gas is cons idered the best med i um i n  
which to provide h igh-current and high ­
vol tage interru pti ng performance. Heavy­
duty, transmission-class, SF6 power c i rcuit 
breakers have used double- pressure sys­
tems to provide gas flow d ur ing  arc inter­
ruption. These systems req uire that breakers 
be equipped with i nsulated, h igh-pressure 
gas reservoirs and compressor systems 
(with their control devices), both of which are 
costly and require addi tional  mai ntenance. 

Recogniz i ng these problems, EPRI has 
funded a project with West inghouse Electric 
Corp. to develop a s i ngle-pressure, SF6 
i nterrupter rated to i nterrupt 1 20 kA at 1 45 kV 
in two cycles or less ( RP4 78) . I t  would have 
a conti nuous-cu rrent rat ing of up to 4000 A 
(Fig ure 3) . 

One of the problems is to mai ntain a safe 
temperat ure r ise of cu rrent-ca rry i ng com­
pone nts without a n  excessive increase in 
material and mass of mov ing parts . This is 
necessary to keep the breaker-operat i ng 
e nergy at a reasonable level . 

A test is being cond ucted to determine 
interrupter mater ials performance In the 
h i gh-temperature,  hig h-pressure, SFe envi­
ronment (whic h is contaminated with arc 
products). The goal of th is port ion of the 
project is to evaluate i nsulati ng materials 
that w i l l  g ive re l iab le performance at 1 35 ° C 
and cond uctor mater ials , at 1 50 ° C . 

Today ' s  si ng le-pressu re putter breakers 
are of moderate i nte rrupti ng rating and use 
moderate gas pressures (75 psi). I t  is known 
that the interrupting ability of SFs improves 
as its pressu re around the arc is increased. 
Accordi ng ly, two approaches to a higher­
pressure SF interrupter design are being 
i nvestigated on th is project . One is a super­
pressure (300 psi) , SFs gas putte r  interrupte r ;  
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Figure 3 Laboratory models of a superpressu re circuit breaker interrupter ( left) and a l iqu id 
SF6 ci rcuit breaker inte rrupter , bui l t and tested to provide data for design of a prototype 
interrupter (RP4 78) . Both models successfu l ly  interrupted 90 kA at 1 45 kV early in 1 977.  One 
wi l l be selected for f i na l  development of an i n terrupte r  with a conti n uous-current rat ing of 
4000 A. 

the other is a l iq uid SF6 interrupter . Both 
use piston action d uring open i ng to provide 
f low of SF6. 

Full-scale model interru pters of each 
type have been built a nd successfully tested 
at 90 kA, provid ing the needed hig h-current 
inte rrupt ion perfo rmance data . These data, 
together with those on hand for lower- rated 
breakers, wil l  provide the necessa ry infor­
mation for the design of both types of h igh­
duty i nterrupters. The two desig ns will then 
be eval uated by EPAI . One will be selected 
fo r ultimate development of a prototype 
i nterrupter .  The project is schedu led for 
complet ion i n  late 1 978. Project Manager: 
Glenn Bates 

De ci rcu it breakers 
De circuit breakers are the  subject of re­
newed i n terest in view of expanded use of 
HVDC systems. The concept of multi termi na l 
de systems using paralle l-connected con­
verters was discussed in the l i tera tu re more 
than 1 5  years ago ( 1 ). In the U S. ,  several 
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HVDC projects under consideration could 
develop into mult i termi nal , i nterconnected 
HVDC systems. However , lack of de c i rc ui t  
breakers is most often c i ted as t he  reaso n 
for not consideri ng mu l t i termi na l de schemes 
seriously . 

Idea l ly , the breakers should operate i nde­
pendently , that is , wi thout depend ing on 
converter co ntrol system operation .  How­
ever , some i nteract ion between t he breakers 
and the converters is unavoidable. I t w i ll 
doubtless take a number of system st udies 
to support a carefu l development of de 
breakers before utilit ies wi l l commit re­
sou rces to implement a mu l t i termina l  de 
system . Recognizing th is, EPRI is  co nd uct i ng 
a study being performed by Hydro-Quebec 
I nsti tute of Research that will provide basic 
information about the dut i es of d i fferent de 
circuit breakers and the interactions between 
t he breakers and the de system in four  basic 
mu l titerminal de schemes (RP326) . 

The different concepts are shown i n  F igu re 
4 . The study also covers diode rectif ier con-

Figure 4 System concepts for appl icat ion of 
de c i rcu i t breakers (RP326). 
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cepts and the appl icat i on  of meta l l ic retu rn­
t ransfer breakers (2) . I I  co ncentrates on 
pa ralle l operat ion of converter termina ls 
but excludes series-connected converte r 
terminal schemes because para l lel con­
nect ion of converters is proba bly the most 
real ist ic approach for systems where inde­
pendent load contro l  is n eeded for each 
convener termina l .  

The f irst phase of the  project consisted of 
a set of prelimi na ry system st ud ies fo r the 
di ffe rent concepts. These stud ies  have been 
used to def ine  t he system pa rameters of 
imponance and to eval uate and develop the 
cont rol sequences needed for eac h  ci rcui t  
breake r appl ication. The prelimi nary studies 
used the basic de c i rc uit breaker mode l  
( Figu re 4 ) .  Other breaker co ncepts have 
been developed that are based on informa­
tion suppl ied from manufacturers . 

The last phase of the project is a set of 
f i nal system studies that use system concepts 
proposed by or of i nterest to U. S.  ut i l i t i es . 
The study wi l l result i n  a de breaker speci f i ­
cation outli ne .  I t wi l l d isc uss the breaker 
requirements for fau l t  clear i ng,  reclosing , 
load break, and c losing on load. I t w i l l take 
into account the i nteract ion between t he 
co nt rol system and the breaker .  Fu n her, 
overvoltages generated by the de circuit 
breake r ,  the energy dissipat ion , and the 
breaker ' s speed of ope ra t ion wil l be con­
side red . 

As expected, a pre l imi nary study showed 
that the breaker speci f icat i on is h ig hly sen­
s i t ive to the co ntrol system pe rformance . 
It has not been poss i ble to optimize the dy­
namic response of the control system for 
each applicat ion . However .  realistic delays 
in the co ntrol seq uences equal to expected 
delays in commun icat ion lines have been 
insened i nto the si mulator mode l .  Even 
t houg h signi f icant d i fferences exist between 
control systems bu i l t  by different de sup­
pliers, t he study is i n tended to be generic 
and ot value to the whole industry . Some of 
the early resu l ts have been publ ished (3) . 
The f ina l  project report is expected to be 
availa ble later th is  year. Project Manager: 
Stig Nilsson 
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UNDERGROUND TRANSM ISS ION 

A project w i th  O h io State University (OSU) 
wi l l be to develop an acc urate and expedie nt 
method of detect ing , i de nt i fyi ng , and map­
p i ng undergrou n d  obstacles (RP7856) .  The 
hardware developed shoul d prove to be an 
important new tool  that ut i li t ies can use lo 
p lot a n  optimal cab le  route befo re trenching .  

OSU 's  system fo r sensing obstac les em­
ploys a h igh-freq uency, e lect romagnetic 
pulse of approximately 1 50-µs pulse width 
at 1 000-V peak ampl i tude . The pulse is sent 
into t he  ground v ia a transmitting , folded 
dipole antenna ( Fig ure 5) . Th is  is a pulsed 
radar type of system with a f req uency spec­
tru m  of 250 Hz-1 GHz.  A receiv i ng antenna 
posit ioned at 90 ° to  the t ransm i tt i ng antenna 

I' 

picks up the scattered reflect i ons from the 
obstacles in m uch the same way t hat sona r 
detects naval vessels .  By knowing the ve loc­
i t y  of propagat ion. soil d ielect r ic constant, 
and soil conductiv ity (electr ical), the dept h 
of an obstacle can  be calc ulated .  The s ize 
of the obstac le  i s  dete rmin ed from the re­
f lected s ig nal ' s ampl i tude . By referr ing to a 
data base of reflect ion signatu re profi les, a 
comparat ive analys i s can be pe rformed to 
characte r ize t he  obstac le  by s ize , shape, 
depth ,  a nd material . I t  is ant ic ipated that this 
locat ion device may be able to detect objects 
20-40 ft underground. It shoul d be able to 
focus on a 3- in target at a 4-tt  de pth and have 
a reso lu t ion between obstac les of less than 
1 ft. Project Managers: Tom Rodenbaugh, 
William Blair 

Van-Mounted I ns t r umentat ion 

CRT terminal 

Min icomputer 

Casselle tape storage 

Computer intert ie 

Figure 5 Fo lded dipole antenna similar to that bei ng developed unde r RP7856 for locat ing 
underg round obstac les. Ohio State Un iversity wil l  design and bui ld expanded inst ru mentation, 
inc l ud ing a min icomputer. mapping unit, and sampl ing osci l loscope. 
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R & D Status Report 
ENERGY ANALYSIS AND ENVIRONMENT DIVISION 
Rene Males. Director 

RESEARCH STRATEGY 
ON HEAL TH EFFECTS 

A major aim of the Environmental Assess­
ment Department's research program is to 
provide reliable data on any possible health 
effects linked to electricity generation and 
use so that rational policy decisions can be 
made and cost-effective control technology 
put to use as needed. This is a complex and 
ambitious task. To accomplish it with any 
measure of success requires a chain of 
disciplinary studies to: 

o Determine what significant pollutants are 
emitted and in what physicochemical form 

o Establish reliable methods for their mea­
surement and monitoring 

o Determine transfer routes, movement 
rates, and conversion during transport from 
the source to the population exposed 

o Estimate relative contributions of major 
sources to population exposures 

o Analyze critically existing biomedical 
data 

o Screen potentially significant pollutants, 
determine mechanisms of toxicity, and es­
tablish dose-response relationships in animal 
toxicology studies 

o Apply the results of animal toxicology 
studies to selective clinical trials in human 
beings 

o Use epidemiological studies in combi­
nation with other biomedical data to provide 
human risk assessment (i.e. , to quantitatively 
predict effects of environmental agents of 
concern on human health) 

When EPRl's program started over two 
years ago, it was decided that major empha­
sis would be placed on air pollution from 
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fossil fuel combustion. The main reasons 
for this were that a rapidly increased use of 
coal was anticipated; there was relatively 
little known about population effects from 
coal combustion; air pollution was the major 
route of population exposure to pollutants 
from the burning of coal; and the most 
effective way for air pollutants to exert their 
harmful effects is through inhalation. 

The first four steps noted above are pri­
marily physical in nature and were begun 
first. Currently EPRI has about 25 projects 
in this area with authorized funding for about 
$9.5 million over the next two to three years. 
A large part of this funding is for the sulfate 
regional experiment (SURE), about $5.5 
million. In addition to investigation of sulfur 
compounds, there are also studies of nitro­
gen oxides, polycyclic organic materials. 
oxidants, and trace elements. This phase 
of the work is well under way. 

Analysis of existing biomedical data is 
being done primarily by Greenfield, Attaway 
& Tyler, Inc .. under RP681, which started 
in September 1 975. Two groups of reports 
are to be prepared. One deals with specific 
substances and covers sulfur oxides (sulfur 
oxides: current status of knowledge, EPRI 
EA-316), nitrogen oxides, particulates, and 
oxidants. The other group consists of detailed 
reanalysis and interpretation of EPA epi­
demiological data. The first report has been 
completed (Evaluation of CHESS: New 
York Asthma Data 1970-77. EPRI EA-450). 
Others in this series will include New York 
City asthma data for 1 971-1972, chronic 
bronchitis in New York City, cardiopul­
monary disease in New York City, and 
pulmonary function in schoolchildren in 
Birmingham, Alabama, and Charlotte, North 
Carolina. Using research results from this 
project, the contractors have been able to 
testify effectively on behalf of several utilities 

at legislative hearings. 
The animal toxicology studies have just 

recently been established and are expected 
to begin soon. A three-year coordinated 
program funded at about $3.5 million is 
planned for these studies (RPl 1 1 2). The 
work will be done by three research teams 
at the Massachusetts Institute of Technology 
and the University of California at Davis 
and at Irvine. At MIT, aerosols will be pro­
duced and characterized under controlled 
conditions. simulating actual combustion 
products. Their relative irritant potency will 
then be assessed. At U.C. Irvine, further 
studies on the effects of these compounds 
and others will be carried out with rodents 
and dogs, using mixed atmospheres con­
taining sulfur oxides, nitrogen oxides, and 
ozone in combination with metals in aged 
atmospheres. Young animals will be included 
in the experiments so that physiologic tests 
can be developed for follow-up human 
studies. At U.C. Davis, an interdisciplinary 
team from the Primate Center and the Veter­
inary, Medical, and Engineering schools 
will carry out studies on long-term exposures 
(three to nine months) to various pollutants. 

Full-scale research programs for clinical 
trials on human beings and epidemiology 
are still in the planning stage and will prob­
ably be implemented in 1 978. These are 
to be large-scale projects and will likely be 
done in cooperation with federal agencies. 
In the meantime, EPRI has joined with the 
National Institute of Environmental Health 
Sciences in an epidemiological investigation 
conducted by Harvard University, School of 
Public Health, to determine the health effects 
of air pollutants on children and adults in six 
U.S. communities (RP1001 ). The Health 
Effects Program is being managed by James 
Mccarroll, M.D. Director, Environmental 
Assessment Department: Cyril L. Comar 



TOOLS FOR 
TECHNOLOGY ASSESSMENT 

Assessing the probable impacts of new 
energy technologies and policies is often 
realistic only when they are considered 
within the context of the total energy system 
from the primary resources to points of end 
use. Electricity offers a good example. Much 
of the concern for and analysis of electricity 
centers on the pollution, safety, and ineffi­
ciency characteristics of power generation. 
while the counterbalancing effects at the 
point of end use are neglected. Electricity 
is the cleanest, safest, and most efficient of 
all commonly used energy forms. Electricity 
at end use can be considered a fuel, com­
peting with the direct combustion of coal, 
oil. and gas. In many applications involving 
such technologies as heat pumps, electric 
automobiles, and steelmaking, the envi­
ronmental and end-use efficiency benefits 
from electricity may more than offset the 
emission effects and inefficiencies incurred 
in the generating process. 

An energy systems analysis study that 
takes into account all the trade-off effects 
between production and use shows the 
overall impacts of electrification in the most 
realistic manner. Similarly, the assessment 
of numerous other energy technologies and 
policies can benefit from such a comprehen­
sive overview. The recently published Re­

gional Reference Energy Systems (RES) 
(EPRI EA-462), developed for EPRI by 
Brookhaven National Laboratory (BNL), 
and a Computation Procedure for Applying 
Reference Energy Systems (COMPARES), 
provide the methods. data. and compu­
tation tools for conducting these assess­
ments of energy technologies and policies. 

RES are sets of structured data and pro­
jections that represent the flow of a nation's 
or region's energy through a network of 
technical activities from its primary energy 
resources to its ultimate end use. These 
activities include the processes of extraction, 
refining, transportation, central conversion, 
distribution, and use. Each activity (e.g., 
coal-steam electric power generation) is 
quantified by the amount of energy that flows 
through it and by coefficients that specify 
its energy efficiency, environmental effects, 
and costs. RES are developed for a historical 
base year and for key future years based on 
projections from various sources, such as 
the U.S. Census Bureau, FEA, and ERDA 

BNL initiated the work on RES in 1971 
for the U.S. Office of Science and Technol­
ogy, specifically for the assessment of energy 
technologies by that office and other gov-

ernment agencies. The purpose was to pro­
vide a reasonable and consistent framework 
for gauging the range of effects from the 
application of alternative technologies. 
Since its development, the RES concept has 
been used extensively by ERDA as an R&D 
planning tool. 

Regional RES 

Since the effects of energy technologies 
will be influenced by a wide range of regional 
variations. RES were regionalized to allow 
for these variations. This provides a level of 
precision more in line with EPRl's analytic 
requirements for technology assessment. 
Under EPRl's contract with BNL, RES have 
been developed for each of nine census 
regions, for the U.S. as a whole (a summary 
of the regional data), the New York Power 
Pool, and the TVA service regions (RP442). 
RES were formulated for the 1 972 base year 
and projections developed for 1 980, 1 985, 
and 2000. The RES are base case scenarios 
representing ' 'most likely'' patterns of energy 
consumption under somewhat status quo 
conditions. They were formulated with a 
minimal introduction of new technologies 
and with allowances made only for moderate 
conservation measures. RES are not fore­
casts of what the energy future will be. Their 
intent is to provide a reasonable energy 
condition from which to gauge the effects 
of change brought about by the possible 
introduction of new technologies, strong 
conservation initiatives, or alternative energy 
policies. 

Application of RES 

The RES are in balance, that is, the energy 
from the primary resources, when multiplied 
by the various efficiencies through all of the 
technical activities. equals the amounts 
required at the end use. Multiplying the 
quantities of energy flowing through the 
technical activities by the respective envi­
ronmental and cost coefficients, and sum­
marizing these calculations, determines the 
inventory of environmental effects and the 
total system's energy cost. 

The application of RES for technology 
assessment and energy policy analysis is 
accomplished through COMPARES, an 
accounting procedure and computer pro­
gram ,developed at EPRI for this purpose. 
The COMPARES procedure is quite straight­
forward. First, the resource requirements. 
environmental emission effects. other envi­
ronmental effects, and total energy system 
costs are calculated for a given RES. Next. 
a revision is introduced to RES. The revision 

is formulated to represent, for example, the 
introduction or improvement of technology, 
an energy conservation measure, or a re­
striction in supply. The formulation of a 
revision to simulate such events may involve 
only the simple replacement of a process 
efficiency or may require several alterations 
to RES parameters. The revised RES is 
rebalanced through adjustment in the supply 
of primary resources to meet final demand 
requirements, and the environmental effects 
and costs are recalculated. Finally, the dif­
ference in effects between the original RES 
and its revised version determines the net 
effect of the revision, thereby representing 
the impacts of the technology or policy 
option or event being analyzed. 

COMPARES allows this procedure to be 
carried out easily, quickly, and inexpensively, 
making it practical to assess a large number 
of technology or policy cases in a short time. 
Each COMPARES output is the net impact 
for each technology or policy case in terms 
of the requirements for specific energy 
resources. first-order environmental effects, 
and total energy costs. These determinations 
can be calculated directly for the key refer­
ence years 1 980, 1985, and 2000. By inter� 
polation they can also be assessed for any 
year between 1972 and 2000, and by ex­
trapolation for years out to 2010. Cost effects 
for years in this interval can be discounted 
back to any base year at any specified dis­
count rate. 

The most important aspect of this analysis 
is that all the trade-off effects between energy 
production and use are accounted for, 
offering an important overview assessment 
of technological change. Project Manager: 
Ron Michelson 
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R & D Status Report 
FOSSIL FUEL AND ADVANCED SYSTEMS DIVISION 
Richard E. Balzhiser, Director 

MATERIALS FOR 
COMBUSTION ENVIRONMENTS 
Most alloys used for high-temperature com­
bustion service operate in oxidizing environ­
ments, where they are protected by oxide 
scales such as Cr 203 or Al203 . In pulverized­
coal-fired boilers, oxidizing conditions are 
maintained so as to minimize corrosive 
attack by sulfur- or carbon-bearing con­
stituents in the combustion gases. 

Coal gasifiers and fluidized-bed boilers. 
however, involve low-oxygen environments 
and thereby pose special challenges In 
the selection of structural materials. Oxida­
tion, nitridation, sulfidation, and carburiza­
tion-all can occur. Other equipment and 
processes are at least potentially involved: 
gas turbines, and coal gas- and liquid­
fired boilers. Several EPRI projects address 
these related circumstances. seeking better 
bases for selecting or designing materials 
to resist corrosion and erosion. 

Breakdown of protective oxides 

Lockheed Missiles & Space Co., Inc., Palo 
Alto Research Laboratory, with a subcon­
tract to Ohio State University, has the 
responsibility to sort out the complex 
chemical reactions involved in corrosion in 
gasificalion and fluidized-bed combustion 
(FBC) conditions (RP71 6). For a forthcoming 
interim report. the ranges of stability of 
various possible phases in the alloy systems 
A-O-N, A -0 -S,A -O-C,A-S-N, A-S-C.A-C-N 
have been calculated (where A is one of the 
three important base materials, iron, nickel. 
or cobalt; or one of the important alloying 
elements, chromium, aluminum, or manga­
nese; and 0, N, S, and C are the oxidants). 
This report will be valuable in interpreting 
the corrosion products formed on alloys. 
The Ohio State subcontract is concerned 
with the transition from nonprotective in­
ternal oxidation to protective external scales 
in low-oxygen activity environments. 

48 EPRI JOURNAL August 1977 

The program is also examining corrosion 
in superheater and reheater tubes of con­
ventional pulverized-coal-fired boilers. 
Foster Wheeler Energy Corp. and the Inter­
national Nickel Co. have joined forces 
(RP644) to reexamine this old problem from 
a modern alloy design point of view. As 
in all EPRI material design projects, the 
initial phase is to evaluate the mechanisms 
whereby state-of -the-art materials fail in 
a simulated test. Composi tions and micro­
structures then are designed to overcome 
the mode of failure. Coupon specimens 
coated with a simulated coal ash are exposed 
for 250-500 hours to 675-790°C (1 250-
14500 F) flue gas containing S03, which 
produces alkali iron trisulfate, the agent 
believed responsible for fireside corrosion. 
A wide variety of standard, advanced, and 
experimental alloys are being studied. Pre­
liminary analysis of the results indicates 
that chromium, aluminum, niobium, and 
silicon alloying additions reduce corrosion. 
Ferritic alloys may be more effective than 
austenitic in that only half as much chromium 
is needed for equivalent improvement in 
fireside corrosion resistance. Molybdenum 
appears to be detrimental, and manganese 
is moderately ineffective. 

Foster Wheeler is also examining the 
effects of alloy chemistry and surface treat­
ments on exfoliation from boiler tube alloys. 
Steam -side exfoliation during cooling or 
heating involves magnetite-type scale 
greater than about 6 mils thick. The spalled 
scale can .cause tube plugging and ultimate 
failure from overheating, or it can be swept 
into the turbine and cause erosion. Foster 
Wheeler has identified the preoxidation of 
ferritic boiler tubes in pressurized water to 
be a treatment of particular interest. It might 
be adapted, in situ, to operating boilers. 

Extensive experience with the exfoliation 
problem has also been obtained by Great 
Britain's Central Electricity Generating 

Board and is being summarized in a techni­
cal planning study on the spalling of steam­
grown oxides from superheater and reheater 
tubes. which will be available in late 1 977 
(TPS76-655) 

Although gasifier reactor chambers are 
generally refractory- lined, metallic parts 
are needed in transfer lines, valves, and 
cyclones. In addition to corrosion by re­
actants like sulfur and carbon in the 
low-oxygen-activity environment, these 
components are subject to erosion from 
solids like coal and ash in the gas stream. 
Battelle, Columbus Laboratories and the 
Cabot Corp. Stellite Division, are studying 
the design of corrosion-resisting metallic 
materials for coal gasification and FBC 
environments (RP589). Results obtained 
from this and similar ERDA projects indicate 
that few metals will survive very long in such 
service. Best results are obtained with 
Fe-Cr-Al alloys containing dlspersed oxide 
phases to improve scale adhesion. The 
protective Al203 scales are stable at much 
lower oxygen activities than Cr 203 

scales 
and are not subject to loss through volatiliza­
tion. Silicon is a beneficial addition in small 
amounts. Also, small additions of reactive 
elements like lanthanum greatly improve 
the corrosion performance of Co-Cr-W-C 
alloys like Stellite 6b. Erosion conditions are 
characterized by low particle velocities of 
about 1 8-30 m/s (60-100 ft/s) and high 
particle loading of several thousand ppm. 
However, hot corrosion and molten sulfide 
slags appear to be greater problems. At 
temperatures of 870-1090°C (1 600-
20000 F) and with sulfur activity above 1 % 
H2S, ii is unlikely that any metallic material 
will survive, and ceramic or ceramic -lined 
components may have to be used. 

Refractory materials under study 

Ceramics may displace metals in coal- fired 
heat exchangers used with closed-cycle 



turbines (RP545). The temperatures of inter­
est to the AiResearch Division of Garrett 
Corp., 980-1200°C (1800-2200°F), are 
clearly too high for metals, and silicon 
carbide appears to be the ceramic of choice. 
Although the principal problems are de­
signing, fabricating, and operating large, 
complex pieces from a brittle material, 
erosion and corrosion in coal-slag-laden 
atmospheres are also being studied. Pre­
liminary results from burner rigs indicate 
that SiC is quite resistant to degradation 
by coal ash. A supporting study at Lock­
heed's Palo Alto Research Laboratory found 
that at the highest temperatures, slags rich 
in Fe203 tend to react with the free silicon 
in the SiC composite to form globules of 
molten iron. However, initial evidence from 
both projects suggests that such devices 
can probably survive slag attack for eco­
nomically interesting periods of time. 

Refractories for dry ash and slagging 
gasifiers are being studied by Westing­
house Research and Development Center. 
Pittsburgh (RP625). Experimental facilities 
consist of a fluidized bed and a pneumatic 
tube in which refractory specimens may be 
exposed to corrosion and erosion conditions 
similar to those expected in reactors, pneu­
matic transport tubes, and cyclone sepa­
rators. A new model of refractory erosion, 
developed with data from the Westinghouse 
and other studies, should prove helpful 
in refractory development, gasifier design, 
and control of operating conditions to mini­
mize erosion. Under subcontract, Harbison­
Walker Refractories Division of Dresser 
Industries, Inc., is testing the resistance 
of state-of-the-art refractories to slagging 
conditions. From preliminary analysis it 
appears unlikely that any uncooled refractory 
will hold up to molten slags. 

Corrosion and erosion of in-bed and 
freeboard boiler tubes in fluidized-bed 
boilers are major problems in FBC tech­
nology. Combustion Systems Ltd. (RP388) 
has run two 1 000-hr tests in the 1 -tt2 bed 
operated by the Coal Research Establish­
ment in Stoke Orchard, England. Relatively 
high corrosion was found in the in-bed tubes, 
the desired location for the superheater 
and reheater tubes. Much less corrosion 
was found in the freeboard tubes. High 
sulfidation rates were found for nickel-based 
and cobalt-based alloys, generally the back­
bone of high-temperature, corrosion­
resistant equipment. Low-alloy ferrilic steels 
like 2'/. Cr-1 Mo were corroded more than 
in pulverized-coal-fired boilers; permissible 
temperatures for these steels will be 10-
240 C (50-75°F) lower under FBC con­
ditions. Austenitic steels performed the 

Figure 1 Cylindrical samples of gas turbine materials project into exhaust duct of bench-scale 
burner rig used by Pratt & Whitney to evaluate erosive effects of various particle loadings 
in hot gas stream from coal-derived fuel combustion. The spoked jig is periodically rotated so 
that all samples experience identical conditions. 

best. They probably will be satisfactory for 
use with metal temperatures up to 650°C 
(1200° F), which is sufficient for raising 
540°C (1000°F) steam. 

A fluidized bed apparently has relatively 
low oxygen activity (about 1 o-s to 10-1 

Pa, or 10-1 0  to 10-1 2  atm), despite the fact 
that considerable excess air is used. The 
in-bed tubes fluctuate rapidly between low 
and high oxygen activity. The bed tempera­
ture in the Stoke Orchard experiments was 
900°C (1650°F)-somewhat higher than 
is desirable for optimum S0

2 removal­
and a heavy calcium sulfate deposit formed 
around the tubes, providing sulfur for the 
slagging sulfidation of nickel- and cobalt­
based alloys. Further experiments are 
planned to check the effect of lower bed 
temperatures and the presence of calcium­
containing sorbents on FBC corrosion. The 
experiment will be repeated in a bed with 
an order-of-magnitude larger area; the 
small bed in the Stoke Orchard tests put the 
corrosion specimens close to the coal inlet 
ports, possibly influencing the results. 

Gas turbine erosion 

Production of clean fuels from coal costs 
both money and energy. It is therefore 
desirable to burn the fuels in combined-

cycle plants for greater efficiency. However, 
particulate matter and hot corrosion con­
taminants may remain in the fuel, creating 
an erosion or a corrosion threat to the gas 
turbine. Pratt and Whitney Aircraft Division 
of United Technologies Corp. is addressing 
this problem (RP543). State-of-the-art tur­
bine materials are used to evaluate a wide 
variety of erosion conditions (Figure 1 ). 
Hard particles like Al203 have been used 
for initial screening. All turbine materials 
were excessively eroded by 130 ppm of 
20-µm Al203 particles. With the particle 
size reduced to 2 µm (about the size ex­
pected to pass through particulate cleanup 
systems), there was less (but still significant) 
erosion (Figure 2). A ceramic turbine 
material, Si3N •. performed remarkably well 
under these conditions, suggesting its con­
sideration for industrial turbines using coal­
derived fuels. Erosion resistance of alloys 
forming Al

203 
scales was greatly improved 

by preoxidation but not of those alloys 
protected by Cr 203 scales. Work is now 
going on with softer particles, such as ash 
and MgO. Designers of turbines for coal­
based fuels may have to walk a tightrope 
between erosion and fouling, neither of 
which is desirable. 

Conversion of coal to clean solid and 
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Figure 2 Three materia ls show a wide range of weight loss under erosion by 2-µm and 
20-µm particles of Al203 at 870 ° C (1 600° F) . I N 738 is a n icke l -based superal loy, S i3N ,  is a 
ceramic structural  materia l  (which experienced a temporary weight gai n , probably of Si0

2
) ,  

and CoCrAIY is a physical vapor-deposi ted al loy coati ng .  
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l iquid fuels can produce severe eros ion 
problems in the letdown valves and sl u rry 
pumps used in the process . Battel le, Colum­
bus Laboratories (R P458) is studying the 
problem and has developed a n  erosion 
wear test for valve t r im mate r ia ls . Cemented 
tungsten carbide valve trim can survive 
a pe riod of weeks or months in this service .  
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Seve ral ceramic mate r ials, such as B,C 
and SiC , a lso perform well, especially B

4
C. 

Erosion is conside rably less at low angles , 
suggesting that long exit c hannels would 
be beneficial . The project is proving to be 
hel pful to both letdown va lve design and 
materia ls select ion . Technical Manager: 
Robert Jaffee 

WATER QUALITY CONTROL 
EPRl 's  wate r quality cont rol prog ram has 
been established for s l ig htly over a year .  
This f i rst report ident i f ies the ma jo r  wate r­
related problems of electric uti lity power 
plant and sets down program object ives 
and the initia l plan for achieving them. 
Results from one project , begun in 1 975, 
are reviewed . 

A 1 000-MW (electr ic) coa l-ti red power 
p lant with closed-cycle evaporative cool ing 
and stack gas scrubbing requi res a water 
supply of 0.63-0.95 m3 / s ( 1 0 ,000- 1 5,000 
gpm) . Accessibi l ity of adequate wate r ranks 
with proximity of fuel supply a nd load center 
as an important siting constraint .  Wate r­
related problems can be categorized : 
supply ,  in-p lant treatment ,  and discharge . 

Supply problems involve both quantity 
and quality . Projections of national water 
supply and demand, on the basis of regions 
defined by the Water Resources Council, 
ind icate that shortages tor power p lant use 
are to be expected in many areas by the 
year 2000 . Even today, power p lant re­
qui rements can lead to severe local d is­
tortion of historic water a l location pat te rns. 

I n-p lant treatment req uirements vary 
with both the qua l i ty  of su pply water and 
i ts intended use. Uses inc lude power-cycle 
working f l u id , mai n  condenser and auxil iary 
cool ing , f lue gas scrubbing , ash s l u ic ing and 
coal s l u rry tra nsport ,  and cleaning of boile r 
wal ls, superheaters, and a i r-preheaters. 
As in creased use is made of recycle, reuse, 
and cascaded wate r systems, the concen­
trations of impu r it ies r ise . increasi ng the 
potential for scal ing and corrosion and 
i mposing more d i fficult requirements on the 
t reatment processes. 

Discharge problems are largely a function 
of environmenta l regulat ions. Where the 
ext reme of zero discharge is mandated 
(as in t he Colorado River Basin) , the cost 
of ponding , evaporation.and sludge disposal 
may dominate wate r system desig n .  At 
arid western sites, l ined eva poration ponds 
(about 64 x 1 06 m2 per m3 / s . or about one 
acre/gpm evaporated) are est imated to 
cost as much as $ 1 2 / m2 ($50, 000 per acre) . 
In all regions, fede ral limitations of "no 
detectable amount " on such common ly 
used corrosion i nh i bitors as z inc  and 
chromate . and on some trace metals identi­
fied as hazardous or toxic, req u i re cost ly 
cleanup and provide st rong incentive for 
discharge reduction through inte rna l re­
cycling and su bsystem i ntegration . 

In response to t hese conditions , EPR I  
water qual i ty research is  i n i t ia lly focused 
in three major project a reas: 



o Conservation: Reduction of "clean" 
water requirements with integrated water 
system design and use of waste water 

o Process development: Advanced, eco­
nomical treatment options, such as trace 
element removal from cleaning and sluicing 
waters, and corrosion and scaling control 
in closed-cycle cooling systems 

o Discharge limitations: Modification of 
systems to meet discharge constraints with 
alternatives to chlorination for biofouling 
control 

Conservation 

Integrated water system design requires 
comprehensive descriptions of source water 
and coal supply characteristics, in-plant 
water quality needs, treatment process 
options, aqueous discharge constraints, 
and the impact of stack emission control 
and solid waste disposal options on water 
stream contamination. As these descrip­
tions are site-dependent, the Jevelopment 
of generalized design guidelines is a for­
midable task. In a project conducted by 
Water Purification Associates (RP909), a 
case study approach is being developed. 
Water system designs will be generated for 
individual plants at given locations using 
specified coals. The intent is not to study a 
composite or averaged plant but rather a 
range of realistic, consistent design situa­
tions encountered by utilities. Generalized 
procedures will then be developed from the 
site-specific case studies. 

The basis for selecting the case studies 
will be established in a series of tasks that 
(1) define current practices and typical 
problem areas at several plants representing 
a range of climates, water qualities, coal 
types, and so on; (2) review the range of 
environmental regulations; (3) define in­
plant water quality and quantity needs by 
subsystem; (4) identify optional flow ar­
rangements; and (5) establish ground rules 
for specific integration of the water system 
in light of coal properties, solid residual 
handling and disposal, and flue gas cleanup. 
A sample case will then be selected and its 
design developed to demonstrate the effort 
required and results obtainable. At the con­
clusion of the project, it will be necessary to 
decide the number of cases required, the 
level of effort to develop the generalized 
guidelines, and the value to the industry of 
completing the study. Throughout this work, 
research needs will be identified in process 
development and in computational methods 
to implement integrated designs. 

The use of agricultural wastewater for 
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Figure 3 Cooling-tower blowdown is conserved in this experimental vertical tube 
evaporator, which uses steam and a recycled foaming agent to produce distillate (usable for 
steam cycle makeup) and a further concentrated stream (e.g., 70,000 mg/I, largely of 
Na2SO,) for ion-exchange regeneration of the resin for treatment of incoming cooling water. 

cooling-tower makeup is being investigated 
jointly by EPRI, the State of California, and 
three California utilities: Pacific Gas and 
Electric Co., Southern California Edison Co., 
and the Los Angeles Department of Water 
& Power (RP373). The project began with 
laboratory development work in 1975. 

A pilot-scale (8. 7 x 10-5 m3 / s, 2000 
gal/ d) field demonstration of an irrigation 
runoff treatment system is under way. Make­
up water pretreatment consists of softening 
in an ion-exchange column. The tower blow­
down, further concentrated if necessary 
to approach a concentration factor of x 20, 
is used as the regenerant for the ion­
exchanger resin, thus eliminating the need 
for purchased regenerant and the added 
cost of its disposal. The system consists 
of the ion-exchange component, a simulated 
condenser-cooling-tower loop, and a 
foam-enhanced vertical tube evaporator 
(Figure 3). 

Field tests aim to (1) establish design 
curves for the softening and regeneration 
unit, (2) establish limits of performance 
(maximum cycles of concentration) for all 

components, (3) demonstrate prolonged 
scale- and corrosion-free operation, ( 4) 
identify operating, control, and maintenance 
problems, and (5) provide a basis for scaling 
up the design and its costs for power plant 
application. 

The project is now well along at the Fire­
baugh, California, test facility. Initial field 
results tend to confirm the majority of earlier 
laboratory findings: 

o Steady-state operation of the softening 
and regeneration unit is achievable at con­
centrations of X10  to x20. 

o Clogging-free operation of the ion­
exchange column can be maintained by 
regenerating in an upflow, fluidized-bed 
mode. 

o Concentration factors in the cooling tower 
alone may be sufficient to regenerate the 
resin, eliminating the need for the evaporator 
in the primary loop. 

o Preliminary cost projections for a 1 000-
MW( electric) plant are $0.095/m3 ($0.36/ 
1 000 gal)-in 1976 dollars-including an-
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nualized capital costs, energy input require­

ments, and allocated O&M charges. but 
excluding costs of irrigation drainage col­

lection. silica control, or ultimate blowdown 
disposal. 

Very recent findings indicate condenser 
scale formation, involving silica, and may 
necessitate an add-on sidestream process 
for silica control. 

Process development 

Various toxins become dissolved in water 
streams after entering a plant via its coal 

supply or as additive chemicals. For exam­
ple, arsenic condensed on fly ash may dis­
solve in sluice water, and chromium is a 
common additive for corrosion control. A 
recently initiated project with Stanford Uni­
versity (RP910) is designed to determine 
how 1 0  different trace elements can be 

removed from fossil plant water streams 
by a potentially inexpensive and reliable 
approach-adsorption. There are three 
major objectives: 

o Identify problem elements in the aqueous 
streams ot fossil-fired power plants 

o Establish the capabilities, limitations, and 
chemical process requirements for removing 
these elements with ferric iron 

a Determine the feasibility of applying such 
processes to control trace elements in power 
plant waters 

So far cadmium, arsenic, selenium, cop­
per, zinc, and chromium have been selected 
for study, and most of the ideal solution work 
on cadmium has been completed. 

Discharge limitations 

Chlorine discharge from biofouling control 
treatments is a pressing environmental prob­
lem for many utilities that use once-through 
cooling. Federal effluent limitations for cool­
ing-water discharges are an average of 0.2 

mg/I free available chlorine for a maximum 
of 2 h/d (and as low as 0.04 mg/I total 
chlorine for 4 h/d at some stations). Ac­
cordingly, chlorination schedules must be 
altered at many plants. The impact is un­
certain, however, because biofouling (in 
particular, its effect on heat transfer and 
condenser performance) is not well quanti­
fied: the biological, physical, and chemical 
processes that govern the buildup of the 
films and their destruction by biocides are 
poorly understood; and the alternatives 
to chlorination are not well developed. 

Two projects are under way: a study of 
the fundamentals of film buildup and de­
struction under controlled laboratory condi-
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tions (RP902) and a pilot-scale test of ozona­
tion at two Public Service Electric & Gas Co. 
plants (RP733). A third project (RP879) 
dealing with residual chlorine analysis stan­
dardization and instrumentation in fresh and 

saline water is being sponsored by the Envi­
ronmental Assessment Department. Proj­
ect Manager: Roger Jorden 

GEOTHERMAL ENERGY 

The main emphasis continues to be on the 
technology that has direct application in the 
development of hydrothermal resources: the 
Heber demonstration plant and its support­
ing R&D projects. Several generic (less site­
specific) projects. including critical compo­
nent testing, brine chemistry, and organic 
turbine studies, are also making significant 
progress. 

Hydrothermal demonstration 

Heber, in the Imperial Valley of California, 
was selected as the site because it has more 
of the attributes required for demonstration 
and because of the maturity of the reservoir 

assessment. The power plant will have a net 
capacity of 45 MW (electric) and the design 
will be based on the binary cycle, using an 
organic secondary working fluid. Construc­
tion should be complete by mid-1980. 

The first phase of this project is now com­
plete, including preliminary design and op­
timization studies conducted by Holt/ Procon 
(RP580-1 ) . Phase II, detail design and envi­
ronmental report (RP580-2). will becofunded 
by EPRI and a group of utilities headed 
by San Diego Gas & Electric Co. and in­
cluding the Los Angeles Department of 

Water & Power, Imperial Irrigation District. 
and Southern California Edison Co. Other 
contributors are Portland General Electric 
Co. and Nevada Power Co. ERDA funding 
for construction is considered essential. 

Compatibility between the reservoir and 
power plant control systems was the subject 

of one of the later studies during Phase I .  
Geothermal reservoirs have an inherently 
slow response time and are best suited to 
baseload operation. If several wells are sup­
plying geothermal fluid to a single power 
plant, it may be impractical to regulate the 
flow more than ± 1 5%, with a response time 
of seconds to minutes. This is too little and 
too slow to compensate for turbine over­
speed if load were dropped, so other control 

schemes, such as turbine bypass and pri­
mary fluid bypass. appear likely. If the reser­
voir flow were to be regulated over a wider 
range, the response time would likely be 
minutes to hours for reduction in flow and 

hours to days for increases in flow (wells can 

be shut off much more quickly than they can 
be activated). Other optimization studies of 
Phase I included secondary working fluid 
mixtures, effects of reservoir temperature 
decline, and sensitivity of cost to critical 
operating parameters. 

Heat exchange and scaling rate 

Because Heber is a low-salinity, moderate­
temperature hydrothermal plant using a sec­
ondary working fluid (binary) cycle, it re­
quires service criteria for the design of brine­
hydrocarbon heat exchangers. Specifically, 
brineside fouling factor data will control the 
design allowances made for deterioration 
of heat transfer performance. Scaling phe­
nomena are complex and prediction meth­
ods do not exist, so specific measurements 
were made during a 2000-h heat exchanger 
test (RP846-1 )  conducted by The Ben Holt 
Co. Objectives of the tests were threefold: 
confirm the 500-h test data of 197 4 and ex­
tend them to 2000-h data to reduce the 
range of extrapolation required to predict 
heat exchanger service performance; de­

velop materials selection criteria for brine 

heat exchanger service; and provide data to 
benchmark computer-based methods for 
scaling-rate prediction. 

Drawing from the 197 4 test results of San 
Diego Gas & Electric Co., mild carbon steel 
and titanium materials were evaluated for 
brine bulk velocities of 1 .5 m/s(S ft/s) on the 
tube side of a shell-and-annulus arrange­
ment. Demineralized water, passing through 
the annulus side, simulated the hydrocarbon 
working fluid. 

The specific design of the heat exchanger 
and the short time for conducting the scaling 
tests forced the simultaneous testing of both 
steel and titanium tubes. As the testing of 
both types in the same exchanger module 
would have led to a difficult if not impossible 
data reduction problem, steel tubes were 
tested in two of the modules and titanium 
tubes in the other two. 

The first 500 hours of data confirm the 
data reported in 197 4 by San Diego Gas & 
Electric Co. (RP376). The scale in the steel 
tubes is harder than that in the titanium 
tubes. It is layered and platelike, consisting 
of regions of thin and regions of thick de­
posits. It separates in layers and the upper 
layers may break away. The scale on the 
titanium tubes, however, appears to be much 
softer and more powdery in consistency. 
Computer methods employing standard 
spectra were used to analyze the X-ray 
spectrum and obtain quantitative estimates 
of scale composition. Results indicate (Table 
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Table 1 

COMPOSITION OF HEBER H EAT EX CHANGER SCALE 

(values in a l%) 

Tube material T i  T1 
Temperature 56"C 84 " C 

(1 32 ° F) ( 1 83 ° F) 

Element 
s 42.7� 49.2° 

Sb 33.o • 31 .5° 

Fe 0.7 2 .4 
S i  1 9 .5 1 0 . 1 

As 2. 1 3 .6 
Zn 0 .4 0.8 
Pb 0.2 2 .4 
Sn 0.2 Trace 
Th 1 .2 Trace 
Ca 

Total 1 00 .0 1 00 .0 

• Probably in the lorm Sb,S,. 

1 )  t hat i ron and s i l ica are important on the 
steel tubes, but that sulfu r  is also very im­
portant, with z inc  and antimony present in 
smaller concentrat ions . On the t i tan ium 
tubes, su l fur and ant imony are the major 
constituents , with sil icon present in sig nif­
icant quant ities as well. 

With respect to corrosion, the mi ld carbon 
steel appears to corrode at the rate of 0 .5% 
by weig ht per year . Howeve r ,  the i ron is 
equal ly dispersed th roug hout the scale , 
suggesti ng e i ther that the i ron corrosion 
product migrates away from the surface or 
that i ron is attracted from the br i ne .  I n  e i ther 
case, neither the exposed mi ld carbon steel 
nor the unexposed control mi ld ca rbon steel 
exhibits pitti ng corrosion . He nce , it appears 
that mild carbon steel cannot be eli minated 
on the basis of corrosion . 

Hydrocarbon tu rbine studies 

The Heber plant b inary cycle will util ize a 
tu rbine generator set t hat will develop 65 
MW (electr ic) gross output . Because such 
large single hyd roca rbon turbines have not 
previously been bui lt , preliminary design 
studies for two competing tu rbi ne types have 
been funded :  RP928-1 , w i th  E l l iott Co. ,  con­
cerns the axia l f low tu rbine concept , and 
RP928-3 , with Rotoflow Corp. ,  focuses on 
the radial f low tu rb ine concept. 

Object ives of the tu rbi ne studies are th ree­
fold. 

Steel Stee l  Stee l 

66 " C 1 1 6 " C 1 73 ° C 
( 1 50° F) (240 ° F) (343 " F) 

47 . 1 34 .0 2 1 0 
7 . 7  4 .0 7 .4 

1 9 .5 29.4 46.5 
23.4 1 1 .2 5 . 6  

0 . 7  1 .9 9 .3 
1 .0 1 0 .0 5 .4 
0 . 2  Trace 0 . 1  

Trace 0 .2 Trace 
Trace 0.2 Trace 

9.3 4 .8 

99.6 1 00 .2 1 00 . 1  

a Focus on  pre liminary design of  a t urbine 
appropriate for t he Heber p lant (specific 
hydrocarbon worki ng f l u ids and specif ic 
tu rbi ne inlet a nd exhaust conditions) 

o I nvestigate the su itabil ity of that tu rbine 
design over a range of turbine requi rements 
represented by di fferent geothermal brine 
types 

o I nvest igate the sensi t iv ity of the design to 
possible environme ntal  conditions (t hrough 
changes in condense r  condit i ons prompted 
by changes in ei ther wet-bulb or d ry-bu l b  
tempe ratu res), including g rad ual thermal 
and flu ids prod uction decl ine of a geother­
mal f ield 

The axial f low tu rbi ne design is a 3600-
rpm , double-entry ,  t h ree-stage mach ine em­
ploying a last-stage rotor diameter of 7 1 1 . 2  
mm ( 2 8  in) a n d  last-row blade height of 
202 .8  mm (8 in ) .  The i nlet gas f lange of 762 
mm diameter (30 i n )  mai nta ins gas velocity 
be low 30.5 m / s ( 1 00 f t / s) . It will prod uce 
about 65 MW (electr ic) gross at 84% overal l 
effic iency, with a generator power  factor and 
effic iency of 90% and 98% , respect ively . 
The work ing f luid is a mi xture of 80 mol % 
isobutane and 20 mol % isopentane with 
th rott le valve exi t  condit ions of 1 40 ° C and 
3 1 00 x 1 03 Pa (283 ° F , 450 psia), and ex­
haust f lange conditions of 70 ° C and 496 
X 1 03 Pa ( 1 57 ° F, 72 psia) . 

The radia l f low machine w i l l  probably be a 
t hree-wheel machine housed i n two casi ngs, 
one double-e ntry cas i ng a nd one s ingle­
entry .  Adj usta ble nozzles wi ll mai ntain ma­
chine performance with variat ion of working 
fluid flow rate at desig n throttle condit ions of 
pressu re and temperature. The same work­
ing f luid mixtu res wi l l  be assumed with the 
same throttle valve and exhaust condit ions 
as used for the axial flow machine. 

Contro l  systems wi ll req uire some extrap­
o lation for s ize scale-u p. For bot h turbine 
concepts, the response times requi red of 
the control systems wi l l  have to be consider­
ably taster than requi red for steam turbi nes . 
The higher molecular weight of the working 
f lu id ,  cou pled with the smaller rotor-b lade 
masses ,  requires t r ip va lve act uat ion times 
of 0 . 1  -0. 3 s . 

Other specif ic study resu l t s  i nclude est i­
mates of t u rb i ne generato r costs and de l iv ­
e ry t i mes and of  O&M costs .  Assessments of 
relia bil i ty , mainta i nabi lity . and main tenance 
schedules are bei ng made, along with pro­
cedures for sta rtup loading, including load­
ing rate. These data wil l be i mportant for 
the design of working f l u id loops that ta ke 
appropriate account of operat ions problems. 

Brine chemistry 
and heat-mass transfer 

A signi f ica nt port ion of geothermal resou rces 
in the U .S.  (other than the steam field at 
The Geysers) are l iquid-dominated. Each 
system contains water that has been in 
contact and in chemical equi l ibrium with a 
unique set of rocks. Thus, the f lu id of eac h 
geothermal system will exh ibi t  un ique 
chemical properties. 

A capabil i ty is needed tor evaluating the 
chang ing chemist ry a nd solu bility of geo­
thermal f lu ids as a fu nction of t i me as t hey 
pass th rough the power plant .  This problem 
is even more complex because much of 
the basic informat ion must be developed 
th roug h analytic techniques, laboratory 
tests, and f ield measurements .  Batte l le , 
Pacific Northwest Laboratories, has j ust 
completed a 1 5-month effort to develop 
basic predict ive tec hniques (R P653) .  Pre­
liminary results indicate that most prior ana l ­
yses o f  geothermal brines are  suspect and  
many a re  deficient .  A compute r program 
using chemical equi l ibrium information fo r 
1 31 mi neral species has been developed , 
permit t ing ca lculat ion of the equ ilibrium 
chemical concent rat ions in geothe rmal 
brines as a function of temperatu re a nd pH . 
Scal i ng  ki netics experi ments of calc ium car­
bonate a nd s i l ica-r ich br ines have yielded 
results that agree with those calcu lated by 
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Figure 4 I n this heat-mass transfer model , the effects of scal ing on geothermal power p lant 
operation can be calcu lated and eval uated, providing insight into operating and maintenance 
strategies and their  associated costs. 

Inputs: Compute Compute deg ree 
of mineral 
precipi tat ion . 
corrosion , and 

Geothermal  f lu id thermodynamic 
condi t ions condit ions al 
Power plant each state 
des ign 
parameters 
State poin ts 
to be ca lculated l 

point .. scal ing rate 
at  each point 

Input plant 
operationa l 
changes 

Ident i fy  
problem 

• 
Yes 

Is 

Compute ef fect 
of corrosion 
and scal ing 

and stop 
No + plant on plant 

performance operab le? at t ime t 

the compute r program and field tests. 
Figu re 4 is a s implified schemat ic of the 

computer model bei ng developed . The user 
of the program can select or specify plant 
conf igu ration, operating parameters, and 
geothermal br ine chemistry and physical 
properties that best fit the pa rticu lar  case to 
be analyzed . The f i rst step in the model is to 
develop the p lant conf igu rat ion. The model 
then ca lculates the basic thermodynamic 
and operat ional characteristics of up to 1 40 
state points at various locat ions in the fluid 
flow path.  Changing thermodynamic condi­
t ions determine the number of state points . 

At each successive thermodynamic state 
point, the model refe rs to the equili br ium 
chemistry model to calcu late the change in 
equ i librium conce ntrat ion of the various 
chemical species once flow has started . 
Supersaturation becomes the dr iv i ng force 
for precipitation of some chemical species.  
The scali ng rate is a fu nction of supersatu r­
at ion and allows the calculat ion of scale de­
posited at each state point dur i ng eac h time 
i n terval . The compute r program simulates 
p lant ope rat ion for a specified t ime inte rval 
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or until some problem is f lagged . 
Knowledge of the equi l i brium chemistry 

and of the k inet ics of scaling from geother­
mal brine so l ut ions is the most i mportant 
in put in calculat i ng the t ime-dependent 
heat and mass transfer of geothermal power 
p lants . Battelle bui l t on the avai la ble data 
base and made several significant c hanges 
so that the equi l ibriu m  concentrat ions of 
minera l species can be calculated over the 
expected range of pH , temperature, and 
redox potential. These i mproveme nts al low 
determination of the species and amou nt of 
mate r ial that can precipitate from br ine sol­
ut ions. 

At the sta rt of RP653 litt le publ ished i nfor­
mat ion existed on the kinetics of scaling of 
geothe rmal br ines. The refore, an experi­
mental scal i ng  kinetics fac i li ty was bu i lt i n  
whic h t o  model t h e  components that exist 
whe re key thermodynamic and hyd rody­
namic changes occu r  in a power plant (e .g . ,  
binary heat exchangers, f lash sepa rators, 
condensers, pip i ng, and so on). I n i t ial exper­
iments were di rected toward scaling kinetics 
of s ilica and calc ium carbonate so l ut ions , 

the most common scales from geothermal 
brines. Resu l ts of chemical analysis of the 
scales and br ine have shown s ignificant 
agreement with the eq uil i bri um chemistry 
model ca lculat ions. Table 2 compa res re­
sul ts for a ca lc ium ca rbonate-sodium chlo­
ride brine solution that flashes to steam pl us 
brine at 1 69 ° C (336 ° F) . The kinetic part of 
the expe rime nts shows that calci te prec i pi­
tates immediate ly upon loss of CO2 pressure 
but that the sca ling on pla nt components 
proceeds at a much slowe r rate. The latter 
results are i ncomplete. 

Another important part of RP653 is com­
parison of the experimental results and 
equ i libr i um chemica l model predict ions 
with scal i ng and corrosion observed to occur  
on power plant components at geothe rmal 
f ields. Ag reement is necessary in order 
to have confidence in the model results. 
Table 2 f igures are from a s implif ied c hemical 
model of the East Mesa geothermal br ine. 
Resu lts of the model calculat ion agree fa i r ly 
wel l  wi th the experimenta l dete rminations. 
A much more important cor relation - from 
a more complicated real chemical system ­
was obtained from prelimi nary analysis of 
the scale formed du ring the 2000-h heat 
exc hanger test at Heber . 

Table 3 lists the anal ys is of the scale 
formed on the mi ld steel heat exchanger 
tubes at 1 1 6 ° C (240 ° F) and the predicted 
scale phases. The compa rative data show 
good qualitative ag reement .  In this case 
the geothermal wel l was self-flowi ng . The 
brine flashed to a few perce nt steam in the 
well ,  and its actual condit ion in the heat 
exchanger was very near the saturation 
curve. In the liquid phase, the predicted 
scale is quartz (Si02) and pyrite (FeS2) ;  
i f  part ial ly flashed ,  the pred icted scale i s  
calc ite (CaC03) ,  quartz (Si02) ,  and min­
nesot ite ( Fe3Si 40 1 0(0H)i) . The obse rved 
scale is ric h in iron, s i l ica , su l fu r , and ca l ­
c ium (this ag rees with the prediction) as 
well as in ant imony and zinc .  Antimony is not 
yet in the computer data base but is expected 
to have a chemica l reaction s imi lar to that 
of i ron ; the h igh z i nc concentration is not 
yet expla i ned . 

The agreement between f ield observations 
and calcu lations gives conf idence that the 
genera l approach wi ll produce useful results 
for uti l it ies wishing to evaluate heat and mass 
transfer in geothermal br ine systems. Sig­
n i f icant addit ional work is req uired , espe­
cial ly in the kinetics of scale i nformation . 
Program Manager: Vase/ Roberts 



FOSSI L FUEL AND ADVANCED SYSTEMS DIV ISION R&D  STATUS REPORT 

Table 2 

S I M PLIF I E D  EAST MESA GEOTHER MAL BRINE C H E M ISTRY MOD E L  
(0 . 1  M NaCl solution (5845 mg/I))  

I n i t ial condit ions 
Temperatu re  
Tota l pressure (Pa) 
pH 
Tota l Ca++(M) 
Tota l CO2 (M) 

Conditions at e levated temperature 
Temperature 
Total pressure (Pa) 
pH 
Total Ca++ (M) 
Tota l CO 2 (M) 
% Ca precipita ted 

Condit ions after CO2 pressure re lease 
Temperature 
Tota l pressu re (Pa) 
pH 
Tota l Ca+ +  (M) 
Total CO2 (M) 
% Ca prec ipitated 

'pH cannot be measured at eleva led temperalu re .  

Chemical Model 
Predicted Value 

2s · c 
4 . 1 3  X 1 05 

4.5 
1 .4986 X 1 0-3 
0 . 1 6  

1 59 • c 
1 5 . 47 X 1 0 5 

5.2 at 1 69 °C 
1 .4988 X 1 0 -3 
0 .0 7385 
None 

1 63 ° C 
6 .5 1  X 1 0 5 

7 . 6 at 1 63° C 
4 .892 X 1 0-• 
4 .892 X 1 0-• 
33% 

Experimental  
Value 

20 ° c 
4. 1 4 X 1 05 

5.2 
1 .97 X 1 0-3 
0 .05 

1 59• c 
22 . 6 1  X 1 05 

5.3 at 20 ° c 0 

2 .47 X 1 0-3 

0 .062 
None 

1 62 ° c 
5 .93 X 1 05 

6. 1 4  at 20 ° c • 
1 .1 x 1 0-3 
6 .04 X 1 0-3 
69% 

Table 3 
COMPARATIVE ANALYS IS OF HEBER HEAT EXC HAN G E R  SCALE 

(m i l d  steel lubes a t  1 1 6'C) 

Observation 
Element 

s 
Sb 
Fe 
Si 

As 
Zn 
Sn 
Th 
Ca 

% 

34 .0 
4 .0 

29 .4 
1 1 .2 

1 .9 
1 0 .0 

0 .2 
0 .2 
9 .3 

Without Flashing 

'Based on the equ ilibrium chemistry code. 

Calculation* 
Partial Flashing 

(to 1 72 x 1 03 Pa absolute) 

CaC03 

Si0 2 

Fe,Si,0, 0(0H)2 
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ADVANCED ACOUSTIC 
TESTING TECHNIQUES 

During the past few years there has been an 
accelerated growth in the scope of pre­
service and in-service inspection of nu­
clear reactor systems and in the require­
ments governing inspection. The increased 
interest of the utility industry and the in­
creased requirements of regulatory bodies 
have resulted in greatly expanded research 
efforts in nondestructive testing. These 
expanded efforts in the field of ultrasonic 
flaw-imaging techniques are expected to 
enhance the ability to find, size. and classify 
flaws in both pressure vessels and austenitic 
stainless steel piping. 

Limited field applications are starting this 
year. The basis for more widespread appli­
cation and for use in code cases in the 1978-
1 979 period is being developed. 

EPRI has made two significant advances 
in the art of ultrasonic inspection of the nu­
clear pressure boundary. When reduced to 
field practice. these research efforts promise 
to bring about substantial improvements in 
the finding and sizing of flaws in thick-clad 
steel vessels and stainless steel piping. 

Ultrasonic holography 

Specific criteria have been developed in frac­
ture mechanics for establishing the severity 
of flaws in pressure vessel structures. The 
1 974 addenda to Section XI of the ASME 
Boiler and Pressure Vessel Code describe 
the procedures to be followed in this type of 
analysis ( 1 ). The sizing criteria for flaws 
located in various areas of the heavy section 
member are treated differently. The "a" and 
"I" dimensions (major axis and minor axis, 
respectively, of an ellipse circling the flaw) 
take on special significance. 

Present ultrasonic procedures, as estab­
lished by ASME Section XI, are sometimes 
ambiguous in the information they provide 
about the dimensions and the type of flaw, 
both of which are important tor evaluating 
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flaw severity. Acoustic holography (2, 3) 

shows great promise for providing this infor­
mation accurately. 

The objective of the current project, be­
ing performed by Babcock & Wilcox Co. 
(RP 605), is to determine the ability of ultra­
sonic holography to characterize defects 
accurately, that is, to describe size, shape, 
orientation, location. and type of defects in 
thick-section materials. To evaluate the 
capability of holography, it is necessary to 
correlate its results with those from conven­
tional nondestructive testing (NOT) and with 
those from destructive examination. 

In previous projects it was shown that the 
use of conventional test blocks with side­
drilled or flat-bottomed holes is not adequate 
to demonstrate the advantages of hologra­
phy over conventional techniques. Generat­
ing images of natural flaws in production-lot 
components and comparing these images 
with the interpretation of conventional NOT 
results is a requirement for defining the bene­
fits of holography. Therefore, naturally oc­
curring defects in production vessels that 
have been Judged repairable and weld de­
fects occurring in special experimental ves­
sels will be holographically imaged. In some 
cases, the imaging will be conducted from a 
clad surface. In addition to the naturally oc­
curring defects. defects intentionally pro­
duced in the welds of the nonproduction 
vessels will be imaged. 

Because many of the components on 
which acoustic holography is to be per­
formed present curved surfaces, the effect 
of surface curvature on image quality will be 
investigated. To ensure that the full capabili­
ties of acoustic holography are exploited, the 
holographic system will be modified to secure 
optimal performance during data acquisition 
on production components. This is of par­
ticular importance when adapting the com­
mercially available holographic system to the 
examination of components with complex 
surface curvature. 

Four naturally occurring defects have 
been imaged in production welds. In all 
cases, these defects were later destructively 
analyzed during removal by arc air methods. 
The defects were photographed and mea­
sured as they were exposed during removal. 
Ultrasonic examinations that met the require­
ments of ASME Section XI were performed 
on one of these defects. On the other three 
defects, ultrasonic examinations were per­
formed that did not conform to the require­
ments of Section XI. A number of additional 
detects in production vessels will probably 
be imaged. Independent in -service inspec­
tion teams may conduct Section XI ultra­
sonic examination on some of these weld 
defects prior to either acoustic holographic 
imaging or destructive analysis. 

During the past few months, two heavy­
section steel technology thermal shock ves­
sels ( 4) were examined in detail by acoustic 
holography. In both vessels, cracks were 
initiated and propagated by thermal shock. 
Acoustic holographic images were made be­
forP.h;:ind for r.omparison with images ob­
tained after propagation of the crack by 
thermal shock. Figures 1 a and 1 b are holo­
grams of an isolated area oJ one crack before 
thermal shock and of the extended crack 
after thermal shock. An artist's reconstruc­
tion of what was found during destructive 
examination of the vessel is shown in Figure 
1 c. The results shown were derived from 
holographic information and clearly identify 
the amount of crack propagation during 
thermal shock. Figure 1 c is not a scale draw­
ing. The vessel is 1 m (3 ft) long with a wall 
thickness of 1 5  cm (5. 75 in). Using acous­
tic holography, the crack depth from the 
inner surface of the wall was measured every 
10 cm (4 in) along the length. Correspond­
ing data during destructive examination are 
shown in Figure 1 d. The excellent compari­
son between the destructive examination 
and the holographic imaging can be seen. 
However. additional core samples taken 



F igure 1 Examination of a crack front by acoustic holography.  Figure 1 a shows hologram 
before thermal shock; 1 b, hologram after thermal shock; 1 c ,  artist 's reconstruct ion of the crack 
front obta ined from holographic imaging; 1 d , the crack as seen after destruct ive examination of 
the vessel, permitting comparison with the holograms. 

a 

b 

C 

d 

after the nondestruct ive examinat ion com­
plicate t he visual comparison . 

The holog raph ic data obtained from the 
second thermal shock test are n ow under­
going analysis .  Althoug h i ncomplete at th is  
l i me ,  the analysis indicates that crack propa­
gat ion dur i ng thermal s hock was about the 
same as on the f irst vessel test . 

Because acoustic holog raphic i maging 
sti l l depends on the reflect ion of ult rasonic 
energy from the defect , i t  may not be poss i­
ble to image extremely tight cracks with high 
accu racy. On the f irst thermal shock vessel ,  

acoustic ho lography indicated a maximum 
crack propagat ion of 4 cm (1 .55 in) .  Destruc­
t ive examination indicated a maximum 
growth of 4 .3 cm (1 . 7 in). Acoust ic hologra­
phy, howeve r , did indicate posit ions where 
maximum and min imum crack propagation 
occurred. More work to quality th is effect is 
needed . 

Real-time f law-imag ing device 
The appl ication of acoustic ho lography to the 
examinat ion of pressure vessels is relatively 
new . Because of the nature of commercial 

equ ipment , these examinat ions are s low and 
not adequate for volumet r ic i nspect ion of 
pressure vessel welds. EPRI has therefore 
in i t iated research with Battelle , Paci f ic 
Northwest Laboratories and Holosonics, Inc . 
( RP606) to develop a new type of ultrasonic 
imaging system (5). The researc h is de­
signed to combi ne the advantages of pulse­
echo inspect ion with those of holographic 
inspection to provide a near real t ime ultra­
sonic image of ref lectors (flaws) in the weld 
zone of the reactor pressu re vessel. 

The system is bui l t  around the use of a 
l inea r ul trasonic array for use i n both the 
pulse-echo and holographic modes. The sys­
tem consists of a host computer that controls 
all funct ions in the system ,  a mechan ical 
scan ning br idge t hat mani pu lates the ult ra­
sonic array, and a pulse-echo f law detector 
t hat can  provide A-scan  information and ca n 
project an isometric image of the weld vol­
ume being  sca nned. The isomet ric image is 
a combi ned 8- and C-scan project i on show­
ing the reflectors detected by the pulse-ec ho 
system in their proper perspective with re­
spect to location wit h i n  the vol ume. 

Once a suspect area is located .  the system 
is shif'ted to a holog raphic operat ion a nd a 
hologram or series of holograms is taken for 
detai led analysis of the character of the 
ref lector. The holographic system has two 
monitors - one recording the holographic 
image and another providing a reconstruc­
tion of the hologram for di rect view ing or 
a rchiva l storage. 

The mechanica l  system is designed to pro­
vide x and y mechan ical tra nslation and to 
provide exact coord inate information t hat 
can be used by the computer a nd the remain ­
der of the electronic system to locate the 
a r ray and the sound beam projected from the 
array .  The mechan ica l system is attached to 
a f ixed carr iage located ins ide the reactor 
containment . The array wi ll contact the su r­
face of t he vessel and use a positive pressure 
water-gap techn iq ue for coup l ing the sou nd 
energy. The system is designed to cover 
about 0 .  75 m2 / min ( 4 f't2 / min) .  This wil l pro­
vide a pulse-echo sca nn i ng rate of 0 .3  m / m in  
( 1  ft / mi n) . 

The sound beam projected f rom the array 
is seq uentially pu lsed and the number of ele­
ments and the sequence series is se lected 
by the computer. To obtain a 0 ° sound f ie ld , 
each of the individual elements of the array 
is pulsed simultaneously. To obtain an angle 
beam from the array, the time of pulsing of the 
individual elements i n the array is cha nged 
by a fixed amount, result i ng  in a phasing of 
the energy and caus ing the beam to steer to 
a selected posi t ion . 

The array is moved back and forth across 
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Figure 2 A new type of u l t rasonic imaging system .  Figure 2a shows the movement pattern of the l inear ult rasonic array ; 2b,  the 
array positioning for O°, 45° , and 60° ang le beam inspection . 
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the weld vol ume in an orthogonal patte rn 
( Figure 2a) .  While we are i n terested only i n  
the weld volume , f o r  i nspect ion a t  such 
angles as 60 ° the array must be moved a 
substa ntia l  d istance from the centerline of 
the weld .  The scanning pat1ern may be 
chosen to fol low ac ross the weld or a long 
manual control of the posit ion of the a rray . 

The i nspect ion procedure is complex ( Fig­
ure 2b) . The array is moved along the weld 
and i ndexed across the weld . The mechan i ­
cal position of the array starts at the longest 
sound beam (the 60 ° beam, looking i nto the 
weld) .  In the pulse-echo mode , t he 0 ° , 45 ° . 
and 60 ° angle beam inspect ions are devel­
oped sequential ly . As the array moves ac ross 
the su rface , the 0 ° inspect ion is followed by 
the 45 ° inspection ,  which in turn is fol lowed 
by the 60 ° inspection. As each sweep across 
the array requires on ly a few mi lliseconds , 
the mechanical speed of the array can be 
c hosen to achieve an over lap of the sou nd 
beams from the array . The informat ion f rom 
the 0 ° , 45 ° , and 60 ° inspect i ons is super­
i mposed on the isometric image for viewing 
by the operator . As the array crosses the 
center l ine of the weld, the angle beam in­
spections are reversed for observation of the 
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Figure 3 The pulse-echo information from the u l trasonic array in Figure 2 is displayed 
isometrically. The isometric sketch is shown in 3a; the ul trasonic image, in 3b; the potential 
for th is inspection mode, in 3c and 3d (which show the actual  positions and d imensions of 
holes in a test block and how it is poss i ble to reconstruct the p lan by holography) .  



opposite side of the weld ,  providing full volu­
met r ic examination from a sing le scan across 
the inspected area. The pulse-echo mode is 
designed for high-speed search and locat­
ing. The holographic mode is designed for 
deta i led characterizat ion and recording of 
specif ic in formation in the weld zone. 

The system has been unde r deve lopment 
for about one year, and in i t i a l  results have 
been obtained in both the pu lse-echo and 
holograph ic inspection modes. The pulse­
echo information is designed to be d isplayed 
on an isometr ic display system (F igure 3a) . 
The isometric display provides the operator 
with a volume view of approximate ly  0 . 6  m 
(2 ft) of weld zone. The flaw in formation is 
gated to record only the signals from the weld 
zone. The computer suppl ies the coord inate 
i nformation and the angle beam location of 
the sound f ield so that by combin ing them on 
the display mon i tor a fu l l  view is given of al l  
the inspection modes. 

The image ( F igure 3b) was generated f rom 
a 20 x 20 cm (8 x 8 in)  block of material 
containing side-drilled holes. The front and 
rear surfaces have been gray-scale-sup­
pressed to ensure that subsurface f laws are 
not masked by the surface signal. The system 
records direct ref lect ions seen by the exami­
nat ion and provides a rear-su rface record , 
which gives additional deta i l  to describe t he 
character of the flaw . I n  the instance shown ,  
the locat ion o f  the  side-drilled ho le  is not 
apparent from the di rect image (or the l ine 
sketch) . However ,  the rear-su rface informa­
t ion clear ly shows that the hole has been 
dri l led from the rear of the block ( Figure 3c). 

The hologram (Figure 3d) is of a test object 
with a series of side-d r i l led holes located at 
d ifferent depths and in different posit ions. It 
shows some of the potential for th is inspec­
tion mode. The large white area is the zero­
orde r informat ion and should be disre­
garded. The reconstruction of the side­
dr illed holes shows two of the holes i n 
focus - those projected from the left and 
rear s ides of the block. I t  shows the deeper 
hole out of focus , as should be expected 
f rom the holographic reconstruct ion , but 
more important , i t  shows the end-dr illed ,  
round-bottomed ho le  in I ts correct size 
and location .  

The pulse-echo and holographic results 
are prelim i nary. The system is still at a bread­
board stage but shows promise. We hope to 
be able to make a hologram and provide a 
real-t i me reconst ructed view in 5- 1 0  s per 
hologram. A laboratory demonstrat ion model 
of the complete system wil l be available i n  
late 1 977 . An improved prototype capable 
of f ie ld inspection wil l  be avai lable late in  
1 979 . Program Manager: Kart Stahlkopf 

REACTOR TRANSIENT DATA 
In con1unction with i ts var ious computer 
code development prog rams, EPRI is spon­
soring a number of experimenta l projects 
aimed at obtaining reference q uali ty ( bench­
mark) data from operat ing power reactors 
for use in t he qualificat ion of these compute r  
codes .  I t  is we l l  recognized t hat power reac­
tors are not exper imenta l devices .  Yet no 
experimental facili t ies i n  existence can s imu­
late adequately the response of a 3300-MW 
(thermal) BWR to modest pressure osci lla­
t ions and transients . Such osci l lations and 
t ransients , although not routi ne or frequent , 
are expected to occur a number of times dur­
ing the operating life of a plant and have been 
shown to const i tute no safety haza rd . To 
accumulate f urther proof of th is , measure­
ments can be made that w i ll qua l ify calcu la­
t ion methods. Such measu rements must not 
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only be planned with care but must also be 
carried out with close review by the NRG . 

A current project that involves measu re­
ments at the Peach Bottom-2 BWR of 
Philadel phia Electric Co. is an example 
(RP 1 020). Th is project .  jo int ly sponsored 
by EPRI and t he General Electr ic Co. , has 
these objectives: 

a Measu re the t ransient response of the 
BWR core power and other important reactor 
process signals du ring a rapid pressu rizat ion 
transient result ing from a sudden reject ion 
of tu rbine load at less than ful l  power operat­
ing condi t ions (test point TT1 -TT3 in F ig­
ure 4) 

a Measure the BWR core response charac­
ter istics by testing with small pressure step 
changes to evaluate stab i l i ty at high power­
f low ratios at less than fu ll power operating 
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Figure 4 The power map for Peach Bottom-2 (the chart of core thermal power versus core 
coolant flow) . The rod-block power-f l ow line ( In color) represents the poi nts for any combina­
t ion of coolant f low and core power at which any further withdrawal of control  rods (to Increase 
power) is automatical ly b locked. The 20% pump speed l ine shows power-flow conditions when 
the recirculation pumps are runn ing at 20% of rated speed. 
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conditions (test points PT1-PT4 in Figure 4) 

Although the planning for this project was 
begun in the fall of 1976, a great deal of pre­
paratory work was required. Special instru­
mentation and cabling were installed at the 
reactor site. Data acquisition equipment and 
data reduction programs were installed and 
checked. The temporary changes in the 
reactor technical specifications needed to 
permit stability testing above the rod-block 
power-flow line (Figure 4) were prepared, 
checked, and approved. Pretest predictions 
of the transient decay ratio and neutron flux 
spikes expected during the pressurization 
transient were performed and analyzed. As 
a result of close coordination between the 
NRC, Philadelphia Electric, General Electric, 
and EPRI, all was ready as Peach Bottom-2 
neared the end of its second fuel cycle in 
April. 

The test program was executed without 
major difficulty. Three pressurization tran­
sients were performed from power levels 
ranging from 50% to 70% of rated power. 
The coupling from pressure rise to neutron 
flux was measured by allowing the reactor to 
be scrammed by the high-flux signal instead 
of the normal anticipatory scram signal on 
closure of the turbine stop valves. Care was 
taken to ensure that fuel preconditioning 
envelopes were not violated. Four stability 
tests were conducted by making small 
changes in the pressure-regulator set point 
at points along the 20% recirculation-pump 
speed line (Figure 4 ). More than 1 00 process 
signals were sampled every 6 ms, digitized, 
and recorded on magnetic tape in each test. 

Data reduction and analysis will take place 
this summer. Work will begin on the develop­
ment of RETRAN and MEKIN models of the 
Peach Bottom nuclear steam supply system 
so that predictions may be made with these 
computer codes for comparison with the ex­
perimental data. Project Manager: Robert 
N. Whitesel 

REACTOR POWER 
DISTRIBUTION DATA 

Another EPRI experimental project to gather 
reference quality data from operating power 
reactors for computer code qualification is 
now nearing completion (RP1 30). General 
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Electric Co. is using gamma-scanning tech­
niques during a refueling outage to measure 
the distribution of reactor power that existed 
just before reactor shutdown. 

The measurements should provide power 
distribution information from most or all of 
the fuel bundles in a large sector of the reac­
tor core, usually an octant. When these data 
are combined with measurements from a 
number of symmetrically located fuel assem­
blies, important information on reactor core 
performance can be derived. Moreover, 
such power distribution information presents 
a challenge to the capab1l1ty of fuel manage­
ment calculation systems. EPRl's principal 
goal in gathering these data has been to pro­
vide tests for the ARMP computer code 
package. 

Three gamma-scan campaigns have been 
completed. A report has been published on 
the first of these (6); the other two are cur­
rently in the data reduction stage. 

In January 1976, gamma-scan measure­
ments were performed after cycle 2 at the 
Quad Cities-1 BWA of Commonwealth Edi­
son Co. Measurements of the axial power 
shape were made on 71 uranium dioxide fuel 
bundles in an octant of the core, as well as 
on the 5 mixed uranium-plutonium dioxide 
assemblies (AP497, Quad Cities-1 nuclear 
and fuel performance measurements with 
plutonium recycle bundles). 

In addition, 5 assemblies (2 mixed oxide 
and 3 uranium dioxide) were disassembled 
and scanned rod by rod to measure local 
power variation within the bundles. A report 
on the Quad Cities gamma scans (NP-214) 
was published late in 1976 ( 6). One of the 
reports from RP497 ( 7) contains design and 
operating data from the first two cycles of 
operation of Quad Cities-1 .  Using this infor­
mation, a project with Nuclear Associates 
International, Inc. recently started testing the 
ability of the ARMP codes to predict the 
measured power distributions (RP973). The 
second of the scans was completed after 
cycle 1 at the Zion-2 PWA. which is owned 
and operated by Commonwealth Edison Co. 
Again, the bundles in an octant of the core 
were scanned for axial power distribution. 
No local power variation measurements were 
possible as the PWR bundles cannot be 
readily disassembled. The experimental data 

have now been reduced. Efforts are also 
under way to document sufficient design and 
operating data for Zion-2 so that ARMP cal­
culations can be performed for comparison 
with Zion-2 gamma scans. 

The third and final measurement cam­
paign was completed after cycle 1 at the 
Hatch-1 BWA, owned and operated by Geor­
gia Power Co. The measurements were con­
ducted in a manner similar to that used at 
Quad Cities-1 . The principal achievement of 
the Hatch scans was to obtain power distri­
bution data from a reactor with a fixed and 
substantial control-rod inventory at the end 
of the cycle. (As Quad Cities-1 approached 
the end of cycle 2, it was operated in an all­
rods-out configuration.) A total of 106 as­
semblies were axially scanned; 4 bundles 
were disassembled for rod-by-rod measure­
ments. Data reduction is now in progress. 
Project Manager: Robert N. Whitesel 
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Evaluating the 
Performance of 
In-Service 
Inspectors 
by Eugene R. Rein han 

An EPR I  study evaluating cu rrent 

practice fo r in-service inspection of 

reacto r pip ing a nd p ipe welds 

shows the way to even better 

techn iques fo r detection of 

potential f laws . 

a An  EPR I  techn ical art icle 

Begin ning in late 1 974 ,  intergranu lar c racks 
were detected in the sta inless steel recircu­
lat ion bypass pip ing and core spray piping of 
several operat ing BWR nuclear plants ( 7 ) .  
The detect ion methods included leakage 
monitoring systems and a combinat ion of 
such in-service nondestruct ive evaluat ion 
(NOE) techniques as visual i nspect ion (VI) ,  
ult rasonic testing (UT) . dye pe net rant test­
ing (DPT). and radiographic testing (RT) 
(2). Metallurgical examination and labora­
tory tests of c racked pipes removed from 
these plants indicated that the c racking was 
caused by an i nterg ranula r stress corrosion 
mechanism . Such a mechanism resu lts f rom 
a complex interact ion among st ress ( includ­
i ng fabr icat ion and duty-related st ress) , 
sensitization , a nd a n  oxygenated h igh-pur ity 
aqueous environme nt (3, 4) . 

Metallu rgical examinations have shown 
that nearly all such cracks are found in the 
heat-affected zone on t he Inside su rface of 
the pipe , adjacent to a weld and usually pa r­
a l lel to the weld plane .  I n some cases, n ear 
the locat ion at which stress corrosion cracks 
can  occur .  the inside su rface of the pipe 
shows s ignificant cha nges in sect ion as a re­
su l t  of fabr icat ion procedures {pipe counter­
bore and g r inding marks) and weld irregu­
larit ies (such as drop through and mismatch) 

Eugene R. Reinhan IS a proiec t manager In the  
Systems and Materials Depanment of EPRl 's Nuclea r 
Power Division. 

(2). These geomet r ic changes in section act 
as reflectors for sound waves, causing con­
tusing interferences for ultrasonic inspec­
t ion. 

The geomet ric ref lectors t end to mask the 
u lt rasonic reflections from possible cracks 
to l he extent that mull ip le observat ions and 
careful , time-consuming analysis must be 
used o distingu ish the crack ref lect ions 
from the geometric signals. Also, intergran­
u lar st ress corrosion cracks tend to follow 
the grain boundar ies in the mater ial and 
t herefore present an i r regular, d i ffuse re­
f lection surface for u l trason ic  energy. Com­
pared to an equiva lent-sized pla nar fat igue 
crack on which present techniq ues are 
based , inte rgranular stress corrosion crack­
ing provides a confus ing and low-amplitude 
u l trasonic response relat ive to typical d r i l led 
ho les or machined notches, which a re used 
as cali brat ion reflectors (F ig u re 1 ) .  Also, 
such cracks usual ly show l ittle or no gap 
between the c rack surfaces. Th is condit ion 
also tends to minimize u l t rasonic response 
f rom a flaw due to red uced impedance mis­
match of t he su rfaces: sou nd passes through 
t he su rfaces and does not reflect . These 
character ist ics of st ress corrosion c racks 
further  compound the inspect ion problem 
because they allow less margin for error i n  
cali bration sensit ivi ty , inspect ion procedure , 
and operator i nte rpretat ion of der ived ul tra­
sonic signals . 

Present i n -service inspection pract ice as 
required by the America n Society of Me­
chanical Engineers (ASME) Boiler and P res­
sure Vessel Code , Sect ion X I , uses pulse­
echo ultrasonics lo detect and define the 
nature of flaws in prfmary system piping ( 4 ) . 
This techn iq ue is presently the most appro­
priate vo lumetric inspect ion method avai l ­
able . However , prior work has not i ncluded a 
l u l l  evaluation of i ts detection probabi l i ties 
fo r interg ranu\a r st ress corrosion c racking 
as found i n  BWR pi pi ng . 

To achieve the best possible i nspection , 
i t is necessary to know how efficiently var i ­
ous techniq ues of in-service i nspect ion de­
tect the degree of penetrat ion of i nterg ran u­
lar stress c orrosion cracks. Th rough-wall 
penet rat ion of these f laws du r ing operat ion 
is not rega rded as a c r it ical safety issue . 
si nce the contai nment des ign of the pla nt is 
based on the assumpt ion of large leaks f rom 
pip ing .  However , on several occasions the 
Nuclear Regulatory Commission has man­
dated specia l  i nspect ions . which caused 
outages of f rom one to three weeks. Also. 
it is h ighly desirable, whenever possible , to 
detect and repai r  such cracks before t hey 
leak to avoid the considerable loss in plant 
avai lability when repa ir aod cleanup opera­
t ions requ i re plant shutdown . Quest ions 

raised by the NRC made it evident that the 
present ra nge of u l t rasonic inspect ion prac­
tices shou ld be extensively evaluated to 
define l i mi ta t ions and to pe rmit sharp def in i ­
t ion of areas needing improvement 

To def i ne the abi l i ty of present u l t rasonic 
and radiographic methods to detect stress 
corrosion c racks, EPRl's staff carr ied out a 
project t hat inc luded a round-robin evalua­
t ion ot cracked a nd u ncracked pipe samples 
examined by f ive grou ps that provide i n ­
service in spection services to  the commer­
cial nuclear power industry. In addit ion to 
evaluat ion of the f law detect ion and analys is 
capabil i ty of the techniques used by these 
inspection grou ps, the var iables of code 
inte rpretation, procedures. techn iques ,  
sta nda rds, equi pme nt , a nd 1raining were 
studied . 

The study eval uated code-approved ul tra­
sonic inspect ion techniques. Since the com­
plete In-service i nspect ion process as shown 
in F igure 2 uti l izes other inspect ion tech ­
niques to verify the  results o f  u l trasonic 
inspection, a later phase of the study wi l l 
evaluate the performance of in -service rad i ­
ography a s  a complement t o  ultrasonics. 
F igure 2 also indicates the steps in the i n ­
service inspection process eva luated and 
reported in this phase of the study. 

The practical realism of the study was en­
ha nced by using actual c racked bypass and 
core spray l ines obtained from two BWRs. 
The f lawed pi pe sections we re slightly radio­
act ive and were examined unde r  partial 
simu lation of f ield condit ions requi r ing radi­
ation work procedu res , special clothing ,  a nd 
some l i mi tations i n  accessibility. 

Figure 1 Ul trasonic signal f rom a stress 
corrosion crack can be seen on osci l loscope 
screen, together with several high-ampl i tude 
spurious signals. 
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Figu re 2 Logic d iagram of the steps in the i n-serv ice inspect ion  process. showing the relat ionsh ip  of th e steps studied in EPR I  
TPS 75-609 to  the  rest o f  the process. 
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Plann ing the program 
The EPRI study was desig ned to eval uate 
cu rrent pract ice for in-service u l t raso n ic 
inspection of BWR pi pe welds. Its a im was to 
gai n in s ight into t he factors affecting in­
service inspect ion performance with i n  the 
range of code-approved practices. This 
evaluation a lso helped to determine f law 
detection proba bil i t ies and to establish a 
baseli ne on which to bui ld future work on 
improved techniques. 

To ach ieve a true representation of ind us­
try pract ice . part ic ipants i n  the study were 
selected according to the followi ng crite r ia . 
o They must have had cu rrent experie nce 

in doing in-service i nspect ion fo r the utility 
industry (as a major act ivity of eac h organi­
zat ion) . 
o They must have been currently i nvolved 
in the inspect ion of stainless steel pip ing  in 
BWRs, inc l ud i ng the specia l i n -service i n-
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spection required by NRC in late 1 974 and 
early 1 975 (5, 6) . 

Of eight i nspection grou ps that satisfied 
t hese c r i te ria , five were selected . 

Since th is study was aimed at eval uat ing 
representative i ndustry inspect ion teams, 
certa i n qual i ficat ions were establ ished for 
i ndiv idual membe rs of the th ree-member 
teams. Two membe rs were to be Leve l I I 
inspectors in u l t rasonic examinat ion . as 
defined by the latest ed i t ion of the American 
Society of Nondestruct ive Test ing (ASNT) 
document SNT-TC-1 A, Personnel Qualifica­
tion. These i nspectors must have part ici­
pated in actual in-service i nspect i on of BWR 
piping du r ing the calendar years 1 974 a nd 
1 975. 

The th i rd member was to be a Level I ll 
i nspector in ultrasonic examination. who 
had partic i pated in ac1ual analys is of data 
obtained from t he in -serv ice inspect ion of 
BWR pip i ng. 

To evaluate the variables associated with 
in-service i nspect ion , each group  was re­
quested to conduct a typical i nspection 
us ing its normal procedures ,  techn iques ,  
standards, and eq uipment .  These inspec­
tion procedures represented the existing 
ASME Sect ion XI code requi rements as of 
May 1 , 1 975; they were not to inc l ude any 
cha nges suggested by the 1 975 Appendix 
I l l  add ition to the code ( 7) . 

All i nspect ions were conducted in a rad io­
act iv i ty control area at the Val lecitos Nuc lear 
Center of General Electric Co . .  Pleasa nton ,  
Cal i forn ia .  To simu late f ie ld cond itions, the 
fo llowi ng procedu res were adopted . 
o BWR p ipe samples containing actual 

st ress corrosion defects were selected fo r 
inspect ion. Access was permitted only to 
the outside surface. The samples were ei the r 
closed at both ends or mounted on wooden 
pal lets . A n umber of unf lawed samples were 
also inspected . The ident ity of f lawed and 



unflawed samples was concealed by a · 'dou­
ble blind" procedure. 

o Because the pipe samples, although de­
contaminated, retained some degree of 
residual radioactivity, inspectors were re­
quired to wear full anticontamination cloth­
ing (cloth overalls, cap, shoe covers, and 
gloves). 

o To further simulate field conditions, a time 
limit was placed on the evaluation of each 
set of samples. 

The test samples used in this program 
were sections of pipe containing circum­
ferential welds. Most samples were 1 0-in, 
schedule 80, Type 304 stainless steel seam­
less piping (0.594-in nominal wall thick­
ness). The majority of 10 - in samples were 
cut from the core spray line of the primary 
system of an operational BWR (figures 3, 4, 
and 5). The other samples were 4-in, sched­
ule 80, Type 304 stainless steel seamless 
piping (0.337-in nominal wall thickness). 
The majority of 4-in samples were cut from 
the bypass lines of the primary system of an 
operational BWR (Figure 6). 

Before the study began. each sample was 
examined by pulse-echo ultrasonics, using 
longitudinal wave and shear wave (various 
angles) inspection techniques. The inside 
surface of each sample was also inspected 
using dye penetrant. The approximate 
depths of flaws were determined with an 
electric resistance gage. Wherever pos­
sible, supplemental volumetric NOE was 
performed with radiography (lr

192 
and X 

ray). Limited metallurgical examinations 
were also carried out on material cut from 
a number of samples to confirm the pres­
ence of stress corrosion flaws. To aid in eval­
uating the accuracy of locations of flaws by 
each group, a reference mark was stamped 
on the centerline of each weld. The groups 
were instructed to make all measurements 
from this reference mark when plotting data 
on specially prepared forms. 

After the groups completed the study, the 
samples were descaled, decontaminated, 
and reexamined by dye penetrant, ultrason­
ics. and radiography. Some samples were 
then sectioned and examined using metallo­
graphic techniques. The metallographic 
examination included determination of de­
gree of cold working. sensitization of struc­
ture, intergranular cracking, grain size, 
hardness, and location in or out of the heat­
affected zone. Photomicrographs, photo­
macrographs, and scanning electron micro­
scope photographs were also taken of the 
crack surface. These examinations, per­
formed at Battelle, Columbus Laboratories. 
are summarized in Table 1 .  
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Figure 3 A typical 360° section test sample 
cut from a 10-in core spray line. 

Figure 4 A typical 180° section test sample 
of 10-in core spray line. 

Steps in the study 

To evaluate the many aspects of i n -service 
inspection, the study was divided into three 
phases. In Phase A each inspection group 
was asked to supply its own procedures, 
standards, and inspection equipment. The 
main objective of this phase was to deter­
mine present inspection practice and per­
formance by representative industrial in­
spection groups. In Phase B all pipe samples 
were reinspected, but the groups used iden­
tical procedures, techniques, standards, 
and equipment as determined and supplied 
by EPRI. The objective of this phase was to 
determine inspection team performance on 
a common ground, with the variables of dif­
ferent procedures, equipment, and stan­
dards eliminated. Phase C examined the 
variability in response from various field 

Figure 5 Typical 36° section test samples of 
10-in core spray piping. 

Figure 6 Test samples cut from 4-in recircu­
lation bypass lines. 

calibration standards. 
Each test group took two weeks to com­

plete all phases of the study. Throughout the 
simulated inspections, a test monitor re­
mained at the site to coordinate the inspec­
tions, collect data and field reports. and 
observe the performance of the various 
groups. 

Each test group was given a specified 
number of samples and allowed a definite 
time period in which to evaluate them. The 
samples were then removed and replaced 
by a new set. Between phases A and B. the 
samples were disguised and given new iden­
tifications and the composition of each set 
was changed. The groups were not told that 
they were, in fact, conducting two evalua­
tions of the same set of test samples. Al­
though some recognition of the samples 
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Table 1 

TEST SAMPLE LIST ING AND TESTS PERFORM E D  

Pipe 
Cross-Section Batte/le-Columbus 

Sample Pipe Pipe Preliminary Quadrants Examinations 
Iden ti- Diameter Segment Flaw 
fication (in) (degrees) Description 2 3 

\ 9AL 1 0  1 80 sec, radial , 
through wal l  

1 028A 1 0  36 sec, ci rcular , 
across sample 

1 02 1  1 0  360 sec. ci rcular. 
8 1n long 

1 0K1 7L 1 0  360 sec. circu lar, • 
smal l spots 

1 0288 1 0  36 sec .  at angle ; • 
edge crack 

1 024A 1 0  1 80 sec .  circular ,  
rad ial and angular , 
spotty 

1 0K 1 8  1 0  360 Lack of fusion; 
possible sec 

1 0K 1 7 1 0  360 None 

1 020A 1 0  360 None 

1 0248 1 0  1 80 None 

1 028C 1 0  36 None 

1 0280 1 0  36 

1 0 1 9A 1 0  360 None 

1 9BL 1 0  1 80 None 

B2A 4 360 sec .  small spots 

A9A 4 360 None 

Ouadran l  idenlilied as fl awed by Genera l Eleclnc . 
Quadrant 1den11t 1e<l as gOOd weld by General Elec1,,c. 

VI Visual 1nspect,on . 

• • • 

• 

UT Ull rasonoc 1es11ng 

Mel Me1allography 

X Tests performed 
- T es1 no1 performed 

4 VI DPT RT ERG UT Met Final Eva/uallon 

X X X X Cracked (through wall) 

X X X X Cracked (0.5 in) 

X X X X P ipe materia l defect 
( lap -0.025 in) 

X X X X X X Single porosity 

Cracked' 

X X X X X X Cracked (0.5 in max) 

X X X X X X Lack of fusion 

X X X X Acceptab le we ld 

X X X X Over lap of weld root 

Acceptable we ld* 

X X X Acceptable weld 

Acceptab le we ld' 

X X X Acceptab le weld 

X X X X X Acceptab le weld 

Cracked' 

Acceptable weldl 

OPT Dye pei,elrant testing 
RT Radiograpluc 1est1ng Eva l ua�on Dy Genera l Elecmc only; no1 exammed by Battelle-Columbus 

ERG Eleclnc resislance gauging 

undoubted ly occurred d ur ing the second 
phase of the study, t he subtle differences i n  
data and results obtained b y  the grou ps 
indicate that each sample was actua lly eval­
uated by different procedures. The observa­
t ions of the test monitor confirmed th is 
opin ion .  

At the end o f  each inspect ion day, a l l  data 
were col lected by the test monitor; at the 
end of each phase , a l l  data were transferred 
to a summary data sheet. Between phases, a 
brief d iscussion of the results was conducted 
with each g roup.  Besides provid ing a prelim­
inary eval uat ion of each grou p 's perfor­
mance, these de brief ings gave val uable 
ins ights into the i nspection philosophy pres­
ently used in the nuclear industry. 

Summary of the round-robin tests 
The laboratory and dest ructive examinations 
(Table 1 )  provided a basis for eva luating the 
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I la\'.,' detection and analysis capability of the 
test groups. 

In the five pipes contai ning st ress corro­
sion cracks ( 1 9AL. 1 028A, 1 0288 ,  1 024A,  
and B2A) , t he major ity o f  inspection g roups 
fou nd indications of stress corrosion cracks , 
ident i f ied the pipes as cracked, and located 
t he cracks accu rately . The f ive test g roups 
perfo rmed two inspect ions for each of the 
f ive cracked test specimens, for a tota l of 50 
separate inspect ions. I n  43 of these i nspec­
t ions, the g roups successfully detected 
f laws . Successful detect ion is defined as an 
indication p lot ted in the proper location on 
the pipe with accompanying ultrasonic am­
pl itude data. Of the 43 detections , 28 were 
successfu l ly analyzed as service- induced 
cracks. Successful analysis is defined as 
cal l ing a plotted indication a c rack. Terms 
such as linear indication or defect indication 
were not acceptable in th is analysis . In fie ld 

pract ice , such indications would ca l l for 
additional conf irmatory inspect ions . but they 
are obviously less useful to the utili ty than a 
clear call . 

For the two specimens containing lack-of­
fusion or lap flaws , 1 8 separate inspect ions 
were performed by the f ive g roups (one 
group d id not inspect one of the specimens) . 
In all 1 8  inspections, the f laws appeared 
to have been detected successfu l ly, a l though 
in most cases the differentiation between 
stress corrosion crac k and lack of fus ion 
was not made .  In some cases, a g roup's 
o r ig i nal data were reviewed to determine 
whether the flaw had been detected but not 
reported on the EPRI data form .  In fact , some 
grou ps did apparently detect marginal in ­
dicat ions in these two speci mens but i nter­
preted them as not significant enough to 
report . Of the 1 8  i nspect ions .  1 0 were 
successfully analyzed as lack of fusion or 



a crack (e i ther def in i t ion was acce pted) 
For the nin e nondefect ive pi pe samples, 

two i nspect ions of each were performed by 
the f ive groups for a total ot 90 inspect ions. 
Twenty-th ree of these inspections resulted 
in cal li ng a sample cracked . One pi pe sample 
contai n ing an internal fabr icat ion reflector 
cont r ibuted to seven of the inspection over­
calls. Another sample contain i ng  sharp 
changes in sect ion on the inside s urface 
contributed to four of the miscalls. The re­
mainde r of the miscalls were randomly dis­
t r i buted; they may be att r ibuted to weld tab­
r icatlon anomal ies. As the inspect ion grou ps 
poi nted out ,  many of these misca l l s  might 
have been eliminated by fabrication i nspec­
tion data or by supplemental inspect ion 
techniques. such as radiog raphy. Althoug h 
there were severa l miscal ls of unflawed pi pe 
as f lawed , the correct analys is of c racked 
pipe tends to outweigh  s igni ficant ly the call­
ing of uncracked pipe as defective. The ten­
de ncy to overcal l indicates a conservative 
inspection philosophy t hat could resu l t i n 
excess ive t ime for added I nspect ions or 
unnecessary repai r  of unflawed pi pe dur ing 
a reactor outage. However , this conse rva­
t ive approach would allow fewer f laws with a 
potent ial tor grow ing to a leak co ndit ion to 
remai n in the pip ing system .  The repa i r  of 
a leak i ng f law that causes a forced outage is 
an order of magn itude more cost ly i n plant 
ava i lab i lity than the same repa i r  du r ing a 
normal per iod ot reactor sh utdown . 

Since some of the specimens conta i ned 
seve ral f laws with var ious dept hs and orien­
tat ions, the individua l flaws were ana lyzed to 
determine what effect ilaw size , shape , a nd 
orie ntation had on defect detection and 
ana lys is .  The most signif icant fi nding was 
that the orientat ion of a f law appears to be 
a more s igni f icant controll i ng  factor than 
depth . Flaw shape (hig h  depth-to-su rface­
leng th  rat io) a lso contr i butes to lack of de ­
tect ion . Skewed cracks (those not paral le l  
or perpendicu lar  to t he  weld) were extreme ly  
diff ic ult to detect in the s imulated i nspec­
t ions us i ng the n ormal f ield i nspection pro­
cedures ot scann ing paralle l and pe rpendic­
u lar to the weld. These cracks were detected 
in the laboratory by rotat ing the transducer. 
Ear l i e r  observat ions of f ield-cracked pi pe 
indicate that on ly rare ly do skewed c racks 
occur in which no portion of the c rack sur­
face has an orientation para lle l or perpen ­
dicula r t o  the weld center l ine. 

The overal l resu l ts and relative perfor­
mance of the g roups suggest that a conven­
t iona l  tra nsduce r diameter g reater tha n 
0 .375 in (with convent ional wedge) may 
reduce reliability i n  detecting stress corro­
sion cracks in some 1 0-in pi pe because of 
physica l interference between the front 
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edge of the search u nit and the raised weld 
crown . This observat ion was late r verified 
by a la boratory study . 

Vari ables i nf luenci ng 
rel iabl e inspectio n s  

T h e  pr i ncipal d i fference between these in­
spect ions a nd i nspect ions for o ther  types of 
flaws was the way in which the data were 
analyzed. The procedure that was most suc­
cessful both in correctly iden ti fying flaws 
and in avoiding miscal ls or overcalls involved 
ca ref ul p lot t ing of UT data on c ross-section 
drawings of the weld conf ig u rat ion . The 
locat ion of the sou rce of a suspect s fgnal 
was used to hel p decide its identity (e .g . , 
geometry . stress corrosion crack, lack of 
fusion) . An effective cr i terion was that st ress 
corrosion crac ks usually occur in the heat­
affected zone between t he fusion zone of 
the weld and the inside diameter counte r­
bore . 

The overal l resul ts of th is program i nd icate 
that pulse-echo s hear wave ultrasonics is 
a v iable in -service volu met r ic inspection 
method for the detection ot inte rg ranula r 
st ress corrosion defects in welded 300 se ries 
stai nless steel core spray l ines of BWR reac­
tors . (There we re not enoug h samples of 
bypass l i nes in the program to draw conclu ­
sions.) If the mechanism of lntergranu lar 
stress corrosion cracki ng has started in the 
primary system of a BWR .  and  it the h istorical 
pattern of crack growth is present (cracks 
at var ious depths and orientat ions and in 
more t han one locat ion) . there is a h ig h  prob­
abi l i ty that the presence of th is mechan ism 
wi l l  be detected by a wel l - t rained inspec t ion 
crew usi ng present in-service inspect ion 
met hods. (Under actual f ie ld cond i t ions,  
limitat ions of physical access may some­
t i mes be important.) The detection and anal­
ysis of small intergranular stress corrosion 
f laws at one or more locat ions i n  the total 
pi pi ng system cou ld be missed or i ncor rectly 
analyzed. This possibili ty is h ig her than de­
sirab le. and ear ly detection wh ile crac ks are 
st i l l sparse could pay off in avoiding more 
outages. The technique is n ot sensi t ivity­
l i mited , s ince very small flaws can  be de­
tected; however ,  the fundamental problem 
in using the tec hnique is to correct ly recog­
n ize the detected signa ls as signals from a 
f law rather than from other sources .  

The f i nal  results o f  the i nspect ion process 
still appear to depe nd to a considerable 
deg ree on the decision-making process ot 
the i ndivid ual i nspector , and a ny improve­
ment in this area would have the greatest 
near-term effect on the total i nspect ion 
process. To make flaw detection more com­
pletely objective and independent of opera­
tor ski l l and  exper ience is a h igh ly desirable 

goal for any equ i pment or techniq ue. 
Equi pment ,  tec hniques, codes. and pro­

cedures inf l uence the inspect ion process to 
a lesser deg ree. but considerable short-term 
improvement in one or a ll of these areas 
appea rs possib le, as past development effort 
fo r i nspect ing inte rgranu lar stress corrosion 
c racks appears minimal. Access. wor king 
cond i t ions, and limited Inspect ion time also 
influence the inspect ion process,  but their 
cont r ibut ion is difficult to assess and to cor­
rect on a short-te rm basis . 

The most important d rawback in us ing the 
u l t rasonic lechnique is t he  l ime-consumi ng 
a nalysis requ i red to disti ng uish flaws from 
other signals and the consequent tendency 
to miscall fabr icat ion anomal ies as service­
i nduced cracks. Other li mit ing !actors i n­
c l ude the rather  low signal-to-noise rat io 
where geomet r ic i r regu lar i t ies occur  and 
the conside rable di tt iculty in detecting smal l 
cracks that are skewed relative to the pr in­
cipa l ax is of the pi pe . Data from prev ious 
i nspections and supplementa l inspection 
techniques such as radiog raphy can ass ist 
in the a nalysis and decision-making pro­
cess . and these aids are commonly used. 
Thei r  exact contribution to improveme nt of 
the in spect ion process was not stud ied i n  
t h is phase o f  t h e  prog ram .  

A s  t h e  resul ts o f  th is study (8) suggest 
several pract ical d i rections for seeking im­
proved i nspect ion analysis capability, tu r ­
t her effort Is under way to develop and apply 
such ref inements (RP892). 
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1 977 .  EPR I N P-436. 
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New 
Technical 
Reports 

Each month the JOURNAL publishes summar ies 
of EPRI 's most recent reports. Supporting member 
u t i l r ties rece ive copies of reports in  program areas 
of their designated choice. Supporting member 
uti lities may order add i t ional copies f rom EPR I ,  
Pr in ting and  G raph ics. P .O .  Box 1 04 1 2 , Palo A lto , 
Cal i fornia 94303.  Reports· are publ ic ly ava i lable 
from the National  Technica l In formation Service . 
P .O .  Box 1 553. Springfie ld , Vi rg inia 22 1 5 1 ;  and 
from Research Reports Center ,  P .O .  Box 1 0090 , 
Palo A l to , Ca l ifornia 94303. 

ELECTRICAL SYSTEMS 
Symposium proceedings;  
new concepts in lau l t current 
l imiters and power c i rcui t  breakers 
EL-276-SR Special Report 
Serious mdustry attention is being directed toward 
developing faul t current lim iters and improving 
power c i rcu i t  breaker in terrupters through R&D 
programs at EPRI , ERDA. and other research 
organizations. A symposium ,  held on September 
28, 29. and 30, 1 976. at the State University of 
New York a t  Bufla lo reviewed find ings provided by 
these programs. 

The symposium was equal ly d ivided between 
presentation of papers and open discussions 
among the partic ipat ing researchers, designers . 
appl ication engineers . and util ity operations per­
sonnel. The subject of power circu it breakers wa�. 
covered f rom the fundamental aspects of arc 
physics to design and development of gas. vac­
uum, and combination inter rupters. Both switched­
resistor and tuned fault current l imiters were pre­
sented .  Considerable genera l  d iscussion centered 
around potent ial app l ication and need for fau lt 
current l imiters . Two electric u t i l i ty papers were 
presented on the subject of application . 

Gas- insulated, f lu id ized-bed transformer 
EL-302 Final Report (RP4 77 - 1 ) 
A study of corona and breakdown voltages for 
g lass beads or for  TFE particu la tes f lu id ized by SF 6 

evaluated ef fects of gap distance, pressure . fie ld 
un iformity , f lu id iz ing gas veloci ty , and electrode 
or iental ion . The da ta were compared wi th those 
for pure SF6 without  part iculates under the same 
conditions . A correlation of  Reynolds number ver­
sus N usselt number for f luid ized beds faci l i ta ted an 
estimate of the heat transfer coefficient  of g lass 
beads and of TFE part icu lates . The study inc luded 
a computat ion of the f luid iZing of the experimental 
system . 

I t was concluded that ,  due to decreased electri­
cal properties , use of fluid izing g lass beads would 
be unsatisfactory in  transformers . TFE particu la tes 
showed promise and are worthy of further evalua­
t ion. Allied Chemical Corp. 
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A program to evaluate, develop, 
and test Poroplast lc mater ia ls 
as Improved electrical Insulation 
!or high-power underground cables 
EL-3 1 2 F ina l  Report (RP7842- 1 )  
Th is report presents the results of a project to 
develop Porop lastic film , an u l tramicroporous 
material invented by Molecu lon Research Corp. 
as a low- loss substitute for the cellulose paper 
tapes presently used in the manufacture of high­
pressure o il-fi l led cable. Structura lly ,  Porop last ic 
is a stable f i lm consisting of  a ce l lu lose tr iacetate 
matr ix , which Incorporates a large vo lume of l iq­
uid . Pore diameters in the matr ix measure several 
tens of angstroms and the relative l iquid volume 
can be control led to range f rom as little as 50% to 
as much as 95% . The f i lm 's d imensional stabi l ity 
depends on the presence of the l iquid wi th in the 
matr ix : loss of l iqu id lh rough evaporation or high­
pressure expu ls ion leads to i r revers ible matr ix 
collapse . Moleculon Research Corp. 

A study ol underground 
power cable Installat ion methods 
EL-374 Fina l Report (RP7824) 
The cost ot insta ll ing underground high-vol tage 
transmission cable can be 50% of the tota l c i rcuit 
in-service cost . This study was d irected toward 
underground cable systems in service and those 
types that can be commerc ia l ly avai lable in the 
near fu ture . The report presents a deta i led exam­
ination and range of costs of var ious instal lation 
steps. Research and development are recom­
mended in three general areas of instal lat ion pro­
cedure: route plann ing and des ign, pavemerit and 
soil removal , and pipe instal lation methods. Rec­
ommenations in  route p lanning and des ign area 
include improved computer routing , subsurface 
pre liminary survey ing ,  and thermal ana lysis of 
in situ soi ls. backfi l l  materia l ,  and geometr ic  ar­
rangement of cable c i rcuits in  the trench . In pave­
ment and soi l  removal , improved methods are 
recommended for microwave. plasma torch, and 
water Jet concrete cutting ; gu ided boring systems; 
shrJr ing techniques: and soil remova l systems. 
I nstal lation of pipes yielded recommendations 
for automat ic weld ing techniques, in tegrated 
transmission systems, and standardizat ion of 
accessories and equipment among utilities . 
Arthur D. Little. Inc. 

Superconducting cable system 
EL-402 Final Report (RP7807-2) 
This report out l ines the techn ical and economic 
problems pursued in a 46-month EPRI-ERDA 
program to develop an ac superconduct jng power 
transmission l ine . Unforeseen d ifficu lties were 
encountered with power losses in the supercon­
ductor, eddy current losses, and heat leak . Fau l t 
current test ing was never attempted. Major dielec­
tric problems prevented operalion of the system at 
1 38 kV. 

Ac loss data on smal l samples of e lectroplated 
niob ium and a pre liminary cost estimate indicate 
lhat this type of cable system might be attractive 
for moving large blocks of power if i t  could be 
developed to meet util ity needs. The report pre­
sents a conceptua l  design for the r igid conductor , 
r ig id cryogen ic enc losure . he l ium-spacer insu la ted 
superconduct ing cab le system based on R&D to 
date. Union Carbide Corp. 

Development of extruded 
die lectr ic underground transmission 
cables rated 138 kV, 230 kV, and 345 kV 
El-428 F ina l  Report (RP7829-1 ) 
The objective of this project was the development 
of 1 38- , 230- , and 345-kV cross- l inked polyethyl­
ene (XLPE) insulated cables with insulat ion th ick­
nesses corresponding to those of high-pressure 
oiHi l led pipe-type cables and with rel iabil i ty ac­
ceptable for h igh-vo l tage transmission systems.  
General Cable Corp. 

ENERGY ANALYSIS 
AND ENVIRONMENT 

Fuel and energy price forecasts 
EA-4 1 1 Final Report (RP759-2) 
EPRI and the electric utility industry requ i re fue l  
pr ice forecasts for  use in  plann ing . The Energy 
Analysis and Envi ronment (EAE) Div ision has a 
cont ract research program under way to develop 
in formation on wh ich to base such forecasts. 

This is a long-range program invo lving much 
fundamenta l energy economic and analytic work. 
Fu ll resu lts wil l not be avai lable for some time .  In 
the meantime, energy price forecasts required for  
R&D plann ing and other purposes have been 
undertaken by Stanford Research Inst itute (SRI ) 
(RP795- 1 )  and Foster Associates, Inc . (RP759-2) 
to prepare independent  pr ice forecasts to the year 
2000. The SRI data have been publ i shed as Fuel 
and Energy Price Forecasts. Volume II (EPRI  
EA-433). Volume I ,  the actual forecasts . wil l ap­
pear soon. 

While the Foster Associates study was designed 
pr imari ly to aid the EAE staff . i t  is  being pu b l ished, 
in accordance with EPRI  policy, so that i t may be 
used by e lectric util ity staffs and others . It should 
be emphasized that the forecasts contained in  th is 
report are the contractor's, and the publishing of 
them does not imply their endorsement by EPR I .  
The  contractor and Project Manager did no t  agree 
on all the log i c ,  data . and assumptions. and the 
reader is cautioned to fu l ly examine the basis of 
the forecasts before using them. The report should 
be usefu l  to those attem pting a better  understand­
ing of future energy prices and the complex i t ies 
surrounding them. Because of the contractor 's 
background and funding l im i tations , more atten­
tion is g iven to the natural gas deregulat ion case 
than to the crude oil deregulation case. Th is in no 
way reflects a bel ief on the part of the Supply Pro­
gram that crude oil deregulation is  not at least an 
equa l ly important subject or  that there would not 
be a s igni f icant supply response f rom such dereg­
u la t ion . I t does not imp ly any judgment as to t he  
desi rabil ity o f  deregulation f rom the national view­
point in  either case but is rather  a j udgment as to 
supply response.  Foster Associares. Inc. 

Stanlord-EPRI workshop for 
considering a forum for the analys is of  
energy options through the use of models 
EA-4 1 4-SR Specia l  Report (RP875-1 ) 
Models have something val uable to offer  decision 
makers in he lp ing to def ine problems and c larily 
the complex environmen of interconnected rela­
tionships . The greatest benefit of models is in 
forming, ref i n ing ,  and testing mental conceptions 
of the problem ter ra in . 

This benefit has been illust rated in the public 
sector more by the value of models to modelers 



than to decision makers. Any honest modeler 
will admit that it is more tun build

l
ng a model than 

interpreting or documenting it. Decision makers 
lack a firm basis for selecting models and under­
standing their potential contributions. A modeling 
activi ty underdeveloped at the present time, third 
party model analysis, needs to be established. 
promoted. and supported. The Energy Model ing 
Forum is one attempt to meet this need and pro­
vi de the analysis and communication of energy 
modeling capabilities. This report summarizes 
the July 1976 workshop discussion on the design 
and operation of future Forum activities. Stanford 
University 

Time-variable air pollutant emission 
strategies for Individual power plants 
EA-418 Final Report (RP487-1) 
This study evaluates the feasibility, operational 
characteristics, and potential cost savings of time­
vari able emissions control systems for a site in the 
northern Great Plains region. Two years of data 
are applied to models for defining and evaluating 
ti me histories of pollutant emissions, which satisfy 
all relevant air quality standards and minimize the 
operational costs of emissions control. These 
strategies were examined under several scenarios. 
which vari ed the number of emissions modes. 
stack height, emissions control cost assumptions, 
maximum pollutant generation rate, and local 
dispersion rate. 

On completi on of this study, EPRI sponsored a 
workshop on supplementary environmental con­
trol systems (SECS, or ti me-variable air pollution 
emission strategies) to determine directions of 
future EPA! research on the subject. Conclusions 
and recommendations of the workshop are avail­
able in EPA! EA-279-SR (WS76-70). The Re­
search Corporation of New England 

Guidelines for estimating present and 
forecasting future population distributions 
surrounding power reactor sites 
EA-427 -SR Special Report 
As a pan of the licensing procedure for building 
a nuclear power plant, the Nuclear Regulatory 
Commission requires applicants to provide esti­
mates of the total population and the population 
distribution within a SO-mile radius of lhe proposed 
site at the time of application and throughout the 
lifetime of the power plant. This information must 
be included in the environment report and in the 
safety analysis report. The methods for estimating 
and projecting the required information fall within 
the discipline of demography, but there are no 
guidelines that define methods suitable for gener­
ating the needed data. 

This report presents the output of a workshop 
convened to draft guidelines lor estimating and 
forecasting population distributions around power 
plants. The workshop was moti vated by the efforts 
of the Ameri can Nuclear Society to draft a pro­
posed American national standard for estimating 
present and forecasting future population distri· 
butions surrounding proposed power reactor 
sites. The draft standard presented in the report 
is only the first draft. Many additional persons will 
be given the opportunity to review it before an 
American national standard is approved. Sigma 
Research. Inc. 

Fuel and energy price forecasts 
EA-433 Final Report (RP759- 1 )  
EPRI and the electric utility industry require fuel 
and energy supply (price-quantity relationship) 
forecasts for use in plannlng. The Supply Program 
has a contract research program under way to 
design and develop improved fuel and energy 
supply forecasts. This is a long-range program 
involving much fundamental energy economic and 
analytic work, and full results will not be available 
for some time. In the meantime. forecasts have 
been undertaken by Stanford Research Institute 
(SRI) and Foster Associates, Inc. (RP759-2). The 
results of the Foster Associates work have been 
published as Fuel and Energy Price Forecasts. 
Volumes I and II (EPA! EA·41 1 ). 

SRl's forecasting effort is based primarily on its 
national energy model, ori ginally developed for 
Gull Oil Corp. This complex model requires a large 
amount of input. This second volume of SRl's fuel 
and energy price torecasl describes the inputs to 
the model and provi des a summary description of 
the model as of August 1976. Volume II is being 
published a couple of months before publication 
of Volume I, which will contain the actual forecasts. 
Much of the data used in earlier applications of 
SAi's national energy model have been updated 
and improved. It must be emphasized that all the 
data and information contained in this report were 
developed by SRI; EPRl's publication of this infor­
mation does not imply endorsement ol it by EPRI. 
Stanford Research Institute 

Evaluation of CHESS: New 
York asthma data 1970-71, Vol. 
I. Findings and supporting tables 
EA-450 Final Report (RP681-1) 
This report is one of a series evaluating state of 
knowledge and research needs regarding health 
effects of air pollution. A report on sulfur oxides 
(EPRI EA-316) has already been published; forth­
coming documents will cover nitrogen oxides, 
particulates, and oxidants. This publication is the 
first of a group consisting of detailed reanalysis 
and interpretation of epidemiological data and 
dealing specifically with the studies for the Com­
munity Health and Environmental Surveillance 
System (CHESS). 

Between 1967 and 1975, the Environmental 
Protection Agency carried out a comprehensive 
research program on possibl e relationships be­
tween air pollution and concurrent morbidity. Air 
pollution data included measurements of S02 , 
particulates, total sulfates, CO, ozone, hydrocar­
bons. N0

2, and nitrates. Concurrent epidemiolog­
ical studies included observations on acute and 
chronic cardiac and respiratory illness, ventilatory 
function of children, and aggravation of asthma 
symptoms. The CHESS report has been the sub­
ject ol considerable controversy. leading to an 
intensive evaluation by a congressional subcom­
mittee. 

This report presents a careful statistical re­
analysis of one data set from CHESS epidemiolog­
ical studies in greater New York in 1 970-7 1 .  The 
ori ginal analysis of this data set linked increased 
asthma attack rates with suspended particulate 
and suspended sulfate air pollution. The reevalu­
ation ot the data reported here does not support 
the hypothesis of a positive association between 
asthma attacks and levels of suspended particu­
late or ambient sulfate levels, as suggested by 
CHESS researchers. Greenfield, Attaway & 
Tyler. Inc. 

FOSSIL FUEL 
AND ADVANCED SYSTEMS 

UWMAK-111, a noncircular 
tokamak power reactor design, Vot. I 
ER-368 Final Report (RP237 -2) 
UWMAK- 1 1 1  is a conceptual power reactor design 
study aimed at understanding the problems asso­
ciated with advanced technologies and several 
new or different design approaches in tokamak 
systems. Advanced technologies studied include 
the use of the molybdenum-based alloy TZM as 
the primary structural material, the use of alumi­
num as the stabilizer and aluminum alloy structure 
for the Nbn superconducting magnets, and the 
use of a closed-cycle helium gas turbine power 
conversion system. 

New or different design approaches include RF 
(fast magnetosonic waves) plasma heating, a 
blanket desi gn where tritium breeding is accom­
plished only in the outer blanket region. a perma­
nent inner blanket that is basically a hot shield, 
tritium extraction and recycling processes. and 
the general design approach to blanket module 
removal. The maximum module weight is only 42 t. 
An MHD analysis has determined the noncircular 
plasma shaped as a characteristic "D" with neu­
tral points on the plasma boundary tor a poloidal 
divertor. The reactor is small (major radius = 8.1 
m) with a relatively high f3 (about 9%). and an 
average neutron wall loading of 2.5 MW/m2• It is 
designed to generate 5000 MW(th) during the 
burn and 1 985 MW(e) continuously. The net plant 
efficiency is about 42%. 

Aspects of the design study include the reactor 
plasma physics of a noncircular reactor plasma, 
theory of divertor operation, vacuum system de­
sign, toroidal and poloidal field superconducting 
magnet analysis. blanket design and neutronics. 
thermal hydraulics and mechanical design, tri­
tium handling, extraction. and recycle, neutron­
induced radioactivi ty. materials properties and 
radiation damage, helium gas turbine power cycle 
design, balance ot pl ant considerations, resource 
implications of the design, and an economic anal­
ysis. University of Wisconsin 

Utilization of U.S. geothermal resources 
ER-382 Final Report (TPS76-638) 
Geothermal resources expected to be economic 
for near-term U.S. electrical use are almost all in 
moderate- to high·termperature hydrothermal 
systems located in the western states. Known 
hydrothermal systems lie in geographically nar­
row, continuous tectonic belts marked by faults. 
vol canism. and earthquakes. Most undiscovered 
hydrothermal resources can be expected to lie in 
the same belts. which pass through the service 
areas of a number of major and many smaller 
western utilltres. 

This study is concerned with U.S. geothermal 
resources, their potential for commercial utiliza. 
lion by electric utiliti es between now and the year 
2000, and their impact on the utility industry. U.S. 
Geological Survey estimates of the resources in 
identified hydrothermal systems are extrapolated 
to the undiscovered resources marked by hot 
springs. and further to the blind resources between 
hot spring areas within the tectonic belts. Water 
rates and direct capital costs for geothermal power 
plants are evaluated as functions of resource tem­
perature, together with costs and expected flow 
rates for geothermal wells. A supply curve for geo-
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thermal energy combines these results with 1he 
temperature distnbubon of Identified hydrothermal 
systems. TRW Inc. 

Assessment of titanium for 
use In the first-wall/blanket 
structure of fusion power reactors 
ER-386 Topical Report (RP472-1) 
This report describes a portion of the work that 
was performed as part of a first-wall/blanket sys­
tems analysis study. The objective of this part of 
the study was to assess the suitability of using 
titanium alloys in the first-wall/blanket structure 
of commercial controlled thermonuclear reactors 
(CTRs). Two near-alpha titanium alloys were 
selected for in -depth examination. Ti-6%Al-4%V 
( called Ti-6Al-4V) andTi -6%Al-2%Sn-4%Zr-2%Mo 
(called Ti -6242). Both materials are commercially 
available in standard mill forms with weldable 
forgings, and they have a large data base. The 
Ti-6Al-4V alloy was developed in 1954 and is fairly 
representative of an all-purpose alloy. The Ti-6242 
alloy was specifically designed 10 meet the high­
temperature requirements of the aerospace indus­
try. It is noted for its creep resistance and metal­
lurgical stabili1y up to temperatures of 550° C. 
Using properties important to the CTR firs1-wall/ 
blanket structures application, these alloys were 
compared with live other candidate structural 
materials (2219 aluminum, 316 stainless steel. 
V-20 Ti, Nb-1 Zr, and Mo-0.5 Ti-0.08 Zr [TZM]). 
The study revealed that titanium otters potential 
for use in a CTR from the standpoints of strength, 
minimum radioactivity, and resources. McDon­
nell Douglas Astronautics Co. 

Comparative evaluation of 
high- and low-temperature gas 
cleaning for coat gasification­
combined cycle power systems 
AF-416 Final Report (RP243-2) 
The purpose of this screening study was to evalu­
ate incentives for developing hot gas purification 
technology for coal gasification-combined cycle 
power generating systems. The iron oxide process 
currently being developed by the Morgantown 
Energy Research Center for removal of hydrogen 
sulfide at high temperature (1000° F) was selected 
for investigation as it was judged to be in a more 
advanced stage of development than other eurrent 
high-temperature absorption processes. 

This report presents process and economic 
evaluations for five different coal gasification 
schemes: air and oxygen blown dry ash; moving 
bed Lurgi gasifiers; oxygen blown stagging; mov­
ing bed gasification (currently being developed by 
the British Gas Corporation): and oxygen and air 
blown two-stage entrained gasifiers (proposed by 
Foster Wheeler Energy Corp.). Results include, 
for each scheme, four complete system flowsheets 
for converting Illinois No. 6 coal to electricity via 
combined cycle power generation. Two of these 
schemes were based on high-temperature iron 
oxide technology with gas turbine inlet tempera­
tures of 1 950°F and 2400°F. The other two flow­
sheets incorporated the low-temperature Benfield 
process with gas turbine inlet temperatures of 
1950°F and 2400° F. Stone & Webster Engineer­
ing Corp. 

Coal liquefaction by alkylation 
AF-423 Final Report (RP258) 
A study of the Friedel-Crafts alkylation of coal was 
undertaken to determine whether the introduction 
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of alkyl groups would result 1n the production of a 
pumpable liquid fuel from coal. as predicted by 
one popular coal structure model. Successful 
alkylation could offer a low-severity, nonhydrogen­
ation route to coal liquefaction. Several coats alky­
lated wilh isobutylene in sulfuric acid were studied 
for solubi lity, melting behavior, and NMR spectra. 
Production of a readily pumpable liquid was not 
achieved. Several techniques were developed for 
studying the interaclions of coal surfaces with a 
variety of materials. University of Tennessee 

Preliminary investigation of the 
autoadhesion of pulverized SRC 
AF-431 Final Report (RP779-8) 
This report presents the results of a preliminary 
investigation of the surface properties of solvent­
refined coal (SAC) and how they contribute to 
autoadhesion. Reactive surface sites on SAC were 
characterized by volumetric adsorption and by 
temperature-programmed desorption of H2, 02, 
CO2

• HCI, NH3
, H

20, and diethylamine. The ad­
sorbing surface sites of SRC are reactive mainly 
because they are acidic or basic. These were 
made to determine whether some of the adsorbed 
molecules altered compaction during pulveriza­
tion of SRC or altered autoadhesion of pulverized 
SAC. Angle of repose measurements were used 
to indicate autoadheslon of pulverized SAC. Water, 
but not the other gases, affected the results. Other 
experiments showed that the surface oil and static 
charge on SAC do not contribute to autoadhes1on. 
Stanford Research Institute 

Comparison of phased cooling 
systems with conventional cooling 
systems: performance and economics 
FP-432 Final Report (RP321) 
This report introduces and analyzes 1wo new 
concepts in heat dissipation: phased cooling, the 
operation of a cooling system in various modes 
(phases) during a 24-hour period in order to take 
maximum advantage of environmental conditions: 
and the rejection of heat by an "interstellar radi­
ator" instead of a cooling tower or pond. The two 
concepts are combined 1n a phased-radiator heat 
rejection system whose performance and eco­
nomics are compared with natural draft wet towers 
and cooling ponds in Birmingham. Philadelphia. 
Portland, and Phoenix. The phasing concept is 
also applied to a dry tower (a phased-dry tower), 
and its performance is compared to a conventional 
dry tower. Auburn Universily 

Workshop on synthetic fuels from fusion 
ER-439-SR Special Report 
A two-day workshop, held on February 9 and 10, 
1976. brought together plasma physicists, fusion 
reactor designers. radiation chemists. and fuel 
scientists to discuss potential uses of thermo­
nuclear fusion reactors in the production of syn­
thetic fuels. Three working groups explored 
specific mechanisms by which the various outputs 
of fusion reactors, including thermal. electrical, 
neutrons. gamma radiation. charged particles. 
and electromagnetic radiation, might be effectively 
utilized. 

The general conclusion of the groups was to 
vigorously pursue a program to define and explore 
the nonelectrical outputs of fusion reactors in 
order to help meet fuel shortages and to aid in 
the early availab1li1y of tusion reactors by simpli­
fying some technical restraints. It could also aid 
in the longer term by greatly increasing the over-

all eHiciency (into both electrical and nonelectrical 
outputs) of fusion power planls as compared with 
competitive energy sources. Ben Eastlund 
Fusion Systems Co. 

NUCLEAR POWER 

Analysis of N-16 
radiation measurements 
at the Cooper Nuclear Station 
NP-243 Final Report (TSA75-27) 
This report describes the evaluation of radiation 
measurements (N-16 gamma-ray dose rates) at 
various locations on the surface turbine equip­
ment components on the roof and in the vicinity 
of the Cooper Nuclear Station. Calculations of 
source strengths were based on an assumed 
N-16 activity of 1 1 3  µCi/gm of steam at the reactor 
nozzle. This evaluation aids in assessing the use­
fulness of available analytic techniques to predict 
radiation levels around BWRs due to N-16 gamma 
rays originating in the turbine room of these plants. 
It also helps demonstrate BWR ability to meet site 
boundary dose rate limitations required by govern­
ment regulatory agencies. 

Included in the report are descriptions of the 
OADMOD point kernel radiation transport code 
and the SKYSHINE procedure. These computer 
codes were used to compute the N-16 source 
strengths in the turbine equipment and the N-16 
dose rates at the various detector locations. Also 
described are the computer models used to rep­
resent the turbine equipment sources and the 
structure of the turbine building in the computer 
calculations. Radiation Research Associates. 
tnc. 

Oconee Nuclear Station, unit 
one, cycle 1wo, refueling shutdown: 
primary system radiation levels 
NP-340 Final Report (TPS76-634) 
This report features the results of an extensive 
survey of the radiation fields at three stations using 
Babcock & Wilcox nuclear steam supply systems: 
Oconee 1 and Oconee 2 operated by Duke Power 
Co. and Three Mile Island 1 operated by Metro­
politan Edison Co. Radiation fields at Oconee 1 
measured at the second refueling shutdown were 
comparable to other PWRs of similar age. But 
fields at Oconee 2 and Three Mile Island 1 at first 
refueling shutdown were lower than at plants of 
comparable ages. The report also lists significant 
radioisotopes present in aqueous samples taken 
from the fuel transfer canals and the reactor 
coolant systems as well as corrosion products 
identified as the principal source of radiation 
fields for the primary coolant system. 

The development of RE LAP /SLIP for 
the semiscale blowdown heat transfer 
test 5-02-6 (NRC Standard Problem 6) 
NP-343 Interim Report (RP695-1 ) 
This report and a companion report. NP-300. 
document work performed to provide a realistic 
prediction of NRG S1andard Problem 6 (Test 
S-02-6). The RELAP /SLIP code is a modified 
version of RELAP4-95  and includes a first-level 
effort, state-of-the-art, dynamic slip calculation 
in all vertical and horizontal junctions to account 
for unequal phase velocity and phase separation. 
The dynamic slip model accounts lor transient 
inertial effects of each phase. This report contains 



the derivation of the dynamic slip field equati ons, 
a description of the modifications to the RELAP4 
numerical scheme and recommendations for 
improved code performance. Several analytic 
problems and some experiment simulations, 
including NRG Standard Probl ems 1 and 5, were 
analyzed in an effort to check out the RELAP /SLIP 
code. Calculations compared favorably with 
homogeneous equilibrium experimental data and 
previous RELAP4-95 predictions. To the best 
of the authors' knowledge, the consi stent, com­
plete, and realistic computation of unequal phase 
velocities has been achieved for the first time in 
any general systems code with the successful sim­
ulation of the simple problems and Standard Prob­
lem 5 using RELAP /SLIP, Energy Incorporated 

Experimental and 
statistical requirements 
for developing a well-defined K

1R Curve 

NP-372 Final Report (RP696-1) 
This report documents program development of 
a statistically well-defined reference fracture 
toughness curve as a potential repl acement for 
the K1R curve presently specified in Appendix G, 
Section Ill, of the ASME Boiler and Pressure 
Vessel Code. An alternative temperature-indexing 
procedure for reduction of data scatter is also 
presented. 

Existing EPRI test and data analysis procedures 
and acceptance criteria were revised to include 
the current requirements for elastic-plasti c frac­
ture toughness measurements. Fracture Control 
Corp. 

Power reactor pressure 
vessel benchmarks: an overview 

NP-380-SR Special Report 
The continued assurance of the safety and integ­
rity of nuclear reactor components requires an 
understanding of the changes in materlal proper­
ti es that such components sustain as a function 
of irradiation and the radiati on flux and spectrum 
to which they are exposed over the lifetime of the 
system. This report reviews the current status of 
experiment and calculation benchmarks for under­
standing radiation embrittlement effects in pressure 
vessels of operating LWRs. Included are require­
ments of such benchmarks for application to 
pressure vessel dosimetry, recent developments 
in active and passive neutron detectors sensitive 
in the ranges of importance to embrittlement 
sludies, and recommendations for benchmark 
improvements. 

Computation of crack 
propagation and arrest by 
simulating microfracturlng at the crack lip 

NP-412 Final Report (RP499) 
Prevention of crack initiation is the first design 
defense against nuclear reactor pressure vessel 
structural failure. The ASME Boiler and Pressure 
Vessel Code delineates conservative design pro­
cedures to prevent crack initiation. However, 
to further assure the continued safety and integrity 
of nuclear reactor pressure vessels. we must 
develop the analytic ability to assure that in the 
unlikely event of actual crack initiation, the crack 
will arrest rather than propagate. The traditional 
method of assessing propagation-arrest has been 
through the use of the fracture mechanics par­
ameter. Kia, crack arrest toughness. 

This report presents the results of a study to 

evaluate an alternative method of describing 
crack propagation and arrest. This new method­
ology models the nucleation, growth, and coales­
cence of microfractures ahead of a running crack 
and how these parameters affect arrest. It provides 
a link between micromechanical material behavior 
and the traditional fracture mechanics approach 
to propagation and arrest. Stanford Research 
Institute 

Probabilistic safely analysis 

NP-424 Final Report (RP217 -2-7) 
This annual report summarizes work carried out 
during the second year of an LWR probabilistic 
safety analysis. (Progress in the first year was 
summarized earlier in an EPRI Interim Report, 
217 -2-4, Probabilistic Safety Analysis.) Each 
section of this report summarizes work in a par­
ticular area. 

Section 2 describes the summary and critique of 
the complete Reactor Safety Study Report. Section 
3 presents a summary of a detailed sensitivity­
perturbation analysis on two reactors. The second 
part of Secti on 3 contains the results of a detailed 
analysis of the most influential PWR sequence 
(relative to consequences), including a compari­
son of various design options suggested by NRG 
in the Standard Review Plan. 

Part of the methodology examination included 
investigation of the WASH-1400 computer codes. 
Section 4 presents a family of codes developed 
to evaluate plant risk both quantitatively and 
qualitatively. For purposes of comparing different 
plants, a set of event trees, described in Section 
5, was developed for a large PWR different from 
any examined previously. Three documents 
evaluating risks due to anticipated transients with· 
out scram and a summary of the areas of this 
problem yet to be studied are reported in Section 
6. Section 7 summari zes an ongoing effort to 
gather actual plant failure data. And linally, Section 
9 presents work to date on safety analysi s verifia­
bility, including a lilerature search and suggested 
studies. Science Applfcations, Inc. 

An analysis of post-LOCA 
gamma-ray effects in representative LWRS 

NP-425 Volume I: Final Report (RP492-1) 
Nuclear Regulatory Commission regulations state 
that in the case of such an unlikely evenl as a 
loss-of-coolant accident (LOCA), certain im­
portant safety margins must be demonstrated, 
including the peak cladding temperature of the 
fuel and the amount of H2 produced due to radi­
olysis in the coolant. The peak cladding problem 
is of concern in the short time frame (1 03 seconds) 
following reactor shutdown in a LOCA analysis, 
while for H2 radiolysis, the time frame of interest 
is days and weeks. 

This report describes the Monte Carlo technique 
and analysis used to determine gamma-ray 
deposition in two operating reactors of recent 
design. The first is a General Electric BWR at 
Nine Mile Point; the other is a Babcock & Wilcox 
unit at Oconee. The report attempts to derive 
redistribution factors for gamma energy around 
hot assemblies and to calculate the amount of 
gamma energy deposited in the coolant at various 
times after the start of a hypothetical LOCA. 
Volume I gives the detail s of the analysis and 
presents the results. Volume II (available only on 
request) provides the details of the ORIGEN 
calculations to produce the source strength at 
a time after shutdown and gives the actual power 
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distributi on at various times in the operating cycle. 
A final report will soon be available on the experi­

mental measurements used to benchmark the 
cal culations being produced by the University of 
Vi rginia under RP492-2. Mathematical Appli­
cations Group, Inc. 

Characteristics of pipe 
system failures in LWRs 
NP-438 Topical Report (RP705-1) 
This report is one of a series on nuclear power 
plant availability and reliability. It presents a 
statistical description of pipe system failures as 
derived from reports submitted by the utilities to 
the Nuclear Regulatory Commission. 

The study emphasizes trends in the incidence 
of pipe failures and a statistical characterization 
of the failure events, including impact on plant 
availability and capacity. Pipe system failures are 
compared from the standpoint of frequency of 
occurrence within plant types (PWR versus BWR. 
frequency of occurrence within plant subsystems, 
failure modes, pipe size categories, and time-to­
failure from initial criticality). Hypotheses regarding 
differences between frequency distributions with 
PWRs versus BWRs are tested via standard non­
parametric statistical methods. Science Appli­
cations, Inc. 

Dynamic modeling of a 
Mark II pressure suppression system 
NP-441 Key Phase Report (RP693-1) 
This report reviews a study via scale -model 
experiments of the dynamic response of a Mark 
II pressure-suppression system during the early 
air-discharging phase of a postulated loss-of. 
coolant accident. Tests using a 1 3.3-scale model 
produced quanti tative information on the vent­
clearing process. pool swell. wet-well pressuri­
zation, and many olher dynamic responses of 
interest. 

Corresponding information for the reference 
plant from which the model is scaled can be 
obtained from the test results and the scaling loss 
derived in the report. Stanford Research Institute 

EPRI JOURNAL August 1977 69 



E L EC T R I C  P O W E R  R E S EA R C H  I N S T I T U T E 

Pos t  O f f i c e  B o x 1 0 4 1 2  Pa l o  A l t o . C a l i f o r n i a  9 4 3 0 3  

ADDR ESS COR R E CT ION R E QU ESTE D 

EPRI 

NONPROF IT  ORGANIZATION 
U S  POSTAG E 

PAI D  
P E R M I T  N U M BE R  7577 

SAN FRANCISCO, C A L I F O R N I A  

)> 
C 
G) 
C 
(/) 
-; 

(0 ..... ..... 


