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AccuNav for Underground Boring 

AccuNavTM lets operators of small to midsize boring 
systems drill with confidence, even in the most sensitive 
areas. Jts sophisticated navigation capabilities, based on 
teclmology used in cruise missile systems, let the drilling 
operator know the precise position, pitch, and movement of 
the drill head every few seconds during drilling operations. 
Lnformation on the drill's direction and location is relayed 
over the existing drill string without the need for additional 
wire links to the computer. The data are decoded and 
displayed on a computer screen, offering cross-sectional 
perspectives of the bore path and other information at the 
touch of a key. 

For more i1Lformation, co11tnct 

Tom Rode11baugh, (415) 855-

2306, or Tom Kendrew, (415) 

855-2317. To order or lease, call 

Gerard Pittard at Guided Boring 

Systems, Inc., (713) 683-8961. 
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Guide to NO
x 

Control 

Utility managers a11d engineers responsible for controlling 
emissions of nitrogen oxides (NO) eagerly welcomed the 
recent publication of Retrofit NOr Controls for Coal -Fired 

Utility Boilers (TR-102906). Specifically developed to help 
utilities best meet the 0, reduction provisions of the 
Clean Air Act Amendments of 1990, this 200-page resource 
provides comprehensive information on commercially 
available NO, controls for pulverized-coal boilers. The 
guide offers details on costs and other critical issues to 
consider in assessing ,md selecting NO, control equipment­
issues such as equipment modifications, operational 
changes, and outage/startup 
requirements that may 
accompany NO. 
control retrofits. 

For more i11fommtio11, co11/acf David Eski11azi, (202) 293-7515. 

To order, call the £PR/ Distrib11tio11 Center. (510) 934-4212. 



Service Water System Videos 

Wi th the h Ip of this two-volum vid o s t, u ti l i ties ca n 

in i t ia t  pr ven tive maintenance progra ms for service wa ter 

t ms and reduce th l i kelihood of costly y tern failures. 

The v ideo (VT- 1 003 8) are de igned to instruct power plan t  

engi neers in performing v i  ua l  in pection of  service water 

y tern . The i ntrod u tory tape pre ent a comprehen ive 

overview of variou ervice water sy t m d grada tion 

mechani  m , i nc luding corr si n, l ining fai lure, m chankal 

fa tigue, and fou ling.  The econd t pe d cu m n t· in tan e 

of ervice wa ter y tern degrada tion tJ1at have ccurred in 

power pla n t  thr ughou t th 

nited Sta t . Although 

the vid o are gea red toward 

y tem engi neer at nuclear 

pow r plant , sy tern 

engi neer at nonnuclear 

pla nt wi l l  a l  o find 

them usefu l .  

For more i11fon1 1ntio11, co11 tncf 
Bali Edwards, (415)  855-8974. 
To order, en/I tlie EPRJ Distrib1 1 t io11 
Cc1 1 1a, (510 )  934-.J.2 12 .  

Reference on Aging Terminology 

Error-induced tre sor. Age co11ditio11i11g . Sy11ergi t ic effects. 
Degraded failure. What exactly do these terms mea n ?  As 

nuclear power plants grow older, it' becoming increa i ngly 

imp rtant for the ind ustry' experts to pea k the ame 

la nguage when i t  comes to communica ting about  l i fe- a nd 

agi ng-m, nagement i ue . Tha t ' · why PR I oord i na ted the 

d vet pm nt of Nuclear Power Pln1 1 t  Co111 111011 Agi11g Termi1 10/­
ogtJ (TR-1 00844 ), a reference book tha t  defi ne 85 term (and 

27 n nym ) u ed to mmunica t abou t the aging of 

nuclea r pla n t  tern , tructure , a n d  c mp nen t . ot 

on l  can th i  re ou rce help impr ve under tanding of aging 

phenom na, but i t  al o facilita t the r porting of e peri­

ence with component rel iabi l ity and fa i lure. veral cl ctric 

u t i l i t i  s, the uclea r anagemen t and Resources ouncil, 

the uclea r  Regu lator ommi ion, and national laborato-

rie col labora ted wi th EI  RI on the development of the e 

t rm and d finition . For convenience, a p cket- ized 

v r ion (BR- 1 0 1 747) i a l  o available. 

For more i1 1for1 1 1ntio11 , 
co11 tnct George liter, 
(4 15) 855-8699. To 
order, en/I /he EPRJ 
Di tr ilmticm Ce11/a, 
(510) 934-42 1 2 .  
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Field Trapping Makes Magnetic Replicas 

he discovery of hjgh-temperature superconduc­
tors (HTSCs) has led to considerable excitement 
about building large superconducting magnets 
for use in the electric utility industry. Potential 
applications range from motors and generators 
to circujt breakers and energy storage systems. 

Building large electromagnets with coils of HTSC wire is 
difficult, however, because of 
the brittleness and low current­
carrying capacity of HTSCs. An 
alternative approach that is 
gajning increased attention 
involves creating the supercon­
ducting eqwvalent of perma­
nent magnets. 

When a piece of HTSC 
material is placed in a mag­
netic field, some of the field is 
trapped by the material and 
persists even whe11 tlie 
external field is shut off. The 
trapped field is a faithful 
replica of the original, regard­
less of the shape of the HTSC 
material. ln contrast, the field 
of an ordinary pennanent 
magnet is determmed primar­
ily by the magnet's shape. A 
potential advantage of using 
superconducting magnetic 
replkas, therefore, is tl1at the 
field configuration can be 

Trapped fields allow two 

small superconductors to 

float stably beneath a 

conventional magnet. 

optimized for a particular application without costly 
machmmg or fabrication of an electromagnet. 

For a long time such field trapping was thought to be 
impossible because of the so-called Meissner effect-the 
tendency of superconducting materials to expel magnetic 
fields. The familiar pictures of a small magnet suspended 
above a superconductor show the Meissner effect in action. 
Imperfections in the crystal lattice of superconducting 
materials, however, result in pinning forces that can trap 
magnetic fields and create magnetic replicas. This phenome­
non, called the very incomplete Meissner effect (or some­
times the anti-Meissner effect), is demonstrated by the 
ability of "magnetically charged" superconductors to float 
stably beneath a magnet, held by fie.Ids they have trapped. 

Recently, EPRT-sponsored research at the University of 
Houston resulted in new records for magnetic replicas-a 
39,600-gauss stable field and a 70,000-gauss temporary field 
at 65 K. The trapping of the stable field was enhanced by 
irradiating the HTSC material to create the lattice imperfec­
tions that would facilitate increased magnetic flux pinning. 
Related research continues. 

"Flux trapping may provide a way around the mechan­
ical and e.lectrical difficulties of HTSCs," says EPRI senior 
physicist Mario Rabinowitz, who first reported evidence of 
field trapping in 1973 (culminating in the trapping of 22,400 
gauss) and holds patents related to potential applications. 
"One of the most important uses of magnetic replicas could 
be in energy storage systems, for example. Such systems 
would use a normal coil to create a large magnetic field in 
HTSC material in bulk-perhaps even granu.lar-form, thus 
eliminating the need to fabricate HTSC wire." 
• For more i11formatio11, contact Mario Rnbinowilz, (415) 855-2280. 

Using MRI to Optimize Food Freezing 

A 
ltliough preserving foods by freezing is a long­
established practice, the process itself has not been 
well optimized because of difficulties in monitor­

ing heat removal. To ensure product quality, foods are 
routinely "overfrozen," whkh results in removing 20-40% 
more heat energy (enthalpy) than required. Now, magnetic 
resonance imaging (MRI) offers a way to increase the 
efficiency of the freezing process through on-line monitor-
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ing of ice formation withi11 actual products. 
MRI produces computer-generated images of tl,e 

hydrogen density inside objects and was initially developed 
for medical applications, such as identifying tumors. Jt can 
also be used to track the movement of tl1e ice-water 
interface in foods as they freeze. Witl, EPRJ funding, 
researchers at the University of California at Davis have 
been exploring trus option, using standard MRJ equipment 



MRI Images track the progressive freezing of a steak by delineating the ice-water Interface. 

and speciaJly modified freezers that are compatible with the 
imaging configuration. 

The researchers monitored freezing in a wide variety of 
foods, ranging from peas and carrots to beef, chicken, and 
even cantaloupe. The data were then confirmed by compari­
son with results obtained through standard calorimetry and 
were incorporated into product-specific mathematical 
models. Such models can be used to optimize freezing times 
and conditions and thus reduce energy loss. 

A preliminary economic analysis conducted by the UC 
Davis team suggests that MRI technology adapted for use 
by the food industry would find a substantial market. 
Energy savings alone could be expected to prompt the 

adoption of MRl monitoring by food-processing plants, and 
the goal of quality improvement in frozen products may 
provide further incentives. Food freezing now consumes 
about 450 million kWh of electric energy, and optimization 
of the process could lead to estimated energy savings of 5-
20%. 

"Our work at Davis provided proof-of-concept confir­
mation for MRI monitoring and led to the development of 
design criteria for commercial MRI food-processing sensors," 
says Ammi Amarnath, manager of the project. "EPRI is now 
exploring prototype development with potential manufac­
turers." 
• For more i11fon11atio11, contact A111111i Amnmnth, (415) 855-2548. 

Ultralow-NO
x 

Burner Based on Swirling Air 

R 
educing the formation of nitrogen oxides (NO) 
during combustion in utility boilers depends on 
carefully controlling the temperature and fuel-air 

mixture in various parts of the flame. Ideally, combustion 
takes place in two stages. During the first stage, the oxygen 
supply is limited so that the fuel is pyrolyzed and releases 
nitrogen in its innocuous molecular form (N2). In a second, 
oxygen-rich stage, combustion of the remaining fuel is 
completed. 

But creating such staged combustion is tricky. One 
approach is to inject air through multiple ports and thus 
form distinct flame zones inside the combustion chamber. 
Multiple ports are expensive, however, and physically 
separated flame zones can aggravate corrosion on the 
chamber surface. A second approach is to create a single 
flame with muJtiple stages by using a low-NO, burner with 
complex fuel-air mixing patterns. So far, though, such 
burners have been able to cut NO._ emissions by onJy about 
half-not enough to meet the new standards set for the 
latter part of this decade. 

Now, researchers at the Massachusetts Institute of 
Technology have discovered a novel way to improve low-

NO, burners. In laboratory tests, the MIT scientists have 
been able to reduce NOx emissions to about 15% of uncon­
trolled levels. This success is based on elongating the flame 
by swirJjng air around it. A longer flame promotes fuel 
pyrolysis and delays full combustion. 

The researchers are using a device called a radially 
stratified flame core (RSFC) burner. It consists of a central 
nozzle for injecting fuel, surrounded by three concentric 
annular nozzles that introduce separate layers of swirling 
air. The rotation of the air creates a centrifugal force that 
damps flame turbulence, sustains stable layers of fuel and 
air, elongates the flame, and delays mixing. To further 
increase the effectiveness of this system, steam is mixed 
with the fuel before injection, and flue gas is mixed with air 
in two of the outer nozzles. 

Because of successful tests at MIT of a 1-MWth RSFC 
burner fueled by natural gas, a consortium of funding 
organjzations is sponsoring tJ1e development of two 
prototypes: a 23-MWth burner for utility demonstration and 
a burner for use with oil as well as gas. Commercialization 
of the multifuel burner is expected in late 1995. 
• For more i11for111afion, co11tnct /0/111 Mnulbetsclt, (415) 855-2438. 
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M 
ost utilities operating fossil 
power plants are in the midst 
of implementing plans to 
comply with sections of the 

Clean Air Act Amendments (CAAA) of 
1990-the sections commonly referred to 
as the acid rain provisions-mandating re­
ductions in emissions of sulfur and nitro­
gen oxides over the next several years. But 
another section (Title I l l )  of the law man­
dates that the Environmental Protection 
Agency (EPA) require U.S. industrial facil­

ities-with the exception of electric utility 
steam generating plants-that emit more 
than 10 tons per year of any one, or 25 
tons per year of any combination, of 189 
designated "hazardous air pollutants" to 
apply maximum achievable control tech­
nology (MACT); additional controls are 
required if residual risk remains. This list 
of hazardous air pollutants, popularly 
called air toxics, includes heavy metals, or­
ganic compounds, and some inorganic 
substances in gaseous, particulate, and 
aerosol forms. 

Many industries, including metals, petro­
chemicals, and papermaking, are facing 
immediate regulatory control of these haz­
ardous chemical emissions under the 
CAAA's air toxics provision. Electric utili­
ties were exempted from the requirements 
pending several detailed studies by the EPA 
and other federal agencies. ln fact, the 
EPA's electric utility emissions risk study 
is being conducted to determine whether 
further regulation of the utility industry is 
"necessary and appropriate." Even if fur ­
ther control is deemed necessary, the re­
sulting regulations may not necessarily re­
quire MACT standards. 

EPRI is cooperating with several agen­
cies to conduct industrywide emissions 
and health risk assessments of potentially 
hazardous chemicals from fossil power 
plants to provide information to the fed­
eral studies. The EPA's decision as to 
whether any control measures affecting 
utility emissions are necessary will be 
based in part on the results of these stud­
ies. The EPA is expected to issue a report 
detailing its rationale for a decision by late 
1995. A related study by the agency of 
mercury emissions from all sources- in­
cluding their environmental fate, their 
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hu man health effects, and the 

cost and availability of p ten­

tial control technology-i ex­

pected to be completed in ad ­

vance of the u t i l i ty emis ions 

EMISSION FACTORS FOR SOM E  KEY TRACE CHEMICALS for the electric u ti l i ty indus­

try," say Torren . Of the 1 89 hazardous air pollutants targeted by the 1 990 

Clean Air Act Amendments, EPR l's PISCES program has Shou ld EPA risk assess­

men ts warran t  new controls 

on utility em issions, the in­

formation about th p rfor­

mance of existing control sy -

terns will be of crucial impor­

tance. PISCES has revealed the 

rather ubstantial effective­

ness of conventional emi -

sions contr I ystem -elec­

trostatic preci pi tator (ESPs) ,  

been conducting power plant sampling of up to 22 key 

chemicals of interest to electric uti lities.  The ranges of 

tudy. 

Re earch projects initiated 

by EPRI' Env i ronment Div i ­

ion include the comprehen­

ive PISCE lPower Plant ln­
tegrated Sy terns: Chemical 

Emissions Studies) project .  Pl ­

SCES i de igned to evaluate 

the complete pathway of trace 

emission factors observed for five trace metals at power 

plants fir ing bituminous coa l and equipped with electro-

static precipitators are compared with the ranges reported 

in a 1 989 study conducted for the Environmental Protec• 

tion Agency. ! Note the log scale, with a factor-of-1 0 dif-

ference between numbered hatch marks. ) EPRl's PISCES 

sampling and analysis program generally found lower 

mean values and smaller ranges of emission factors 

than had previously been reported in the literature. fabric fi lter baghou ses, and 

fl ue gas scrubb r -in red uc­

ing emissions of many haz-

ubstance wi thin the p wer 

plant i tsel f-from their ou rce 

in fuel, th rough the combu -
PISCES data D EPA report • Mean lion process, to their emis i n 

from the stacks. Other EPR I 

studie are addr ing the fate 

and effect of these sub lances 

beyond th tack-their trans­

port, d isper·ion, ecologica l 

path way , and health risk . 

Re uJ ts of th se latter studie 
are being brou ht together 

under t J,e ORE (Comprehen­

sive Risk Evaluation) project. 

1 000 .---------------------, 

ardous air pollutants along 

with the ash or sulfur they 

were designed to capture. 

ii:i 1 00 
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Sampling da ta often show 

more than 90% ( in  some 

cases, over 95%) removal of 

most chemicals of potential 

concern to u ti l iti  from the 

flue gas of coal-fired plan ts 

equipped with ESP and wet 

l imestone scrubber 

A maj r part of the a e s­

ment-field sampling of u til-

0.01 �-�---�---�---�---�-� 
"U a plant ha good partic­

ulate control equipment, you 

can top mo t of the trace 

metals from coming out of the ity emis ions of trace sub-

tances-ha nm reach d a 

critical pha e. fter mor tha n  

three yea r of measurement and analysis 

at power plant location , researchers have 

begun reporting me prel iminary results 

to the util i ty i nd ustry a wel J a to the EPA. 

An i nter im yn the · i  report con taining 

many of the re u l ts of EPRJ's chemical 

emi sions field monitoring, plus ca e 

study exa mple of the approach being 

used to a e - the ri k po ed by variou 
trace chemica l in power pla n t  emissions 

indu trywide, was prepared for the EPA 

and pre en ted to u t i l ity member in a se­
ries of em inars la t December. 

The field ampling targeted nearly two 

dozen of the hazardou air p llutant des­

igna ted by the C AA. Th bottom line from 
the sa mpl ing, ac ord ing to lan Torrens, di­

rector of the Environmenta l Control Sys­

tem Department in EPRI' Environment 

Division, i that "mo t hazardou air pol­

lutants emitted from util ity power plan t 
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stacks are pre ent in extremely low con­

centration , ometimes at or below the 

limit of detection . The concentration are 

so low, in most cases, that the r isk to 

human health cannot be accura tely de­

termin d . "  Resea rd1ers ay that such u n­

certa i n ty re u l t  both from the high 

variabi l i ty of mea ured quantit ies of 

chemical at the level of detection and 

from incomplete knowledge of the exact 

pecies of chemicals U1at can b presen t .  

everthele s, congre ional and regu· 

latory pr ure to ubstan tialJy reduce 

virtually al l indu trial emission of haz­

ardous a i r  pollutant like arsenic, 

chromiu m, formaldehyde, and mercury 

mean tha t even the very low concentra­

t ions o.f such chemicals in fo · i J  power 

plant wa te tream require clo exami­
nation. "Whether and how to manage 

th e ub tance may be a new challenge 

tack," ay Torren . "And we 

are making progress in iden­

tifying other method of reducing chemi­

cal emissions. For example, we are con­

d ucting pilot-scale work on the injection 

of act iva ted carbon to asses its potentia l  

for red ucing mercury e m i  ion , in case i t  

i d eterm ined by the EPA that su ch addi­

tiona l  mea ures are necessary a nd appro­

priate." 

Utilities aren't the main focus 

Electr ic u ti l i tie are not tl1e primary focu 

of the air toxics provisions of the CAAA. 

According to a report prepared for the BPA 

before the pa age of the amend ment in 

1 90, u tility boiler emission of four po­

tential cancer-causing hazardous air pol­

lu tan t  (arsenic, cadmiu m, hexavalen t 

chromium, and formaldehyde) pose in­

significant ri ks-e tima ted at le s than 

one excess cancer a year for a popula tion 

of 200 million. But that 1 98 risk e tima te 



developed for the agency was based on 
chemica l emission factors (or est imated 
rates) from published references wi th un­
certain accuracy and other acknowledged 
l imi tati ns.  Because rel iable utility emi -
ions data were lacking and the hea l th ri k 

implica t ion of the avai lable da ta were un­
clear, Congre s sti pula ted that the EPA 
cond uct a study to detennin the public 
health risks, if any, of hazardous chemical 
emissions from util i ty sources. 

With field measu rements at power 
plants now largely completed, EPRI re­
·earcher ar in tegrating data from vari­
ou sampU ng and ana lytical efforts with 
resu l t from h.1die of the environmen tal 
tra nsforma tion of hazardous air pol lu tants 
and the human health effects of expo ure 
to them. From this integration will come 
quan titat ive estima tes of r i  ks associated 
wi th the utility i ndustry' · share of emis­
sion . The CORE project is 
continui ng, and in fonna tio11 
from i t will form the basis 
for an upd a ted synthesis re­
port by the industry for sub­
mission to the PA later this 
year. 

The cu rren t ynthe is 
studie a nd fie ld- ampling 
re u l t reported to th EPA 
and the u ti l ity indu try rep­
re nt the cu lmina tion of 
more than a decade of EPR! 
research in power plant 
chem ical emission . Led by 
the Env iron ment Division, 
the effort has included re-
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the gaps and resolve uncertainties in pub-
1.ished data on uti l ity chemical emissions, 
has included a range of fossil fuels and 
conventional boiler configura tions as well 
as a spectrum of emissions control and ad­
va nced power plant system . EPRI has 
worked coopera ti vely with the Depart­
ment of Energy ( DOE), the Utility Air Reg­
u latory Group (UARG), and individual 
utilities to extend the new database to 
cover more than two dozen power plant 
sites. "The DOE effort to characterize air 
toxics e.rni sions wil l  corroborate and com­
plemen t EPRJ 's PISCE program," say 
Charle · Dru mmond, d i rector of the env i­
ronmental con trol d i vision at DOE's Pi t ts­
burgh Energy Technology Center. "The 
PISCES test protocol a l lows us to obta.i11 
d a ta that can easily be combined with the 
EPRI databa e, provid ing a comprehensive 
basi for under tanding utility air toxics 

emissions and the variabi l ity between 
pla nt types." 

According to Winston Chow, who heads 
EPRT's Waste & Wa ter Management Pro­
gram and coordinates the PlSCES effort, 
key results from PISCES field monitoring 
include the findi 11g of generally lower 
emis ion factors than those that formed 
the basis of the EPA's earl ier preliminary 
risk estimate (especially for chromium, 
ma nganese, and nickel) .  The more recent 
PISCES data also show much less variabil­
i ty at the lower emission factors. The re-
ults are considered of sufficient ly im­

proved qua lity to be more repre enta tive 
of actual u ti l i ty emi ions a nd therefore to 
be of use in pred icting the performance of 
emissions control systems. 

The sa mpling and measurement data 
are being incorporated into two other ma­
jor components of PISCES: a rela tional 

database on uti l i ty chemical 
emissions, developed from 
various source , and a prob-

.o. Mercury o Chromium • Arsenic abi l i  tic-bu t user friendly 
-power plru1t compu ter 
model that tracks the pa th­
ways of chemicals and e ti ­
mates emissions of trace 
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ubstances. Even h.ia l ly, EPRJ 
expe ts to publish one or 
m re engineering reference 
guides that wi l l  include new 
data on the performa nce of 
various control teclmologies 
from the recent field-moni­
toring effort . 

EPRJ resea rch ma nagers 
eMch resu l t  from a nu m­

ber of i nst i tute program . 
Rel a ted EPR1 research i n­
cludes an eva luat ion of po­
ten tial health effects associ­
ated with util ity emissions 
of peci fic d1em.icals (for ex­
ample, ar enic and mercury), 
a comprehen ive tud y  of 
mercury cycl ing and ecosys­
tem im pacts, and  an invest i­
ga t ion of the a tmospheric 
transformation of such se­
lected pecie a mercury. 

ELECTROSTATIC PRECIPITATORS REMOVE SOME 

tres the close, coopera tive 
working relationshi p that 
have characterized the inter­
action with individua l  utili-

The Pl ES ampling ef­
rt, lau nched to fi l l many of 

CHEMICALS WELL PISCES sampling confirms that some 

of the important trace chemicals of concern to electric 

uti l ities can be effectively removed by existing emis­

sions control systems, such as particulate control 

devices (electrostatic precipitators or fabric filtersl and 

flue gas desulfurization systems. This graph of data from 

several PISCES sampling locations shows that ESPs can 

do an exceptional job of capturing (along with the fly 

ash from combustion! trace emissions of the heavy 

metals arsenic and chromium, achieving 90-99% reduc­

tions; however, less of the mercury and other volati le 

trace elements would typical ly be removed. 

t ies, UARG and other indus-
try groups, and government 
agencies and researchers. 

Te·timony a to the value 
of EPR!' · cl1emical em.i ions 
h.1d ies come from Charles 

Goodman, vice pre ident for 
researcl1 and environmental 
affairs at Southern Company 
Services and the chairman of 
U ARG: "PJSCES i providing 
crucia l i nformation on trace 
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ACCOUNTING FOR TRACE CHEMICAL EMISSIONS: STAGES OF REDUCTION From their widely varying concentrations in 

different fossil  fuels, chemicals of interest in power plant emissions can potentially be reduced as they move along the 

power generation-flue gas pathway. The degree of emissions reduction possible depends on the power plant design and the 

emissions control systems installed between the boi ler and the stack. This chart shows general emissions reductions at key 

stages for four representative trace elements; the emission rates are for a 500-MW coal-fired unit and are based on the 

average concentration of each chemical in Pittsburgh-seam bituminous coal. For many chemicals, coal washing represents 

the first stage of reduction because some of the chemical is removed with the refuse. Still more is removed with the bottom 

ash from the boi ler, and so on. 

Chemical 

Arsenic 

Chromium 

Mercury 

Selenium 

Raw Coal 
Emission Rate 

( lb/h) 

0.681 2 

1 . 1 859 

0.0049 

0 .0765 

chemical sou rces and d ischarges for as­

sessing the risk from util i ty emissions of 

potential ly ha zardous air pollu tants .  This 

effort is helping the industry meet its 

obligations to ensure the protection of 

public health and the environment. For ex­

ample, the field te ting we d id  a t  our clean 

coal technology demonstrat ions is a first 

step toward provid ing the industry with 

informa tion on the air toxics implications 

of advanced low- o, retrofit ." 

The critical importance of accura te pro­

tocol and methods for measuring trace 

chemica l emissions ha been highl ighted 

in the PISCES field monitoring. In several 

cases, EPRl-led advances in the state of the 

art underlie new insights for the ongoing 

risk a sessment of utility emissions. "We 

accomplished a nu mber of firsts duri ng 

the course of the overal l effort; i n  some 
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Coal 
Wash ing 

Reduction in Emissions 

Boller ESP/ 
Fabric F i lter 

Emt 

FGD 

FIIJlt Gas -----1------

65-75% 0-2% 65-99% 

30-75% 3-20% 65-99% 

30-40% 0% 0-60% 

25-50% 0-5% 1 0-80% 

cases there were no standard methods for 

measuring the trace ubstances in utility 

flue gas," says Chow. 

For example, in conjunction with EPA 

scientists, EPRI evaluated several method 

for measuring mercury i n  power plant 

waste streams. 'This marked the first co­

opera tive evalua t ion of mercu ry measure­

ment methods and has led to the only re­

l iable, EPA-accepted approach to uch 

mea urement," ay Don Porcel la ,  man­

ager of EPRJ's mercury R&D. To help util­

ities design thei r own chemical emissions 

sampling programs based on the most up­

to-date methods, and to help U1em un­

derstand the capabil itie and limitation 

of the various methods, last fa ! J  EPRI pub­

l Jshed a compend ium of techniques for 

measuring trace substances in flue gas and 

other power plant process strea ms. 

0-20% 

0-20% 

1 0-90% 

0-50% 

Insights from PISCES 

field sampling 

Over 500 chemicals have been identified 

in power plant process streams. EPRJ's 

P ISCES database contains over 150  mega­

bytes of information, including 80,000 

record s of reported quantity data from the 

l i terature alone. Researchers note tha t  

more and better data tend t o  b e  ava i lable 

for inorganic species in liquid and olid 

wa te streams than for aerosols . 

Despite the amount of information a l­

ready published and incorporated in to 

early versions of the PJSCES database, the 

lack of fw1damental da ta abou t the per­

formance of emissions control technolo­

gies for the hazardous air pollu tants of 

concern prompted EPRI to undertake the 

PlSCES sampling effort in cooperation 

with member utilities, utility consortia, 



DETECTING TRACE CH EMICALS AT THE L I M I T  Many of the key chemicals of concern in power plant emissions are present 

in concentrations so low that they challenge the capabi l ities of the most sophist icated and sensit ive sampling and analyti­

cal equipment currently available to collect, detect, and measure them. EPRl's PISCES sampling effort has employed a 

number of the latest analytical instruments and has also verified new analytical methods for detecting trace quantities of 

some chemical species. The table presents some examples of the general detection limit ranges for trace substances in air  

emissions and the analytical instruments typical ly used to measure particular chemicals. 

Chemical 

Ch loride 

Polycycl ic aromatic hydrocarbons 

Chromium 

Arsen ic  

Cadmium 

Selen ium 

Mercury 

Detection L imit  Range (µ.g/m3) 

5-20 

0 .40-750 

1 .0-5 .0 

0.25-1 .0 

0.09-1 .0 

0.30-1 .0 

0 . 1 4-0 .50 

Analytica l Instrument 

Ion chromatograph ( IC)  

Gas chromatograph (GC) , h igh-reso lu tion mass spectrometer (MS) 

Inductive ly coup led plasma emission spectrophotometer ( ICPES) 

Graph ite furnace atomic absorption spectrophotometer (G FAAS) 

Cold vapor atomic absorption spectrophotometer (CVAAS) 



Gas sampling from the inlet and outlet ducts of an 

electrostatic precipitator 



and DOE. Emissions and discharges in flue 
gas and all related solid and liquid waste 
streams were measured for as many as 22 
target chemicals. 

In particular, relfable paired data sets 
(inlet and outlet) for each of the various 
conventional emissions control technolo­
gies were essential as inputs to various 
models and ultimately for deriving risk 
estimates that will reasonably account for 
the emissions reductions many power 
plants will achieve in the next few years 
in complying with the CAAA's acid rain 
provisions. Researchers report that mer­
cury removal by emissions control tech­
nologies in use today is particularly diffi­
cult to quantify because mercury is 
typically present in power plant flue gas 
in concentrations of 1 to lO micrograms 
per cubic meter. This fact prompted EPRl's 
joint measurement methods validation ef ­
fort with the EPA. 

"Comparing the PISCES field-monitor­
ing results with information in the litera­
ture reaffirms our understanding of the 
common fate of certain classes of chemi­
cal species within the power plant," says 
Torrens. "For example, comparing the con­
centration of chromium in coal with that 
found in fly ash indicates that a large pro­
portion of chromium is captured with the 
particulate matter. This suggests that 
highly efficient ESPs and baghouses would 

SAMPLING EMISSIONS 

The PISCES chemical 

emissions sampling effort 

has collected fuel compo• 

sition data as well as inlet 

and outlet measurement 

data for flue gas and solid 

and liquid waste streams 

at over two dozen sites. 

Conducted in collaboration 

with EPRI member utili· 

ties, utility consortia, and 

the Department of Energy, 

the PISCES work covered 

a wide range of fuels and 

all major types of power 

plants and emissions 

control systems. 

remove chromium and other similarly be­
having elements quite efficiently. And our 
field studies show that chromium concen­
trations in the stack are quite low." On the 
other hand, the field-monitoring results 
for mercury emissions confirm previous 
literature references and suggest that most 
of  this volatile element remains in the flue 
gas beyond an ESP. 

ESP-equipped coal-fired plants repre­
sent the largest segment of types of plants 
tested under the EPRl and DOE field-sam­
pling programs. The PISCES results con­
firm the capacity of these particulate con­
trol systems to significantly reduce the 
levels of many heavy metals in flue gas 
streams. Some metals, including arsenic, 
cadmium, chromium, lead, and nickel, can 
be removed with greater than 90% effi­
ciency. The measurement data also indi­
cate that fabric filters can achieve reduc­
tions of over 99% for such heavy metals 
as arsenic. 

According to 010w, researchers specu­
late that such reductions result from the 
condensation of the metal species on par­
ticulate matter as combustion gas temper­
atures drop from those typical inside boil­
ers to the much lower temperatures at the 
inlet to particulate control systems. "It ap ­
pears that conditions that promote lower 
temperatures and the improved removal 
of combustion and postcombustion par­
ticulates and aerosols also serve to control 

has been recognition of the importance of 
the oxidation state of individual species of 
trace elements in determining their ulti­
mate environmental fate or amenability to 
control measures. 

In limited studies involving the treat­
me11t of bituminous coal gas in a 4-MW 
pilot-scale cold-side ESP and a wet lime­
stone FGD system, two prominent species 
of mercury (ionic and elemental) were 
found. About 60% of the mercury in the 
flue gas at this site was in ionic form. Jn 
this particular instance, the combination 
of the pilot ESJ> and wet FGD appeared to 
capture all of the ionic mercury but only 
a smaU portion of the elemental mercury. 
Researchers say that tbe proportion of 
ionic to elemental mercury tends to vary 
with location in the flue gas path, coal 
type, and plant design and operating con­
ditions. 

The good material balances between 
emissions and the levels of chemicals in 
the fuel noted for most of the key elements 
measured under PISCES field sampling 
provide some indication of the reliability 
of the data. Researchers report, however, 
that balances for selenium were highly 
variable, possibly as a result of interfer­
ences in the measurement methodolo­
gies. In the case of two other metals­
chromium and nickel- the emission fac­
tors seen were one to two orders of mag­
nitude lower than those reported by the 

many of the heavy metals," says Chow. EPA in 1989. Researchers believe that the 
But he notes that the more volatile ele- discrepancy may be explained by the ear­
ments mercury and selenium stand as ex - lier use of  stainless steel collection probes, 
ceptions and that further research is corrosion of which could easily have con­
needed in order to understand their fate taminated samples. 
and chemical transformation. 

Among the various combinations of 
control technologies examined under the 
PISCES field sampling, the best overall re­
duction of trace metals (more than 95%) 
was achieved with fabric filters alone or 
with the combination of particulate con­
trols and either wet or dry flue gas desul­
furization (FGD). 

Mercury removal appears to be higher 
for flue gas scrubbers than for particulate 
control systems, researchers say, because 
mercury may exist partially in an oxidized 
form (mercuric chloride). Indeed, one of 
the key insights of the PISCES fieldwork 

Hydrogen chloride and mercury 

Two of the 22 targeted trace substances 
measured under the PISCES m1d DOE field­
sampling efforts, hydrogen chloride and 
mercury, received significant attention dur­
ing debates on the air toxics provisions of 
the CAAA, and they illustrate some inter­
esting contrasts in considering the range 
of utility emissions. Because of its poten­
tial to bioaccumtLlate in the food chain, 
mercury was a focus as a health risk, while 
hydrogen chloride came in for scrutiny 
primarily because of the large quantity of 
emissions involved. Researchers note that 
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Total atmospheric loading: -6000 Vyr 

Anthropogenic sources : 200()-3000 Vyr 

Waste inc ineration: 1 000 Vyr 

Globa l coal combust ion :  1 000 Vyr 

Other anthropogen ic sources: 1 000 t/yr 

MERCURY EMISSIONS IN 

PERSPECTIVE The contri• 

bution of U.S. electric utility 

power plants to overall 

emissions of mercury from 

both man-made and natural 

sources should be viewed 

from a global perspective. 

Of total atmospheric 

emissions of about 6000 

tons per year from all 

sources, only 1 000 tons per 

year are estimated to come 

from the combustion of coal 

throughout the world;  of 

that portion,  U.S. power 

plants contribute about 40 

tons per year. 

Natura l marine sources :  2000 t/yr 

Natural terrestrial sources : 1 000-2000 Vyr 

both are hight volatile ub tances and 
tha t  th ir removal from power p lr u1 t  flue 
ga is po ible to varying degrees. 

Because of the relatively high concen­
tration of inorganic chloride in bitu mi­
nous coa l ( the concentration arie , ide­
ly but average 0. 1 2%), emi ion of hy­
drog n chloride average about 1 400 ton 
a yea r for a 500-MW plru1t wi thout an FGD 
s tern. The EP tudy will  evaluate 
wheth r heal th ri k are significant with 
residual mis · ions of hydrogen chloride-­
that is, the emission est imated to remain 
after environmen tal  control y tern a ti -
fying a I I  other provi · ion of the AA ;ir 
in plac . 

Duri ng combu t ion in the fu rnace, over 
95% of the ch loride in coal i relea ed, pri­
marily in gaseous form. There is little in­
teract ion with the ;i h becau e t mpern­
ture- a re abov the acid d w poin t  for 
hydrogen chloride; thus ery l i ttle HCI i 
detected in the fly a h regard Je of the 
type of coal .  H I i not con idered to be 
a carcinogen, and no standard exists for 
either acute or chronic exposure to i t .  
H owever, the EPA ha a recommended ref­
erence concentrat ion f 7 microgram per 
cu bic meter for purpo es of publ ic hea l th  
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protection again t chionic, long-term non­
ca rcin genie eff ct . For a 7 0-MW coal­
fired power plant, the maximum 1 -hoUI 
ground-level concen tration i e timated to 
be 7. 1 microgram at a di ta nce of 1 600 
meter from the tack. The computed 
ma, imum annual average concentra t ion 
from the plant would be 0.7 microgram­
a factor f 1 0  Jes than the EPA' r Ference 
concentra tion. And ,  if requ f r  d, xi  t i ng 
coal-fired plants equipped wi th  wet or d ry 
FG D ca n achieve over 907, removal of HCl , 
a confirmed in the Pl CES field ampling. 

Mercury, on the other ha nd, is em itted 
in rela t ively small quantitie . Uncon­
trolled emissions from a typical 500-MW 
coal -fi red plant w uld be abou t  00 
pou nd per yea r. Actu a l  emission are 
proba bly Lower, ince curren t environ­
menta l control te hnology removes some 
mer u ry. The annual contribu tion of .5. 
f i i-fuel-fired electric utility boiler ha 
b en e t imat d t b I tha n  1 % of tota l 
gl bat mercury emi ion (from both man­
made and natura l  sources) and le than 
2% of the man-made hare wor]d.,.vide. For 
mercur , a for hyd rogen chloride, the 
overa l l  health risks from power plant 
emi ion may be low. Prelimi nary health 
risk e ti ma te at one plan t  wi th  an ESP and 

a wet FGD y tern indica ted ri  ks from 
mercury emis ions at three to foUI orders 
of magnitude below the hazard thre hold .  
Mo t of the r i  k i mani fe ted through the 
inge Hon paUnvay (i .e . ,  water sy t m and 
the food chain )  ra ther than by inhalation . 

MercUI levels in U .S. coal va ry I 
widely than do chloride concentrat ions, 
a l though the widespread practice of coal 
wa bing to reduce a h content is believed 
to bring mercu ry level for mo t coals 
fired in power plant boiler to ar und 0. 1 
part per million. Researchers are continu­
ing efforts to determine the dominant 
fom, of mercury emi t ted in combu ti n 
flue gas, which they bel.ieve may depend 
on the coal'  chlorine concentra tion and 
there ore the level of hyd rogen d1Joride. 
Many of th l i tera ture references to mer· 
cury emi sions from coa l-fired power 
plants a re u11clea I or 1.mrel.iable because of 
uncertaint ies as ociated wi th met hods of 
ampl.i ng and ana ly i . Moreover, mo t of 

the mercury removal data available before 
EPRJ '  PISCES field ampl.ing were from 
municipal wa te incinerator , where con­
cen trations of mercury emissions a re typ­
ica l ly higher than i n  utility flue ga by e -
eral orders of magni tude. 

A review of references in the l i teratu re 
how mercury removal of 1 0-50% with 

fabric filter r ESP and removaJ of 30-



80% wi th FGD systems. The more recent 

EPRI PISCES da ta indicate removals of 20-

90% for cold-side ESPs; 85-90% reductions 

were observed in limited measuremen t 

from fabric filters. Researchers tres that 

the resul ts are preliminary a11d a ttribute 

the large range to everal possible factors : 

sampling and analytical variability, w1-

burn t carbon carryover that adsorbs mer­

cury, the particula r oxjda t ion state of mer­

cury in various flue gas streams, gas 

temperatrne, a nd perhaps the varying 

chloride content of the fuels. 

Although municipa l waste incinera tors 

ar qui te d i fferent from power pla nts iJ1 

terms of emissions characteristics, there 

are numerous reports of mercury remova l 

from the flue ga of such incinera tor 

th.rough the u e of cherrucal add i tives. 

One compa ny has used activated carbon 

powder in a spray dryer and lower exit­

ga tempera tu res to improve mercury re­

moval .  Da ta reported for one waste mcin­

erator ind icate that a spray dryer-bag­

house combination removed 69% of the 

total mercury wi thout the add i ti ve and 

9 1-95% wi th the i njection of activated car­

bon at lower exit-ga� temperatu res. The 

removal factor appear high, researchers 

note, because mercury emissions from in­

cinera tors are typica l ly  two to three orders 

of magnitude higher than those from fos­

s i l  fuel power plant . Sim ilar resu lts ha ve 

been reported in a .l imi ted number of te t 

involving th use of activated carbon as 

an addi tive for mercu ry remova l  at coa l­

fired power plants. 

Recent explora tory tests sponsored by 

EPRJ injected activa ted carbon just ahead 

of a 1 -MW piJot-scale pulse- jet fabric filter 

system at a power plan t firing subbi tu mi­

nous, low-sulfur coal . Mercury removals 

of better tha11 90% were ob erved at low 

flue gas temperatures with the mjection of 

4000 parts of carbon per part of mercury 

in the flue gas. Wi thout carbon injection, 

the fabric fi l ter'  - mercury remova l effi­

ciency d ropped to 30-50%. Much lower 

mercury reductions have been observed 

at ga temperature i n  excess of 300°F 

( 149°C). 

Recent tests of carbon injection at an­

other U.S. util ity burni11g we tern sub­

bituminous coal showed no measurable 

mercury remova l ,  however. Additional re-

earch by the electric u ti J i ty ind ustry and 

U.S. governmen t agencies is under way to 

establish the properties oi such sorbent in­

jection tech1uques and their applica tion to 

mercury remova l .  

What about organic compounds? 

Although trace heavy metal and inor­

ganic acid have been the major focus of 

attention both from an a nalytical view­

pom t  and in terms of their poten tial for 

future emi sions red uction requirements, 

EPRl 's field chemical ampling effort 

have included several volatHe organic 

compounds, formaldehyde, and poly­

cyclic aroma tic hydrocarbons. Prel iminary 

EPRI. risk a se ment ca e stud ies appear 

to indica te tha t, compa red with trace met­

al , these pecific organic compounds in 

u ti l ity power plant emi ions pose only a 

very smaL I  risk to h uman heal th or to the 

environment .  Their pre ence i typical ly a t  

o r  below the detection (jmit o f  current 

E PA-recommended measurement  meth­

ods. There are st i l l  other orga 1uc com­

pow1d that have not y t been sampled 

and measured a t  power plants. 

EvaJuatu1g potentia lly toxic emfasions is 

critically dependent on the ability to sam­

ple and measu re uch species as th vari ­

ous orga nic compou n.d s, especia l Jy when 

a majori ty of the chemicals l isted in the 

CAAA have not been mea ured in power 

plan t waste streams. Without the requisite 

understa11ding of the capabil it ie and l im­

i tat ions of mea urement method , the 

probabiJ j ty of obta in ing misleading re­

sult i high. Util i ties can therefore expect 

to realize signi fica11t va lue from applying 

the methods of mea urement de crib d m 

the  EPRL compendium published la t fall. 

Under the continuing PISCES program, 

specific method for measuring important 

chemical of concern in fuels and flue gas 

streams will be add ressed i J1 both labora­

tory development efforts and field evalu­

ation and val ida tion studies. Besides 

methods for mea uring mercury, im­
proved techn.iqu for ampl ing benzene 

and for identi fying ind i vidual oxida tion 

states of such trace eleme11ts as arsenic 

and chromium are of part icu.Ja r interest to 

EPRJ researchers. 

Input to decision ma king 

An ultimate end product mcorporati ng re­

su lts from aLI of EPRI 's research studies iJi 

hazardous air pollutants is a series of com­

puter modeling tool and a risk assess­

ment methodology that wiU al low utili t ies 
to evaluate changes in operation and fuel 

use a nd to conduct the ir  own multimedia 

risk as e sments in meeting fu tu re regu­

latory requirements. A new comprehen­

sive modeling tool for inha l a tion risk a 

sessment (known as CRA Ff) has been 

developed, while two other related com­

puter model -AERAM and AirTox-are 

being upgraded to be more user-friendly 

and cost-effect ive. A new multimedia risk 

assessment model (called TRUE, for total 

risk of u t i l i ty emissions) is being tested 

and will soon be available for general util­

ity use. Over the long term, EPRI managers 

envision qua l ifying continuous air toxics 

moni tori ng ystems when they a re devel­

op d and become available for key chem­

ical species of intere t to electric utili ties. 

"The research cha llenge il1 the ana lysis 

of environmenta l transport, fate, and risk 

ou tcome is to determine whether there's 

a ny impact from the chemicals attribut­

able solely to u t i l ities," says Leona rd 

Levin, who direct EPRI 's air toxics risk 

anal sis studies. "For example, arsenic in 

massive amou nts is a t tached to natural 

dust from the earth's crust; tha t  dust ac­

counts for the majority of arsenic expo­

sure, so determining the effect due to util­

i ty emi ions a lone is cons quently more 

difficult ." 

Concludes Ian Torren , "This is a highly 

ta rgeted R&D effort to provide informa­

tion never before available on electric uti l­

ity trace substance em.issions a11d the risks 

that could en ue from them. The quality 

of the data we are obtaining i.J1 coopera ­

tion with DOE, UARG, and the EPA will 

hel p u t i l ities judge their specific role in 

overal l  emissions of these ubsta nces and 

will provide a better basis for society to 

judge the risks and a ses the need to re-

d uce them further." • 

Background mlormatlon for lh1s artic le was provided by 
Winston Chow, Leonard Levin , and Ian Torrens, Env , ron­
menl Division. 
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by Lesl ie Lamarre 

lectricity From 
THE STORY IN  BRIE F Experimental p lantations of fast-g rowing 

hybrid poplar trees in the Midwest may one day fuel a new type of electr icity 

generator. Called Whole-Tree-Energy technology, this system would 

produce electricity by burning sections of whole trees that have been d ried 

in an a i r-supported fiberglass dome. Although it is st i l l  under 

development, Whole-Tree-Energy technology appears to be 

a cost-competitive a lternative to coal-fi red power production . The technology 

offers relatively low emissions of sulfu r d ioxide, nitrogen ox ides , 

and pa rticulates, and when fueled by a renewable tree crop, it releases 

no net carbon dioxide into the atmosphere. Two midwestern uti l it ies 

have joined EPRI in a study of the feasibi l ity of establ ish ing 

the wor ld 's fi rst Whole-Tree-Energy power plant. 

I 
n the rural reaches of sou thern Min­

nesota ju t north of the Iowa border 

L ies a 20-acre pa tch of poplar trees. I n  

the springtime, when the branches are 

thick wi th new leaves, the tract could pass 

for a natural fore t. But au tumn provide 

a clearer view, revealing that the trees are 

planted i n  evenly paced rows, much l ike 

the row of corn that once occu pied the 

ame ite. lndeed, this i not a fore t bu t 

a plantation. And the t ree are a fuel crop 

that may one day feed an electricity gen­

erator. 

Titis experimental field of fast-growing 

poplar hybrids in Fairmont, M innesota, is 

one of many established in the Midwest 

as a potentiaJ fuel source for a new elec­

tric power genera tion technology stil l 

under development .  Called Whole-Tree­

EnergyT" technology-becau e it  l iterally 

involves the combu tion of whole trees­

this patented innovation appears to be an 





DOME-DOMINATED DESIGN The air-supported fiberglass dome used for reducing the moisture content 

of freshly harvested whole trees is significantly larger than the power plant that turns the trees into 

electricity. Inside the dome, the special ly designed whole-tree stacker, consisting of a tower crane and 

grapple, removes whole trees f,om the trucks that del iver them from nearby plantations and stacks them 

in a large, circular structure to a height of more than 1 00 feet (30 m), Waste heat is piped from the plant 

into the dome for drying, entering the structure from beneath the tree stack. EPRI estimates that tree 

plantations adequate to supply a 1 00,MW plant would occupy less than 7% of the land within a 25-mile 

(40,km) radius of the plant. 

a t tract ive a l ternative to fo s i t - fuel-fired 
power production: i t  is a renewable en­
ergy technology tha t  offers en vironmenta l 
benefit at an acceptable co t, without the 
need for the expensive u lfur dioxide (S02) 

emi ion con trol equipment requ ired for 
many coa l-fired power plan ts . 

Conceived by a power plant su perin­
tenden t in 1978, Whole-Tree-Energy tech­
nology i nvolves the combustion of tree 
crop from farm d i  tributed wi thin a 25-
mile (40-km) rad iu  · of a given plant .  Har­
ve ted and del ivered whole, the tree are 
dried i J1 an a i r-supported fibergl ass dome 
tructure over a 30-day period by using 

waste heat from the combu tion proce s 
i n  the adjacent plan t . Trees lea ve the d ome 
on a conveyor, a nd ,  11 t  the boiler wa l l ,  
b11 tche are u t  in to sect ions to  fi t t he  
boiler. I J1 the  ca  e of a 1 00-MW plant,  the  e 
sect ions are abou t 28 feet (8 .5 m) long. 

Like other biomas fuels, sud1 as peren­
nial gras es, trees h11ve the potential  to be 
neu tral in term of carbon dioxid -that 
i , to emit no net 02 into the a tmosphere. 
Thi is because the level of CO

2 
emitted in 

the combu tion process is essentially equiv­
alent to tJ1at ab orbed by the fa t -growing 
tree crop. "In area of the cou ntry that a re 
not arid or emiarid ,  thi technology of­
fer the opportu n ity for cost-effective so-

1 8  EPRI JOURNAL January/February 1994 

Jar energy d spi te clou dy cJ jmate ," ays 
Evan Hughes, EPRl 's manager for renew­
able fuel . "The tre capture and store en­
ergy from the u n ." 

Al o l ike other biomass fuels, trees and 
dean wood relea e low l evel of ni t rogen 
oxides (NO) and a h d uri ng the combu -
tion proces,. And t]ie I eve 1 f 50

2 
re­

lea ed by w od are even lower than tho e 
released by other biomass fuel · and are 
ometi me not even rnea urable. A 1 986 

test sponsored by orthern States Power 
Compa ny that measured u ncontrol led 
emission of 501, NO,, and pa rti u la tes 
from the combustion of whole tree found 
the emi ion to be lower than tho e re­
su l ting from pulver ized-coa l pla n t  em­
ploying expensive emis ions remova l  y -
terns. Also, trees and other clean biomas 
feedstocks do not re lease toxic air emjs-
ion , uch a· heav metals . 

The Whole-Tree-Energy concept ha 
been dev loped and te-1ed over the year 
wi th  su pport from EPR I ,  1 orthern States 
Power, and other orga11jza t ions. Recently 
Minne ota Power and Wiscon in Power & 
Light Company joined forces wi th E PRI to 
tudy the feasibi l ity of e tab l i  h ing the 

world's first whol -tree power plant , a 
1 00-MW faci l i ty. "The concept of feed i l1g 
wood in the form of whole trees to a boi ler 

a new twist on an old idea," says 
H ughe , w ho manage EPRI' work on the 
technology. "Many people thi n k  bu rning 
wood is dirty. Out of  a fi replace, wood 
smoke i d i rty, bu t  out of a power pla n t 
that accepts clean wood a fuel and em­
ploys sta te-of-the-art combustion tech­
nologie , it' very clean ."  

Planting the seed 

David Ostl ie, the power plant superinten­
d nt who invented and pa tented whole­
tree teclrnology, says he was bui ld ing his 
house in a wooded, newly populated area 
of cen tra l Minnesota when he first ca me 
u p  wi th the idea of pu r uing clean wood­
bu rning electric power generat ion. Every 
house in the neighborhood had i ther a 
fireplace or a wood stove. And iJ1 the 
chil ly win ter months,  the e were fed reg­
ularly wi th wood that had been cleared for 
d r i veway . Before long, the smoke became 
a nu i  a nee. " ot onl could you see it, but 
it wa tough to breathe," a ys O t l ie .  

Ostl ie, who worked for orthern Sta te 
Power, kJ1ew enough abou t electric i ty 
generation to do some experimenting on 
his own .  U ing kill retained from hi 
d ays as an i ronworker, he designed and 
bui l t a combustion uni t  abou t th ize of 
a large home freezer in his spa re time, 



then i n  tailed and te ted it in the qu ip­
ment torage area beneath his three-car 
garage. Fueled with th ame oak log his 
neighbors used in their fi replaces, the u nit 
produced a clear exhaust, proving tha t i t  
cou ld burn the wood cleanly and effi­
ciently. According to Ostlie, the absence of 
soot in the exhaust indica ted that the un i t  
genera ted very low level of a romatic hy­
d rocarbons, the cancer-cau i ng emission 
conta ined in the smoke released from typ­
ica l r sid ential  f o-eplaces. The u n it was 
a l  o able to burn the wood comp! tely, 
leaving no unburned carbon ( usua l ly  i n ­
dicated by remaining cinder ) .  The secret, 
0 tlie says, is to u e d ry wood and a h igh 
temperature. 

lot only d id  O t l ie' tests prove that 
wood could be burned cleanly, bu t they 
a l  o in trod uced a new cone pt :  burning 
wood in relati vely large ection . "Hilvi ng 
some knowled ge of the electric power in­
d ustry, l knew that the few ex ist ing wood ­
bu rning power plants used chipped or 

aware tha t  the proce of breaking wood 
down t th i s  s ize is expen ive. Being able 
to avoid these costs wou ld  be a grea t ad­
vantage." (An EPRI study ha ince shown 
that el iminating the chipping process ca11 
save about 35% of the co t of harve ting 
and hand.li ng the fuel before it  arrives at 
the plant . ) 

By 1 984 Ost l i e  was ready to progres to 
the next step. He developed a s l ide show 
and a schematic of the concept and  pre­
sen ted them to managers a t  his u t i l i ty. He 
also talked wi th ou tside organiza t ions he 
thought migh t be interested, including St .  
Jolrn' University in Collegeville, Min­
ne o ta. St. John's was the fir t to tep for­
ward, a l lowi ng him to u e a  1 .6 -MW boiler 
for te ting. F eding the unit 4-foot-long 
(1 .3-m) tree secti ns, 0 tlie wa abl to il t ­
tain a h igh enough tempera tu re and hea t 
release ra te to a l low an effic ient superhea t 
cycle typical of the large t coa l plants i n  
the cou ntry. "We could have gone beyond 
the 2400°F ( 1 590 Kl we achieved," he ays. 

fired 1 0-MW un it that was converted to 
accept wood fuel .  The challenge for this 
experiment  was to reach an output equiv­
alent to 30% of the fu l l  capaci ty, which 
would ind icate that t h  technology cou ld 
succeed on a uti l i ty scale. Ostl i� managed 
to achieve an output equiva Jent to 90% of 
the full capacity, or 9 MW, and main ta in d 
a n  average outpu t of 6-7 MW d u ring sam­
pling periods throughout the 1 00-hou r 
test. 

Ju t as signi ficant were the favorable 
data on emi ssions. 'J\t the time, the En vi­
ronmenta l Protect ion Agency sa jd the 0, 
level were the lowest ever measured for 
sol id fuel in the Uni ted States," Ostl ie 
note . Thi d id not come as a complete 
urpri se, since clean wood contain only 

abou t one-fou rth the nitrogen of an a ver­
age coal, and onventional wood- hred 
plant g n ral ly em i t  45% less NO, than 
coal-fired units. 0

2 
emissions from the 

test were a lma t u nmeasurable, bei ng far 
below the leveJs set by air qual i ty regu la-

shredded wood ," he say . "I wa al o "Our l im i ta t ion was not the fuel but the t ions.  Beca use  cleiln wood has uch a low 

FROM TREES TO ELECT R I C ITY 

After whole trees leave the drying 

dome on a conveyor, they are cut 

into sections-about 28 feet 

18,5 m) long-that will fit in the 

boiler chamber. A ram pushes the 

trees into a charge pit, and a sec­

ond ram then pushes them into the 

furnace.  A Whole-Tree-Energy boil• 

er is taller than a g a s ,fired boiler 

but is otherwise very similar. The 

greater height helps achieve a 

high heat release rate as well as 

complete combustion, allowing 

space for carbon, hydrogen, and 

other gases to burn off. Cinders 

from the burning bed of trees fall 

through a grate and into an area 

called the char burnout zone, 

where any remaining carbon in the 

material burns away. To promote 

complete combustion, air is fed 

into the boiler both below and 

above the bed of trees. Waste heat 

from the flue gas is captured by a 

heat exchanger for use in the dry­

ing dome. 

boiler i t  elf. " 
The ne t t t , conducted a t  orthern 

Sta te Power in 1 986, u ed a formerly coal-

ulfur content ( a t  lea t five t ime lower 
than tha t  of a low-suJ fur coa l ), a very low 
0

2 
level ca n be achieved wi thou t the aid 
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of the costly 502 removal systems used at 
many coal plants. Particulate emissions in 
the 1986 test were also low, even without 
the aid of a particulate collection device. 
This is due primarily to the low ash con­
tent of wood, which is typically between 
one-twentieth and one-tenth of the ash 
content of coal. 

Forging ahead 

Moving into the next phase of develop­
ment was not easy. Although the favorable 
tests impressed managers at Northern 
States Power, the utility decided not to in­
vest immediately in the further develop­
ment of this teclmology. Ostlie, who was 
conunitted to making his concept a real­
ity, estabLished his own company in Min­
neapolis- Energy Perfomiance Systems, 
Inc. (Ers)- and sought support for the 
technology's development from other or ­
ganizations, including EPR!. 

At the time, EPRI was just starting to re ­
vive its biomass research program, and 
the idea of an efficient, low-cost combus­
tion technology fueled by a fast-growing 
tree crop was attractive. EPRl conducted 
an engineering and economic evaluation 
of the technology and, on the basis of 
the results, which were released in 1991, 
agreed to support its further develop­
ment. EPRI and EPS then jointly conducted 
a field test in the town of Aurora (popu­
lation 3000) in northern Minnesota. The 
test demonstrated the processes of har­
vesting, transporting, stacking, drying, 
and combusting whole trees-some 3000 
tons worth. 

Standard logging trucks each carted 
about 25 tons of whole trees to the demon­
stration site. A stacking system that Ostlie 
designed, consisting of a tower crane and 
a remotely controlled grapple, piled the 
whole trees into a square stack about 70 
feet (20 m) on each side and more than 100 
feet (30 m) high at its peak. Researchers 
monitored the structure throughout the 
stacking and unstacking process and tested 
its stability by using a bulldozer to puJl on 
a %-inch-thick (1.6-cm) cable that was con­
nected to a steel beam inside the fuJJ stack. 
Ultimately the cable snapped, but there 
was no noticeable movement of the stack. 
In fact, Ostlie says, there are no obvious 
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limitations to extending the stack upward 
another 50 feet (15 m). 

The test crew wrapped tlie vertical sides 
of the diimney-shaped wood stack with a 
tarp. The idea was to simulate the wind­
sheltered environment integral to the 
whole-tree drying process conceived by 
Ostlie, in which trees would be dried in­
side an air-supported fiberglass dome 
structure. ln an actual Whole-Tree-Energy 
plant, waste heat from the combustion 
process would be used to dry the trees. 
For the test run, air at about 130°F (330 K), 
roughly the temperature of the air that 
would be diverted from an actual whole­
tree plant, was delivered by duct to a dis­
tribution manifold below the tree stack. 1n 
a 30-day period, the moisture content of 
the trees was reduced from 44% to 20%; 
over 700 tons of water, or about 68% of the 
original moisture in the trees, was evapo­
rated. 

The combustion tests were equally suc­
cessful, demonstrating that the combus­
tion of 8-foot-long (2.4-m) tree sections can 
produce a heat release rate high enough 
for an efficient gene.ration process. The 
tests produced an average heat release 
rate of 3.2 million Btu per hour per square 
foot (10 MWth/m2). One experiment re­
sulted in more than 4.2 i:rdllion Btu per 
hour per square foot (13 MWth/m2)-a 
record for wood-burniJig combustion 
units, Ostlie says. By comparison, a typi­
cal coal-fired boiler has a heat release rate 
of approximately 2 million Btu per hour 
per square foot (6 MWth/m2), while boil­
ers fired by wood chips typically have 
rates below 1 million Btu per hour per 
square foot (3 MWth/m2). Accorcfuig to 
Hughes of EPRI, who oversaw the test, the 
factors contributing to the high heat re­
lease rate include the large amount of 
wood in t11e boiler, the high temperature, 
and the reduction of the moisture content 
to below 25% before combustion. 

The Aurora tests, completed ili the sum­
mer of 1992, simulated only Uie lower por­
tion of the boiler. Above the bed of burn­
ing trees, a whole-tree boiler would be 
similar to boilers built for the firing of nat­
ural gas. The exception is U1at the upper 
portion of a whole-tree boiler would be 
taller-80-110 feet (24-34 m)-in order to 

ad1ieve complete combustion as well as a 
high heat release rate. 

A whole-tree boiler has three combus­
tion stages. The first occurs in the bottom 
of the boiler, where the burning process 
drives volatile gases out of the wood. Ln 
the second combustion stage, hydrogen, 
carbon monoxide, and other gases re­
leased during the combustion and gasifi­
cation of the solid wood burn in the tall 
portion of the boiler above the bed of trees 
to become water vapor and CO2, both of 
which escape into the atmosphere. In the 
third and final combustion stage, any car­
bon that's left as char in the bottom of the 
bed is burned completely, also becoming 
CO

2
• To help ensure complete combustion 

and low NO. formation, air is fed into the 
boiler both beneath and above the bed of 
trees. The boiler's height allows enough 
space to stage the introduction of overfire 
air, helping to optimize NO, reduction. 

Research wider way at the University of 
Wisconsi11 at Madison, headed by Ken 
Ragland, a professor of mechanical engi­
neering, will help determine the most ef­
fective design and operating conditions 
for whole-tree boilers. Ragland is devel­
oping a computer model, based in part on 
data from combustion tests sponsored by 
EPRl. The model will take into considera­
tion such given factors as fuel moisture 
ru1d fuel size, iJ1 order to predict heat re­
lease rate, fuel feed rate, and the ratio of 
underfire to overfire air necessary for best 
results. 

A new plant? 

Encouraged by the positive results of the 
Aurora test, two EPRI member utilities, 
Minnesota Power and Wisconsin Power & 
Light, approached EPRI and EPS about ex­
ploring the feasibility of building a Whole­
Tree-Energy plant in the upper Midwest. 
''From a utility perspective the one feature 
that differentiates this teduiology from the 
otl1er renewable options is that a Whole.­
Tree-Energy plant is fully dispatchable­
Uiat is, available anytinie, regardless of 
unfavorable weather conditions," says 
Van Nast, one of wr&L's representatives 
on the team managing the joint study. 
"The same cannot be said for sudi options 
as wind and solar. "  



EPRl agreed to join the utilities in fund­
ing such a study. This ongoing investiga­
tion includes a cost and feasibility evalu­
ation by an architectural engineering firm, 
as well as an examination of potential fuel 
resources and possible plant sites. Final re­
sults are expected by early 1 994. I f  these 
results show that a 100-MW project is fea­
sible and cost-effective, the new plant 
would be brought on-line by 1999. 

The demonstration plant would not be 
the first wood-fired electricity generator in 
the country; several hundred already ex­
ist. Most of them are owned by paper 
companies and saw mills, which burn 
their own scrap wood to generate heat 
and electricity, primarily for on-site use. I t  
i s  increasingly common for these compa­
nies to sell excess electricity to utilities. In 
fact, electricity sales have motivated the 
construction of a number of these plants 
in recent yetirs. Only seven of the coun­
try's wood-fired plants are actually oper­
ated by utilities. These plants are located 
in Oregon, Vermont, Washington, and 
Wisconsin. In  all, some 5000 MW of power 
plant capacity in the United States is fired 
by wood fuel. The utility-owned total is 
Jess thtin 300 MW. 

Existing wood-fired generators, fueled 
by chipped wood with a relatively high 
moisture content (about 45%), are smaller 
in capacity and much less efficient than 

would be the systems designed to use 
dried whole trees with a moisture content 
below 25%. The biggest of the existing 
generators is 50 MW, and most are around 
20 MW. Moreover, as EPRJ's Evan Hughes 
explains, Whole-Tree-Energy technology 
offers higher efficiencies than plants fired 
by chipped wood not just because of 
greater plant size and drier fuel but also 
because it employs high-pressure, high­
temperature steam. 

Whole-tree fuel is less expensive than 
chjpped wood. Today, according to Oak 
Ridge National Laboratory, average prices 
for wood chips produced for paper mak­
ing range from $2.60 per million Btu 
($2.46/GJ) in the southeastern United 
States to $6.20 per million Btu ($5.88/GJ) 
in the Pacific Northwest. Chipped wood 
intended for fuel purposes would cost 
less, since-tmlike the case with pulp 
wood- removing limbs aJ1d bark would 
not be necessary. Also, tree growers sup­
plying a biomass market could opt for 
faster-growing species, which would help 
bring costs down. 

Given these cost-saving factors, Oak 
Ridge researchers estimate that chipped 
wood from fast-growing tree farms in the 
upper Midwest would cost between $2.50 
and $2.90 per million Btu ($2.37- $2.75/GJ) 
if sold today. "More-efficient harvesting 
technology, as well as genetic improve-

TREE CROPS This aerial 

view of a hybrid poplar 

test plantation in Howard 

Lake, Minnesota, shows 

tree growth after two 

years. Typically, such 

crops can be harvested 

after seven years of 

growth, at which time the 

trees are approximately 

50 feet (15 m) tall. New 

tree crops can be planted 

on fields that have been 

harvested, or trees can be 

allowed to grow naturally 

from the remaining 

stumps. 

ments iJ1creasing yields to 7 dry tons per 
acre per year, could bring costs down to 
less than $2.00 per million Btu ($1.90/CJ] 
within the next decade," says Lynn 
Wright, a researcher with Oak Ridge. 
Whole-tree fuel, which does not have to 
be chipped, is expected to cost about 37<t­

per miUion Btu (35i/CJ) less, according to 
EPRI's studies, says Hughes. "Since tree 
farmers today can get subsidy payments 
from the federal government for setting 
aside former cropland and planting trees 
to protect it from soil erosion, another 30-
601t per million Btu (28- 57a:/GJ) can come 
off the cost of whole-tree fuel," he says. 

Even at this potential subsidized price 
of $1.20-$1.80 per million Btu ($1.14-
$1.71 /GJ), whole-tree fuel from dedicated 
plantations will be more expensive than 
coal, which can often be purchased for 
$1.25 or less per million Btu ($1.18/GJ). 
The hjgher cost of whole-tree fuel is due 
in part to wood's significantly lower heat­
ing value-about 4500 Btu per pound 
(10,500 kJ/kg), assuming a typical green 
wood moisture content of 45%, versus 
10,000 Btu per pound (23,000 kJ/kg), on 
average, for coal. But lower capital costs 
and operation and maintenance costs are 
expected to make electricity from Whole­
Tree-Energy teclrnology competitive with 
that from conventional coal technology. I n  
addition, potential tax credits, such as 
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WHOLE-TREE-ENERGY FIELD TEST EPRI and Energy Performance Systems worked together to field-test the Whole-Tree-Energy 

process. Conducted in northern Minnesota, the test demonstrated the harvesting, stacking, and drying of some 3000 tons of 

whole trees, as well as the combustion of 8-foot (2.4-m) whole-tree sections taken from the stack. Researchers determined that 

the trees could be stacked safely to heights of over 100 feet (30 m). To simulate the wind-sheltered drying environment of an 

those resulting from the National Energy 
Policy Act for the use of renewable gen­
eration technologies, could add to the eco­
nomic attractiveness of whole-tree tech­
nology. As Hughes notes, the 1.5�/kWh 
production tax credit in that act would be 
equivalent to fuel cost savings of $1.50 per 
million Btu ($1.42/GJ) at the 10,000-
Btu/kWh heat rate (34% thermal effi­
ciency) targeted for a whole-tree power 
plant. 

Naturally, the use of existing trees 
would in many cases significantly lower 
the cost of electricity production. "The 
overage, diseased, and otherwise unmar­
ketable portions of existing forests could 
be targeted as a transitional fuel resource 
until such time as a dedicated fuel supply 
from tree plantations is avaiJable," says 
Paul Johnson of Minnesota Power, the for­
mer chairman of EPRI's biomass working 
group. "Removal of this wood from exist­
ing forests would likely improve forest 
productivity and management." How­
ever, the prospect of this practice has 
raised concerns about the overharvesting 
of higher-quality native forests. 

I n  any case, the key environmental ad­
vantage of CO2 neutrality can best be at­
tained by using renewable tree crops. As 
one EPRJ report puts it, "While the 
[Whole-Tree-Energy] system can use wood 
from overage, declining forest stands, and 
woody residue from existing logging op­
erations, the optimum environmental ben­
efits of the system will be derived from the 
use of trees grown as a crop dedicated for 
use as a power plant fuel." 

Pulp and paper companies in the Pacific 
Northwest have pioneered research on 
fast-growing hybrid poplars. Over the 
past 15  years, Oak Ridge National Labo­
ratory, in conjunction with the U.S. Forest 
Service, has built on this industry's find­
ings and on federally supported tests of 
fast-growing trees in order to develop new 
techniques for raising hybrid poplars. The 
20-acre (8-hectare) plantation in the south­
ern Minnesota town of Fairmont is just 
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actual plant, researchers wrapped the vertical sides of the wood stack with a 

tarp. A 30-day drying period reduced the trees' moisture content from 44% to 

20%. Combustion tests showed an average heat release rate (per square foot 

of furnace space) 60% higher than that of a typical coal.fired boiler. 



one of dozens of experimental tree plant­

ings established in the Midwest. With 

functing from EPRI, David Ostlie is now 

leasing this site, among others, from local 

farmers to learn more about the fast-grow­

ing poplars. Now only seven years old, 

the Fairmont h·ees are roughly 50 feet ('15 

m) high and 7 inches (18 cm) in diameter. 

Trees, please 

Raising tree crops is a difficult task, since 

the trees require much attention i11 the first 

two to three years. "You can't just plant 

these trees like a forest and then walk 

away," explains Wright of Oak Ridge Na­

tional Laboratory. "If you don't treat these 

trees like an agricultural crop, they won't 

survive." Part of the research under way 

at Oak Ridge will determine the optimal 

weed and pest control procedures, spac­
ing, and other requirements for a high­

yield crop. In drier parts of the country, 

the trees may even need irrigation. 

High-yield crops are not the only con­

cern. As experts involved in EPRl's efforts 

explain, there are many infrastructure is­

sues to address, including the logistics of 

establishing an entirely new market for 

whole-tree fuel. Also, environmental is­

sues, such as the impact of the tree crops 

on existmg species, are not well under­

stood at this time. 

In an effort to get a better handle on 

these issues, EPRI is sponsoring the plant-

i11g of 1000 acres (400 hectares) of hybrid 

poplar trees near Alexandrfa in west cen­

tral Mmnesota. Through this project, or ­

ganized by the Minnesota Department of 

Natural Resources, farmers are signing up 

to plant the fast-growing poplars on their 

idle farmland-trees that could, but will 

not necessarily, supply the nation's first 

Whole-Tree-Energy plant. "We're in the 

early stages of creating a private-sector 

vending system to nurture the trees over 

the years it takes for them to become es­

tablished," says Thomas Kroll, a manager 

of the project and a forester with the Min­

nesota Department of Natural Resources. 

"This is an entirely new busmess, raising 

many issues that need to be sorted out." 

The vending system will rely on the 

equipment and service rental systems now 

employed for traditional crops in the 

Alexandria region. 

Already, some 30 farmers with lots 

ranging from 1 0  to 160 acres (4-64 hec­

tares) have signed up for the program. 

Most of this land is already involved in 

the federal government's Conservation 

Reserve Program (CRP), through which 

farmers are paid to retire highly erodible 

farmland and preserve it for a 10-year pe­

riod. Farmers can extend their 10 -year 

contracts to 15 years by planting trees on 

the land, which helps ensure that the 

acreage will not be revived for food pro­

duction. While the CRP wasn't designed to 

promote biomass energy, "it provides a 

real wmdow of opportunity for getting 

some energy crops established," says 

Kroll. "Over time, this use of the land 

would have to pay its own way without 

support from government programs. But 

for the initial 1000 acres, the CRP program 

is a real carrot." 

EPRI and the Department of Energy wiJJ 

monitor the tree-farming activity and its 

consequences in order to understand any 

issues that arise in the 1000-acre project. 

Issues to be addressed include the impact 

of energy crop activity on small wildlife 

and the tree farms' effect on biodiversity­

the variety of plant and animal species 

within a given region. Hughes expects 

that biodiversity will be greater in tree 

farm environments than it is in environ­

ments characterized by the cultivation of 

a single annual crop, such as corn, but less 

than it is in a natural forest. He points out, 

however, that plans do not call for replac­

ing natural forests with tree crops but 

rather for replacing conventional cropland 

with tree crops. 

Helping address environmental con­

cerns are organizations like the National 

Audubon Society and the Union of Con­

cerned Scientists, which have been i11-

volved in planning for this project. "This 

1000 acres may be just the start," says 

Kroll. "I think the potential exists to ex­

pand this effort to include more than 5000 

acres 12000 hectares) over the course of the 

next couple of years." At this time it is un­

certain whether trees from the 1000-acre 

project will be used to fuel the country's 

first Whole-Tree-Energy plant. However, if 

the plant is built and if any of these trees 

lie within a SO-mile (80-km) radius of the 

site, they are likely to be used. 

In a separate effort, EPRJ joined forces 

with the National Audubon Society to es­

tablish the National Biofuels Roundtable, 

which aims to address environmental and 

socioeconomic issues raised by the use of 

energy crops. Made up of a group of na­

tionally recognized experts, the round­

table is creating principles and guidelines 

for biomass feedstock development. The 

outcome of these efforts will be published 

in a report geared toward developers of 

biomass energy systems, state and local 
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govern ment officia ls, environmental ists, 
and others. The report i expected to be 
re.lea ed in February 1 994. Ja ne Turnbul l , 
a biomas project manager at E PRI who 
helped organize the row1d table1 is deve l ­
oping a separate report-a biomass how­
to pri mer-g ar d toward u ti l i t ies inter­
ested in implement ing biomass power 
prod uction. That report is due out by the 
end of the year. 

How much wood? 

How much wood does it take to supply a 
1 00-MW plant? EPRI studies estima te that 
the figu re is abou t 1 000 acres per M W  (4 
km2/MW), assu ming a yield of 5 d ry tons 
per acre per year, a 34% thermal efficiency 
(1 0,000 Btu / kWh), an 80% power capacity 
factor, and the setting aside of about 20% 
of the land for habitat or water hed en­
ha ncement, road , or other pu rpo e · . Ac­
cording to H ughes, roughly 1 2,000 acres 
(50 km2) wou ld be harve ted annua l ly  to 
upply u ch a power plan t, with seven 

years a l lowed for tl1e growth of ach new 
tree crop. "This might seem Like a lot of 
land," notes Wright of Oak Ridge a tional 
La bora tory. " Bu t  on the basi of the per­
cen tage of land avai lable, i t' a relatively 
ma l l  amount." Hughe notes tha t-a -
urning a yield of 5 d ry ton per acre per 

year-a 1 00-MW plant  would use l ess than 
7% of the l and  within a 25-mile (40-km) 
rad ius. Only one-seventh of this 7% would 
be harvested in a ny given year. ew tree 
crops cou ld either be planted on the al­
ready harve ted fields r be al lowed to 
grow na turally from the remaining tump . 

Federal agencies report tha t  there is 
mu h urplu cropland available in the 
oun try today. This is due primari ly to im­

proved efficiencie in farm ing. "Today, 
cow produce nearly four time a much 
m i l k  as they di.d i J1 the 1 930s," says 
ThyTel Rob rt. on, an economi t wi th th 
U .S. Department of Agricul ture (USDA) .  
"Corn prod uction back then averaged 25 
bu hels per acre [220 m3 / km2 ] . ow we 
get more than ·1 00 bushels per acre [8 0 
m3 / km2 ) .  And our productivity is goi ng to 
cont inue to increase ." 

Resec1rcher at the USDA a re i nvestiga t-

crops, uch a grasses and trees . As 
Robertson points ou t, raising energy crops 
could provide a producti ve us for the 
fa rmland curren t ly enrol led in the Con­
servation Reserve Program, such as that 
invol ved in the 1 000-acre project .  Rajsing 
energy crops could also help stabilize soil 
threatened by erosion, researchers say. Ac­
cording to Turnbul l  of EPR! ,  the informa ­
t ion obtained through pr l im inary studies 
appears favorable for biomass, especially 
in comparison with conventiona l  crops 
raised on the same land. EPRI and the De­
partment of Energy pl1111 to work with the 
USDA to gather more informa tion on soil 
texture, erodibility, and nutrient ba lance in 
relation to energy crop . 

Turnbull note tha t  energy crops not 
on ly could help reduce the country's de­
pendence on fo si l fuels bu t also cou ld be 
a boost to rura l economjes. The land avail­
able for growing energy crops wil l  range 
from 1 00 m il l ion to 230 million acre 
(400,000-930,000 km2) over the  next two to 
four decade , accord ing to e timate re­
lea ed by federa l agencies ( i ncl uding the 
Departmen t of En rgy and the Environ­
menta l Protection Agen y ) . However, 
land sui tability, irrigation n ed , cl ima te, 
and biod iversity issues wou ld suggest a 
more conserva t ive projec tion of 50 million 
acres (200,000 km2 ) ov r the next two 
decades, according to EPRJ ' calcu lations. 
As urning an annual yield of 5 dry tons 
per acre, whicJ1 has been broadly demon-
trated, this acreage couJd prod uce u ffi­

cient crops to supply efficient power 
plant prod ucing 50,000 MW,  or roughly 
8% of the current total electric generat ing 
capacity in the U nited ta tes. 

If power pla nts bough t biomass fuel at 
an ave.rage price of $2.00 per m il l ion Btu 
($1 .90 /GJ ) , the prod uction of th e hiel 
crops wou J. d  genera te $7 billion a year, 
mo t of wl1 ich wou l d  go to farmers, truck­
ers, wood harvesters, and ot l1ers l iving in 
the ru ral a reas surround i ng the bi omass 
pla n ts .  According to Paul John on of in­
nesota Power, a whole-tr e plant would 
genera te an ave.rage of 400 jobs for each 
1 00 W of power capaci ty, exclud ing con-
truction jobs. 

i ng t l1e potentia l for u ing some of the At this t ime, EPRl re earchers say, 
cou ntry's id ! farmland to grow energy whole-tree teclmology is the most prom.is-
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ing of a l l  biomass a l terna t ives available 
for elect rici ty genera tion for three primary 
r asons. First, it relies on wood, a fuel tha t 
can be bu rned .in ava ilable combustion 
equipmen t; in contrast, grass and other ju­
venile biomass crops cause boiler fouling 
and lagging because of their relat ively 
high a lkali conten t . Second, the technol­
ogy i ready for demonstration and doe 
not require further pi lot-scale develop­
ment, as do other, higher-efficiency bio­
mass combustion technologies.  Th ird, the 
large size and rela ted high efficiency of 
whole-tree plant  offer the potential for 
low-co t biomas power. Becau e of its ef­
ficiency, air quality, and CO

2 
benefi ts, 

whole - tree technology has genera ted in­
terest not just from uti l itie but  also from 
organizations ou tside th e indu try. 

"From our perspective, Whole-Tree En­
ergy is one of the biomass teclmologies 
tl1at ought to be evalua ted be.fore we 
con ider new coal-fired or nuclear addi­
tions," says B iH G rant of the Izaak Walton 
Leagu , a nationa l  conservation organiza­
tion. He is a member of a task force of ex­
p rt as embled to review the techn ica l 
eva lua tion and site a ·e.ssment for the 
whole-tree pla n t  under considera tion. 
"The fact that this teclmology is net CO

2 

neu tral i an attract i ve feature to us. Also, 
biomas power offers local environmenta l 
and economic benefits. This eems clear 
from the test conducted so far and from 
EPRJ ' s  evaluation of Whole-Tree-Energy 
technology." 

Gra n t  poi n ts out  tha t there are "sti l l  a 
lot of question pertah1 i ng to the growing 
and supplying of the trees ." And re­
searcher· L ike Hughes of EPRI are tl1e first 
to admit  tha t  more work mu t be done.  
St i ! J ,  note Hughes, " there is no mi ta k ing 
tha t  the resul t  o far are very promis ing .  
Whole-Tree-Energy t clu1ology off  rs the 
poten t i a l  for someone today to bui l d a 
susta inable biomass- fired power genera­
t ion stem-the clea nest solid-fuel-fi red 
power ystem available on a commercial 
cale ." • 

Background l nlormat ,on lor ihls arl lcle was provided t>y 
Evan Hughes. Genera1 1on & S!orage Divi sion 
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E 
PRI's Discovery, Development, and 
Delivery Awards were established 

two years ago to recognize outstr1nding 
staff contributions in each of the major 
areas that define the lnstitute's mission. 
Together, the three Os embody EPRl's com­
mitment to delivering value to its mem­
bers as they face increased competition 
and respond to customer demands for en­
hanced service. This theme of commit­
ment to excellence in a time of industry 
change was prominent at the annual in­
stitute recognition program, held in Palo 
Alto on November 13. 

FOR 

E V E M E N T 

1 9 9 3  

� 111111� 

"These awards highlight personal achieve­
ments in EPRJ's efforts to provide our 
members with the tools they need to sur­
vive in a more competitive environment," 
EPRI president Richard Balzhiser said in 
his keynote address. "The accomplish­
ments benefit both utiJities and their cus­
tomers by opening new opportunities to 
reduce costs and improve service." 

Senior vice president Kurt Yeager ex­
panded on this theme. "Our industry is 
evolving away from vertically integrated, 
regulated monopolies into a less homoge­
neous and more competitive structure," 
he said. "We at EPRI are in the vanguard 
of this competitive thrust by virtue of 

• 

our development of technology that helps 
our customers maintain a competitive po­
sition. TI1e development of new competi­
tive tedrnologies can be sustained only 
through such individual efforts as those 
we recognize tonight." 

The following award-winning accom­
plishments exemplify EPRJ's firm commit­
ment to pursuing the discovery of new 
ideas through basic research, to trans­
forming these ideas into useful technolo­
gies through an orderly development pro­
cess, and to delivering the final products 
to members in a readily usable form. 
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F 
or some years there has been a press­

ing need for a way to mathematically 

simulate in detail the chemical and phys­

ical characteristics of particles suspended 

in the air and to determine how they form 

and dissipate. Pradeep Saxena led a group 

of prestigious investigators at several uni­

versities in developing computer codes 

that could accomplish such a simulation. 

The codes also model the composition of 

the particles, their liquid water content, 

and their light-scattering properties as a 

function of size. 
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"Over the next two years," says Saxena, 

"we'll be improving the codes to add new 

realism, especially with regard to organic 

particles, whose behavior in the atmo­

sphere is far less well understood than 

that of inorganic particles." The contribu­

tions of sulfate and nitrate to atmospheric 

acidity and light scattering are overesti­

mated if organics and water are not in­

cluded in the analysis. 

In the meantime, the codes are being 

used to estimate the influence of electric 

utility emissions on visibility in the Grand 

Canyon and other national parks. • 

0 V 
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MARIO RABINOWITZ 

EFFECTS OF AN 

ELECTROMAGN ETIC PULSE 

D uring the 1980s, there was concern 
that the high-altitude detonation of a 

nuclear bomb could produce an electro­
magnetic pulse (EMP) large enough to 
disable major portions of the North Amer­
ican utility transmission system. Harden­
ing the system to withstand such ru1 EMP 
would have cost the industry some $10 
billion to $100 billion, depending on the 
hardening criteria applied. 

Mario Rabinowitz discovered major 
flaws in the postulated EMP scenario, find­
ing that the actual effects would be an or­
der of magnitude smaller than had been 
suggested. At this level, the probability of 
damage or operational problems resulting 
from a high-altitude detonation would not 
be much greater than that of normal op­
erating stresses from switching or light­
ning events. This discovery saved the util­
ity industry an estimated $10 billion by 
obviating the need to harden the trans­
mission system against the effects of EMP. 

"My original work was focused on the 
very fast EMP; emphasis had been placed 
on this pulse because of its large magni­
tude, although it lasts only about a micro­
second," says Rabinowitz. "More recently, 
there has been speculation about possible 
serious effects of a much slower pulse 
called magnetohydrodynamic EMP, which 
is weaker but has a much longer duration 
-a couple of minutes. My colleagues and 
I have published a paper showing that al­
though this pulse might affect large trans­
formers, it wouldn't cause widespread 
damage to the U.S. power grid." • 

y 

C leaning up an oil or PCB spill can cost 
several hundred thousand dollars. 

Being able to delineate the extent of the 
spiJl quickly and minimize the amount of 
soil that must be removed can lower this 
cost significantly. Gil Addis led the devel­
opment and commercialization of a de­
vice, called Terrasight, that can quickly 
outline the extent of soil contamination by 
shining an ultraviolet light on the spill and 
detecting the fluorescence of the fluids. 

Addis identified the research area, man-

aged the development of Terrasight, and 
helped bring the device to commercializa­
tion in 1992. Since commercialization, Ter­
rasight has received both the R&D 100 
Award and the Photonic Circle of Excel­
lence Award. Several utilities have pur­
chased the device for routine use in de­
tecting spills and taking remedial action. 

"A utility could save 20 times the price 
of the instrument per spill, particularly if 
the spill is large," Addis says. "Terrasight 
is so easy and quick to use that it's b e ­
coming the standard instrument in the 
field." • 
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The performance of a significant num­
ber of electrostatic precipitators (ESPs) 

on U.S. utility power plants will have to 
be upgraded because of equipment aging, 
the impact of the Clean Air Act Amend­
ments of 1990, and the emergence of more­
stringent air emissions regulations. The 
Compact Hybrid Particulate Collector 
(COHPAC), which is currently arousing 
wide utility interest, has the potential to 
save the industry well over $1 billion in 
capital costs compared with other ESP up ­
grade options. 

Ramsay Chang invented COHPAC by 
combining principles of electrostatics and 
barrier filtration physics. He patented the 
concept for EPRI, brought it through 
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demonstration on a 150-MW power plant, 
and then found two licensees (two other 
licensing arrangements are pending) to 
commercialize the technology. His per­
sonal involvement and leadership at each 
stage of the product cycle were instru­
mental in moving COHPAC from concep­
tion to commercialization in an unusually 
short time. 

"Several utilities are evaluating COH­
PAC at pilot scale, and one order has been 
placed for an 1100-MW station," Chang 
says. "EPRI is now looking at potential im­
provements, such as integrating the pre­
cipitator and baghouse into one unit and 
extending COHPAC capabilities to include 
the capture of other pollutants, such as air 
toxics." • 

E L 0 

The Coal Quality Impact Model 
(CQTM) is software that helps users 

evaluate the impacts of coal properties on 
power plant performance. Applications 
include predictive maintenance and main­
tenance planning, evc1luation of plant 
retrofit decisions, and analysis of fuel 
switching and blending options for per­
formance improvement and Clean Air Act 
compliance. 

Arun Mehta conceived CQIM and worked 
with a contractor to develop it; David 
O'Connor oversaw its delivery to utilities. 
(Although the CQIM work is described in 
this Development section, O'Connor was 
presented with a Delivery Award.) The 
software is now used worldwide and has 
been accepted as the de facto standard for 
coal effects analysis. A new mathematical 



p M 

modeling approach is used to provide de ­

tailed evaluations of the coal-pile-to-bus ­

bar costs associated with burning coals 

and lignites in all types of boilers with a 

variety of environmental controls. 

Continuing work seeks to extend the 

success of CQIM-for example, by using 

the model as a building block for other 

products with enhanced features. The de­

velopment of one such product, called 

CQE, is the only software effort included 

for funding under the Department of En­

ergy's Clean Coal Technology Program; 

that project is scheduled for completion in 

1995. CQE, which integrates CQIM with 

other state-of-the-art software, will pro­

vide a common database for all aspects of 

power plant operation. • 

E N 

0 ptimizing the seismic design of nu ­

clear power plants has been ham­

pered by a lack of real-world data on 

ground and structure motion. To develop 

such information, Hui-Tsung Tang de­

signed a field experiment for measuring 

seismic motions during actual earthquake 

incidents. Out of this work has come a val­

idated, technically sound set of modeling 

guidelines for the seismic design and 

aJ1alysis of nuclear plant structures and 

components. The achievement has pro­

vided relief to utilities having to meet 

stringent regulatory seismic requalifica­

tion requirements and has helped estab­

lish the Institute as a world leader in this 

field. 

The experiment was conducted on a 

one-quarter-scale nuclear plant contain-

T 

mented to measure motions at a seismi­

cally active site in Taiwan. More than 20 

strong-motion earthquakes were recorded, 

resulting in a database that could be used 

to validate analytical models and proce­

dures. Five utilities so far have used the 

technology to gain regulatory acceptance 

of seismic design requalification of their 

plants and have realized significant cost 

savings. 

"We have recently completed facilities 
at a second strong-motion site in Taiwan, 

which has soil conditions more typical of 

nuclear plant sites," Tang says. "We have 

already recorded one magnitude-4 quake, 

and measurements will continue for five 

years. This international effort is fostering 

closer working relations between EPRI and 

participants from Taiwan, Japan, Korea, 

ment structure that was fully instru- and France." • 
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S
everal billion dollars worth of con­
tinuous emissions monitoring (CEM) 

equipment has been rushed into service 
with no provision for managing the more 
than 600,000 data points per unit that by 
law must be reported to the Environmen­
tal Protection Agency annually. The CEM 
Reporting Workstation, developed and 
delivered by Ruseli Owens and Charles 
Dene, is a corporate data management 
system that a utility can use to prepare 
emissions data in an acceptable format for 
the EPA and to provide data for its own 
use in optimizing compliance strategies. 

Through the strong personal involve­
ment of Owens and Dene, the workstation 
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software was prepared and delivered in 
less than a year-a dramatic cut in normal 
product cycle time. At least SO copies of 
the workstation, which is available through 
the Electric Power Software Center, are al­
ready in use by utilities, and a users group 
has been formed to provide support and 
guidance for future product enhancement. 

In addition to reducing the cost of 
managing emissions data, the CEM Re ­
porting Workstation can enable utilities to 
realize savings in fuel purchases and dis­
patch through closer tracking of emis­
sions. For example, one utility expects to 
reduce fuel costs by about 5% by using 
the workstation to maximize its use of 
cheaper fuel. • 

I V E 

I n the middle of 1992, the Edison Electric 
Institute (EEi) contacted lshwar Murarka 

for assistance in gathering scientific in­
formation to present in support of a law­
suit over whether utility coal combustion 
wastes were hazardous. The Environmen­
tal Protection Agency was under court or­
der to make a decision quickly about 
whether further studies were needed on 
the issue. EPRI information compiled by 
Murarka constituted about 75% of the sub­
missions from all sources. 

On the basis of these submissions and 
its own independent collection of infor­
mation, the EPA decided that adequate in­
formation was available and made a reg­
ulatory determination that high-volume 
utility wastes are nonhazardous. EEi esti­
mates that the resulting avoided costs to 
the industry for the handling and disposal 
of the wastes amount to about $1 billion 
to $2 billion annually. 

"The remai11ing issue we are addressing 
is the comanagement of high-volume and 
low-volume utility wastes," says Mu­
rarka. "A regulatory determination will be 
made by April 1998, so we will be devel­
oping information and assessments per­
taining to the issue during the next four 
years, with particular emphasis on coal­

milling rejects-that is, pyrites." • 
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I S H W A R M U R A R K A  

COA L C O M B U S T I O N 

WA S T E  C LA S S I F I C A T I O N 

T
o enhance technology transfer, Robert 
Jeffre s formed the EPRIAMP Com­

munications Support etwork, which i 
designed to provide central ized access for 
member utili ties seeking information and 
services from more tha n  a dozen Cus­
tomer Systems Divi ion technology cen­
ters. In addit ion, EPRIAMP offers a mem­
bers-only hotl ine, monthly briefing , cus­
tomized mail ings, and on-site staff visit 
to ensure tha t  members' needs are ful ly 
met. ln 1 992 EPRJAMP handled more than 
4000 inquiries a nd expanded i ts ou treach 
mail ings to nearly 2000 util i ty marketing 
representatives . 

Jeffress origina l ly crea ted EPRIAM P (a t  

first ca l led AMP) to  serve the Customer 
Systems Di vi ion's I ndustria l Program, 
but it proved o effective that the service 
ha now been enla rged to cover the whole 
division . Since it formation, EPRI A P has 
sig1l ifica n t ly improved u t i l ity awarene s 
of the d ivision's products and has been 
highly rated by member util i t ie as a way 
to gai n  ea ier acce s to a complex menu of 
service . 

"In 1 994 we' l l  be expanding u ti l i ty 
awareness tha t  EPRIAM P now covers the 
ent ire d ivision," Jeffress says. "This in­
creased coverage will upport ut i l i ty pro­
fe ionals working in all end-use mar­
kets ." • 

LA R R Y  E .  L EW I S  

C U STO M E R A S S I ST A N C E C E N T E R 

- - -- - ----- - -

W hen the Customer Systems Di v i ­
s ion wa looking for a better way 

to increase member uti ) j ties' use of i ts 
energy end-use products, Larry Lewis 
worked to crea te the Customer Assistance 
Cen ter. The goal in developing CAC was 
to provide a quick a nd easy one-stop re­
source to help members select from 
among the division' demand- ide and 
end-use research and products and to fa­
cilitate technology transfer. Over the past 
three years, CAC has provided support to 
280 u tilities through 7200 hotl ine ca l ls, 
conducted 1 05 on-site jump tarts, and 
trained more than 6000 member uti l i ty 
sta ff. 

Lewis was involved in the establish­
ment of CAC at every step of the way. He 
outl ined the operational approach for the 
center, pioneering such service as jump 
starts, deposi t accounts, RemoteLink, and 
the hotl ine. In order to ensure the cen ter 's 
opera tiona l success, he moved to Dallas 
in 1 990 and established EPRl's Dallas re­
gional office. ln a relatively short period 
of time, CAC has become nationally known 
for it responsivene s to member needs. 
As a result of its success with member ( i t  
was  given a_n "Exceeds expectation " rat­
ing by more than 90% of CAC users), sev­
era l other EPRI divis ions have established 
similar assistance operat ions. 

"Breaking new grou nd is a lways a chal­
lenge, bu t the at isfaction of helping hun­
dred of members learn abou t a nd apply 
ou r products has been welJ worth the ef­
fort," says Lewi . "I t's particularly exci t­
ing to spearhead the concept of real-time 
delivery-or, as 1 call it, just-in-time trans­
fer of EPRl R&D." • 
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I 
n a twentieth-century pin-off from 

Benjamin Franklin's famou !cite ex­

p riment, EPRI- pon ored re earcher 

ar d veloping a la er-ba ed technol­

ogy that cou ld provide a way to guide 

l ightn ing  bolt afely to the ground. If uc­

cessfu l ,  the technique could be u d to 

protect sen itive u ti l ity equ ipment, im­

prove custom r s rvice, and save l ives. 

Lightning kill everal hundred people 

annual ly and causes mil l ions of dol la rs in 

damage to tructure tha t stand i n  it way. 

Among the vulnerable tructure a re util­

i ty p w r y terns. During an averag 

y ar in the United Stat a lon , thunder­

bolts cause more than 1 00 mil l ion in 

dama ge to power l ines, tra nsformers, and 

other u t i l i ty equipment. That i not su r­

pri ing, since on average more than two 

lightnfog trike occur every econd of the 

yec1r in thi country. Even more ignificant 

i the con equent ial lo in cu tom r pro­

ductivi ty. l igh tning trik re u lt ing in 

two day of downtime a t  a manufactu ri ng 

plant mploying 200 worker wou ld  co t 

$320,000 in labor alone. 

" ot only is L ightni ng de tructi ve, but 

i t  i one of the major cau e of power qual­

i ty and rel iabil i ty problem in u ceptible 

a rea ," ays Ralph Bernstein, who man­

age EPR J '  lightning re earch . For exam­

ple, one util i ty in Florida, which i a n  ac­

t ive l ightning region, report that l ightning 

i re pon ibl for roughly 40o/. of i t  out­

ag , fa u l t  , and br aker trip . 

Technological advances over the pa t 

decade have improved matters omewhat .  

EPR I  re  earchers have d veloped a na­

t ional sy tern for l ightn ing detection that 

util iti can rely on to better pred ict and 

prepare for l ightning storm . ( ee the ide­

bar f r mor deta i l  on that y tern.) Th 

Inst i tute ha al o d veloped th ightning 

Prot ct ion D sign Workstation, a ophisti­

cat d software program that help tran -

mis ion and di tribut ion yst m e perts 

de ign ystem with a pecified degree of 

prote tion. And in a para t effort-in 

which EPRl- pon ored r earcher are 

launching ma l l  rocket into thunder­

cloud to trigger and direct l ightning 

trik -valuable new informa tion has b -

come avai lable about the impact of l ight­

ning on uti l i ty y terns, including uch 
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THE STORY IN BRIEF As many as 100 lightning flashes occur around the world each second. Electric utilities know well 

the impact of lightning in terms of dollars, lost productivity, and lives. EPRI research, which began with a study of lightning's 

natural characteristics, has resulted in tools utilities can use to better track and prepare for thunderstorms. Recently the 

Institute completed a series of tests using small rockets to trigger and direct lightning strikes. Now EPRl-sponsored 

researchers are developing a laser-based technology they believe will be able to guide thunderbolts safely to the ground and 

ultimately even to discharge thunderclouds. 



equipment as undergro1.md d istribu tion 
cable .  

But perhap most fa ci nating and d i ffi­
cult  of all, EPRJ- ponsor d research is cur­
rently under way at the University of ew 
Mexico to develop a laser-ha ed system 
that, if ucces ful, will guide thunderbolts 
safely to the ground. Jean-Claude Diel , 
the profe or of phy ic and electrica l en ­
gineering who is cond ucting the research, 
expect that the t chnology will ultimat Iy 
be capable of d i scha rging thundercloud s  
of their l ightning. Diets envis ions this tech­
nology in continuou operation arou nd 
the coun try-a t utility plants, airport , 
rocket launch i te , and other lightn ing­
sen itive loca tion . "You could even put 
the e th ing on go l f  cour e ," ays Diel . 

A natural spectacle 

Lightn i ng's na tural spectacle has fa ci­
nated hu mankind for m i llennia, and it 's 
no wonder. The vol tage of a ingle bol t 
range from 1 00 mil l ion to I bill ion vol t , 
and it peak temperatu re i 1 0  time hot­
ter than the surfa e 0£ the un. o t of 
l ightning' energy is used to generate 
thu nder, hea t ,  l ight ,  a nd radio waves, 
leaving only a mall  fract ion of energy in 
the lightning channel . 

I t  wa n't u nt i l  the era of Franklin' fa­
mou k i t  experiment ome 240 yea r ago 
that l ighh1 ing wa pro ed to be an electri -
a l  phenom non. During a torm, the ba e 

of a thundercloud picks u p  ex tra electron 
giving i t  a negative charge. The ground, 
m anw hiJe, has a po itive charge. When 
the cloud '  ele tric field increa es to a u f­
ficient l  high level , the exce electron 
leap from cloud to ground in a iolent 
park. (Somet ime the s itua tion i re­

versed-that is, the cloud ba e ha a po -
i t ive charge and  the ground a nega tive 
charge. ) 

A complete l ightning dischMge, cal led 
a flash, typicaJ Jy la ts a few tenth of a ec­
ond . Although we percei a l ightning 
fla h a a ingle troke (and occa ionally 
it is ) ,  mo t often a flash is compo ed of a 
number of individual troke -typically 
thr e or fou r- epa rated by thou and th 
of a econd .  A many a 20 trokes have 
been recorded in a single flash . The mul­
tiple trokes i n  a fla h make l ightning ap-
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HOW IT HAPPENS Typically starting 

in the b a s e  of a cloud, l ightning most 

often travels from cloud to ground.  

Initiat ing the discharge is an invisible 

traveling spark cal led a stepped 

leader. Just before the stepped 

leader makes contact with the 

ground, a spark travels upward from 

the point that is  to be struck and 

meets the stepped leader. At this 

time, the visible flash occurs, fol low­

ing the path cut by the stepped 

leader and the traveling spark. Tal l  

structures l ike transmission towers 

are particularly vulnerable to light,  

ning strikes. 

pear to flicker. Special photographic tech­
niques can record ind ivid ual stroke within 
a single fla h and have nabled cienti ts 
to study this phenomenon. 

The multiple- troke d1aracteristic of 
lightning ca n be pa rticularly harmful to 
electrical system . Although Hghtning ar­
rester are designed to with ta nd multiple 
l ightning trokes, many ucce i ve trokes 
can stretch them b yond the i r  rating and 
either de troy or deteriorate th m to the 
point tha t  they are more su ceptible to fu­
ture damage. EPRl -sponsored res a rchers 
at the State n.iversity of New York at Al­
bany are currently inve t igating the mul­
t iple- troke phenomenon i n  more detail .  

Most J ighh1ing begin in th ba e of a 
cloud and tra vel toward the ground .  Ini­
tiating the d i scharge i a phenomenon 
cal led the tepp d lead r, a travel ing 
pa rk invisible to the huma n  eye. Thi  

spa rk cuts a jagged, stepped tra i l  to the 
ground and is followed by the visible 
l igh tning flash. Ju t before the tepped 
leader makes contact with the ground, a 
park travel upward from th point that 

i to be truck and meet the tepped 
leader, com pleting the com1 c tion be­
tween the ground and the cl ud .  Th i i 
not the typica l cour e for l ightning tha t  
strikes tall s tructure , uch a buildi ng , 
however. In most of the e ca es, the cloud­
to-ground movement appear to occur in 
rever e, with a tepped lead r emanating 
from the top of the ta l l  tructure and trav­
eling upward, toward the cloud .  

Martin U man, a l ightning expert wit h  
the Uni e r  ity of Florida a t  Ga inesville, 
ay tJ1at tJ,e u pward-travel ing leaders 

could a tual ly be ver ized park travel­
ing upward, epara ted by a ignificant 
di  tanc from their down ward -moving 

tepped leaders. The e u pward -tra veling 
spa rk may come into contact wit h  t J1e 
downward-movi ng leader at cloud level, 
or they may simply end in the cloud re­
gion .  "The two bigg t rema ining my ter­
ie abou t  l ighhti.ng are how it gets tarted 
i n  the cloud and  exact! how it a t tache to 
the grou nd," says Uman. 

Rocket science 

Like Franklin' kite, tal l  objects uch a 
building can function as l ightning rod , 



providing a conduit that guides the elec­
tric energy of thunderbolts to the ground. 
The rockets employed by EPRI researchers 
play a similar role and are actually used 
to trigger lightning strikes. Launched to­
ward a thundercloud when the cloud's 
electric field value reaches approximately 
-5.5 kilovolts per meter, the 3-foot rock­
ets spool out and trail a grounded wire 
that provides a designated path for the 
lightning strikes. 

The intent of EPRI's work with these 

rockets is to take advantage of this ability 
to direct lightning strikes so that re­
searchers can study the impact of light­
ning on utility equipment. Once the wire 
is attached to the appropriate ground, the 
rocket is launched. As the rocket climbs, 
the electric field at its tip increases signif­
icantly. This is due to the charge flowing 
up the wire. The field continues to in ­
crease until lightning is triggered. The first 
stroke travels down the wire to the 
ground, actually melting the wire along 

the way and creating an ionized gas chan­
nel. Subsequent strokes follow the ionized 
channel. 

Last summer, EPRI used the rocket-trig­
gered lightning teclu1ique in field tests at 
a specially equipped testing facility lo­
cated in an active lightning region about 
25 miles southwest of Jacksonville, Flori­
da. I n  three months of testing, researchers 
fired 50 rockets, triggering 32 lightning 
strikes. The primary aim of this study was 
to assess the impact of lightning strikes on 



SOME FACTS ABOUT LIGHTNING 

• Benjamin Franklin's famous experiment of 1752 was not the first to prove that 

lightning Is an electrical phenomenon. Just a month or so earlier in France, 

Thomas-Fram;:ois d'Alibard proved it in another experiment devised by Franklin. 

• The peak temperature of a typical lightning bolt Is about 1 O times hotter than 

the surface of the sun. 

• Although lightning almost always strikes the tallest structure in its path, it 

occasionally does not. 

• Commercial airplanes are struck by lightning once every 5000 to 10,000 hours 

of flying time, on average. 

• Lightning-strike victims who have stopped breathing and have no heartbeat 

can often be fully revived. 

• The Empire State Building is struck by lightning an average of 23 times a year. 

• Florida-specifically the Tampa area-is the most active lightning region in the 

United States, averaging as many as nine flashes per square kilometer annually. 

Simulated lightning travels the path created by the frame of this cage at the 

Boston Museum of Science, leaving the person Inside unharmed. (Photo by Peter 

Menzel) 
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underground utility cables. 

The results available so far show that 

lightning strikes to the ground 3 feet 

above a buried unjacketed cable caused 

significant damage to the concentric neu­

tral wires wrapped around the cable. Cur­

rents from strokes traveling along the neu­

tral wires measured over 5000 amperes. 

"We expected to see high currents, but we 

did not anticipate that level of damage," 

says Bernstein. Voltages measured in the 

insulation between the center conductor 

and the neutral wires were low, typically 

less than 10 kilovolts. 

Another interesting finding from the 

rocket-triggered lightning tests is that a 

lightning strike to the ground above a pri­

mary cable resulted in a 3-kilovolt surge 

on a secondary electrical system roughly 

100 yards away. That surge-strong enough 

to cause damage to electric appliances­

was significantly higher than expected, in­

dicating the potential need for additional 

protection on secondary systems. 

Two types of jacketed cable, one using 

semiconducting material and the other in­

sulating material, also were tested. The 

jacketed cables were installed under­

ground in two ways, buried directly in the 

earth and buried inside plastic piping. 

Those cables have not yet been excavated. 

Final results from all the rocket-trig­

gered lightning tests are expected to be 

available by the middle of the year. "Our 
goal is to determine whether we need new 

cable designs or other protection methods," 

Bernstein says. 

The laser approach 

The research under way at the University 

of New Mexico aims to go one step fur­

ther with the triggered-lightning concept, 

attempting to control the flashes not just 

for testing purposes but also for equip­

ment protection and human safety. To ac­

complish this, EPRl-contracted researcher 

Jean-Oaude Diels and research associate 

Xin Miao Zhao of the university's Depart­

ment of Physics and Astronomy are de­

veloping a system based on low-powered 

lasers. 

Theoretically, Diels says, such a system 

would work by means of two laser beams: 

one with a short, ultraviolet (UV) wave-



TRACKING LIGHTNING NATIONWIDE 

n e  o f  the m o  t valuable tools for 

helping utilities plan for thunder­
storms is the ational Lightning Detec­

tion etworkN . Developed by the Sta te 

University of ew York under contract 

to EPRI and now operated by GeoMet 

Data Services (a subsidiary of Dyna­

tech Corporation), the LD allows 

users to track, in real time, information 
on L ightning activity in their regions. 

The NLD i a computer-based sys­

tem tha t di plays the location, time, 

and severity of lightning strikes as well 

as the movement of thunderstorms 

across the United States. These data are 

gathered through more than 1 30 re­

mote field sensors that detect and mon­

itor lightning trikes. Satellites relay 

the sensor information to communica­

tion satellites, which end the data to 

the network' control center in Tucson, 

Arizona, for processing. The control 

center computes the l ightning's char­

acteristics and location. Users receive 

the data within econds of the real-time 

activity. Displayed on a map of the 

United State through an IB or IBM­

compatible personal computer, the in­

formation can be easi ly interpreted . 

The EPRI-spon ored project to de­

velop the D began in 1984. Today 

more than 100 users sub cribe to the 

network. Although the bulk of tho e 

who use and benefit from the NLD are 

electric util i ties, there are al o sub­

scribers from a variety of other indus­

tries, including forestry, telecommuni­

cations, and commercial airl ines. The 

u ers report numerous practical bene­

fits: commercial airlines have been able 

to avoid unneces ary delays, service 

companies like Federal Expre have 

used the sy tern to help ensure the 

safety of their employees, and electric 

utilities have reported ignificant time 

and money avings by using the net-

work to react fa ter to outages and to 

avoid the unneces ary deployment of 

torm-watch crews. In fact, the experi­

nce of individual EPRI member utili­

ties indicates that the value of the effi-

cient dispatch of repair crews alone 

ranges from tens of thousands to ev­

eral hundreds of thousand of dollar 

in annual saving . 

The network also has ed ucational 

benefits. Univer ities and research or­

ganizations, including the ationai 

Aeronautics and Space Administration 

and the ational Oceanographic and 

Atmospheric Administration, are using 

the D to help improve our under­

standing of torm and l ightning ph -

nomena. 

The NLDN's contro l center in Tucson, Arizona. 

An NLDN subscriber's computer screen shows l ightning 

activity during Hurricane Andrew in 1 992. 
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length and one wi th a longer, green wave­
length. The two beams would be directed 
toward a thundercloud in clo e equence, 
with the UV la er beam preceding the 
green one by less than a nano econd .  The 
UV laser b a m  would crea te a s l ight ly con­
ductive pa th  between th cloud and the 
grou nd-a plasma cl1an nel of electrons 
,md ions. The electrons generated by th 
UV b a m  wou ld mult iply to the p int tha t 
they would induce an electric d i  charge-­
a l igh tning fla h. The green bea m would 
help mainta in  the cond uctivi ty of the 
plasma pa th and guide th thunderbol t to 
the grow1d along that path.  

Diel i confident th11l th is  t chnique can 
be used to divert lightn in  away from 
peopl and sen i tive equipmt!nt ,  aving 
l ive and m ney. So far in the laboratory 
he ha managed to induce a 0 .2 -meter­
! 11.g l igh tn in g bolt in an el ctri fi Id of 
ha lf U1e intensity required for l igh tn ing to 
occur natura l ly. I le say thill by using fo­
cu ed la ers it is theoretica Uy possible to 
trigger l igh tning in an electric field mea­
suring only one-tenth of the natuJ·a J in­
tensity. 

Diels lTiggered the artjf ici a l  l igh tn ing in 
the laboratory by directing a U laser beam 
1 00 micrometer i n  d iameter through two 
align d electrode . As wou ld happen be­
t ween ground and cloud, U1e electric field 
at both tip of the pla ma conduit created 
by the laser increase o significr u1 tly that 
the molecules at both ends become ion­
ized . The ionized region moves at one­
third the speed of l ight ,  and a l ighti, ing 
flash occurs. Diels notes that tests involv­
i ng s imula ted l igh h1 ing Jlashes traveling 
mt1ch grea ter di ta nce \ ould requir 
l a rge power upplie (about 400 million 

olt for a 1 DO-meter flash), hich a re gen­
era l ly u navailable in a laboratory. 

Diels say that it took on l  200 micro­
joules of pulsed la er energy to i nduce the 
0.25-meter l ightning bol t .  A flash of 300 
m ter ·, a typica l di tance b tw en cloud 
and grou nd, would requ i re s me 20 mil­
l i jou les. TI1e la er beams ex pected to be 
u ed in the field wi l l  be conica l i n  shape: 
tJ,e d iameter wi l l  measure 30 centi m ter 
to l meter at the ground, focu ing down 
to le s than 1 mil l imeter near the thu n­
dercloud . Diets, who has b en under con-
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tract to EPRl since May 1 993, continues 
work tha t will define the precise level of 
laser power required for the full-scale sys­
tem. He ha already obtained a pa tent on 
th technology. Fieldwork is expected to 
start l a te in 1 995. 

''The devel pment  of thi  laser technol­
ogy is a logica l next tep in the course of 
EPRl 's l ightning resea rch," ay Bernstein .  
"We s tarted out studying l ightning's nat­
ural characteri tics. Th u e of rockets to 
tr ig er l ightni ng then a l lowed us to study 
lightning' potential impact on utili ty 
tern . Our hope i tha t  our current work 
on the laser-based syst m w i l l  provide us 
wi th  il far mor sophist icated method for 

curacy than the rocket tedmjqu , which 
w rks only about 60% of the tim . An­
other poten Hal ad va ntage of the las r 
technique is that it cou ld be op ra ted con­
tinuously, u nl ike the r cket techn ique. 
Al , las r cou ld be u ed to weep the 
sky above a ensi tive faci l i ty. Th e last 
two advantage , ays Diel , gi v  the laser 
technique the p tentia l  to be used to di -
charge thunderclouds over a certa in  area 
continu usly, effect ively prev nt ing l ight­
n ing from harming equipment and people 
in t hl' a rea . By contrast, a rocket can et 
off only one l ightning slr ik . Triggering 
mult iple flashe · .i n  a single tum1 with the 
ro ket t chnique would requ ire · ignt fican t  

ind ucing l igh tni.ng. Ou r u l tima te  goal is to resources. 
use the lilser technol gy to mitigate ligh t- The laser-based teclmigu does rai e 
ning in u ceptible areas." 

Other approaches 

EPRI i nut the only orga niza tion wor!..'ing 
to develop a laser-based t�chnigue that 
wi l l  i ndu  e l igh tn ing. Scien t is ts in Japan 
ar expe.rime.n t i J1g with high-power d in­
fra red la ers to perform a si milar fu nction. 
lnspir d by a l igh tnin ·trike la t Febru ­
ary that triggered t J1e automatic shutdown 
of a 460-megawatt nuclear reactor, the re-
earcher ar now te t ing the feasibil i ty of 

us ing a 300-megawat t  la er as a l igh tn ing 
rod . So far they have managed to guide a n  
artificial l igh tning bolt a d i  lance of S .5 
meters .  

Bern tein believe that the low-powered 
la er tecl1n i L1ue being d eveloped by Diels 
offer everal ad vantage· over the high­
powered in frared la r tt!ch nique. One 
fu nda menta l  differenc i the apabi l i ty of 
the la er to pr vide a steady condui t  
after a l ightning flash ,  enab l ing the Fl a  h 
to be ·afel guided t the ground. By rnn­
tra t, the beam generated b an infrared 
laser i opaque t l igh tn i ng fla h s, r 
qu iri ng ex ten ive mani pu la t ion to accom­
pl ish the sa me task. "The use of low-pow­
ered la r beams permit a , afer, more 
control lable, a nd more technologica lly so­
phi tica ted process," Bern t in ay . 

The low-powered la er approach al o 
offers advantage over the rocket-ba ed 
teclmique for lTiggering and directing ligh t­
njng, ay Bernstein .  The la er approach is 
expected to achieve a higher level of ac-

ome i sue tha t  need to be addressed. 
On c nce.rn i the potential f r d.miage 
to the m irr r device that is expe ted to be 
u · d to d i rect the laser energ into the k . 
A l  o, man parameter Me needed for the 

tern design, and  the d velopmen t of 
tho e parnm t r wil l  require t nsiv 
field lest . The an t ic ipated high cost of the 
la r s  h, rn i another concern. 

Some l ightnin expert , l i ke Uman, are 
k plica l a bout the potential for la er­

ba d techn logy to d i  chMge thunder­
cloud . "At  this poin t, we don' t know 
� hether the r c et techniqu trigg r 
l igh tning tha t  would have occurred na tu ­
ra l ly or whether it  i in i t i a ting flash that 
never w u ld  have occurred ," U man says.  

Bern tein agrees that there a re many 
prob lem to overcome ilnd tha t th proj-
ct has a ign i ficant ri k of fai l ure. t i l l ,  he 

say , the laser concept i wurthy f re­
search, a nd th poten tial r wards  a r  to 
signifi ant to ignore. "Developing thi 
technoh1gy will be a difficu l t  ta k," Uern-
tei n sa . 'There are high lechnolo ical 

ri ·k • and uncertain ties. But i f  we are uc­
c fut, th return -not just in dol l a r  
bu t in l ives saved-coul d be  very, very 

high." • 

Background lnformallon fOI this arucle was provided by 
Ra lph Bernstein ,  E l ecl rical Systems D1v,slon 



CHOW 

TORRENS 

HUGHES 

BERNSTE IN 

H azardous Air Pollutants:  Mea­
suri ng in Micrograms (page 6) 

was wri t ten by Taylor Moor , Journal 

en ior featu re writer, with principa l 
guidance from two members of E PR J '  
Environment Division. 

Winston Chow heads EPRl's Waste 
& Water Management Program .  Before 
join ing EPRJ in 1 979, Chow worked for 
Bechtel Power Corporation for even 
year as a power plant de ign engineer­
ing upervi or. Earlier he worked for 
Raycl1em Corponi t ion on polymer re-
earcl1 and development .  Chow earned 

a BS degree in chemical engineering from 
the Univer i ty of California a t  Berkeley, 
an S in the ame subject from San Jose 
tate University, a11d an MBA from San 

Franci co State University. 
Ian Torrens ha d i rected th Environ­

mental Con trol Systems Deparhnen t, 
which includes the Waste & Wa ter Man­
agement Progra m, s i nce he joi ned the 
Institute in 1 987. He was formerly wi th 
the Organiu1ti n for Economic Cooper­
ation a nd Development for 1 4  years, in­
c luding 7 year in th Environmen t Di­
rectora te as head of the Pollu t ion Con trol 
Division. Before tha t, he was a researcher 
with the French A tomk Energy Com­
mission. He received a B degree i n  
physics from Queen' Univer i ty ( I re­
land)  and a Ph D in physics from Cam­
brid ge U n i ver i ty ( England).  • 

E lectri c i ty From Whole Trees (page 
1 6  was w ritten by Lesl ie La ma rre, 

Jou rnal enior fea ture writer, with back­
grou nd i nforma tion from Evan H ugh es, 

ma nager for renewable fuels in the 
Generation & Storage Divi ion. Hughes 
joiJ1 d EPRl iJ1 1 978 after serving as 
manager of the Geothermal Energy 
Office of the California State Energy 
Commission. Before tha t, he was a se­
n.ior member of the technical taff at SRJ 
I nterna tional , pecial izing in the analy­
s is of energy, resou rces, and the envi­
ron ment. Earlier he was a physic pro­
fessor at Pomona College. Hughes ha 
BS, M , and PhD degree in physics 
from the California Inst i tu te of Tech­
nology. • 

T iving Wi th Lightning (page 32) wa 
L written by Le Jie Lamarre, Jo1 1rnnl 

enior feature wri ter, wi th  assistance 
from Ra lph Bernstein, manager of 
L ightning research and developmen t in 
the Electrical System Divis ion's Cus­
tom Power Di tribution Program. Bern­
ste in came to EPRI in 1 992 after 1 3 years 
with the IBM Palo Alto Scientific Cen­
ter. There, a a senior teclmical taff mem­
b r, he was re ponsible for geoscien t i fic 
and med ical image processing R&D.  Be­
fore tha t, he worked with the I BM Fed ­
eral Sy tern Division in Gaithersburg, 
Maryland . Bernstein receiv d a BS de­
gree in electrical engineering from the 
Un iver ity of Conn cti u t  and an MS i n  
t h e  sa me subject from Syracuse Uni  ver-
ity . • 
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Board Adopts New Business and 
Membership Strategy for EPRI 

C 
oncurring with the lnstitute's proposed strategy to 
better serve the needs of an evolving electric 
power industry, the Board of Directors adopted a 

series of sweeping changes in EPRL's business plans and 
membership policies at its December meeting in Dallas. Of 
the several separate but related measures, the most far ­
reaching will provide member utilities significantly more 
flexibility in both the amount and the alJocation of their 
payments for a redeployed research, development, and 
delivery (RD&D) program. 

Other changes approved by the Board include amend­
ments to EPRl's bylaws to create a new membership class 
for affiliated power producers (APPs) and independent 
power producers (IPPs), extension of the Tailored Collabora­
tion (TC) supplemental funding program to include interna­
tional affiliates of EPR[, and adoption of a streamlined 
RD&O planning and authorization process. 

Progressive Flexibility 

With the Board of Directors' approval, EPR!'s business 
strategy is now geared toward the implementation, begin­
ning in 1995, of a new membership offering termed Progres­
sive Flexibility. Tn return for a multiyear commitment to 
EPRI funding, members will gain increased flexibility of 
choice from a menu of research programs in the RD&D plan. 
EPRI wiJl also continue to offer the single-package arumaJ 
membership option to those members and industry seg­
ments who prefer that tradmonal arrangement. In all cases, 
a maximum of 40% of a member's dues will be allocated to 
the core RD&D program, which will consist of research in 
areas of vital jnterest to all members, plus key exploratory 
researd1 efforts. 

Members making a two-year commitment under either 
of two Progressive Flexibility options will be able to allocate 
a portion of their funding among 10 - 15 business units 
organized around specific areas of current EPRl-supported 
research. The program content of the core and the elective 
business units v.rill be more precisely defined through a new 
target authorization (TA) RD&D planning process. Launched 
early this year, the TA process will translate the technology 
needs of the industry into interrelated results that EPR1 will 
deliver. Business unit definitions are expected to be com­
pleted no later than March for use in membership solicita­
tions for 1995. 
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Solicitatjons for EPRJ membership under the new 
approach will be mailed in Mc1y, with responses to be 
received by July. lnitially, flexible-fw1ding membership 
options will be offered for a trial period of 1995 and 1996. A 
revised membership strategy, incorporating lessons leamed 
dming this trial period, vvill be developed for 1997 and 
beyond. 

Members can elect to fund EPRJ at the 100� dues level 
(that is, at the same level as current dues), and those that 
do wilJ have access to all EPRJ results, regardless of business 
unit funding allocations. But members that elect to fund at 
between 80% and 100% will have access to EPRI information 
from only the core and those business w1its they choose to 
fund at or above a minimum level established for each unit. 

Details of the Progressive Flexibility business strategy 
were endorsed by EPRI's Research Advisory Committee 
(RAC) in November. RAC chairman Bill Boston, president 
and CEO of Wisconsin Electric Power Company, joined EPRI 
management in presenting the final proposals to the Board 
of Directors. EPRl's new business strategy is likely to require 
changes i11 its industry advisory structure; options for those 
changes will be developed for discussion wiU1 RAC and 
review by the Board, and a decision will be made in April. 

Definitions of the core and the elective business units, 
and subsequent funding decisions, mr1y necessitate a 
reaLig11ment of EPRJ business systems, management, and 
staffing. An EPRI transition team has been created to 
translate the business strategy into implementation guide­
lines for EPRl's members and staff. The realignment process 
will begin in the second quarter of 1994 and is likely to 
continue into 1995 or later. 

Tailored Collaboration expanded 

Through 1995, TC supplementaJ funding-invesh'nent over 
and above basic dues that allows members to target specific 
projects and have a matching amount of their EPRI dues 
allocated to those efforts-will continue to be allowed in 
amounts of up to 25% of a member's dues. But during 1995 
the compatibility of TC with Progressive Flexibility will be 
evaluated, and a recommendation wiU be made regarding 
the appropriate level of TC funding for 1996 and beyond. 
Under the flexible membership options, TC funding will be 
allowed only for the core aJ1d for the business units in 
which a member is participating. 



The Board also approved extending the TC funding 
option to the five international affiliates (three in Europe, 
one in Canada, and one in Australia) that have already 
made three-year commitments to specific strategic targets m 
the EPRI RD&D plan. TC was not previously an option for 
affiliates, who pay annual fees based on the same formula 
that applies to EPRI members (plus a premium), prorated to 
the relative budgets of the strategic areas to which the 
affiliates are committed. Now, up to 25% of an international 
affiliate's fees may be targeted, along with its additional 
matching TC funds, to projects within the areas of affiliation. 

ln addition to the potential for attracting nearly $3 
million in additional research fw1ds1 extending the TC 
option to affiliates is expected to add value for domestic 
EPRT members through expanded access to international 
RD&D results and experience, help attract and retain non­
U.S. utilities with important RD&D programs, and help 
preserve and expand the basic collaborative nature of EPRI's 
program. 

New membership class 

Expanding the membership ranks to represent the entire 
electric power industry and broadening the base of future 
support for the EPRI program are the key reasons for a new 
membership cl<1ss, which offers participation to nonregu ­
lated sellers and producers of electricity. 

The new class, sanctioned by the Board of Directors 
through amendments to the Tnstitute's bylaws, extends to 
APPs aJ1d lPPs the fuJJ privileges of membership, includfog 
access to EPRI research results and the right to elect a new 
member of the Board of Directors. The change, effective 
January 1, 1994, was recommended to the Board and to its 
Membership and Strategic Issues Subcommittee in August 
1993 by EPRI's management. Factors cited in support of the 
move include the changing structure of the industry, the 
need to broaden EPRI's base of future financial support, and 
further assurance that membership be available to all 
industry participants on a nondiscriminatory basis. 

The bylaw amendments provide for a dues formula for 
the new member class comparable to that for existing 
members (i.e., 0.33% of gross electricity revenue). New 
members will be eligible to participate in EPRJ's industry 
advisory structure to the same extent as existing members, 
in accordance with revisions that may be forthcoming under 
the Progressive Flexibility strategy. fn addition to a dedi­
cated seat on the Board of Directors, the new member class 
has the same right as other member classes to a second seat 

on a rotating basis. The amendments to the bylaws in ­
creased the total number of EPRI Directors to 26 to allow for 
the additional seat. 

Target authorization process 

The new TA process proposed by EPRl senior management 
and then approved by the Board of Directors in December 
is expected to shift the EPR1-industry dialogue from its 
historical focus on monitoring EPRJ research to defining the 
highest-value results in consultation with members. The 
new process, which began in January 1994, streamlines the 
authorization of EPRI research activities and expenditures 
and elevates authorization activity from the current project 
level to the strategic target level. 

Each target is a discrete building block in the EPRJ 
program, representing scientific and technical results that 
satisfy an explicit member need. The TA process will 
provide a more focused mechanism for ensuring EPR! 
accountability for results agreed upon for each target. 
Individual TA documents for EPRl's RD&D plan, identifying 
the specific needs to be addressed and the expected EPRJ 
responses, are to be developed this year in conjunction with 
member utilities. The documents, which are intended to 
serve EPRl and its members much like business plans, will 
include definitions of specific results to be achieved, their 
development and delivery schedule, and their associated 
costs. Business and management plans for the various 
results wiU be included as supplements. 

EPRJ's RAC, division committees, and task forces have 
reviewed and endorsed the TA process and participated in 
the development of guidelines for the preparation of TA 
documents. Industry advisory meetings in January were 
expected to reach a consensus on what the specific targets 
should be. RAC recognized that the implementation of 
Progressive Flexibility in 1995 could affect the TA process as 
it relates to the advisory structure and recommended that 
the TA guidelines be adjusted as necessary to reflect any 
such chaJ1ges. 

At advisory body meetings this May, the negoti<1ted 
industry needs- along with the products and associated 
revenues necess<1ry to respond to the needs-will be 
confirmed. The products that advisors and EPRI agree are 
the best for meeting each target's requirements vvill be 
prioritized. All TA documents are to be completed by the 
September 1994 advisory meetings, when they wiU be 
incorporated into EPRl's 1995- 9 9  RD&D plan for approval by 
the Board of Directors. • 
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Country's First EV Research 
Center Opens in Atlanta 

G 
eorgia Power Company played host to the news 

media, an enthusiastic public, and officials from a 

number of companies supporting the develop­

ment of electric transportation, including EPRI, when it 

unveiled the cou11try's first Electric Vehicle Researd1 Center 

last fall. Housed at SciTrek, Atlanta's new museum of 

science and technology, the center includes an office of the 

Electric Vehicle Research Network (EVRN). 

The center, which combines advanced research capabili­

ties with educational displays, is the first of a series of 

utility-supported sites for electric vehicle (EV) evaluation 

and education under EPRl's EVRN project. The facilities are 

aimed both at helping to overcome EV technical limitations 
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and at increasing public confidence in the technology's 

potential to improve air quality and reduce national 

dependence on imported oil. The Atlru1ta center will test 

and evaluate the latest EV technology, including various 

components of the infrastructure necessary to support the 

use of EVs. 

The offices of the EPRI-coordinated EVRN will conduct 

customer education and research and share results. For EPRI 

they will provide a deployment mechanism for testing 

prototypes of residential and public charging systems. "By 

serving as infrastructure launch platforms and conducting 

closely related market-based research evaluation, the centers 

will give EPRI prompt feedback on charging-system prefer-

ences, human interface 

concerns, and overall 

customer perceptions of 

EVs," says Gary Purcell, a 

project manager in the 

lnstitute's Transportation 

Program. 

The EVRN sites will have 

various combinations of EVs, 

depending on the purchases 

made by the participating 

utilities. The vehicles will 

include the Chrysler TEVan, 

the EPRJ-developed G -Van, 

and the Ford Ecostar. 

In addition to Georgia 

Power, these utilities are 

founding EVRN members, 

committed to establishing 

network offices: Alabama 

Power Company, Arizona 

Public Service Company, 

Boston Edison Company, 

Centerior Energy Corpora­

tion, Duke Power Company, 

ew York State Electric & 

Gas Corporation, PECO 

Energy Company, the Salt 

River Project, the Tennessee 

Valley Authority, and Texas 

Utilities Company. 

• For more i11formation, contact 

Gary Purcell, (415) 855-2168. 



Rooftop Photovoltaic Test Effort Launched 

E 
PRI and 11 member utilities have joined the Environ­

mental Protection Agency (EPA) to install rooftop solar 

photovoltaic (PV) systems on 11 commercial and 

industrial buildings in a national test program. The $2.5 

million collaborative effort will demonstrate the potential 

for emissions-free, distributed solar cell technology to 

improve air quality, reduce peak electricity demand, reduce 

energy costs for buildings, and lower the need for central­

station generation and transmission capacity. 

The PV systems are eacl1 rated at about 18 kW (ac) and 

have a combined instaUed capacity of about 200 kW (ac). 

They will be instaUed on office buildings and at universi­

ties, afrports, and manufacturing facilities in Los Angeles, 

12-kW system at Wisconsin Public Service Corporation 

Boise, Denver, Las Vegas, Boston, and other locations early 

in 1994. Ascension Tedmology, Lnc., of Waltham, Massad1u­

setts, and the participating utilities will design and install 

the systems. Ascension, EPRI, and the EPA will monitor and 

assess the systems' tedlnicaJ, environmental, and economic 

impacts. This project is an expansion of an EPA-utility cost­

sharing effort initiated in 1992 with 11  other utilities to 

examine PV systems in residential and some commercial 

applications. 

"The cooperative effort by the EPA, EPRI, and private 

industry will allow us to collect and evaluate a broad range 

of information for the utility industry on PV systems 

installed on buildings," says John Bigger, manager of 

photovoltaic system applications in EPRl's Solar Power 

Program. "We expect that the results of this demonstration 

will help utiJHies position themselves to apply PV technol­

ogy in the near future." 

Edward Kern, president of Ascension, notes that the long­

range objective of the project is "to see the technology 

commercialized so that it becomes a standard option for 

rooftops in the future. The building sector could ultimately 

be a significant market for this technology across the United 

States." 

The utilities that are committed to participating in the 

project are Arizona Electric Power Cooperative, Atlantic 

Electric, Boston Edison Company, Consolidated Edison 

Company of New York, Florida Power Corporation, Idaho 

Power Company, Los Angeles Department of Water & 

Power, Nevada Power Company, New York State Electric & 

Gas Corporation, Public Service Company of Colorado, and 

Public Service Company of Oklahoma. 

• For more information, contact John Bigger, (415) 855-2178. 

Second Phase of Wind Turbine 
Verification Program to Begin 

E 
PR! is broadening utility participation in a program 

intended to accelerate the adoption of advanced wind 

energy systems by U.S. utilities. Designed coopera­

tively by DOE and EPRJ, the Utility Wind Turbine Perfor­

mance Verification Program provides a bridge between 

today's development projects and the commercial purchase 

of utiJjty-grade wind turbines by giving utilities an oppor­

tunity to gain firsthand experience with the latest in wind 

technology 

The joint program calls for DOE and EPRl to assist up to 

five host utilities in constructing, operating, and evaluating 

modern wind power plants- nominally 20 turbines per 

host. The installations wiJI allow utilities to study costs, 

system integration issues, and environmental impacts. 

Green Mountain Power Corporation and Central and 

South West Services are hosts for the first phase of the 

program. The Institute is now issuing a request for propos­

als for second-phase hosts in order to expand the number of 

turbine technologies and weather patterns covered in the 

evaluations. 

• For more i11for111atio11, contact Earl Davis, (415) 855-2256. 
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RESEARCH UPDATES 
Industrial Program 

Electrotechnologies for Medical Waste Disposal 
by Myron Jones. Customer Systems Division 

E ach year, U.S. health care faci l it ies-­

including hospitals. laboratories. den­

tists' offices. and blood banks-produce 

approximate ly 466.000 tons of infectious 

waste (Figure 1 ) . This waste, defined as be­

Ing capable of spreading disease, includes 

a wide variety of mater ia ls , such as b lood. 

"sharps" (e .g . , syr inges and scalpels) . body 

parts , g loves , and t issue cul tures , Tradi­
tional ly, such waste was burned in dedi­

cated inc inerators , e i ther on-site or at com­

mercia l  fac i l i t ies. New regu lations on air 

emissions, however. have forced the clo­

sure of many incinerators and blocked the 

construction of new ones in many states. 

Tighter restr ict ions have a lso prevented 

landf i l ls f rom accepung medical waste un­

less it has been disinfected and rendered 

unrecognizable. As a resul t , an aggressive 

search is under way to find new methods 

of treatmen and d isposal for th is waste 

Several factors have contributed to the 

g rowing concern about infect ious waste. 
F i rst, improper handl ing . i l legal dumping ,  

and the subsequent appearance of med­

ical waste in such places as beaches and 

dumpsters in a number of states have 

heightened publ ic concern . Second , the 

spread of AIDS and hepat i t is B has prompted 

many hospi tals to consider a l l  patient-con­

tact waste as potential ly in fectious and has 

thus greatly increased the vol ume of med­

ica l waste req uir ing disposal. Finally, the 

hig h  percentage ol ch lorinated plastics 1n 

medical  waste has led to higher emissions 
of dioxin and furans from incinerators, mak­

ing it more diff icult for the inc inerators to 

meet the provisions of the Clean Air Act 

Amendments of 1 990. Some older inciner­

ators also have had difficu l ty in handl ing 

the larger volume of hot-burning dispos­

able plastics . 

One regulatory action resu l t ing from the 

concern about infectious waste was the 

passage of the Medical Waste Tracking Act 
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of 1 988. The act. whose most immediate 

impact was to require the Environmental 

Protection Agency to establ ish a two-year 

demonstrat ion program for tracking infec­

tious waste, Is expected to serve as the ba­

s is for future regulations at both the federal 

and the state level . An earlier development 

was the publ ication ( in 1 986) of the EPA 

Gulde for Infectious Waste Management. 

which establ ished a standard of pract ice 

that has been dupl icated extensive ly at the 

state level. Add i tional standards have been 

developed by the Centers for Disease Con­
trol , the Joint Commission on Accreditation 

of Heal th Care Organizat ions. and the Occu­

pational Safety and Health Administ ration. 

Seeking alternatives 

Because of the economic and regulatory 

changes associated with the disposal of in­

fectious waste . many health care taci l i ties 

are seeking al ternative waste d isposal meth­

ods. Each alterna Ive needs to fu lf i l l two ba­

sic requirements: decontami nation and dis­
f igurement .  

Decontamination involves render ing the 

waste b io logical ly harmless. Usual ly the ef­

fectiveness of this process is measured by 

i ts abi l i ty to destroy or inactivate a desig-

nated heat-resistant pathogen placed 1n 

the waste. Disfigurement refers to chang­

ing the appearance of the waste to render 

it acceptable for u l timate disposal .  In par­

ticu lar, sharps need 10 be mel ted or shred­

ded beyond recognition . The d isfigurement 

requirement resulted largely f rom the pub­

lic outcry over the discovery of medical 

waste on beaches and at other publ ic fa­

c i l i t ies ,  but it has had the added benefit of 

reducing the physical volume of waste re­

qu ir ing transport and disposal .  

E lectric uti l ities have an important stake 

in the search for medical waste treatment 

alternat ives . Health care facil i t ies are a valu­

able segment of the electric ity market . and 
f inding a satisfactory solution to the waste 

disposal problem is a factor i n  their viabi l ­

ity. Also, many of the alternative technolo­

gies, in contrast to incinerators . are elec­

tricity based. By helping develop efficient . 

cost-effective electrotechnologies for treat­

ing ,nfect 1ous waste , ut i l i ties can help pro­

vide a c leaner environment and enhance 

thei r  off-peak load wh i le helpi ng the i r  cus­

tomers 1n the health care industry remain 

competi t ive. 

To encourage the development and com­

mercia l izat ion of such electrotechnologies,  

ABSTRACT The disposal of infectious medical waste has become increas­

ingly difficult, as tighter regulations have forced the closure of many hospital 

incinerators and as more and more landfills have refused to accept the waste 

unless it has been disinfected and rendered unrecognizable. Now, however, a 

variety of new. environmentally attractive electrotechnologies-involving pyroly­

sis, steam, microwave, and electron beam techniques-are becoming available 

to destroy or disinfect medical waste. EPRI is working with utilities and health 

care facilities to help bring these technologies into wider use. 



EPRl's Industrial Program has launched a 

collaborative project on medical waste dis­

posal, with participation open to electric 

utilities and health care facilities. The proj­

ect has sponsored a scoping study of med­

ical waste management, a brochure on 

electrotechnologies for infectious waste 

disposal. and a series of technology data 

sheets and application case studies. 

The pro
j

ect is also involved in demon­

strations of several emerging disposal tech­

nologies. Project participants get early ac­

cess to test data and reports. gain technical 

expertise on the technologies, and get pref­

erence for siting demonstrations. The proj­

ect is also sponsoring economic evalua­

tions of various treatment technologies and 

is developing software so that utilities can 

help their health care industry customers 

determine site-specific costs for each al­

ternative. 

The results of the scoping study, pre­

pared by Doucet & Mainka, have been 

published in Medical Waste Management: 

Regulatory and Technical Background Re­

port (EPRI TR-100978). The report de­

scribes the types of facilities that produce 

infectious waste, characterizes (on a na­

tional and a regional basis) the types and 

cineration by using intense electric heat to 

break organic molecules down into a clean­

burning gas. The glowing gas created in 

an arc by the passage of current is called 

a plasma. By blowing a steady stream of 

gas through an arc, a plasma torch is cre­

ated, with temperatures many times hotter 

than those produced by ordinary combus­

tion. The plasma pyrolysis process uses a 

plasma torch to gasify the organic material 

in medical waste while converting the 

metallic and siliceous fractions into an in­

ert glassy slag. The product gas can be 

used on-site as a fuel; the slag is suitable 

for use as aggregate in road building or in 

other applications. 

The first unit for demonstrating plasma 

pyrolysis for medical waste disposal is be­

ing installed at an 800-bed medical center 

in southern California. The system is sched­

uled for startup in late 1994 and is ex­

pected to operate off-peak tor 8 hours a 

day. 7 days a week. at a rate of 1000 pounds 

per hour. It uses a plasma torch developed 

by Plasma Energy Corporation, a unit of the 

Mason & Hangar engineering firm. 

Pyrolysis-oxidation 

Many of the advantages of pyrolysis can 

quantities of waste produced, reviews cur- be obtained with smaller units by combin-

rent and proposed regulations, character­

izes the disposal needs of large and small 

waste producers, and describes current 

and emerging disposal technologies. 

A preliminary study of the economic fac­

tors in medical waste disposal has been 

undertaken by the Wenatchi Group. The 

study includes the preparation of summary 

descriptions of various disposal technolo­

gies and the development of generic eco­

nomic evaluations, including economic sen­

sitivity analyses of variations on base case 

assumptions. The Wenatchi Group is de­

veloping these evaluations into software for 

both IBM and Macintosh computers; the 

software is undergoing beta testing and will 

be operational early this year. 

The project is currently involved in eval­

uating or supporting demonstrations of the 

six technologies described below. 

Plasma pyrolysis 

Pyrolysis-or heating without oxidation­

avoids the toxic emissions produced by in-

ing, in the same equipment, the pyrolysis 

of organic materials and the oxidation of 

the resulting gases. Eshland Environmental 

Technologies of Greencastle, Pennsylvania, 

has developed a disposal unit, called the 

Bio-Oxidizer. that is based on this concept. 

Medical waste is loaded into the unit's py­

rolysis chamber and is heated to tempera­

tures of 200-600°F, which causes the or­

ganic materials to vaporize. These vapors 

are then drawn into a two-stage oxidat
i

on 

chamber operating at 1800-2000°F. The 

combined pyrolysis-oxidation reactions de­

stroy all pathogens and reduce the waste 

volume by 95%, producing a solid, sterile 

residue. An integral heat exchanger recov­

ers about 80% of the energy to produce 

hot water. 

The Bio-Oxidizer comes in various sizes 

to meet the needs of facilities ranging from 

small clinics to large hospitals. Unit capac­

ities range from 300 to 3000 pounds per 

day. The first commercial unit is in opera­

tion at a hospital in Chambersburg, Penn-

Figure 1 The infectious waste generated by U.S. 
health care facilities- about 466,000 tons a year 
- must be treated on-site or shipped to off-site 
treatment facilities. The volume of waste has 
grown rapidly because of an increased use of 
disposable materials and a broader definition of 
infectious waste. At the same time, several fac­
tors have made disposal more difficult, including 
new federal and state air regulations and the re­
fusal of landfills to accept waste that has not been 
disinfected and rendered unrecognizable. 

sylvania: other installations are planned for 

this year. 

Microwave disinfection 

An alternative to destroying medical waste 

is to render it harmless by microwave dis­

infection and shred it for disposal in mu­

nicipal landfills. A system that meets these 

goals is currently being marketed by ABB 

Sanitec, which has installed commercial 

units at Forsyth Memorial Hospital in Win­

ston-Salem, North Carolina; at Integrated 

Environmental Services, a regional medical 

waste facility in Oakland, California; and at 

more than 50 other locations in the United 

States EPRI is following the performance of 

these installations on behalf of the partici­

pants in its medical waste disposal project. 

The ABB Sanitec microwave unit shreds 

the waste, injects steam to provide mois­

ture, and then disinfects the waste by ex­

posing it for 25- 30 minutes to heat ( 1 9 0 -

2000F) generated by microwave energy. 

Sharps are ground into small pieces. The 

volume of the resulting residue is about 

30% of the original waste volume. The sys­

tem comes in two unit sizes-one capable 
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of treat ing some 550 pounds per hour, and 
the other, some 275 pounds per hour. 

Steam sterilization 

A steam ster i l ization process using an elec­
tr ic steam generator and multip le fi l ters to 
control  emissions has been developed by 
GTH Roland North America of Houston . 
Texas. I n  this process, shredded medical 
waste is exposed to steam at 3 1 1 °F for a 
min imum of 20 minutes in a steril izat ion 
chamber. The decontaminated residue is 
then dried and ejected , while gases from 
the steri lization chamber are passed through 
a h igh-efficiency fi l ter to remove particu­
lates and an activated carbon f i l ter to re­
move volatile organrc compounds. Two mod­
els are commercia l l y  available: the ZDA-M3 
system treats up to 900 pounds per hou r :  
t he  SAS- 1  unit handles 300 pounds pe r  
hour. E ither model can  be truck-mounted 
or assembled as a stationary plant .  

Commercia l  versions o f  the ZDA-M3 have 
been installed at the Mayo Cl in ic in 
Rochester, Minnesota. and at Aegis Waste 
Management in Edmond ,  Oklahoma. Ad­
vantages of the GTH steam steri l ization sys­
tem inc lude low energy requi rements, 70-
80% volume reduct ion . and quick startup. 
The technology has been used in Europe 
since 1 986. 

Steam reforming 

A very different approach us ing steam has 
been developed by Synthet ica Technolo-

Waste Management 

gies of Richmond. Cal i forn ia . I n the Syn­
the!lca Steam Detoxilier. shredded waste is 
exposed to superheated steam at up to 
1 200°F, and the vapors produced are fur­
ther heated to 3000°F in a detoxif ication re­
actor. The subseq uent gas stream consists 
main ly of carbon diox ide and water. The 
so l i d  residue consists largely of carbon in 
the form of graphite, plus varying amounts 
of metal and glass; its volume is approxi ­
mate ly 2% of the or igina l waste volume. 

Treatment of med ical waste by steam re­
forming has been demonstrated at a fu l l ­
scale unit at Synthetica's Richmond faci l ity, 
and the f i rst hospital demonstration unit is 
under construct ion for a Georgia hospital .  
The Steam Detoxifier can treat about 1 ton 
of waste per day. I ts advantages Include 
99.99% destruct ion of hazardous chemi­
cals .  I L is not suitable. however. for smal l  
hospitals (200 beds or smal ler) . 

E l ectron beam irradiation 

Another way to k i l l infectious agents in 
medical waste and on reusable hospital 
equipment is to i rradiate them with elec­
trons prod uced by an accelerator similar lo 
those used in cancer therapy. Nutek Cor­
poration ot Palo Al to, Californ ia. has devel­
oped such a unit, which can process 400 
pounds of waste per hour wi thout the need 
for shredding before t reatment. The defer­
ra l of shredding unti l  after steri l ization e l im­
inates the potent ial for releasing pathogens 
into the air. 

Ashalloys: Aluminum-Fly Ash Composites 
by Dean Golden. Environment Division 

T 
he e lectr ic uti l ity industry produces 
nearly 90 mi l l ion tons of coal com­

bustion by-products annual ly. The primary 
by-products are fly ash . bottom ash , slag, 
and f lue gas desul fur ization s ludge. Cur­
rently only about 25% of this materia l is uti­
l ized : the remaining 75% goes to landfi l l or 
surface impoundments. The same percent­
ages apply to fly ash .  which accounts for 
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over half of the total amount of combustion 
by-products . Only about 25% of the ash is 
used in construction or other app l ications; 
the bulk must be disposed of. 

Al though f ly ash f rom volcanoes has 
been used in construction s ince Roman 
times (it was used , for example, to build the 
Col iseum i n  Rome) , fly ash from coal-f ired 
power p lants has been used in construe-

A demonstrat ion project in California is 
under rev iew, and permit appl icat fons have 
been submitted in several other states. The 
advantages of electron beam ir radiation in­
c lude simpl idty of operation and the fact 
that disinfection can be accompl ished with­
out heating the mater ia l  (which can pro­
duce volatile organics ) .  The main disad­
vantages are that the process does not 
destroy toxic chemicals and that shie ld ing 
1s needed for radiat ion protection. 

Other project in it iatives 

In addition to supporting technology de­
velopment and faci l i tating tech transfer, 
EPRl 's col laborative medical waste disposal 
project is preparing an analysis of the health 
care industry for project participants and is 
schedul ing a series of seminars to be co­
sponsored by host utH l ties . Some 30 ut i l i ­
t ies are now partic ipating in the project. 
I t also has advisors from the health care 
industry, including representatives of the 
American Hospita l Associat ion . the Ameri­
can Society of Hospital Engineers, the Cen­
ters for Disease Control. and public regu­
latory agencies. 

Futu re activ ities wil l  inc l ude broadening 
the project into a health care industry in i ­
tiative . I n  addi t ion to the ongoing work on 
medical waste. the expanded project wil l 
cover faci l it ies (e .g . , heating , venti lating, 
and ai r  cond i t ion ing: l ighting ; cool storage) 
and energy management (e.g . , power 
qual i ty. dr ives. motors) . 

tion in the United States for only the past 
60 years . In recent developments , f ly ash 
partic les have been used to make materi­
als cal led metal matrix composites (MMCs) . 
A metal-f ly ash composite offers the same 
funct ional properties as a sol id metal cast­
ing whi l e  saving on metal costs. 

More recently, fly ash from coal com­
bust ion has been combined with aluminum 



ABSTRACT EPRI is cosponsoring research on the use of fly ash from coal­

fired power plants as a filler in aluminum alloys. This technology promises not 

only to help utilities reduce landfill disposal but also to provide materials offering 

improved properlies and reduced manufacturing costs, in terms of both materials 

and energy. So far, researchers have successfully produced and cast these new 

Fly ash as additive 

In recent years a new fami ly of composi tes 
has been synthesized. Tai l ored to conserve 
mater ials and energy, these MMCs are met­
als or al loys reinforced with f ibers or parti­
c les of a second materia l (d isperso ids) I n  
some cases the resu l t  can b e  improved 
properties . In other cases the additive acts 
merely as fi l le r. reduc ing the cost without 

composites-called Ashalloys--using standard found,y techniques, and tests of sacrific ing the desi rable properties of the 
several key material properties have shown promising results. The goal of ongo- or ig inal mater ia l . MMCs l ike aluminum-si l i ­

con carbide. aluminum-alumina. and a lu­
ing efforts is to develop a complete knowledge and technology base for the com- mi n um-graph i te are emerging as materials 
mercial production and use of Asha/lays. with great potentia l i n  the automotive and 

aerospace industries. 

a l loys to produce a class of MMCs cal led 
Ashal loys. Ashal loys offer the advantages 
of reducing disposal vo lumes for the e lec­
tric ut i l ity industry, prov id ing a h igh-value­
added use of f ly ash , and provid ing im­
proved mater ial properties at a reduced 
cost .  S ince the production of a luminum is 
energy-intensive , the replacement of alu­
m inum by 11y ash in Ashal loys promises sig­
n i f icant energy savings . 

Ashal loys could p lay a role in enhancing 
the compet i tiveness of foundr ies , which are 
important customers of many electric uti l i­
t ies. The U . S . foundry industry is located in 
the G reat Lakes region. I t  is not uncommon 
for a uti l i ty to have a hundred or more 
foundries in its service territory. The melt­
i ng of ingots for the cast ing of parts for au­
tomotive and other appl ications consumes 
cons iderable e lectr icity. The foundry indus­
try is very conscious of foreig n compet ition 
for lower-cost components and is looking 
tor ways to reduce costs . The substitution 
ot fly ash as a fi l le r in a luminum produces 
a composite wi th improved eng ineering 
character istics (such as abrasion res is­
tance) at a much lower cost. 

This update focuses on the results of 
Ashal loy research performed at the Uni­
versity of Wiscons in at M i lwaukee (UWM). 
Researchers there have produced al u­
m inum-fly ash composites by us ing stan­
dard ,  i nexpensive casting tech niques and 
have evaluated the properties of the com­
posites .  They have also suggested poten­
tial app l icat ions for Ashal loys. This ongoing 
work at UWM is cosponsored by EPRI in ta i -

lored co l laboration wi th Madison Gas & 
Electr ic Company, Niagara Mohawk Power 
Corporat ion , Northern I ndiana Publ ic Ser­
vice Company, PS I Energy, and Wisconsin 
E lectr ic Power Company. 

A lthough fil lers have been used with 
polymeric mater ials in the past, fi l l ing met­
als with f ly ash is re lative ly new. Most re­
cent ly, f ly ash has been used as a fi l l er in 
l ight metals and a l loys for manufactured 
products with potential appl ications in se­
lected engineer ing components. Fly ash 

Figure 1 Photomicrographs of aluminum a lloy-fly ash (20% by volume) composites: top, X550; bot­
tom, xaao. These show the even d istribution of the spherical fly ash particles through the casting 
volume and the good interfacial contact achieved between the particles and the matrix . 
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part ic les are genera l ly smaller than 1 50 µm 
in d iameter (the th ickness of two sheets of 
wr i t ing paper) , although particle s ize distr i ­
bution depends on the type of coal used. 
Most f ly ashes consist main ly of sol id , partly 
so l id , or hol low spherical part ic les and so 
are an inexpensive source of microspheres. 
which are quite expensive lo produce syn­
thetica l ly. Because of the spherica l shape 
of a large fract ion of f ly ash particles , 
metal-f ly ash composites have lower stress 

Figure 2 The resu lts of Brinel l hardness tests (us­
ing a force of 3000 kg) show that the hardness 
of Asha l loy composite increases as the compos­
ite's f ly ash content increases. This improvement 
is  due to the fact that the fly ash particles are pr i­
mari ly a lumlnosi l icates. 
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Figure 3 The tensile elastic modulus of Ashal­
loys increases as the fly ash content increases. 
A higher e lastic modulus means greater stiffness, 
which can enab le the product ion of components 
with smal ler cross sections and hence reduced 
mass. 
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concentrations than composites us ing 
more-angular partic les, such as sil icon car­
b ide partic les. 

Processing of Ashal loys 

MMCs re inforced with partic les can be syn­
thesized in several ways :  powder metal­
l u rgy, casti ng ,  or spray deposi tion . Cast ing 
has the advantages of being relatively low 
in cost and capable of producing large , 
complex shapes. The UWM researchers de­
veloped an inexpensive casting technique 
to produce aluminum-fly ash composites 
contain ing various amounts of fly ash par­
t ic les. Slurries of mol ten metal and f ly ash 
were cast in su i table molds ,  where the 
metal so l i d if ied to prod uce composi te com­
ponents . Ashalloy ingots were a lso cast, 
with the fly ash content ranging up to 20% 
by volume. 

Us ing various cast ing techniques, in­
c l uding sand ,  permanent mold ,  and grav­
ity cast i ng, the researchers produced au­
tomobile p istons and connect ing rods f rom 
Ashal loys . These efforts demonstrated the 
feasib i l ity of making Ashal loy cast ings of 
different shapes and dimensions. 

Photomicrog raphs of sections of cast 
Ashal loys produced at UWM (Figure 1 )  re-

the researchers subjected an alum inum-f ly 
ash (20% by volume) composi te to hot ex­
t rusion. The resu l ts suggest that Ashal loy 
composites can be produced in extruded 
forms for a var iety of app l ications ,  inc lud­
i ng l ightweight structu ra l  appl icat ions. 

Asha l loy properties 

The researchers analyzed several mechan­
ical and t r ibological (wear and friction) 
propert ies of cast Ashal loy samples to de­
termine how the composi te compares with 
the a luminum al loy matrix a lone. I n  addi­
t ion , they investigated the effect on various 
propert ies of increasing the volume per­
centage of f ly ash (up to 20%). The prop­
erties examined include hardness, tensi le 
strength , abrasive wear res istance, and 
compressive proof strength. 

The addit ion of f ly ash to the aluminum 
a l loy matr ix increased the mater ia l 's Br i ­
ne l l  hardness number. F igu re 2 shows the 
near ly l i near  increase in hardness of the 
composi te material as the volume percent­
age of fly ash i ncreased from 0% to 20%. 
Th is increase is due to the hardness of the 
f ly ash part ic les , which are basically a lu­
minosi l icates. The hardness of Ashal loys 
makes them desirable for use in certain en-

veal that the fly ash partic les are evenly dis- gine components-pistons, for example. 
tributed through the casting vo lume, and Figu re 3 shows the increase in the ten­
that there is good interfacia l contact be- sile elastic modulus of Ashal loys as the vol­
tween the fly ash partic les and the so l id i - ume percentage of  fly ash increased from 
fied aluminum matr ix . 

Since standard foundry techniques re­
qui re ingots to be remelted and recast into 
components , characterist ics l ike melt  flu id­
i ty are important .  The researchers evalu­
ated Ashal loy i ngots for f lu id ity by mel t ing 
and casti ng them into a variety of engi­
neer ing components. The f lu id ity of the 
Ashal loys was adeq uate to make a variety 
of cast ings , and 1 t  compared favorably with 
the f lu idity of a widely used a luminum cast­
ing alloy. 

Cast a luminum alloy composites are of­
ten improved in performance and proper­
ties by a process of reheating and con­
trolled cool ing . Such thermal cycl ing was 
appl ied to Ashal loys, and the resu l ts Ind i­
cate that the strength properties of a lumi­
num-fly ash composites can be improved 
by heat treatment in the usual manner. 

To evaluate the extrudabil ity of Ashal loys ,  

3% to 1 0%. A higher e lastic modulus, 
which indicates greater stiffness, means 
that 1n cases where st iffness is the princi­
pal design cr iterion , as in golf clubs or other 
sports equipment, components wi th smal ler 
cross sect ions can be fabr icated .  This 
means reduced component mass, which 
may otter addit ional advantages in rotating 
parts . 

The abrasive wear resistance of Ashal­
loys was com pared with the res istance of 
the a l uminum al loy matrix a lone by using a 
pin-on-disk wear test apparatus at various 
loads and speeds. The researchers found 
that add ing f ly ash (5% by volume) to the 
aluminum al loy s ignificantly increased i ts 
abrasive wear res istance. As with the in­
crease in hardness, the improvement in 
wear res istance is due to the presence of 
a l umi nosi l icate f ly ash particles. 

Cast samples of Ashal loys that had been 



Figure 4 Researchers compared Ashalloy composites with other materials by plotting each mate­
rial's un it cost aga inst its specific strength . The results reflect the material and energy cost savings 
promised by Ashalloys. 
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subjected to heal t reatment and extrus ion 
also were examined by electron micros­
copy and by physica l and mechanical test­
ing . The resu l ts were encou raging . Not only 
did the heat treatment cause no debond­
ing of the f ly ash particles , but i t  appeared 
to increase the hardness of the composite . 
E lectron microg raphs of extruded Ashal­
loys revealed a l ig nment of the f ly ash par­
tic les in the direction of extrusion . A l though 
some partic les had cracked , most of them 
retained their spherical shape and no 
debonding was evident . Compared with a 
standard cast composite, the extruded 
Ashalloys showed increased hardness and 
density. Of particular note was the increase 
(about 50%) in the u l t imate tensile strength 
of the com posite as a resu l t  of extrus ion . 

Final ly, Ashal loys were compared with 
severa l other engineer ing materia ls by plot­
t i ng each materia l 's unit cost against its 
specific strength ( Figure 4) . The data indi­
cate that Ashal loy composites have a s ig­
nif icant advantage in mater ia l and energy 
costs over conventional a l loys and meta ls .  

Bright prospects for the future 

There is significant promise for the fabrica­
t ion of cast products from Ashal loys by us­
ing standard foundry techniques. Automo­
tive components represent an especial ly 

promising area of appl ication for Ashal loys 
and other MMCs. 

I n the near term , a luminum wi l l  replace 
steel in automobi les more rapidly than wil l 
MMCs. Two luxury cars , the Jaguar XJ220 
and the Acura NSX, are al ready made from 
aluminum. By the turn of the century, the 
amount of a l uminum in the average Amer­
ican car is expected to increase from the 
current 1 25 pounds to over 500 pounds. 
The German auto company Audi ( the l ux­
ury dfvis ion of the Volkswagen group) wi l l  
introduce a car this spr ing lhat w i l l  feature 
an a luminum skeleton and body parts. I n 
connection with that effort, Alcoa has built 
the world 's f i rst factory for the volume pro­
duction of alum inum auto body structures.  

Because a luminum is l ighter than steel . 
a luminum cars offer better handl ing per­
formance and lower fuel costs . A luminum 
is a lso easily recycled . However, aluminum 
is more expensive than the steel it replaces . 
and cars made from it are more compl i ­
cated to develop. EPRI bel ieves that MMCs 
l ike Ashal loys wi l l  make a signi ficant con­
tribution to lower ing the cost of a luminum 
cars whi le enhancing many engineering 
properties , including abrasion res istance 
(e .g . , for braking systems and eng ine 
b locks) and sound-damping capabi l it ies 
(e.g . ,  for valve covers) .  

According to Professor P .  K .  Rohatgi of 
UWM , the principal investigator for EPRl 's 
Ashalloy research , ''The potent ial automo­
tive appl ications of metal matrix compos­
i tes, particu lar ly aluminum matr ix compos­
ites , are numerous. Althoug h  some com­
posite components have reached the dem­
onstration stage , there is sti l l  much work to 
do, and many barr iers to conq uer, before 
widespread appl icat ion can be expected . 
These chal lenges include processing for 
specific propert ies, compi l ing property 
databases .  and addressing recyclabil lty. " 

This year, in cooperation with Ford Motor 
Company, EPRI w i l l  conduct pressure-die­
cast ing tr ia ls using Ashalloys. Pul leys for 
power-steer ing systems wil l be fabr icated . 
The competing a luminum-si licon carbide 
MMC sel ls for over $2 per pound. The price 
of Ashalloys is expected to be around 
$0.50 per pound, Which wi l l  g ive the mate­
r ial a strong market advantage. 

The UWM-EPRI research ,  which wi l l con­
t inue through 1 996, is address ing both the 
knowledge base and the technology base 
for Ashal loys. In theoretical model ing work, 
the UWM investigators are seeking to 
ach ieve standardized Ashalloy data sheets 
or cal i b ration curves so that, for any set of 
mater ial properties desired ,  an appropriate 
Ashal loy recipe can be readi ly identi f ied. 
The u l timate goal of the research program 
is to develop a complete technology base 
for the commercial production and use of 
Ashal loys. 

Future efforts to commercia l ize Ashal loys 
wi l l involve three key steps: identifying ma­
chine parts and components for prototype 
production: establ ish ing a l l iances wi th met­
al fabricators and foundries to sponsor the 
fabrication of test prod ucts for appl ication 
(s imi lar to the pressure-die-casting trials 
wi th Ford) :  and, in conjunct ion with the a lu­
minum industry, deve1oping eng ineering 
specificat ions for raw materia ls with f ly ash, 
for product design ,  and for manufacturing 
promising product candidates . Commer­
cial ization in the auto industry is expected 
to occur first with such nonstructu ral parts 
as power-steering pu l leys and valve cov­
ers . The incorporation of Ashalloys into auto 
body structural components may take five 
to seven years. given the typical lead times 
requi red for new models.  
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New 

Contracts 

Project 

Customer Systems 

Advanced Water-Loop Heat Pump 
Equ ,pment , Phase 2 Producl Design 
and Development (RP34 1 2-15 )  

Low-Tempera lure Chlorine-Free 
Supermarket Refrigeration (RP3526-3) 

Evaluallon of Demand-Side Management 
Programs (RP3539- 1 ) 

Ulllity and Customer Communica1 1ons 
I nfrastructure A lternatives and Protocols 
(RP3567- 1 ) 

Environmental and Energy BenefllS of 
Electric Lawn Mowers (RP3598- 1 )  

Methods and Equipmen1 lor Power Oua l , ty 
Improvement of Customer Systems With 
Disturbing Loads (AP3689-1 )  

DSManage, Load Shape Da tabase and 
Other Prod ct Enhancements (RP3709- 1 )  

Demand-Side Managemenl Community 
l not,at ,ve (RP3737- 1 )  

Electrical Systems 

Impact of E lectric Vehicles and Dispersed 
Generalion on Power Ouallly and 
Custom Power (RP3389· 10) 

Integrated S1mula t 1on of Powe, E lectronic 
Conveners In Power Sys tems (RP3389- 1 5) 

Mmgat ,on of Nonconform,ng Load EHects 
to Improve System Operation (RP3555- 1 )  

Hybr id Fi l ters for Power Sys1em Harmonics 
(RP3556·4 ) 

Disl rlbuuon System Rehabl l l ty 10 Improve 
Power Qua l i ty (AP3669 - 1 )  

Dist ri bution Automal ion/Demand-Slde 
Management Demonstration (RP3674-2) 

EGEAS Vers ion 7 .0 Enhancements 
(AP368 1 - 1 )  

Interface for EPRI Opera1or Tra ining 
Simulator (RP373 1 -2 )  

Advanced Power Translormer 
Demonslration (RP3792- 1 )  

Study o f  System Opera1 1 ng Impacts ol 
FACTS Technologies (RP3832-7) 

Environment 

Milliken Mist Eltm 1nator Testing 
(RP901 7-2) 

lmpoundment Closure Reseau.: 11 
(RP9020-2) 

Ash lmpoundment C losure Study 
(RP9020-3) 

Compact Hybrid Pa11 iculate Col lector 
Demonstration (AP9027 - 1 )  

Assessment o f  Coal C leaning a s  a n  A ir 
Toxics Control Measure (AP902B· 1 ) 

P ISCES Air Toxics Testing at Kansas Ci1y 
Power & Light 's Iatan Station (AP9028- 1 4 ) 

Laboratory and Field S1udies on leachale 
Characte ri stics at a Dry Ash land ,II 
(RP9032- 1 )  

Funding/ 
Durarfon 

$438,800 
1 7  months 

$77. 100 
9 montns 

$81 1 .600 
34 months 

$400,000 
I O months 

$31 5,900 
t4 months 

$362.000 
24 months 

$361 .500 
7 months 

$620,000 
42 months 

$380,000 
34 months 

$ 1 83.300 
23 months 

$68 ,400 
37 months 

$59 ,700 
12 months 

$4 ,300,000 
93 months 

$ 1 ,000.000 
29 months 

$495,400 
33 months 

$80 ,000 
1 3 months 

$ 128.400 
36 months 

$ 1 24 ,000 
1 1  mon1hs 

$55,300 
6 months 

$277 . 1 00 
30 months 

$293,800 
8 months 

$1 1 ,3 1 1 ,000 
46 months 

$77 ,900 
18 months 

$229,600 
6 mon ths 

$64 .900 
1 1  monlhs 
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Conrractor/EPRI 
Project Manager 

Trane Co I W  Kn// 

Foste1-M 1 l l er/M l<.hettar 

Xenergy/R. Gillman 

Flrst Pac, l lc Networks/ 
L Carm,cheel 

MIii s .  McCarthy and 
Associates/G. Purcell 

Louisiana Slate Un ivers ity/ 
M. SamotyJ 

Electric Power Sol tware/ 
P Sioshansi 

Un iversity ol New Or leans/ 
G. Heiner 

Un iversity of Te�as/ 
A Sunderam 

Un ivers i ty of Washing on/ 
A Sundaram 

Un ivers i ty of Te•as/ 
P H11sch 

University of M lnnesola/ 
A EdflS 

Geomet Data Services/ 
R. Bernstein 

U n�ed Power Assoc1aLion/ 
W. Bla,r 

Stone & Webster 
Management Consul tants/ 
R Adapa 

Salt River Project/ 
G Cauley 

Delmarva Power & Light 
Co.JS. Lmdgten 

New York Power Aulhorlly/ 
A Vo1den1 

Radian Corp IR Rl1udy 

Sc ience & Technology 
Management/ I Murarka 

A tlan t ,c Env1ronmenta I 
Services/I. Murarka 

TU Eleclrlc/R Chang 

CO lnc ./8. Toole-O 'Ne1/ 

Radian Corp.IP Chu 

Un iversity of Kentucky 
Research Foundation/ 
J Goodric!>-MahOney 

Funding/ Conrractor/EPRI 
Project Dura/ton Project Manager 

EKploratory & Appl ied Research 

Particle Tu rbu lence ln1eract1ons Near $239,600 University ol California, 
F low Boundanes (RP8034-2) 36 monlhs Sama Barbara/ 

J Maulbetsch 

Combined Ultrah1gh-Vo ltage/E lectro· $389,200 Univers11y ot Notth Texas/ 
chemical Studies ol Corrosion and S1 ress 36 months J Stflnger 
Corrosion Cracking (AP8044- 1 ) 

I n-service Degradation ol Fossil Pl anl $ 1 66, 1 00 Fa i l ure Ana l ys is Assocrales/ 
Matena l s (RP8046-4 )  1 7  months R. V,swanathan 

Electric Power System B ifurcations and $1 78.000 Hsiao-Dong Chiang/ 
ChaoLic Dynam,cs (RPBOS0-6) 31  months T Schneider 

Novel Electroorgamc Syntheses 1n $ 1 08.500 University ol Detroit , Mercy/ 
Supercritical E lec ttolytes (RPB060-4 ) 25 months R Weaver 

l nter lac1al Aspec1s of Syn1hes1s al Nano- $24 1 ,000 University ol Florida/ 
particles 1n M lcroemuls lons Relevant to 34 months D Von Dollen 
Superconductors and Varistors tRP8065-5) 

Generat ion & Storage 

2-MW Molten Carbonate Fuel Cel l  $5, 1 25 .400 City ol Santa C lara. 
Demonstration Pro1ec1 (RP3377- t ) 47 monlhs Ca l i lorn , a/E. Gt//ls 

Substation Predictive Maintenance $320,000 Bogan/R Colsher 
Program (RP3485-3) 1 7  months 

Computer ,ied Weld l nlorma t 1on System $258 ,000 Kaman Sciences Corp I 
(RP3485-4 ) 9 months R Co/sher 

Wood Cofmng, Phase 2· Analys i s  and $525,000 EDasco EnvlTO(lmen1al/ 
Test111g (RP3576-2) 13 rnontns E Hughes 

Large Air-Cooled Genera1ors Driven by $ 1 04 ,400 Elec tro Mechanica l Engl-
Combus�on Turbines· Genenc I ssues 1 2 months neenng Associates/ 
(RP3577-2) J Siem 

Development of Fireside Performance $360,000 Un,ve rs , ty ol Nor th Dakota/ 
Ind ices: Coovecove Pass Fouhng and Fly 31  montris A Menra 
Ash Col lect,bi l l ty (RP3579-2) 

Planar Sol i d  Oxide Fuel Cell $765,000 ZT E K  Corp JR Golc/sle,n 
(RP360B- 1 )  1 9  months 

Nuclear Power 

In Situ P,p,ng Rehab,hlallon $338,600 No11heast Ut ilities Serv,ce 
(AP3052- 1 0 )  19  months Co.lG. Adams 

Obsole te-It ems Database, Phase 2 $53,500 l<.arta Technology/ 
1mp1ernentat1on (RP3186-30) S mon01s J Munchausen 

ln-prle Fuel Corros,on Tests W,th z,nc $ 1 , 1 88 ,500 lnst,1u11 to r  Energ l1eknlkkl 
(RP3223·B )  36 months S Yagmk 

CREDIT  Code De\le lopment (RP3342· 1 )  $50 ,000 Acc ident P ,even t ion Group/ 
6 months A Singh 

Lile-Cycle Managemen1 DeC1s1on Analysis $ 1 79,600 Janus Management 
(RP3343- t 5) 1 1  months Associa tes/M Lap,des 

On-ltne I ron Probe Field Test ing $84,800 Babcock & Wllco Co.I 
(RP3388-7) 1 1  mon1hs P Mll/e/1 

Appl 1cab111ty of Vessel Thermal Annea l i ng $94 .800 Wes11ngh0use E lectric 
(RP3475-2) 5 months Corp . /R. Carter 

App lication of R i sk Technologies to $5 1 6,900 PLG , fnc . /F Rehn 
Technical Speclf1cal lons (RP3477-2 ) 36 momhs 

App l icat ion ol R i sk and Rel 1 ab1 l 1 ly MelhOds $64 , 100 Ouadrex Energy Services 
lo Regulatory I ssues (RP34 77-5) 1 1  months Corp.IF Rahn 

I ntegral Fas t  Reaclor Fuel-Cycle $2,000,000 Argonne Nat ional 
Demonst ralion (RP3764- 1 )  1 6  months Laooralory/E Rodwell 

I ntegrated  Maintenance Program for $550,200 Erin Engmeenng & 
Main tenance Rule Compliance (RP3770· 1 )  30 months Researoh/0. War/edge 

I ntegrated Ma,ntenance Program lor $6 1 2 ,400 Ouadrex Corp./ 
Maintenance Rule Compl iance (AP3770-2) 30 months D Worledge 



New 
Technical 
Reports 
Requests for cop1es of reports should be d i rected 
to the EPR I D istribution Center, 207 Coggins Dr ive . 
P.O Box 23205, Pleasant H il l ,  Cali fornia 94523: 
(51 0) 934-421 2 . There Is no charge for reports re­
quested by EPR I member uti l i t ies. Reports w i l l  be 
provided to others in the United States for the price 
l i sted or, i n  some cases. under the terms of a l i­
cense agreement. Those outside the United States 
should contact the Dist ribut ion Center for price 
information . 

CUSTOMER SYSTEMS 

Monitoring Chemigation With 
Single-Board Computers 

TR-1 00447 Final Report (RP2782-4) ; $200 
Contractors : Oregon State University: Nationa l 
Food & Energy Counci l , I nc. 
EPRI  Project Managers : A . Amarnath, 
0. Zimmerman 

Customer 20/20: Breaking the Future Trap, 
Vol. 1 -Assur lng Future Customer Options 
Through Scenar io Planning 

TR- 1 0 1 694-V l Final Report (RP3 1 65- 1 0), $200 
Contractor· G lobal Business Network 
EPRI Project Manager : M . Evans 

Customer 20/20: Breaking the Future Trap, 
Vol. 2-Scenario Development Sourcebook 

TR- 101 694-V2 Final Report (RP3 1 65- 1 0) :  $200 
Contractor: G lobal Business Network 
EPRI Project Manager . M . Evans 

Customer 20/20: Breaking the Future Trap, 
Vol. 3-Scenarlo Development Toolki t 

TR- 101 694-V3 Final Report (RP3 1 65- 1 0 ) : $200 
Contractor : G lobal Business Network 
EPRI Project Manager· M , Evans 

Lessons Learned in Commercial-Sector 
Demand-Side Management 

TR- 1 02551 Final Report (RP3374- 1 , -2): $200 
Comractors: RCG/Hagler. Bail ly, Inc ; Xenergy, Inc 
EPRI Project Manager: M. Evans 

Princ ip les and Practice of 
Demand-Side Management 

TR-1 02556 Fina l Report (RP2342- 16 ) ;  $200 
Contractor: Barakat & Chamberlin . Inc . 
EPRI Project Managers. M. Evans, P Meagher  

ELECTRICAL SYSTEMS 

Survey of Residentia l Magnelic Field 
Sources, Vols . 1 and 2 

TR- 1 02759-V1 , TR- 1 02759-V2 Anal Report 
(RP3335-2) ; $200 each volume 
Contractors: General E lectr ic Co. : Enertech 
Consultants : Electric Research and Management 
EPRI  Project Managers: J . Dunlap, G. Rauch 

HVDC Transmission L ine Reference Book 

TR-1 02764 Final Report (RP2472-3) ; $5000 
Cont ractor: H igh-Voltage Transmiss ion Research 
Center 
EPRI ProJect Manager : J . Ha l l 

Analysis of Performance Accelerator 
Running ETMSP 

TR- 102856 Final Report (RP80 10-31 ) :  $200 
Cont ractor : Performance Processors. Inc. 
EPRI Project Managers: G. Cauley. J .  Maulbetsch 

Castable Substation Insulators 

TR-102868 Final Report (RP284 1-1 ) ; $5000 
Contractor: Battelle Memoria l  Institu te 
EPRI Project Manager : G. Addis 

ENVIRONMENT 

Proceedings : EPRI  Cancer Workshop II 
on Laboratory Research 

TR- 1 01 749 Proceedings (RP2965-99); $200 
EPRI Project Manager; C . Rafferty 

Toxicity Characteristic Leaching Procedure 
(TCLP) Ana lysis of Crankcase Oils and Oi l  
Residues From the Electric Util ity Industry 

TR-1 0 18 1 2  Fina l Report (RP2879- 1 8) : $200 
Contractor: Envi rosystems, Inc . 
EPRI P ro1ect Manager. J . Goodrich-Mahoney 

State.of-the-Art Assessment of SNCR Technology 

TR- 1 024 1 4  Topica J Report (RP2869- 1 4  ); $500 
Contractor: Fossil Energy Research Corp . under 
cont ract to Rad ian Corp . 
EPRI P roject Manager: J , StaJlings 

Remed ial Technologies for Petroleum-Contami­
nated Soils and Groundwater, Second Edition 

TR- 1 02664 Final Report (RP2795· 1 ) : $200 
Contractors : Roy F Weston , Inc . :  Un iversity of 
Massachusells 
EPRI Project Manager : M . Mclearn 

GENERATION & STORAGE 

Power Plant Modification Eva luation Using 
the Plant Modif ication Operating Savings 
(PMOS) Model 

TR-1 0 1 7 15  Final Report ( R P 1 1 84-3 1 ) :  $500 
Contractor : Dec ision Focus, Inc .  
EPRI Project Manage r ·  D . O'Connor 

Survey of Cost-Effect ive Photovoltaic 
Applicat ions at U .S. Electric Uti l ities 

TR- 1 02648 Fina l Report (RP3258) : $200 
Contractor Cra ig D . Eastwood 
EPRI ProJect Manager · J . B igger 

Smal l -System Performance Under High 
Wind Plant Penetration 

TR-1 02784 Final Report (RP2790-4) : $200 
Contractor: Electrotek Concepts . Inc . 
EPRI Project Managers : E . DeMeo. J . B i rk 

Proceedings: 1 992 Feedwater Heater 
Technology Symposium 

TR-1 02923 Proceedings (RP2504- 1 1 ): $200 
Comractor: Karta Tecl1nology. Inc. 
EPRI Project Manager: J . Tsou 

Guidel ines on Cycle Chemistry for F lu id ized­
Bed Combustion Plants 

TR- 1 02976 Final Report (RP979-29) :  $200 
Contractor: Sargent & Lundy 
EPRI Project Manager: B . Dooley 

NUCLEAR POWER 

Circuit Break.er Maintenance, Vol .  2, Part 1 :  Medi­
um-Voltage Circuit Breakers, ABB HK Models 

NP-74 1 0-V2P 1 Final Report (RP28 1 4-67) ; $ 12,000 
Contractor : Grove Eng ineering , Inc . 
EPRI Project Manager: J . Sharkey 

Comparison of the Guidance in the SQUG 
Generic Implementation Procedure and the 
EPRI Seismic Margin Methodology 

TR- 1 0 1 055 Anal Report (RP2722-30); $200 
Contractors· Jack R . Benjamin & Associates, Inc .: 
MPR Associates, Inc. 
EPRI Project Manager: R . Kassawara 

Development and Use of an In-Pile Loop 
for BWR Chemistry Studies 

TR- 1 02248 Final Report (RP2295-4) ; $200 
Contractor. Massachusetts I nsti tute of Technology 
Nuclear Reactor Laboratory 
EPRI Project Managers : R. Patl1an ia ,  C. Wood 

Stiffness of Reinforced Concrete Walls 
Resisting In-P lane Shear 

TR- 1 02731 Final Report (RP3094- 1 ) : Tier 1 . $200; 
Tier 2 ,  license required 
Contraclor· Sozen & Moehle 
EPRI Project Manager: H . Tang 

Trial Appl ication of Guidelines for Nuclear 
P lant  Response to an Earthquake 

TR- 1 02782 Final Report (RP2848-2 1 ) : $200 
Cont ractors : MPR Associates. Inc . , Yankee Atomic 
E lectr ic Co . ; Toledo Edison Co.  
EPRI  Project Manager: R .  Kassawara 

Nonl inear Analysis of H igh-Level Vibration 
Tests of a Modif ied PWR Primary Coolant 
Loop Model 

TR- 1 02783 Final Report (RP2350-2) : $200 
Contractors: Rockwell International: Robert L . 
Cloud & Associates 
EPRI Pro1ect Manager: H . Tang 

Analys is of Fatigue Crack Growth Rate Data for 
A508 and A533B Steels in LWR Environments 

TR-1 02793 Rnal Report (RP2006-20) : $200 
Cont ractor· Model ing and Comput ing Services 
EPRI Project Manager : J .  G i lman 

Analysis of A508 Class 2 and A533B 
Pressure Vessel Steel Fatigue Tests in  Air  

TR- 1 02794 F inal Report (RP2006-4) :  $200 
Cont ractor; Fai lu re Analysis Associates 
EPRI Pro1ect Manager · J . G ilman 

FATDAC: Fat igue Data Analysis Code 

TR- 1 02795 F inal Report (RP2006-4): $200 
Cont ractor: Fa i lu re Analys is  Associates 
EPRI Proiect Manager: J . G ilman 

Environmental Acceleration of Fatigue 
Crack Growth in Reactor Pressure Vessel 
Materia ls ,  Vols. 1 and 2 

TR- 1 02796 Final Report (RP 1 325· 1 ) : Vols. 1 and 2, 
$200 each volume 
Contractor: Babcock & Wi lcox Co. 
EPRI Project Manager: J . G i lman 
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EPRI Events 

MARCH 

29-Apr i l  1 
Nondestructive Evaluation of Fossil Plants 
Dallas. Texas 
Contact: Lynn Stone, (21 4) 556-6529 

APRIL 

5-6 
Global Warming: A Call for International 
Coordination 
San Francisco, Ca l ifornia 
Contact: Colleen Hyams, (4 1 5) 855-21 43 
5-7 
Direct DSM Marketing 
Dal las , Texas 
Contact: Lynn Stone, (21 4) 556-6529 
1 4-1 5 
Fi re Protection Workshop 
San Francisco, Ca l ifornia 
Contact: Lor i  Adams, (4 1 5) 855-8763 
26-28 
3d Disaster Preparedness Conference 
St . Lou is . Missouri 
Contact : Kath leen Lyons, ( 4 15) 855-2656 
26-29 
Transformer Performance Monitoring 
and Diagnostics 
Eddystone, Pennsylvania 
Contact : John Niemkiewicz, (21 5) 595-887 1 

MAY 

2-3 
Load Management : Dynamic DSM Options 
for the Future 
Houston, Texas 
Contact: Paul Meagher, ( 4 1 5) 855-2420 
3-5 
Heat Rate Improvement 
Bal timore , Maryland 
Contact: Susan Bisetti, (4 1 5) 855-79 1 9  
1 0-1 1 
Decision Analysis for Envi ronmenta l  
Risk Management 
Washington, D.C. 
Contact: Bob Goldstein , (4 1 5) 855-2593 
1 0-1 3 
Decision Quality/Decision Analysis 
Seminar and Workshop 
Newport, Rhode Island 
Contact: Susan Marsland, ( 4 15 )  855-2946 
1 1 -1 3  
NO Controls for Uti l ity Boi lers 
Sc�ttsda le ,  Arizona 
Contact : Pam Turner, (4 1 5) 855-201 0  
1 2-1 3  
Decision Analysis for Envi ronmental 
Risk Management 
Dal las , Texas 
Contact: Lynn Stone, (21 4) 556-6529 
16-20 
Appl ications of Static Compensators and 
Other FACTS Power Flow Controllers 
Madison, Wisconsin 
Contact: B i l l  Long ,  (608) 262-2061 

52 EPRI JOURNAL January/February 1 994 

17-1 9 
FBC for Power Generation 
Atlanta, Georgia 
Contact Linda Nelson, (4 1 5) 855-2 1 27 
1 7-1 9 
6th Predictive Maintenance Conference 
Phi ladelphia , Pennsylvania 
Contact: Lor i Adams, (4 15 )  855-8763 

1 9-20 
Improving Building Systems in 
Hot and Humid Cl imates 
Ar l ington, Texas 
Contact: Susan Swanson, (409) 862-2291 

JUNE 

1-2 
Customer Value Deployment 
Dal las, Texas 
Contact: Lynn Stone, (214) 556-6529 
2-3 
Integrated DSM/T&D 
Lake George, New York 
Contact: Phyl l is  Firebaugh, (21 4) 556-9545 
6-8 
ISA POWID/EPRI  Controls and 
Instrumentat ion Conference 
Orlando, Florida 
Contact: Lori Adams, (41 5) 855-8763 
27-29 
Technology Del ivery Workshop 
San Franc isco, Cal iforn ia 
Contact: Susan Bisetti , (41 5) 855-79 1 9 
29-July 1 
Service Water Systems Rel iabi lity Improvement 
St . Louis, Missouri 
Contact: Susan Otto , (704) 547-6072 

JULY 

1 0-1 4 
Mercury as a Global Pol lutant 
Whistler, Brit ish Columbia 
Contact: Pam Turner, (41 5) 855-20 1 0  
12-1 3  
Needs-Driven Program Design 
Dallas , Texas 
Contact: Lynn Stone, (214)  556-6529 
24-26 
International Conference on Low-Level Waste 
Norfolk, Virginia 
Contact : Linda Nelson, (41 5) 855-21 27 
26-29 
ASME/EPRI Radwaste Workshop 
Norfolk ,  Vi rginia 
Contact: Linda Nelson , (4 1 5) 855-2 1 27 

AUGUST 

1-2 
Rate Design in the 1990s 
Boston, Massachusetts 
Contact: Phyll is Fi rebaugh , (214 )  556-9545 

2-4 
Direct DSM Marketing 
Dal las, Texas 
Contact : Lynn Stone, (214 )  556-6529 

3-4 
Nuclear Plant Performance Improvement 
Seminar 
Charleston, South Carol ina 
Contact: Susan Otto, (704 )  547-6072 
1 7-1 9 
Effects of Coal Quality on Power Plants 
Charleston, South Caro l ina 
Contact: Susan Bisett i ,  (41 5) 855-79 1 9  
24-26 
4th International Symposium on Magnetic 
Bearings 
Zurich , Switzerland 
Contact: Tom McCloskey, ( 4 15) 855-2655 
30-September 1 
Cooling Towers and Advanced Cooling Systems 
St . Petersburg, Florida 
Contact: Lori Adams, (4 1 5) 855-8763 

SEPTEMBER 

7-9 
4th Conference on Cycle Chemistry In 
Fossil Plants 
Atlanta, Georgia 
Contact: Linda Ne lson ,  (41 5) 855-21 27 
7-9 
4th International Conference on Rotor 
Dynamics 
Chicago, I l l inois 
Contact: Tom McCloskey, ( 4 1 5) 855-2655 
8-9 
Decision Analysis for Environmenta l 
Risk Management 
Palo Alto, Cal i forn ia 
Contact: Bob Goldste in ,  (41 5) 855-2593 
1 4-1 5 
1 1th Annual  Operational Reactor Safety 
Engineering and Review Groups Workshop 
Dallas, Texas 
Contact : Denise OToole , (4 1 5) 855-2259 

1 4-16 
Fossi l Plant Cycl ing 
New Orleans,  Louisiana 
Contact : Lori Adams, (4 1 5) 855-8763 
1 9-21 
Fuel Supply Seminar 
Chicago, I llinois 
Contact : Susan Bisetti , (4 15 )  855-791 9 

OCTOBER 

3-6 
Pollution Prevention Seminar 
Scottsdale,  Arizona 
Contact: Lori Adams, (4 1 5) 855-8763 
1 9-21 
1 3th Conference on Coal Gasification 
Power P lants 
San Francisco, Cal ifornia 
Contact: Linda Nelson, (4 1 5) 855-21 27 
24-27 
Power Quality Applications, 1 994  
Amsterdam. the Netherlands 
Contact: Carrie Koeturius, (51 0) 525-1 205 
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