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P1asma Ladle Refiner 

Developed jointly by EPRJ and Maynard Steel Casting 
Company, the world's first direct-current plasma ladle 
refiner for foundry application improves casting quality 
while increasing the productivity of melting operations by 
20-30'Yo. The refiner is used to produce commercial grades of 
cast steel with very low levels of sulfur and oxygen. Other 
advantages include reduced melting energy use, precise 
chemistry control, and improved shop logistics. This product 
has received a prestigious R&D 100 Award. These awards are 
bestowed annually by R&D Mngnzine, whose panel of 
scientific experts selects 100 products it considers to be the year's most technologicalJy significant. For more i11for111ntio11, contact the £PR/AMP Customer Assistance Ce11te1� (800) 432-0AMP. To orde,� en/I John Svoboda nt the EPRI Foundry Office, (708) 427-9060. 

Greenhouse Gas Workbook 
Electric utilities are increasingly interested in their greenhouse 
gas emissions and in options for reducing or offsetting them. 
Many of the least-costly options, such as forestry and methane 
recovery, involve activities and analyses not traditionally 
associated with electric utiUty operations. That's why EPRI 
developed the Workbook for Screening Greenhouse Gns Reduction Optio116 and related spreadsheet tem-

plates. Using these tools, utilities can 
identify and evaluate the costs and 

benefits of a broad range of 
emissions reduction and 

offset options. 

'��������������������������������� For111m�h�rnmtio11, contact To111 Wilson, (415) 855-7928. To order, cnll Jill Staehler nt Science & Tec/1110/ogy Mnnnge111ent, (414) 785-5940. 
Transmission Costing Report 

Mandated transmission access has created a critical need for electric utilities to analyze and evaluate the costs of transmission services. 
This two-volume report, Trnnsmissio11 Services Costing Framework (TR-105121), provides utilities with a means of accomplishing these 
tasks. Volume 1 presents technical and economic information that serves as the basis for transmission services costing, including key 
economic concepts and background information on h·ansmission systems and their operation. Volume 2 presents a comprehensive 
frc1mework for analyzing transmjssion services and evaluating their costs. For 111ore informnfion, con/net Ali Vojdm1i, (415) 855-2838. To orde1; cnl/ the £PR/ Distrib11tio11 Ce11te1; (510) 934-4212. 
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QFo Report 

In order to thrive in what i proving to be an increasingly com-

plex and dynamic marketplace, electric u t i J i ties must develop 

customer-focused products and services. The principles of 

qual i ty function deployment, or QFD, can help them do this 
quickly and efficiently. QFD is a team-oriented decision

making proc that draw on cu tomer needs information 

to resolve product, service, and opera t ional problem . The 

process origina ted in Japan two decades ago and is cur

rently u ed by more than 1 00 firms in the United States. 
EPRI ha adapted QFD principles for applica tion in the utility industry. This report (TR- 104663) describes 

QPD in deta i l and pre ents case studies tha t  show how util it ies can use the process to devel op successfLL I 
marketing and saJ s program 

For more i11Jormnlio1 1 ,  contact Thom HeHnebcrger. (4 1 5) 855-2885. To order, call t/ie EPRJ Disl rib11 t i.011 Ce1 1 te1; 

(5 1 0) 934-42 12 .  

8asES 2.0 f ! 
Ba ttery energy torage can offer EL 
electric ut i li ties a flexible and 

"" �������� 

trategica l ly advantageous way to meet their nergy manage-

men t and power qual i ty need , pa rticu larly on the distribu

tion system .  To help u ti l i ties estimate the benefits and costs of 
battery energy storage plants, EPRI developed the Battery 

Storage E a lua tion Software (BaSES) , version 2.0, and an 
accompanying user 's manual. An easy-to-use screening tool, 

BaSES 2 .0 allows users to quickly tabu la te the expected benefits 
of battery torage in uch areas a capacity deferral ,  dynamic 

opera tion , and power quali ty. Th program also caJcuJates 

ba ttery costs and helps users select battery sizes and enter key 
capi tal and op rating cost d ata for speciJied scena rios. 

For 111ore i 1 1Jormntion 1 contact Steven Eckroad, (415) 855- 1066. To 

ordl'r, call llze Electric Power Software Cente1; (800) 763-3772. 

EPR I JOURNAL September/October 1 995 3 



Thin-Film Electrolytes Lower SOFC Temperature 

olid-oxide fuel cells (SOFCs) avoid the handling difficulties of corrosive liquid electrolytes and have the potential to be manufactured and operated competitively in very small unit sizes. A critical problem, however, has been the relatively high operating temperature-about 1000°C - of SOFCs with yttria-stabilized zirconia (YSZ) electrolytes. Temperatures like this require the use of expensive ceramic interconnectors between adjacent cells and special grades of steel tn support structures. Now a process has been developed to create thin-film YSZ electrolytes that operate at 700-800°C, low enough to allow the use of metal interconnectors and ordinary stainless steels in support structures. The new electrolytes have a thickness of approximately 4 - 10 µm, compared with 100-200 µm for conventional YSZ cells, and are produced in a single deposition step. ln this process, a porous electrode is coated with a colloidal slurry of YSZ powder; the slurry is allowed to dry, and the coated electrode is then sintered to yield a dense, pinhole-free film on the elech·odc support. Single, 1-inch-diameter cells created in  this way have been subjected to tests of  300 hours, producing voltages and currents near the theoretical limits with no discernible degradation. The cells, which can operate at lower temperatures because of very low resistance across the thinfilm electrolyte, produce very high power densities-in excess of700 mW/cm2 at 800°C. Research on these thin-film fuel cells was conducted by the Materials Sciences Division of the Lawrence Berkeley National Laboratory, with support from EPRl and the Gas Research Institute. A key discovery of the research was that the quality of the electrolyte film can be increased signifi-

cantly by careful preparation of the electrode substrate. Specifically, to avoid cracktng of the fragiJe electrolyte during fabrication, the porous nickelcermet electrode is prefired so that its shrinkage profile matches that of the thm ftlm. Then, when the film and substrate are sintered to form a permanent bond, the film will experience not tension, which could fracture it, but compression. "This is a very promising discovery, which should make small fuel cells more feasible," says EPRI project manager Wate Bakker. The next step, he adds, is to verify operating characteristics and endurance in a stack configuration. The SOFC test stacks ,-vill be built from 5 to 1U thin-film cells with a surface about 2 inches square and will use metallic interconnectors. 
• For 111orc i11fomintio11, co11tnct Wnfe Bakker, (415) 855-2462. 
Micrograph of thin-film YSZ 

electrolyte on porous electrode 

of solid-oxide fuel cell 

Search for Biopolymers to Prevent Corrosion 

A.
estimated one-qut1rter of corrosion damage costsequal to nearly 1% of the U.S. t:.,ri·oss national product- might be prevented through the use of better protective techniques. Organic coatings, for example, can protect metallic surfaces against corrosion, but the cost of applying and maintaining them is often prohibitive. Now, Professors James Earthman and Thomas Wood of the University of California at Irvine have proposed a novel, inexpensive approach to corrosion prevention: let bacteria create the protective coatings. 

4 EPRI JOURNAL September/October 1995 

The irony in this suggestion is that scientists are just beginning to understand the complex processes by which some bacteria accelerate the corrosion process. Such microbiaJly influenced corrosion (MJC) affects a variety of steel and copper aUoys used in many important commercial applications, such as underground pipes and nuclear power plant tubing. This corrosion LS particularly difficult to prevent, and so far no MlC-immune material has been qualified for the nuclear power industry. Anaerobic suJfate-reducing bacteria (SRB) are often associated with MIC. 



The surface of a fresh metal sample (left) clearly shows etch marks. and is automatically regenerative: if the 

polymer film is scratd1ed, further bacte1ial 

growth rapidly coats it again. The trick, of 

After eight weeks, an unprotected s-ample (center) has corroded so much 

that the marks have disappeared. On a sample protected by a biopolymer 

(right), however, the etch marks are still visible, 

What the UC researchers propose is to colonize the sw·
face of metals with bacteria that secrete a protective polymer 

in whid1 SRB cannot grow. Bacteria] colonization is an espe
cially attractive approach because it is inherently inexpensive 

course, is to find bacteria that can produce a 

suitable polymer while competing success
fully with SRB and other deleterious bacteria. 

The prnposed three-year research 
program, which has just begun, will first use 

bacteria that naturaily produce a film of 

polysaccharide glycocalyx, which helps them 

adhere to solid swfaces. Once this process is 
characterized, genetic engineering techniques 

will be used to a·eate a new bacterial strain that produces the 
protective polymer in desired amounts and prevents SRB

induced MIC. 
• For more i11formnfion, con Incl Bnrry Syrett, (415) 855-2956. 

Strengthening Ceramics With Nanoparticles 

D 
uring the late 1980s, Japanese scientists discovered 
that the mechanical properties of ceramics could be 

improved by adding ultrafine (100- 200-nm) silicon 
carbide (SiC) particles. Subsequent work at Lehigh University, 

sponsored by EPRl and the U.S. Office of NavaJ Research, has 

confirmed this discovery and shed new light on the probable 

mechanism involved. 
ln general, ceramics tend to be brittle: when bent, they 

break easily, without deformation, along surface defects. 

Lehigh researchers have fow1d lhal the presence of SiC 

nanoparticles apparently facilitates crack healing in the 
ceramic surface during annealing, thus making the surface 

stronger. In contrast, aru1ealing a single-phase ceramic mate

rial actually makes surface cracks grow. According to the 
latest results, ceramic-SiC nanocomposiles show a significant 

increase in high-temperature rupture strength, compared with 
single-phase ceramics. fn addition, the creep rate of the nano
composites is more than a hundredfold lower. The results also 

show large ina·eases in abrasion resistance, whid1 have yet to 

be quantified. 

"These results suggest that the use of nanocomposites 

could have important applications in the utility indusb-y-ior 
instance, for wear- and erosion-resistant inserts and coatings 
in pulverized-coal conveying systems and fluidized-bed 
boilers," says EPRI project manager Wate Bakker. "Consider-

ably more research needs to be done, however, to establish the 

optimaJ materials and processing parameters and to develop a 

commercial production method." 
• For more i11for111ntio11, contact Wnte Bnkker, (415) 855 -2462. 

After annealing, a crack in an ordinary ceramic material (top) 

Is much wider than a crack In a ceramic containing ultraflne 

SIC particles (bottom). 
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Visible in the left foreground along the 

waterfront of Providence, Rhode Island, Is 

the Manchester Street station, a turn-of

the-century power plant that is now the 

site of a major repowering project by New 

England Power Company and Narra

gansett Electric Company. 

by Taylor Moore 
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as a Competitive Strategy 
THE STORY IN BRIEF Repowering existing fossil power plants 

with new generating equipment and technology is emerging as the 

core of competitive strategies for transforming underperforming assets 

into some of the most efficient, low-cost capacity a utility may have. 

The substantial improvements in heat rate offered by various repow-

ering approaches translate into reductions of similar magnitude in 

pollutant emissions, even as net generating capacity is doubled or 

tripled at a fraction of the cost of a green-field plant. EPRI is pro-

viding member companies a competitive advantage in the emerging 

repowering market with analytical tools and technical and market 

data that can maximize the strategic business opportunities repre-

sented by repowering projects. 

T 
he gathering winds of compe
tition in electricity generation 
could breathe new lile into the 
many aging and underused fos

sil power plants owned by today's regu
lated utilities. Repowering existing fossil 
steam generating units with gas turbines 
and combined cycles or wilh 0U1er new 
technology options is emerging as a center
piece of competitive corporate strategies 
aimed at transforming relatively unpro
ductive assets into more-efficient, low-cost 
producers. The approach flexibly combines 
elements of new generating technologies 
with existing facilities at established sites 
to reduce emissions and plant heat rates 
while boosting generating capacity at a 
highly competitive cost. Repowering may 
be the wave of the future for many of 
the country's older installed fossil gener-

ating plants that operate with low capac
ity factors. 

"Once the limits of plant inuemenlal op
erating and maintenance cost reductions 
are reached, older fossil power plants wiU 
become vulnerable to competition as the 
market-clearing price of electricity contin
ues to drop," says Bill Weber, a project man
ager in the Gas & New Coal Generation 
Business Unit of EPRl's Generation Group 
and the organizer of the Repowering Ap
pli.cations User Group, or REPO. "Repow
ering marks the transition from a defensive 
strategy to an offensive challenge for mar
ket share.'' 

A repowering strategy can simultane
ously address load growth, market vulner
ability, environmental compliance, and tcd1-
nologica l obsolescence. "With deregulation 
and competition coming in the h1ture, 
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there w i l l be opportuni t i  ,, for c mpanie 
that de ide tha t b ing c1 10\ -co t wh I a l  
e l ctri.ci ty g nerator L part of t h  i r  core 
bu i ness; they can repowcr ome of the i r  
underu t i l ized gen ra t ing as et  to  i ncrease 
profit  ma rgins for off-sy tern a le  in a 
competitiv power pool ," Weber say . 
R p wering an al o prov id opp rtuni
t ie_ to forge partnership, w i th indu trial 
custom rs loca ted nea r an e i t i ng PO\ er 
p lant-pa rtner h i ps i nvolv ing tea m  e -
port  or cop rod u t ion arrangemen t , for 
e a mple. 

ln r ponse to the need of th emerging 
repowering ma rket, EPR I  has et a focused 
target designed to hel p  mem bers eval uate 
and app l  the  l ate t comb u, t ion tu rbine 
and clean coal technologies. Bu i ld ing on 
mor tl1an a d cad f _peci fic tud i  of 

propo d (a nd, in many ca_e , now com
pl ted) u ti l i ty rep wering proj ct , the ln-
t i tute ha a wea l th of tcchni a l  and mark t 

information to assi t owner of exist ing 
p l an in select i ng repowering technologies 
that ma tch a a i lable as ets and market 
opp rtu n it ie a nd in re ol vi.ng the am
pl e r gulatory, permit t ing, economic, and 
env i ronm n ta l  is  ue a ocia ted wi th re
poweri .ng .  

"Ou r  objective is to help our mem ber 
gain a com pet i ti e ad van tage by providing 
th m wi th n w planning tool and techni
cal and mark  t i nform at ion they can u 
i n  assessing .ind opti mizing th trat gic 
benef i t a va i l a ble from repowering," says 

t an  Pace, manager of the as & ew Coa l 
Generati n Bu ine s Unit ' strategic ta rget 
on repowering, capaci t enhancement, and 

new design. " Recognizing the comp t i t i vc 
na tur of the genern t ion busine , EPRI  can 
work a a part of the project team lo e lect 
th r ight t chnolog and on f iguril t ion to 
best match repowering option to project 
object ives." 

R ro, c u n  n t ly compo ed of 23 PR I 
member ut i l i t ies, is an arena for tran fer
r ing the Ln t i tute' re ource and in forma
t ion and for interact ing wi th  the most suc
c sfo l teem, logy provid r and a rch i tect
engineers in the repowering market today. 
One powerful tool under EPR J deve lop
ment i engi neering softwa re for use in per
forming cone ptual de ign ana l y e and 
compara t iv t 0chnica l and econorni  eva l 
ua tions of repowering appr , che ; i t  i e -
pected to be commercia l ly  released next 
year. 

OUT WITH (SOME OFI THE OLD AND IN WITH THE NEW In a common type of gas 

repowering, a fossi l -fired steam unit is converted to a gas-fired combined-cyc le 

plant with the addition of one or more combustion turbines and heat recovery 

steam generators. �pically, the existing boiler, stack, and fans are removed or 

abandoned, while the ex isting steam turbines and related auxi l iaries are retained 

as part of the repowered combined-cycle unit. 

N E W 

Combustion lurb ines 
Heat recovery 

steam generators 
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PSE&G's Bergen stat ion 

GAS R E POWERING,  NORTH AND SOUTH Two major uti l ity gas repowering 

projects completed in recent years are Public Service Electr ic and Gas 

Company's Bergen station in  Ridgefield, New Jersey, and Florida Power & 

Light Company's Lauderdale station at Fort Lauderdale. At Bergen, PSE&G 

installed four Siemens V84.2 combustion turbines with heat recovery steam 

generators to repower one of two ex isting 285-MW gas/oi l -fired steam units 

for a net combined-cycle generating capa c ity of 650 MW. A second phase, 

planned for the late 1 990s, would s imi larly repower the other Bergen steam 

unit, boosting the total plant capacity to 1 300 MW. At Lauderdale, FPL in

stalled four Westinghouse 501 F  combustion turbines in a combined-cycle 

repowering of two gas-fired units,  increasing net summer capacity from 274 

to 846 MW and, compared with new combined-cycle capacity, saving about 

$98 mil l ion in revenue requirements. Because of its s ignificantly improved 

heat rate,  Lauderdale has moved up in the dispatch order; formerly a little

used peaking plant, it is now a heavily used baseload plant. 

FPL's Lauderdale station 

New capacity from old plants 

Usi n a l read y  establ ished sit s and exist
ing fac i l i t i  can give repowering projects 
ub tantia J  co t a ving (20-40%) over new 

construct ion at a gr en-fi Id i t and offer 
en v i ron menta l , perm i t t i ng, and  other ad
vantages a wel l .  s a r su i t, r powering is 
exp ct  d to a c unt for a major share of the 

i n  g n rating capacit  , over the 
ne t decade.  ccord j ng to Jonathan Gott
l i eb, a n  a t torney with the Wa h i ngton, 
0. . , firm of Reid & Pri st ( an  EPR I con
h·c t r) wh advi  es ut i l i t ies and other 
ompan i n uch project , ome e t i -

ma tes ind i  a t  that repow ring I i l l  a -
cow1t for ha l f  of a l l  new capa it brough t 
on-l ine between now a nd the  yea r 200 

nd there i p lenty of older power p l a n t  
cand idat C c  p a  i t  . Th U . .  Dcpa rtm n t  
of ncrg has iden t i fied m o r  tha n 3500 
u t i l i t  fo, i i  fuel power plan t tha t w i l l  b 
over 30 year old b 1 99 . 

ott l icb not tha t "a u t i l i t  repow r ing 
v,  l uat ion ha I ,  rgely been vie� ed as a 

t clm ica l and cngi n  ering i uc. F w u t i  I i
t i  . hav con id ered a l l  of the sound b u  i 
ne s and financia l  rea ons for repoweri ng.  
Repow r ing i a bu inc  d ecbion and 
hou ld b v ie,  ed a a n  integra l pa rt  

c rp ra te tra t  gic p lanning and repo i 
t io n i ng. The lega l ,  fiJ1ancial , ntra 1-i ng, 
and environ men ta l  a pect of rcpow r i ng 
deserve greater a t tent ion from u t i l i ty man
ag men t .  R f u i ng the interna l u t i l ity re-

i ew of th r p weri ng opt ion pr •nt  a 
t ra tegic opport u n i ty as corpora te u t i l i ty 

reorganiza t ion and fi n anci I re truct u ring 
as ume a more cri t i ca l  role."  

F r rEpowering project to be ucce • 
fu l in the emergi ng com peti t i ve whole a le 
el ctric i t , market, uti l i tie mu t go b )'Ond 
th con ven t iona l  creening tud i 5 and 
p l a n t  p 'rformance analy e i 1wol ved i n  
id  nt-ify ing a ppr priate and economica l ly 
a t t ra t iv  cand idate for rep w ring; the 
mu al o iden t i fy cu torner for th r p w
ered capacity before a project proc ed . " L n  

a e , t h e  i ncrea e in  capac i ty  t ha t  
h i  v d a t  an exi t ing ite through 

ring wi l l  pr ent an opportun i ty to 
erve c i t ing cu tomer wi th a le, t- t 

option. l. n  ot her cases, repow red faci l i  ti 
w i l l  be u ed to provid off-system sa les to 
n ighbor ing ut i l i t ies or he power pool, "  

EPA! JOURNAL September/October 1 995 9 



e..\.plains Gottlieb. "Ln still other cases, util

ities will rcpower their older facilities as ex

empt wholesale generators or sell older 
units to nonutility generators for redevel

opment and repowering." 

There arc no significant technical differ

ences in rcpoweri.ng an existing gas-, oil-, 

or coal-fired unit's steam turbine. How

ever, there are important strategic differ

ences between the two general types of 

repowering-gas and coal--according to 

Tom Hewson, an analyst with Energy Ven

tures Analysis who recently completed a 

repowering market study for REPO. In a 

common gas repowering approach, a fos

:.il-fircd :,team UJ1il is converted to a gas

fired combined-cycle plant with the addi

tion of a combustion turbine and a heat 

recovery steam gl•nerator and some plant 

modification. Repowering wi.th coal gener

ally involves replacing the C;\cisting boiler in 

a coal-fired unit with some type of fluid

ized-bed combustion process or with coal 

gasification to fire a new combustion tur

bine. In both gas and coal repowering, the 

existing steam turbine and related auxil

iaric:, typiLally arc retaint!d. 

"Gas repowering to combined cycles can 

lower a unit's heat rate and, in turn, its 

variable operating cost, often to less than 

that of other fossil fuel steam lmits on the 

system," says Hewson. In some c.�ses, the 

repowered unit may have a lower cost of 

generation than any other unit in a utility's 

generating mix. In a competitive market, 

th.it advantage can mo,·c a unit higher up 

in the dispatch order, thereby increasing its 

load fac.:tt1r and revenue potl.'ntial. 

"Goinf1 from poorly dispatched to heav

ily dispatched means that the additional 

rC'vcnue--coupled with lhe fuel savings

can justify a tairly large' capital cost and 

still make an attractive return on invest

ment in a reasonable payback period,'' con

tinues Hewson. To date, gas rcpowcring 

projects have been concentrated in areas 

whl're oil and gas figure prominently as 

baseload- and intermediate-capacity gen

erating fuels: California, rlorida, and the 

mid-Atlantic states. 

Coal-fired units, in contrast, generally 

arc relatively heavily dispatched as base

load capacity to begin with and already use 
a low-cost fuel. "Under present fuel price 
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differentials, the level of investment you 

could justify from iJ1crementally increasing 

fuel efficiency and improving dispatch 

th.rough repowering with coal is generally 

smaller than for ga:, repowering,'' Hewson 

notes. But with fluidized-bed combustion 

or coal gasification, there are opportunities 

to bum lower-cost fuels, including high

sulfur coal (recently much less in demand 

than low-sulfur coal) and even the coal 

mining waste known a gob. Several utili

ties that have lTaditionally burned high

sulfur coal have considl.'rcd repowering 

ilfJ'long various options for meeting new 

sulfur emissions standilrds, and a utility in 

Lndiana is evaluating a fluidized-bed re

powering project that would burn gob 

from nearby surface mines. 

Gas repowering can be a way to save 

capital costs and reduce operating costs 

while adding capacity. It is expected to take 

large role for coal repowcring for units in 

the 100-300-MW capacity range. Larger 

coal-fired units, around 500 MW and up, 

typically already operate with fairly low 

heat rates and generally may not be high

priority targets for repowering in the near 

term. 

Matching technologies 

and systems 

Common repowering approaches can 

range from moderate to major in temis of 

the plant modifications that arc inrnlvcd. 

In a repowering option known as hot 

windbox repowering, hot e>..haust frl,m a 

gas turbine is directed into the wind box of 

an existing boiler, eliminating the need for 

forced-draft fans and resulting in a heal 

rate improvement of up to 15% and an in

crease in genera ring capacity of up to 25%. 

Generally suitable for newer units larger 

REPOWERING ON THE WATERFRONT In the largest urban repowering 

project to date by U.S. utilities, New England Power Company and Narra

gansett Electric Company are repowering the Manchester Street station in 

downtown Providence, Rhode Island, originally built in 1903 to supply de 

electricity for the city's streetcars. The plant's poor heat rate and low 

capacity factor led the utilities to decide to repower it with three Siemens 

V84.2 gas turbines and heat recovery steam generators. In addition to new 

construction and the rehabilitation of a historic structure, the project has 

Involved installation of a new underground transmission cable and an under

the•harbor gas line. The combined-cycle repowering will more than triple the 

plant's capacity (to 489 MW), improve overall heat rate by about 25%, and 

significantly reduce air emissions. The repowered station is expected to 

begin operating around the end of this year. 

a share of the generation market wherever 

gas-fired combined-cycle capacity makes 

sense. The rate of growth in the gas-fired 

market will depend heavily on the direc

tion and rail' of change of future gas price:,, 

which arc expected to increase from recent 

near-historic low�. Dut the list of utilities 

known to be cor15idering gas repowering 

over the next five years is fairly long. 

Coal rcpowcring is a way to a\Oid hav

ing to retire useful units that may not be 

large enough to justify the capital invest

ment otherwise required for compliance 

with new emissions Umits. Bccausl! of the 

permitting difficulties expected for new 

coal-f:ircd plants, analysts foresee a fairly 

than 300 Ml"l, hot windbox repowering can 

cost ,1s little as $150-$180 pPr kilow11tt of 

total net c.1pacity and can save a substa.n

lial fraction of the cost of new capacity at a 

green-field site. 

Ten hot windbox repowering projects 

ranging in :.it:e from 159 MW to 695 MW 

ha\'e been successfully completed in the 

Netherlands; five of the larger units were 

repowered by EPON, a Dutch generating 

company. EPO'\! and KEM,\ (the research 

and engineering services arm of the Dutch 

electric power system) are working with 

EPRl through its international affiliates pro

gram lo offer technical expertise to U.S. 

member utilities that want to investigate 



hot windboxrepowering in tailored collaborntion projects with EPRI. Recently, the New York Power Authority requested proposals for a study of hot wind box repowering at its 825-MW Charles Poletti power project near La Guardia International Air port in Queens. Feedwater heater repowering-which, c1l $100-$150 per kilowatt, is the least costly and the simplest approach to repowering -offers a capacity increase of up to 30% and a S''t, improvement in heat rate. It involves recO\·ering heat from the exhaust of a gas turbine to heat feed water entering an existing boiler. Considered a good c1pplirntion for new high-efficiency aerodcrivati ve turbines in repowering recent-vintage fossil steam unit:,, feed water heater repowering could also represent a potential market for the new intcrcoolcd acrodcrivative turbines being commercialized under the 

EPRl-led CAGl (Collaborati\'e Ad,·anccd Gas Turbine) program. Since, in some cases, feed water heater repo,.,•ering will require changes only to the fcedwater system, it may offer the shortest installation time of the repowcring options. It does require the availability of natural gns nt the site, however, and the existing unit must be a baseload unit in order to achieve the improved efficiency. Critical to the success of any rcpowcring project is the transformation of a unit into a low-cost, efficient producer. The new systems must closely match the portions of the existing unit that arc being retained and must bL• cart'fully intq:;r.itcd into the 

plant to obtain maximum performance a11d cost advantc1ges. Unfortunately, repowering technology options are limited somewhat by the extraction-type turbine currently in use and by commercially available sizes of combustion turbines, fluidized beds, and even gasifirntion systems. "Atmospheric and pressurized fluidizedbed systems now commercially available can generally come close to matching the steam conditions of an existing steam tur bine," says Arden Walters of Advanced Energy Research, an EPRI contractor. "But in combined-cycle repowering with n he11t recovery steam generator, it can be harder to match the conditions of the existing steam turbine." Walters, a former R&D manager at Florida Power & Light Compnny who was instrumental in that utility's pioneering Lauderdale plant repowering project, says thnt 

EPRl-dcv('loped cycle innovation:,, such as injecting steam into the gas turbine or humidifying the gas turbine compressor outlet air, offer options for using some of the excess steam that can accumulate in the lower-pressure stages of a steam turbine that is not optimally matched with a heat recovery steam generator. "If the new equipment's fit with the older plant components is not pretty close to optimal, the repowered unit may not be able to compete," explains Walters. "If, compared with a new unit, a repowered unit suffers a little in performance because of constraints associated with the existing facilities, thi: capital co,.t &avings from re-

powering have to be enough to make it a more cost-effective choice overall.'' 
Utilities get involved Part of the appeal of repowering, Walters notes, is that it offers the opportunity to change fuels if that promises to lower the variable cost of generation. Fuel flexibility is one reason Southern Jndiana Gas and Electric Company is currently evaluating repowering one of its older units. EPRJ i s  working with the utility in studying the feasibility of rcpowcring an older coal-fired unit with a small atmospheric fluidized bed designed specifically for burning gob. Lnrge quantities of this waste coal, whjch has about half the energy content of typical high-sulfur coal, arc a\'ailable from surface mines in surrounding counties in southern lndic1na. Alternatively, the utility is considering a larger (250- 300-MW) fluidized-bed unit of some type for a green-field plant at 
a new site that would also burn gob and coal fines in slurry form. "We're ,vorking with EPRJ and the members of REPO in pioneering how you analyze power plants to determine which are candidates for repowering and, given the specific constraints, what type of repowering would be best and what it would take to be cost-effective," says Bill Simmons, manager of generation projects at the Evans\'ille, lndiana, utility and cochairman of REPO. Simmons says that both the repowering feasibility study and a study to characterize fuel issues should be completed by next spring. "Right now repowering looks like one of the best ways to be competitive in the future," says Simmons. "Our repowering project under consideration would be about 7 0  MW if completed. It looks like you could repower a 100-MW plant for $800 per kilowatt, compared with $1200- $1300 per kilowatt for a new unit, and get an extremely good emissions reduction factor. If you can wind up with a more competitive unit and can switch to a waste fuel that reduces fuel costs, the sh·ategy has a very strong appeal." Over half of the more than 3000 MW of U.S. utility generating capacity that has been rcpowered to date has involved the addition of c1 gas-fired combustion turbine 
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topping cycle and a heat re

covery stcnm generator that 

COAL REPOWERING: WINDOWS OF TECHNOLOGY OPPORTUNITY As the difference 

replaces an e..xisting boiler. 

This option, suitable for older 

70- 250-MW w1its with steam 

pressures of 1300-1800 psig, 

can increase generating ca

pacity threefold and improve 

heat rate by as much as 30%, 

at a capital cost of about 

$500-$600 per kilowatt of 

in price between natural gas and coal increases, windows of opportunity open for 

cost-effectively applying emerging clean coal-fired generating technologies at 

various unit sizes. The higher the price differential, the greater the capital expense 

that can be justified for coal repowering. The graph indicates allowable capital 

expenditure with an increasing gas-coal price differential for commercially available 

pressurized fluidized-bed combustion (PFBC) at 80 MW, atmospheric fluidized-bed 

(AFBC) systems in a range of unit sizes, gasification- combined-cycle (GCC) technol-

ogy, and two higher-pressure PFBC systems expected to be commercially available 

in the near future. 

total net capacity. 
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One of the more notable 

lltility repowering projects 

nearing completion- the larg

est yet of a U.S. urban pow

er plant-involves the Man

chester Street station of Nar 

rr1gansett Electric Company 

in downtown Providence, 

Rhode Island. The project is 

a joint effort of Narragansett 

Electric 1111d ew England 

Power Company (both sub

sidiaries of New England 

Electric System). Built in 1903 

on the waterfront to supply 

de electricity for the city's Fuel Price Differential: Gas Minus Coal ($/ million Btu) 

streetcars, the station was 

converted to coal-fired ac 

generating capacity in the 1940s; it was 

converted to oil firing in the early 1960s 

and was further modified in the l 980s to 

bum natural �as as an alternative fuel. 

Because of the plant's poor heat rate and 

resulting low capndty factor, the utiHties 

decided in 1990 to repower the historic sra

tion with three 103-MW Siemens V84.2 gas 

turbines. This combined-cycle repowering 

project will more than triple the plant's ca

pacity-from 132 to 489 MW-and will im

prove its overall heat rate by about 25% 

while decreasing air emissions signifi

cantly. Selective ciltalytic reduction units 

and steam i njection into the gas turbines 

will be used to meet a very low NO, emis
sions limit. "The rcpowercd plant is ex

pected to begin operating around the end 

of this year," says Bill Sullivan, manager of 
the project. 

The future vision of repowering 

Coal gasification represents an important 

lwdge against future fuel price increases 
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for natural- gas-fired combined-cycle plants 

and could enable repowered rossil steam 

plants to use the most economical grades of 

coal while meeting the most stringent 

emissions limits with state-of-the-a1·t tech

nology. It's also the repowering oplion that 

requires the greatest extent 1)f plant modifi

cation. In this case, what is essentiaJJy a 

coal refinery is buill alongside or near a 

suitable combined-cycle plant of at least 

250 MW, and, using any of several com

mercial processc�;, this new unit converts 

coal to a clean synthesis gas for firing the 

gas turbines. EPRI was one of several part

ners in a consortium that first demon

strated the feasibilily of integrated coal 

gasification-combined-cycle generation in 
the 1980s at the Cool W.iter station in 

southern Californici. 

Gasification-based repowering is being 

demonstrated in OOE's Clean Coal Technol

ogy Program. l'SI En�rey, ;111 Indiana utility 

subsidiary of Cl iergy Corp., has repow

ered a 100-MW steam turbine at its Wabash 

River slation by adding a 192-MW Genera] 

Electric Frame 7FA gas turbine that is fired 
with coal-derived syngas. The syngas is 

produced at an adjacent facility by Destec 

Energy, using gasification technology orig

inally developed by Dow Chemkal. PSI En

ergy is using EPRl's simulator technology 

for operator training and for fine-tuning 

lhe control system of this pioneering plant. 

(for more on simulator techm>logy, sec the 

arliclc on page 20.) 

Several utility gas combined-cyde re· 

powering projects have included the evalu

ation and selection of phased coal gasifica
tion in system expansion and plaru1ing 

analyses. The relaLively low price of nat

ural gas and the high capital cost t1f gasifi

cation in comparison with other options 

have kept most plans for phased gasifica

tion on hold. One utility repowering proj

ect that has incorporated a phased ap

proach to gasification in its plans is Public 

Service Electric and Gas Company's Ber

gen combined-cycle project, which recently 



UTILITY DEMONSTRATION OF 

GCC REPOWER ING Gasifica-

l ion-combined-cycle repower

ing of an existing coal-fired 

unit is being demonstrated by 

the Indiana uti l i ty PSI Energy 

at its Wabash River station.  

Conducted under DOE's Clean 

Coal Technology Program 

and with cofunding from 

EPR I,  the project is a j o i nt 

venture with Destec Energy. 

A 1 00-MW steam turbine at 

the six-unit Wabash River 

plant (background) has been 

repowered with a 1 92-MW 

General  Electr ic Frame 7 FA 

combustion turbine fueled by 

coal-derived syngas from a 

Destec gasification plant 

(foreground, shown under 

construction) .  The repowered 

unit, the world's largest 

s ingle-train ace plant, has a 

net generating capacity of 

262 MW and is expected to 

offer a 20% improvement in 

heat rate. Commercial  opera

tion was scheduled to begin 

in August of this year. 

began opera t ion in R idgefie ld ,  ew Jer ey. 
rd n Wal ter of Advanced Energy Re

th, t con fid nee in the fe, ib i l 
i ty of c dd i_ng ga i fica t ion can prov ide sig
n j fican t  u pport for a deci ion to repower 
with natural  ga . Florida Power & Light 
re l ied xten iv ly on EPRI  d a ta and tech
no logy in developi ng two ite- p c i fi de-
i gn for nom j na l 400-MW ga i fica t ion

comb i ned -c c l c p lan t  , and the cost and  
performa nce da ta  f o r  the e de ign figu red 
heav i l y in th ut i l i ty 's de is ion to go , h  , d  
w i th rep w r ing a t  i t  Lau derda le plan t .  
" Both t he  u t i l i ty and  the  F lor ida Pub l i c  er
vice om m i  ion n eded to be convi nced 
tha t  coa l ga i fic, t ion wa a fea ible h1 I 
ba kfi t for the gas unit  , , hedge ,  gain t 
fu ture h igh ga prices," explains Wa l ter . 
" Hav ing tha t  hedge is va luable even i f  you 
never convert to coa l because the feasibi l 
i ty of oa l ga ification ef e t i vely l i m i t  the 
pot nt ia l  for ga pric r i  es. " 

pos ible nea r-term market for gasi fica
t ion technology i n volve i t  i_ntegration 
i nto existmg refi_nerie , where it  wou ld u e 
l ow- o·t petroleu m coke a a feed tock to 
produc ga for repoweri ng adjacen t tea m 
genera t ing capaci ty wi th  com bustion tur
b ine . Sud, a n  appl i ca t i on  cou l d lea d to 

w in-win partner h ip between refineries 
eeking to u ti l ize hea vier crudes and utili

tie e king to avoid lo of load to ind us
trial genera tors and  to obta i n  a sou rce of 
comp t i t i v  power. The Gas & ew Coa l 

enera t ion Bu ine s Uni t  i p l anning an 
ini t ia t ive to a i t uti l i t i.e in working with 
refinerie· , nd other large indu tr ia l cu -
tom rs. 

New tools for the new wave 

The repowering-related mod ule of EPRl 's 
ta t  - - the- rt Pow r Plant ( OA PP) oft

ware are i mportan t  new tool tha t wil l  
soon be a v a i l ab le  for ut i l i t ie to use i _n 
crecn i ng tud ie  and detai led engi_neeri .ng 

analy OA PP let engi neer perform 
ana l y and develop conceptual de igns 
for fu ture power p l a n ts from a desktop 
computer. The OAPP repowermg screen
i ng modu l e,  la ted for commerc ia l  release 
ne t yea r, can he lp identi fy and  e lect  re
powering technologie for appl ication to 
a peci fic u er-defi11ed tmi t .  The mod ule i 
ex pec ted to include cost and performanc 
i_n formation on a hi l l  range of repoweri_ng 
option . A l o schedu led for r leas in 1 996 
i a mod u le or prepar ing prel im inary en
gi neeri ng pl an  to replace a boi ler wi th  ga 
combined-cycle technology. 

Rejuvenating veteran performers 

" Re ent ad vance in th performance of 
power-genera t i ng techno logie w i l l  cha l 
lenge many exi t i ng fos i i  power p lant u · 
i ng dated eq u i pment, " ay John cheibel, 
manager of EPR.I '  Ga & New oal en
era tion Bu s i n ° _ n i t  " n open, om pet i
t ive ma rket wi l l  eek ou t the bottom-l i n 
advan tage of i mproved technology and  
reward ea rly adopters .  The combina t ion of 
new gen ration t chnologie and  underuti 
l i zed gen rat ing equipm n t at  existing i te 
offers il compel l i ng opportwl i ty to propel 
many older p lants into the top-performi ng 
ran k  of the d ispatcJ, order, makmg them 
k y pl ,  yer in a more competiti ve future 
e l ect ric ity market . "  • 

Background information for 1h 1s article was provided by 811 1 
Weber, Stan Pace . and John Sche ibe !  of the Genera 1 1on 
Group's Gas & New Coal Generation Business Unit. 
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• 

zve 

anging from a leather strap 

at heights of up to 140 feet is 

all in a day's work for people 

who tend the energized high

voltage utility lines that crisscross the 
country. While going about their daily 

business, they typically wear 10 -15 pounds 

of tools like pliers, wrenches, hammers, 

and screwdrivers, plus another 50 pounds 
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in belt hooks, safety boots, hard hat, rubber 

sleeves, and rubber gloves. 

Whether workers use bare hands, rubber 

gloves, hot sticks, or helicopters, the occu

pation is called live work, defined by the 

International Electrotechnical Commission 

(TEC) as "the various methods used to carry 
out erection and maintenance, including 

coru1ection and disconnection operations, 

on Live parts of electric installations." Paul 

Lyons, EPRJ's manager for overhead trans

mission lines, notes that live work also 

includes labor on deenergized equipment 

that is close to energized equipment. 

According to the Occupational Safety 

and Health Administration (OSHA) of the 

U.S. Department of Lab01� injury statistics 

compiled by the Edison Electric fostitute 



b y  P e r ry G a r f i n k e l  

( E  J )  and the lnternational Brothe1'hood of 
Electrical Workers ( I BEW) sugg st that 

"overa l l  incidence rates for the electr ic er

vices industry . . .  are slightly lower than 

c rr pond ing ra te for the priva te ector 

a a whole." However, l ine worker na h.1-
raUy face a greater risk of elech·ic h ck. 

Jo Van Name J r. ,* chairman of the r C's 
TechnicaJ Committee and an early innovc1-

THE STORY IN BRIEF The practice of performing 

maintenance on live transmission lines has surged dra-

matically in the past two decades, as economic concerns 

have made the construction of redundant lines impracti-

cal. These days, utilities face the added pressures of the 

increasing demand for power and the need to accomplish 

tasks quickly with smaller crews. Responding to utility 

needs, EPRI launched the "Live Working 2000 "project 

in 1 993. Through this project, researchers conduct tests 

of new tools and techniques at the Institutes Power 

Delivery Center in Lenox, Massachusetts. The resulting 

data are made available to utilities and to regulatory 

groups that govern the practice of Live working. 

tor whom many consider the granddaddy 
of l ive work, described the work in tl1is 

way: " I f  y ll do it properl y, ie no more 

hazardous than  dri ing a car. "  Teverthe

le , re earcher at EPRJ, in conjunction wi th 

va rious agencies in the electric power in-

.. V('lll a.me died suddenly after this arti I wa CQffir 

p leted . His  fri-nds jn the el  ctric power u,dustry 1t>
que t d that the piece be dedicated to hi< m mory. 

dustry, a re triving to make u re that the 
risk to l i ve- l ine workers continues to be 

minimal .  

Focus on safety 

Live- l ine maintenance of transmission l ine 
began in the early 1 920s and developed in

to a common work pra hce as the h·ans· 
mission systems were expanded and the 
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voltages increased. In the 1 950s, when trans
mi .ion l ine vol tage surpas d 300 kV, 
fiberglass replaced wood as the material of 
choice for tools of the trade.  Over the last 
two decades, economic cond i tion have 
d iscouraged the construction f redundant 
! in , and the need for l ive-l ine work ha:; 
su rged. Concerns for sa fety hav mount d 
as well .  In the early 1Y70s, the rransmission 
and Distribution Commi t tee of the 'Power 
Engineering Society of thi: Inst i tu te of E le 
trical  and Elech·onics Engineer ( !BEE) cre
ated a task fore , which later became the 
subcommitt e knovm as E 'M L (Engineer
ing in the afety, Maintenance, and Op ra· 
l ion of L ine ), to W1i te a gu.ide for the main
tenance of energized power line 

Tn recent years, several converging fac
tors have fu rther heightened af ty con-
ems. Th deregulation of the ut i l i ty i ndu · 

lcy has crnated a more competiti envi
ronment in which costs have become a 
critical issue. That, in turn, has required 
t ha t  sma l ler crew do the same amount of 
work-or more-in less t ime. Such pre -
suTes are occurring a t  the sam tim that 
inc,ea es ln popula tion and product ion 
ha ve put grea ter demand on u t:i l i ties for 
power. So when maintenance problems 
arise. cutting off power to work on deener
gized or dead lines ha become inc. .reas
in ly impractical . In addition, the trend to· 
ward usi ng compact l ine configurations 
means that workers may have to maneuver 
in tighter spaces to remain out ide the dan· 
ger zones. 

feeling tl1e pressure of these new chal
lenges, u t il ities approached EPRl in th earl y 
1 990s to initi a te  resea rd1 in the area of l ive  
working. In response, EPRI launched it  
"Li ve Working 2000" research proj ct in 
1 993. Th.rough this project, EPRJ aims to 
provid the fundamental technica l data that 
ut i l i t ies need-in formation on new tech
niques and equipment available for l ive 
working. ud1 of the research and te. ting 
for thi project is conducted a t  the Insti
tute's Power Del i very Cen ter (formerly the 
H igh-Voltage Transmis ion Research Cen
ter) in Lenox, Massachu ett . 

As Lyons, who manage the l ive-, ork
ing project , exp lains, a major challenge of 
t:his re eard1 i to provide guidan e for the 

DELICATE DANCE 

IN THE SKY 

Over the past decade, the 

use of helicopters has virtu• 

ally revolutionized live-line 

maintenance. A helicopter 

is an ideal tool for the trade, 

not just because it provides 

easll access to high places 

but-more important

because the air acts as an 

insulator, preventing the 

worker from becoming 

grounded. As is the case 

with other live-line mainte

nance techniques, proper 

distances must be main

tained in order to prevent 

sparkover. One helicopter 

pilot describes the experi• 

ence as "doing a dance to• 

gether. When the line worker 

makes a move, you fol low." 

ing lhe de! ica te ba lance between sa tl<!ty and 
cost control . "  Curren t ly, Lyons say , safety 
regulat ion t nd to be conservative, main l y 
becau e of a lack uf ha rd te hnical data on 
safe practice . ''We're trying to u e the ex
periments at the Le.no. center to build on 
the existing pool of kn wledge. Often, thi 
new insight nabl us to find more real is
t ic and eWcient  p rac t ices for l ive wmking 
tha t are still perfectly safe for workers. This 
is sign i fi ant ,  s ince the more conservative 
practices are more costly." 

Lyon. n t s tha t  EPRI ' in fmmation 
a lone is  nol enough lo resul l  in more real
istic regu l ations governing l ive-working 
practice . "Tha t, ' ' he ays, "is up to groups 
like IE , SHA, IEEE, and f BEW. They have 
to accept and use our data-incorpora ting 
i l  in lo guideline a.nd standards-before a 
ut i l i ty Cfill rely on it for guidance. Other
wise, the uti l i ty may be held l iable ii an ac
ciden t occu rs. " 

There a re -ome areas f ljve work for 
which guidelines are not even available. 
For in tance, Lyon says, exi ting safety 
regulations offer no guidance for live work 
on compact transn1ission l l i1es1 which hav 
come int u·e in the indu·h·y wi th.in the 

gu idel ines applicable to compact line con
figurations, t J1ey are unable to perform l i ve 
work on the e lines. "The information ,1 c1il
able perta ining to compact lines simpl 
says you can ' t  perform live work on such 
con figura tion -that the distance required 
betw en the worker and hi tool and the 
l ive c:ond uclor i gr a ter U1, n Lhal actually 
ava i l.able in compact l ine configuration , "  
Ly n s  ays. ''But safe distances change, de
µ nding on the object inserted into th field 
and on the vol tage at the work ·te . "  

L a  two-day "Live Working 2000' '  work-
hop last October, 20 repr sen tatives from 

utilities and standardization, regulatory, and 
enforcement agencies ga thered tn Lenox 
to pr vide feedback a nd input for EPRl's 
research . The re ea rch wa described by 
George Gel.a, a contractor and resea1ch en
gineer for the cen ter, and by Pau l  Lyon . 
'' ur oal is to prov .ide not only theoreti a l  
da ta b u t  also empirical data, based o n  ex
ten ive, full-scale test using protective 
equipment, to deterrnil1e sa fe working dis
tance. and conditions for l ive work at a. L I  
vo l tage levels," said yons. "The iss u  i 
rel iab i lity and continui ty of service lo cus
tomers. '' 

From the air 

Another area uf L ive work for whid, safet 
tandard Me being dev loped is hel i -

practice o f  L i v  working wh ile  ''mainta in- past 1 0-1 5 yea rs. And un t il u t i l i t ies have copter use. Accord ing to Van ame, th 
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vice chairman of ES IOL's ta k force for 
helicopter safety standards, ESMOL-with 
help from electric ut i l i ty personnel, hel i
copter ervices contractors, worker r pre-
en t a tiv , and oth r t chn ica l  experts

has dra wn up omprehensive guidelines 
for airborne l ive- l ine maintenance opera
tions. Ultimately, the guidelines are ex
pected to be ubmitted to the F deral Avia
tion Administrat ion, which is l ikely to co
ordinate a memorandum of w1derstanding 
with O HA regarding worker ru1d fl ight 
safety. ESMOL has a lso developed guide
lines for helicopter-based in ulator wash
ing, while OSHA has adopted work rules 
rela ted to hel icopter landing zone proce
dures. The Helicopter Association Interna
tional is developing addit ional guidel ines . 

ln the last decade, helicopter have vir
tual ly revolu tionized live-line maintenance. 
ln one com mon helicopter-based mainte
nance technique, the l ine worker sits on the 
edge of a p latform clamped to the hel i 
copter struts while doing the work. The 
pi lot's job is to hold the helicopter in a 
steady, hoveri 11g position only several feet 
from clusters of live wire . Since the work
er bonds onto tl,e l ine, energizing the heli
copter as well, both line worker and pilot 
must wear conduct ive suits. 

Only two companies, Haverfield and SA 
Airmobile, both based in Florida, provide 
hel icopt rs and crews to con d uct l ive-l ine 
work. From a cost- and t i me-sav ing per
spective, the use of helicopters makes al l  
the sense in the world;  from tl1e perspec
tive of the person actually flying the ma
chin , i t  makes none a t  a l l-at l ea t at first. 
'1 spent my whole career trying to avoid 
hjgh-ten ion wires . ow I'm flying a mong 
them," ays Michael Wil l iam , who has 
been with Haverfield fol' one year. Before 
that, he flew in Alaska for the Jogging in
d ustry and in Hawai i  on sight-seeing tour . 
"It  looks risky from the ground, but once 
you're trained and real ize it can be done 
safely, it' not hard at al l ." 

One of the adj ustments, he found, is be
ing part of a team. "Helicopter pi lots are 
used to working by themselves," he says.  
"It take a lit t le t ime to real ize that some
one el  e is counting on you . S lowly you 
learn that two head a re better than one. 
You ' re d oing a da nce together. Wl1en the 
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line worker makes a move, you follow. I 

use his expertise and he uses mine." 

Haverfield's business grew about 30% in 

1994, an indication of the increasing popu

larity of helicopter use for live-line mainte

nance work. According to John Hanratty, 

the company's vice president for business 

development, Haverfield served more than 

50 uti Li ties last year. 

At the center 

Because of the increased use of helicopters, 

EPR1 has been testing the safety of two heli

copter techniques at its Lenox, Massachu

setts, center� one using a platform and the 

other a bosun's chair. In tests on the former 

technique, a fully operational helicopter was 

mounted on a 40-foot-tall insulated sup

port structure between two phases of the 

longest test line (523 meters) at the Lenox 

center. Tests were conducted to determine 
the sparkover voltage as a function of the 

total air distance of the phases. For tests on 

the bosun's chair suspension method, a 

mock-up of a vertical tower configuration 

was set up to determine the sparkover 

distance from the simulated worker to 

the grounded tower parts. The mannequin 

AT THE POWER DELIVERY CENTER 

Most of the research and testing for EPRl's "Live Working 2000" project takes 

place at the Power Delivery Center in Lenox, Massachusetts (formerly the 

High-Voltage Transmission Research Center). Data resulting from full-scale 

tests of new techniques and equipment are made available to organizations 

that develop safety guidelines and standards for live-line maintenance. 

Nighttime testing of an operating helicopter and a full-scale 800-kV system, 

with a wire mesh mannequin simulating the worker. This test is used to deter• 

mine the minimum phase-to-phase distance necessary for preventing spark

over during night work. Sparkovers must not occur during actual service. 

A daytime test shows the entire helicopter setup for a full-scale 800-kV 

line. Note the bonding spark occurring between the energized conductor 

and the wire mesh mannequin. 

Testing of compact tower configurations 

is especially important, since safety 

guidelines for them are not yet available. 

This sparkover test features a man

nequin in a bosun's chair. 
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In a full-scale compact tower 

setup, a portable protective 

gap is used to demonstrate 

that a worker can be pro• 

tected from sparkover during 

l ive working. 

i n  the bosun' ch i r  wa suspended from 
above wi lh  n instt l il ting suspensi.011 sy -
tern consi ting of hot sticks and insula ting 
ropes. The mannequin's v rti al po·i t ion 
r la t ive  to the energized pha e wa ar ied 
to i11vestiga te variot1s work s i tuation 

To gu ide its resea 1·ch at the Lenox center, 
EPR I  r l i e  on i np ut from u ti l i l· ie. , in l ud
ing the Western Area Power Ad mini tra
tiot1 (W PA) � nd the Bonnevi l l e  rower Ad
mini tration, a nd from other organizations 
l ike I BGW, f • ·E ,  H!C, and the America n o
ciety for Testing and Mat rials. Participan ts 
at the " L i ve Working 2000" workshop last 
fa_U had an opportunity to hear a pres n
ta tion on EPRl 's R& D to date and to offer 
their r act ions. A brainst rmi.ng s si on a t  
the e n d  uf t h e  work hop helped El'RJ' re-
earcher pr iori frze the i r  cont inuing test

i ng. Pa rt ici pant' sa i d  tha t tht:c:v wanteLl 
m re t ting in the areas of damaged i nsu
lators, Floa t ing le trodes, ,md insu l at ing 
protec t ive eq uipm nt .  

fn Hie GU' of d,nnag d insu l a tors, EJ 'R I  

continues to ond uct te ts to determine the 
max imum numb r of damaged or broken 
insulators with which sa fe work ca.ri be 
performed a t  230, 345, a nd 500 kV. So far, 
testing has .hown that the predictive eqt1a
t ion curreJ1 t ly used in the industry to de
termine th is safoty l vel is conserv ative. 
According to G otge ela, ad d i tional re
sea rch is r q u ired to come up wi th  n more 
rea l istic equation that wi l l  a l low safe work 
to be performed in a greater variety of con
di tions. 

One f the a rea in which EPRI sought 
feedback from workshop attendees was its 
t ting of a portable protect ive gap ( l'Pc.;) 1 

a ga te l i ke devic cnn: i. ting of two 6-inch 
meta l rods spaced lo prov ide a 41-i.nch air 
gap. The PPG · in ta l l  d on a transmi s ion 
tower near the work aren. Functioning as a 
pa rk  ga p, the devi e prote ts a worker 

from any xc ssi v vol tage U1a t may occur 
b rerou ting th vol tage t hrough the gap . 

Ord inar i J , there' a defined d i tance 
from a given live conductor at which it is 
afe to work; that d istance is determined by 

the voltage of the line. But should an over
vol tage occu r, that d istance wou ld no 
longer be a fe. One approach to determin
ing the safe distance in th event of an 

er ol tage i  t calculate it on the ba is o.f 
the highest ove.rvoltage that c tLld ever oc-

ur on a given l ine. U ing the PPG a l lows 
the a fe workin di  tance to be calculated 
on the basi of a m uch red uced overvolt
age. Should a high overvol tage o cur, the 
rrc w01 .. 1 ld  pc1tk over and el iminate the 
high u rge from the work s i te .  

At  the Leno center, EPRI cond ucted 
parkover te t with a PPG in a mock-up 

of a compact 550-kV tow ··r. The te ts look 
into considera tion the presence of a worker 
(rc.pre·ented by a wi.re mesh mann quin on 
an insu l ating ladder), the location of the 
in ulamr cradle, the u�e of fi ed and ad
ju table rain · tick , the n umber of dam
aged i nsu la tors, and the tower tructure. 
The re u lts con fi rm tha t  the PPG an b 
u ed to provid po i tive overvoltage con
tro l  a t  the work ite. The proj ct was co
fw1.ded b WAPA, � h id, a l  o pr vided in
sula tors, ha rdwa re, and tower models. 
Some l ive-working too] were uppli ed by 
Pacific Gas and E l  ctric Company and 
Sa fety Line, T nc .  

Feedback for the futu re 

One "Live Working 2000" work5hop pa r
tic.ipant, Richard Strasia, a craft super i or 
for transmis ion a t  Public Service Com
pa ny of w M xico, a id thd he wa Tm
pres ed wi th EPRr 's work in the a rea of 
surge protecti n 011  500-kV U n  u · i ng lhe 
PPG. But,  he continued, ince his compan 
works on 345-kV l i nes, '' We' l l  k ep wa tch
ing and h ping. "  Recently, EPR1 comp! ted 
lesls of adju._tahl e PPGs that ould be used 
on 34--kv l ines. Informat ion from thes 
te ts will b included in a l ive-working 
report, one in a continu ing eries on l ive.
working practices tha t Ef'RJ has published 
over the last two ears. 

Anolher worksl1op participant was J im 
Dus.haw, director of the utili ty depar tment 
of J BEW, about 230,000 members of which 
are mploy d in the electric ut i l ity industr • 
in the U ni ted States and anada. He em
phasiz d the need for greater comm unirn
t ion a mong the engineer who develop 
equipment, the men and women in the 
field who use that equip ment, and those 
wl1 set saf ty standards. "Safety is critica l 
to the mission of r B' w_ It is on of the prin
ciples on whicl1 we were tounded over l UO 
y a rs ago," he s aid . 

Other w rksh p a ttende stre e I the 
imp rtance of disseminating researd, find
ings.  Pau l  Lyons ackn.owledges the ignif
ican e of this poi11 t  a we U: "We need to 
know what  hou etop we shou l d be sh u t
ing from tu il i  tribute these data as widely 
as po sible in a timely a fa I l ion as pos-
.ible ."  • 

Further reading 
El8ctr1ca1 Peflormance of Condoctive Suits. "inal report hir 
RP2A72, prepar'ed by Higl1-vo1 1age Tra ,smiss ion Rese�rch 
Ce ter Marcil 1 995.  EPRl TR- 104640. 
Air Gap Sparkover and Gap Furors. Ana/ys,s of Published 
Dara Fina report lor RP3787, p repared by General Elec
tric Company December 1994. EPRl TR· 04437. 
Electr/ca/ Perlormanr:;e of a Portable Protect,ve Gap (PPG) 
rn a Compact 55()..kV To-Net Anal reporl for RP2472- · . pr. 
pared by General E lec111c COmpany. November 1 994 . EPA I 

R- 1 lfiltiU. 

Bae ground 111lo•ma11on tor th is a rlrote was provuJed bl" 
PaUI Lyons ot tl'le Power De l  very Groi1p 's Transmiss ion 
Business Uni l , 
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Fossil power plant simulators have come a long way from the cumbersome and expensive systems of a 

decade ago (large photol. Today's fossil plant simulator technology (inset), 

which features integrated CRT,scr-n user interfaces, offers realism, flexibility, and, most important, affordability. 

THE STORY IN BRIEF At a time when the utility industry is focusing on products and services that 

can enhance competitiveness, affordable fossil plant simulators are a welcome technology In 

just a few years, these simulators have progressed from being an expensive tool that few utilities 

could afford to being a technology that many utilities feel they can't do without. Offering a 

variety of benefits in the areas of fossil plant training and engineering, today's simulators are 

flexible, effective, and much less expensive than their counterparts in the 7 980s. A vigorous EPRI 

development and demonstration effort has advanced simulators beyond operator issues to a 

new era of application, ranging from the training of engineers to the design and testing of 

power plant technologies. And the technologies that have resulted from simulator development 

and enhancement will have beneficial uses beyond plant simulation. 
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A 

I
n the con t rol room of a l a rge pulver

ized-coa l p lan t, an alarm sounds, sig

naling a boi ler  trip .  The plant opera tor, 

th ugh on the job for le than a year, 

confidently pu rges the boiler, tart the 

ignlters, and fire the main fuel, all within 

10 minu tes, averting a unit trip. At an older 
plant across town, a new control system is 

being retrofi t ted. Al though the sy tern is 

not yet on-line, designers are methodically 
testing and debuggin it. And in the park

ing lot of a utility's corpora te offic , a 
group of ngin ers emerge from a trailer 
after evalua ting a proposed expert system 

for one of their power plants .  
What d the e pl ant op rators, d i gn

ers, and engineers have in common? They 

are part of a growing number of utility 
personnel whose companies are benefiting 

f rom th us of fossi l p l an t  simulators. Re
garded a few y ar ago primar i ly as a ids  to 

plant operator tra i ning, simula tors a re now 

seeing increasing service in a va riety of 

plant applica t ions. 

pplying today's simu la tors to plant op

era tor tra in ing  offer ev ra l advantage 
over trad i t iona l on-the-job ln ining in pow

eT plants. Si.nee ma jor mal function occur 
infrequen tly in a modem plant, training 

an operator to handle these problem as 

th y aris could take years. With a simula
tor, component malfunctions can be imu

la ted over and over in a i.ngle day. A a re
sult, in one week of b·a ining, an opera tor 

can face more p lant  opera ting cha llenges 

than  many operators would face in a life

t ime. Then, when a problem arise during 

plant op ration, the trainee can d raw on 

lessons learned in these exercises to correct 

th problem quickly and efficien t ly. Such 
tra in ing minfotlzes plant downtime, re

duces repai r costs, and extends component 
and plant Li fe. 

Similar ly, because baseload plants expe

rience relat i vely few startups-many typi

ca lly run non top for weeks or months

gaining ignificant e.Kperience with a tual 
unit sta rtups requ ires years. Using a simu
la tor, opera tors can start the uni t  several 

time in one trai ning session. 

Simula tor h·a ining has other benefi ts as 

well .  Operators can learn how lo operate 

the plant more efficiently, lowering its heat 
rate and reducing the power .required by 

plant  auxil i a ry equipment. They can be 

taugh t to anticipa te prob] m and to t ake 

steps Lo avert them, improving plant avai l

ability and reducing the number of costly 

plant shu tdown-startup cycles. 

pplications l ike thes can save u t i l i

tie a lot of money. For example, A labama 
Power ompany estimates that i t  wi l l  save 

more than $23 mill ion over 1 5  year by im

plementing a simulator-based h·a ining pro

gram for control room operator . Alabama 

Power' Dale addox explains that the 
uti l i ty gain "a comp tit ive advantage be

cau e simulator-tra ined plant operator 
have the knowledge and experience nec

essary to opera te units more efficiently, 

by Steve Hoffman 

FOR FOSSI L POWER 
PLANT SIMULATORS 



which will save money and keep our prices low." 
Cost reduction needed As recently as the mid-1980s, fewer than 10':I., of fossil plant operators received simulator training. The primary reason was high cost: a full-scope, high-fidelity simulator cost several million dollars. One cost driver was computer hardware. Ten years ago it took a $500,000 mainframe computer to accomplish what $50,000 worth of personal computers (PCs) can do today. Another major reason for the high cost of simulators was that to provide the realism required for effective training, it was necessary to replicate both control panels and logic. To do that, simulator designers provided a complete duplicate of the control panels commonly used in plants at the time-including, for example, switches, meters, and actuation lights-at a cost of over $1 million. Modifications to those controls were also expensive; replacing one instrument cost as much as $30,000. Moreover, techniques of developing software for simulator applications were cumbersome and inflexible, further adding to the cost. At  a conference on power plant simulators and modeling organized by EPRJ in  1988, a group of  utility representatives de termined that expanded and enhanced simulator training was needed in the fossil generation indushy The conference attendees and utility advisors charged EPRI with defining and carrying oul R&D efforts and transferring the technology to the indushy Implementation of the R&D plan that EPRI developed in response to this mandate has helped reduce the cost of fossil plant simulators dramatically: as recently as six years ago, the cost was $2 million to $3 million; today it is $400,000 to $600,000. To achieve this reduction, EPRI has taken advantage of the PC revolution-implementing simulators on this low-cost hardware. A key lnstitute contribution is software that effectively translates programming from control system computers to PCs. 11,ese translators avoid the need to recreate control system logic and operator display screens, reducing simulator development costs by hundreds of thousands of 
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dollars. As a result of these and other efforts, re-based systems a re the simulator of choice in fossil plants today. 
Improving on operator training Another significant EPRJ contribution is simulator-based training programs. Training power plant operators requires more than a high-fidelity simulator. To be effective, a simulator must be combined with carefully designed simulator-based training programs that walk the trainee through h·aining exercises, preprogrammed lessons, and simulations of malfunctions. Sud, training programs range from relatively simple lessons covering standard operating procedures (e.g., cold startup) to moresophisticated exercises (e.g., recovery from unexpected plant malfunctions). Training programs harness the power of the sin1ulator to optimize operator training. Developing these training programs is not eas)r, nor is presenting them to trainees. ln the past, some utilities invested several person-years to prepare a comprehensive program and three or more months to present it. Responding to utility advisor requests to simplify and streamline this process, EPRI has produced guidelines for developing and implementing fossil plant simulator training programs. Several utilities have used the guidelines, published in 1993, to develop programs faster than they anticipated. Centerior Energy, for example, has reported sig11iEicant reductions in the time required for training program development, i.nitial training, and refresher trnining. An extension of simulator-based traiJ,ing is EPRl's Intelligent Tutorh1g System (ITS). This system enables operators to receive training on a simulator even when an instructor is not present. Using expert system technology, the LTS tutors h·ainees on various aspects of plant operation during training exercises, prompting them when they make a mistake and providing on-screen information tailored to the error or situation. 11,c ITS also offers positive reinforcement by comparing a trainee's performance with preestabUshed norms. How the ITS works is best explained with an example. Tn a representative ITS training scenario, the plant's boiler has tripped, and 

the trainee is focusing on recovery operations at  the simulator console. if in attempting to refire the boiler while maintaining generator connection to the grid, the trainee follows accepted procedure, no tutoring interaction occurs. lf, however, the trainee makes a mistake- for example, failing to open several recirculation valves as required at the simulated plant whenever the load drops below 35 MW-the ITS console responds with a synthesized voice alert. 11,e trainee can then listen to up to three levels of advice. The first level is a concise statement of the action needed. Experienced operators usually acknowledge this advice and continue the simulation. A less experienced operator can request a second level of advice, which describes the rationale behind the brief initial prompt. The third level of advice describes in detail the correct procedure to follow. By making it possible to conduct exercises like these without an instructor, the ITS extends the usefulness of the simulator for training. "Our simulator will not sit idle if an instructor is unavailable," cxplaiJ1s Jeff Pitts of South Carolina Electric & Gas Company, one of the first ITS users. "Operators can run simulator exercises themselves, logging many more hours of simulator training ead1 year." The typical result is a 25'Yo increase in the already significant dollar benefits of simulator training (e.g., thmugh improved plant availability and reduced plant heat rate). Recently installed lTS modules are using a variety of multimedia features, including on-screen grnphics, touch screens, voice synthesis output, and voice recognition. As more ITS training modules are developed for various generating units and types of training exercises, an ITS module Library will be formed. Usin� a scenario editor equipped with an easy-to-use graphic.al user interface now available, utilities can modify ex-isting modules and tailor them to specific plants or can build new modules and scenarios as needed. Tools like the ITS can help utilities optimize training budgets and h·im costs. At utilities that are reducing training staffs, the ITS makes it possible to continue effective training. Another way a utility can keep traiJ1iJ1g costs low is to carefully d e -



fine i t  peci fic sim u l a tor-ba ed tra in ing 
ne ds and i m plemenl a sy Lem tha l  ad
dre e only tho e need . One utility, 
Kansas City Power & Light Company 
(KCPL), wanted to use si mulator training to 
emphasize cogn i tiv operatiJ,g ki l l and 
deci ion ma king rel a ted to the p la n t  p ro
cess , nd its dynamks. For exampl , the 

A WEALTH OF BENEFITS Fossi l  plant 

simulators provide a wide range of 

benefits to uti l ity users, For example, 

enhanced training using simulators 

helps operators prevent unit trips, 

achieve faster startups, and reduce 

heat rates-improvements that lower 

plant operating and maintenance 

costs. As illustrated by the bar graph 

for one three-unit station, many utll ltles 

have reported significant reductions in 

operator-preventable trips after imple• 

menting simulator-based training, Plant 

engineers can use simulators to debug, 

tune, and verify the design of new plant 

systems, such as the advanced control 

systems Increasingly being retrofitted 

at fossi l  stations. 

so 
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i mulator wou ld help operators recognize operation i ues in th ir daily work For ex-
ind icat ions that a pu lverizer i r ach ing i ts 
opera ting l imit . Conver ely, KCPL wanted 
to use on-the-job training rather than simu
la tor-based training to help opera tors learn 
the Jayout of p la 11t con trols and d evelop 
a feel for actua l p lan t  operation. Thu , 
on-th -job tra i ning wi thout the simulator 
would cover hru1d -on control of the pul
v rizer. To help me t the e training goa l , 
KCP and PRJ were able to design and de
velop a simu lator for $272,000-about one
h alf the cost of a typica l implementa tion . 

Operators are not the only power p lan!· 
personnel benefiting from imu la tor-based 
training. An increasing number of u ti l i ty 
power plm,t engi neer nre lea rning more 
about  p lant operation by u ing simula tors. 
Previously, few plant engineers received 
formal  tra in ing in plant opera tion, despite 
the fact that engineers often add ress plant 

ample, to effectively upgrade or r place ex
ist.ing plant equipment, ,m engineer must 
f ir t understand the operational demands 
placed on the equipm nt, the prob lems ex
perienced with i ts operation, and its i m pact 
on other component . Such projects a lso 
req uire effect i ve commwucation between 
engineering and operations personnel; en
gin ers must spea k the language of plant 
operation to understand typical operator 
duties.  

nder EPRl spon or hip, Maine Mar
i t im cad m y  has d v loped a i m u l a t  r
bas 'd training progra m " pecifical ly for u ti l ·  
i ty plru,t engi neers. Th is  program is now 
ava i lable to EPRJ members a.nd is used in 
a train ing cour e offered at the academy. 
In the cou r  e, instructors a nd traine s use 
a si mu la tor for Alabama Power 's  i l ler 
unit 4, a 660-MW unit that is typical of man 
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U.S. pulverized-coal plants. The cour e 

cover ead1 plant subsystem and the inter

dependence of these systems and gives 

partic ipating engineers a v iew of the p lant  

as a whole. The participants acquire an un
derstanding of the overal l  process of stea m 

power generation, enhancing their abi l i ty 

to effec tively communica te with op rator . 

Control system engineering 

One task that utility engineer are under

taking at more and more exi ting fos ii 

plants is plant con trol system upgrading or 

r placement, and simu lators are playing a 

1 .  Runs Si mulator Exercise 

Tutoring console 

3. Gets Advice From ITS 

More advice, please. 

p J 

Below 35 MW, recircu lat ion valves 
should be opened beca.use . . .  

major role in these effort . The panel con

trols sti l l  in use at many older fossil plants 

are difficult  to ma in ta in  becau of parts 

w1availabi l i ty. In the face of rising cus

tomer loads, high construction cost for 
new plants, and intensi fied competition to 

reduce rates and reta in customers, utilities 
a re placing gr a ter performance and avail 

ability demands on. these aging plants. One 

way to help meet these demands is to re

place older control systems with state-of

the-art, microprocessor-based d i stribu ted 

control y tern (DC ). 
Cal led distributed systems because they 

2. Makes an Error 

both physical ly and functiona lly distribute 

con trol tasks among severa l separate yet 

in tegra ted computers, DCS promi e man 

advan tages, including improved plant effi

ci ncy, increa ed avai labi lity, and xtended 
component l i fe. However, the DCS brings 

wi th it a d ifferent operator interface and 
method of control. Operators w i th years 

of training and experience on the old con

trol system must learn a new approach to 
naviga t ing through plan t control , a cha l

lenging ta k. A plant- pecific - i_mulator can 

mooth the tra nsition to the DCS, allowing 
new recruits and seasoned opera tors a l i ke 

Alert! Fa i lure to open reci rcu lation valves . . .  

4 .  Resumes Exercise 

Oh yes, I 've got to protect those 
tubes when I'm at low load . 

EXTENDING TRAINING CAPABILITIES The Intelligent Tutoring System is an expert .. ystem-baaed tool that lets 

plant operators take advantage of simulator training even when no Instructor Is avallabla. In this typlcal ITS sce

nario, the trainee Is conducting recovery operations after a bolter trip. When he falls to perform an Important action, 

he Is alerted by the ITS. Thanks to the system's voice synthesis and recognition capabilities, the trainee can obtain 

up to three levels of advice on the proper procedure without having to leave the slmulatlon consoles. In this and 

other ways, the ITS provides a style of Interaction similar to that of a human teacher. 
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OFF• THE-SHELF 

SIMULATORS EPRl's 

simulator library is a 

collection of plant• 

specific simulator 

models initially de· 

veloped for Individual 

utilities but then 

packaged for use by 

other EPRI members. 

Rather than having to 

develop a new simu• 

lator, a utility with a 

unit comparable to 

one simulated in the 

to practice a range of operations from stan
dard procedures (e.g., unit startups, shut
downs, and load-following maneuvers) to 
rarely encountered events. If the simulator 
is specified for early delivery, operators can 
get up to speed on the DCS while the real 
control system is being retrofit. 

During the first few months of DCS oper
ation, while the new controls are being de 
bugged, unit trips tend to increase and 
availability tends to decrease. A plant sim
ulator can be used to verify DCS design, as 
well as to test, debug, and tune the DCS be
fore its installation is complete. This pro
cess can identify DCS problems ranging 
from simple errors in input/output (1/0) 
parameters to design errors. A n  example of 
a simple 1/0 error is the specifirntion of 
incorrect units for a temperature measure
ment (Fahrenheit versus Celsius). Once 
identified, such a problem is relatively easy 
to correct. ln contrast, a fundamental de
sign error, such as specifying the wrong 
type of controller for a specific plant func
tion or usi11g the wrong measurements, re 
quires more effort to rectify. Failure to iden
tify an error, whether simple or complex, 
could lead to a nllmber of plant operational 
problems, including reduced efficiency, in
adequate redundancy for safety purposes, 
and unplatmed outages. 

PSJ Energy used a simulator to check out 
the new controls for its Wabash River coal 

gasification repowering project before the 
plant became operational. The utility loaded 
the project's control system software, which 
had recently completed acceptance testing, 
onto the simulator at the simulator ven
dor's factory. "What we found was a con
trol system that was not ready to control 
the plant," says Marty Schafer of PSI. "We 
spent several weeks at the simulator ven
dor's factory identifying and resolving 
problems with the conh·ols." 

Several utilities have used simulators to 
support control system upgrades with ben
eficial results, and one utility, Duke Power 
Company, has made the most of simulator 
capability. In a joint project, EPRI and Duke 
developed two mobile simulator facilities 
that are flexible enough to emulate any fos
sil plant in the Duke system. Each of these 
mobile simulators is housed in two 28-foot 
truck trailers and can easily be moved from 
plant to plant. The simul<1tors have served 
as engineering test-beds to design, debug, 
and tune replacement control systems 
throughout the utility's fleet of w'lits. 

One of the mobile simulators is now 
available for use by other E!PRl mem
ber utilities for operator training, training 
program development, simulator develop
ment, plant operating procedure develop
ment, and control system design, valida
tion, and training. The trailers, whid1 can 
travel to a utility site as necessary, are 

library can use the 

relevant library model 

-either as is or in 

modified form- to 

meet its needs. As 

other simulators are 

added to the library, 

more and more such 

matches will be pos• 

sible. Scenario-by

scenario training 

programs and ITS 

training modules are 

also being added to 

the library. 

based in Kansas City, one of two locations 
of EPRl's Si mulator & Training Center. TI1is 
S& T Center site is sponsored by KCPL; the 
other, in Houston, by Houston Lighting & 
Power Company. The S&T Center is the 
focus for continued EPRI efforts to enhance 
and expand fossil power plant simulator 
and training technology. Center staff con
duct simulator and training research, de 
velop and demonstrate products (e.g., 
tools, technologies, and courses), and pro
vide research services for the benefit of 
EPRI members. In one example of available 
services, S& T Center personnel are sup
porting the design, development, and im
plementation of an operator training pro· 
gram at Pennsylvania Power & Light Com
pany. Several other such projects are under 
way at the center. 

A new kind of library 

A key product of EPRJ's effort is n simulator 
library- a  growing collection of plant-spe
cific simulators, simulator-based tr.iining 
programs, and ITS training modules. Each 
EPRI simulator development and demon
sh·ation project at a utility yields a simula
tor model that can be packaged like com
merci.il software with an instruction man
ual and added lo the library. To date, 6 
models have been packaged in this way 
and made available to member utilities 
through EPRl's Electric Power Software 
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Center; more than 20 others arc in a prel im
i nary form and a re Ln the proces of bei ng 
packaged . Together, the e sim ulator mod
el cov r plant wi th a w ide var i  ty of 
fue l , boi ler , team turbin , c mbu -
t ion urbines, and con t rol systems. ome 
of the EPRI-u t i l i t  si m u l ator p rojects a r  
a lso yield ing t ra ining p rogra ms a n d  I T S  
m du l  . 

W h i le e<1ch vol cm1e i n  the i m ul <1 tor t i 
br<1ry Wil de igned for a peci fic pow r 
pl a n t , i t  has va lue il t  other p l <1 n ts and  ut i l i 
ties. E PRl 's Roy Fray, man, ger of s i m u la
tor and tra in ing, exp la in  : " u t i l i ty that 
hfl fl u n i t  s im i l fl r  to one of the u n i t  s i m u
lat d i n  the l ibrary can u e tha t  s i m u lator 
as i. for tra i ning i n  cogni tive k i l l  , uch fl 
u nd rstanding the p lant proce and  i t  
dynam ic . We h a  e found tha t  th is t p e  o f  
train ing repre e n t  about 85-90% of the 
total tra i n ing  va l ue of s i m u l a tor . " When 
other t ra in ing gofl ls, such a s  d eterm i n i ng 
w here each control i located (control ge
ogra p hy) and getti ng com fortable w i th 

ach control ' op rat ion , ar a lso i m por· 
t a n t, the u t i l i ty can tai lor the si m u l a tor to 
mat h i t unit . Either wa , u i ng  a s i nm l a
tor from the l ibra ry i nvolves le effort  and  
expen e tha n  developing one from ratch . 

In one of the fi r t of s veral uch u • of 

a l ibra ry s i m u lator, ew York Sta t Elec
tr ic & as orpora t ion  m od i fi d a model 
of A laba ma Power 's Barry p lant  a lmost 
th ree year ago to upport a con h·ol y tern 
u pgrade a t  i t  M iJ ! iken p lant .  As EPR I f. 
forts con tLnue, the L i brary w i l l  grow, even
tua l l y  including su fficien t ly d i verse nu m
ber of s imu lators to provide a do e match 
for a im t ,  ny fo i i  plant .  

[n thei r contact with u t i l i t i  s t hat  are i n
terested in s i m u lat r and tra in ing, EPRJ 
personnel come to know the u t i l i t i es '  ma
jor concerns. ne ex pre ed concern is  how 
to conomica l ly  meet emi  ion requ i re
ments. any  fo s i l  fue l  power plants t h a t  
were original ly designed for ba cload op· 
era t ion have been converted to cycl ing 
dut and have been rctrofitt  d wi th  va ri
ou emission. con trol ystem . Wi th the 
pas age of the 1 990 lea11 ir  Act A mend
ment , the effec t ive opera t ion of  t hese sys
tems has become pa ra mo u n t .  

To a v o i d  degradat ion in p l a nt per or
man e d ue to em i ion con tra i n t  , ome 
u t i l i t ies ar em pl oyi ng i m u l a tor-ba cd 
t ra inLng. t the cw York Power ut hor
i ty, one focus of i m u l ator t ra i ning i to 
help operator become more fa m i l iar w i th 
N , reduct ion system a t  the ut i l i ty' · Po
letti power pl an t .  Thi  tra i ning nab! the 

SI MULATOR ON WH EELS The Duke-EPRI mobi le simulator, housed in two truck 

trailers, is  flexible enough to emulate a variety of fossi l  plants and yet is easily 

transportable. The faci l ity can support many appl ications, ranging from real istic 

unit -specific training to control  system design and val idation. It  is available for 

use by EPR I members at i ts home base-the Kansas City location of the lnsti

tute's Simulator & Training Center-or at a utility site. 

DUKHPRI TR A IN ING S ER VI C E S 

1 , 1111 X ,a mumC£ 
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operators to make opt imal  choices to com
ply wi t], emiss ions control regula t ions.  Jn 
l ight of the possibi l ity of add itional  en i
ronmenta l regu la t ion , more sim u lator ar 
l ikely to be appl ied to emi ion control op
t im iza t ion i n  the fu t ure. 

Look at that display 

Dev lopi ng imul, tor t chnology bring 
together many lcmen ts, i n c lud ing  inno
vat iv  mode l i 1 1g tech n i q ues, new tra in i ng 
method s,  state-of- the-ar t  ex pert systems, 
human  factor resea rch, and advanced d is
play . One parti u la r ly innovat i v technol
ogy for i m ulator d i  p lay  grew out of a 
need to a ffordably emulate con tro l panel , 
which arc st i l l  u d a t  many U . .  p la n t 
and a r  l i ke ly to remain  i n  u e at ome 
plant into the ne t cn t ur . l thougl1 com
puter creen ( i .e . ,  RT d i  play ) are no, 
typica l ly  used i nstead of sheet met a l  pan
els i n  i m u lators, t h is e lu t ion may not be 
the opt ima l  one .  "Whi le  RT monitors rep
re en t a m uch lower ost app roach tha n  
p a n  I , they don' t pr v i d  o p  •ra tors w i th 
a good overa l l  v i  w of pl a 11 t  operat ing 
para meter and rea d y  acce s to  plant con
trol  ," ex plain Fray. "Wi th CRT , operators 
may have to page through many creen , 
pan a round on crccn , or zoom in on 
screen to fi J1d the conh·ol · the want .  They 
have only a ma l l w i ndow i nto the proce 
at any one t i me. " 

EPRl-dcveloped te hnology to em u l a te 
ontrol panels over omc this l im ita tion of 
RT d i  play y tem . � scnr ia l l  , the panel 

em u lat ion form a w a ! I  of contro l s that 
look e act ly l i ke the actual  control  , down 
to the t ick ma rks on dia l  and  the tag op-

rator pu t  on sw it h to indicate that  
they ar ou t of serv i e .  Th em u la t ion is 
crea ted by rear- project ing ful l - ca le, h jgh
resol ut ion images of  con trol panels onto 
large, touch-act i va ted creens that the op-

ra tor an u · to actua te the control . n 
a rra of these er •en i u ed to pre ent im
age of , I I plan t panel con t rol si mu l tane
ou Ly. EPRl has de eloped and delivered a 
fu l l - ca le pan , J em ulation y-tem to Bo ton 
Edi on ompany, which i u ing the y -
t m with i t M y  t ic un i t  6 imu lator. 

Emulat d-panel  te hnology provide a 
mor rea l is t i c  rcpre cn tat ion of the con t rol  
panel  tha n  C RT d i  p lay  . n opera tor can 



ADVANCED DISPLAY TECHNOLOGY Most of today's fossil plant simulators 

use computer screens, or CRTs, to d isplay controls-an Improvement over 

older simulator technology for hard-panel controls, which involved construct• 

Ing dupl icate panels out of sheet metal and equipping them with instruments. 

Because CRTs can't show all the plant controls at once, however, they don't 

provide easy access to all of them and don't give a complete view of plant 

operation. EPRl's new emulated-panel system, shown here as implemented in 

Boston Edison's Mystic station simulator, displays all plant controls slmulta· 

neously and in fine detai l. The system works by rear-projecting lul l-scale, 

high-resolution images of the control panels onto touch-sensitive screens 

that the operator uses to actuate the controls. Beyond its appl ication in simu• 

lators, this technology may soon move Into actual control rooms to provide 

enhanced operator interlaces. 

view the entire panel at once and can easi ly 
read labels and scales on control . While 
each individual control i at a rm's length, a 
conh·ol room team can view the entire em
ulated panel by ta king a tep back.  These 
featu res enhance real ism, promote opera
tor acceptance of the technology, and im
prove training effect ivene 

This technology may move beyond it 
role in imulator tra in ing to becom th ac-

tuaJ opera tor interface i n  control rooms of 
the foture. Since th images of con trols in 
emu l a ted -panel systems arc computer gen
era ted, d signers can use the tecbnolo.,.y to 
change the look of actua l con tro l s  to en
hance da r i ty and ase of LI e, thu improv
ing opera tor productivity and plant afety. 
A large display could show an overview of 
the entire plant process in schematic form. 
When an  a larm flag pops up on a port ion 

of the screen, the opera tor cou ld touch the 
flag and view a subsystem proces or com
pon nt schematic that highJigh ts off-nor
ma l parameter values. Recommended op
erating procedures to correct the problem, 
generated by an expert y tern, would be 
avai lable at the touch of a button. U ing 
uch a y tern in plant control rooms could 

r duce costs through improved operation, 
enhanced power plant design and engi
neering, and extended plant l ife. 

Hence simu lator teclmology has come 
ful l  c ircle: while the initial goal was to im
u la te th plant and i t  control room for 
tra in ing purposes, one key imu la tor tcch
nol gy may be applied in future conh·ol 
room for actua l  opera tion . s new i ndu  -
try con ern · aTi  ·e and new power planl 
technologies are developed, plant simu la
tors arc likel y to be pressed in to service as 
test-beds or proving grounds. pplication 
to plant cycl ing opti mi2ation i now feasi
ble, and integration wi th other plant d.iag
no t ic, moni toring, and con trol ystems i 
envisioned . Taken together, these applica
t ions should provide xtra value for utili
t i es seeking to improve fos i l plant opera-
t ion and productivity. • 

Background 111(orrnat1on lor t11 i s art icle was provided by 
Roy Fray and Wurthy Divakarun i of the Generation Group's 
Fossil Power Pla111s Business Unit . 
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THE STORY IN BRIEF 

What happens to car tires 

after they've exhausted their 

life on the road? Whether 

they are handed over to a 

tire dealer or tossed into the 

trash, many tires get a 

second life, reincarnated into 

products like doormats, park 

benches, and playground 

equipment. But the biggest 

single market for scrap tires 

is fuel-fuel that supple-

ments the feedstock of paper 

mills, cement kilns, and even 

electric utility boilers. As 

well as offering a higher 

heating value than coal, tires 

can lower utilities' fuel costs 

and reduce pollutants like 

nitrogen oxides and ash. But 

it's the rare utility boiler that 

is amenable to burning tires 

successfully. 

by Leslie Lamarre 
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0 ld tires are a problem. Most 

landfills don't allow them be
cause they tend to capture 

methane gas and float to the 

top of the garbage heap. And when dis

carded in lire piles, they collect rai.nwater 

and provide an ideal breeding ground for 
disease-carrying mosquitoes. [f tire piles 
catch fire, they can burn uncontrollably for 

days-even months-on end, spewing bil 
lows of acrid black smoke into the air and 

oozing oil into U1e ground. 
Our nation has become obsessed with 

finding things to do with scrnp tires. Spent 

tfres have found their way i.n.to just about 

everything, from park benches to designer 

clothing. But these niche markets are noth

ing in comparison to the broad market for 
tires as fuel The country'� pulp and paper 

mills were the fast to catch on to this idea. 
Cement kilns soon followed suit, and to
day they account for the largest percentage 

of scrap lire use. 

A newer enlrant lo the lire-derived-fuel 

market is the electric utility industry. Start

ing in the late 1980s, utilities began to burn 
tires as a supplemental fuel in their coal
fired boilers. According to Michael Blu
menthal, executive director of the So-ap 

Tire Management Council, the industry's 

interest in this practice is on the rise. "Util
ities are fai.rly new to this game," says Blu

menthal, "but there are more utilities inter
ested than ever before, and the inquiries 

are far more serious than they were i.n the 
past." 

As of July of this year, eight utilities were 

burning tires in their power plants on a 
regular basis, thre.e were conducting tt'St 

burns, and four others were investigating 
the idea. One incentive for using tires as a 

power plant feedstock is that some of the 

cost can be offset with money from state 
programs or through "tipping fees'' re

ceived from the entity disposing of the 
tires. This can result in very low fuel costs. 
"Before competition increased in lhe indus

try, savings on fuel costs didn't mean as 
much, since fuel was a.n expense that could 
be passed on to consumers," says Chuck 

McGowin, who oversees CPRT's research on 
tire-derived fuel. ''But now lhal uliJities are 
competing with ead1 other for customers, 

they want to keep their rates as low as pos-
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sible. Cheaper fuel can help them do that." 

ln most cases, tires represent a small per
centage of the htel bumed in a utility boiler 

- usually less than 10%,. But even 3% of the 

fuel feeding a 365-MW plant is the equiva
lent of 6 million lo 7 million tires annuaJly. 

And that, Blumenthal says, "is more than 
just a drop in the bucket." According to the 

Scrap Tire Management Council, U.S. tire 

piles now hold some 850 million tires. And 

every year we toss another 250 million

about one for every man, woman, and child 
in the United States. Tn 1 '>94, 138 million 
scrap tires were put to productive use; 27 

million of U1em were consumed by power 
companies. The Scrap Tire Manageme11t 

Council predicts that consumption by pow

er companies will increase to 40 million in 
1995 aml to 52 million in 1996. 

Putting scrap tires to good use obviously 
helps resolve a potentially major health 

problem while eliminating a significant fire 

hazard and an eyesore. From a utility's per

spedive there are other advantages: tires 

have a high heating value (about 15,000 Btu 
per pound, compared with about 12,000 

for bituminous coal and 5000 for wood), 
they are often cheaper and sometimes 
cleaner than coal (they contain less nitro

gen than coal in general, as well as less ash 

than most coals and less sulfur than higher-

THE HAZARDS OF TIRE PILES 

sulfur coals), and using them provides an 
opportunity for positive publicity. "Burn
ing tires in coal plants is a great wc1y to tap 

the resource of an old plant that might oth
erwise be replaced simply because it can't 

compete," says McGowin. "The practice re

ally strengthens the economics of these 
plants and helps utilities get more life out 

of them wh.ile providing a public service." 

But as many utilities that have investigated 
the practice can attest, making it work is 

not always easy. 

Challenges, challenges 

Most important, a utrnty has to have pre
cisely the right type of boiler in order to 

consider burning tires. Experience to date 

has shown that cyclones and stokers work 
well. Unfortunately, they are also among 

U1e least common types of coal plants in the 
industry, with cyclone-fired boilers repre
senting about 9'1<, of all coal-fired capacity 

and stoker-fired units even less. 

According to McGowin, most of the elec

tric utility industry's experience with tire 
burning has involved cyclone-fired boilers. 
One great advantage of this boiler type for 
burning tires is that, in general, no modifi
cations to the boiler itself arc necessary. 

TypicaUy, the only hardware needed is a 

conveyor system for feeding tire-derived 

Tire fires, usually the result of arson, are one of the many potential hazards of 

the unsightly heaps of rubber that have accumulated across the United States. 

Shown here Is a moment from a tire fire that raged In Hagersvllle, Ontario, for 

17 days in 1990. As tire fires go, this one was mild. A similar fire in Winchester, 

Virginia, that started in 1983 burned continuously for nine months, 



fuel to the b i l er. nd i nce tire-derived 
fuel ha a lower nitrogen con tent than coal ,  
emi ion f ni trog n xidc fr m c cl ne· 
fir d p l an ts ( know n to be high . 
l rs) are r due  d .  

1n order for ti res t o  b e  used i n  cyc l one 
bo i ler  , the w i re a round the r im of a t i re 
hou ld be r mo d. Ca l led bea d w i re, th i 

ma ter ia l is mud1 sti ffer than the wi r  m h 
bene, th the tread of !eel-belted ti res, and 
i f  i t  winds up in  the a h i t can be problem
at i , i nce a h i often old a a traction 
agen t for u e on win ter road . ay Bob 

ewel l ,  manager for st rategic encrg op
t ions al Wiscons in  Power and Li ght om
pany (WP&L) ,  "The last thing you wa n t to 
put on the road is need le- l ik  piece of 
meta l . "  Any metal left o er fr m th c m· 
bust ion process ca n be removed w i th a 
magnet ic  sepa rat ion device. 

WP& L ha been burning sh redd d t ire 
in cycl ne-Ii red boi l er i nce 1 9  9. Tests 
there, l ik te ts in clone at oth r u t i l i t i  s, 
found tha t  em ission fr m (O i r ing t i re 
wi th  coal were essen t ia l ly equ i va l  n t  to 
those fr 111 b urn ing coa l a lon1c, n l t hough 
h·ace meta I were r d u  d omew ha L wh n 
tire. we re u d and .ul fur dio ide ould 
va r  , depending on whether the coal us�d 
had a l  w or m  d i um u l fu r  content. Tod a  
WP& I. u · hr dded ti re for up to 1 0% f 
the fuel in L i: c lone boi lers, ea t i ng up 
about 20,000 Ions of t i re fuel annua l l y, or 
2 m il l ion ti re · . The uti l i ty has found t ha t  
L i re ch ips mea  u ring about l qua rc i nch 
a rc a n  idea l ii f< r a cyclon ' boi l e r. I f  tht: 
d1 ips a J·e any bigger, i t  report , th re often 
i not enough residence t ime in the cy
c l tme to en ure that the piece· i HC bu 111cd 
com pletel 

l l l inoi Pow r Company, whi ch ha b ,  n 
usi ng ti r for up t 2'¥., of th fu I in two 
560-MW cyclone uni ts ince ea rl lhi year, 
has al o found tha t  1 - qua  re- inch t i re h ips 
a re idea l .  Accord tng t Dav i d  Stopek, coor· 
d ina tor f re a rch a nd devek1pmen t for 
L l l i noi. P w r, .uch h i p  hand led wel l in 
lhe coa l feed system . " · ven at 1 i nch, th re 
i. ome ma terial tha t  doe not burn com
pletel ," he sa s, "b ut it ' a ver t iny frac· 
t ion ."  H e n te. th, t hi u ti l i  ha- inst, l led 
a ·p c ia l  y tern to remove this unburned 
materia l from the ash. 

toker-fired units a re also w I I  u i l  d f r 

burning t ire fuel , i n  e the fuel si ts on a 
mov ing grate nea r the bottom of the boiler, 
a wood s i t  on the floor of a fireplace. This 
re ult i n  a longer c rnbu t i n p riod, en
abl ing the fuel to burn completely. U t i l , tie 
that have bu rned t i r  chips in stoker-fi red 
boi lers have found tha t  d1ips measur ing 
up to 2 q ua re i nches work wel l .  mong 
them is ew York State le Lri & Ga r
pora tion, which ha been burning shred
ded t i re at J eru1is n st tion, a 74-M W  planl 
w ith four toker-fir d coa l boi ler , ince the 
pring of 199 1 . '' W ' I I  continue i t  a long a 

our  toker are a round ," a s Wa Uy Ben
ja min, a enior t chnica l a ocia t  with the 
ut i l i ty, add ing tha t  no major mod i fica t ion · 
were req u ired for ma terial ha nd l ing-not 

ized i nto a fine powder so that i t  ca n b 
bu rned in su pen ion . A l though H r  can 
be shredded into fine granul , uch pi ce 
a re t i l l  la rger than the coal particle I and 
th cha l lenge i to get them to burn com
pl t ly. 

A r cen t EPRl tudy of finely shred ded 
t ire part ic les in a 65-MW pu l  ri z d -c  a l  
b i ler howed that th e  part ic le b u rned 
ra p id !  bu t  tha t the larp;er piece , th chiu, 
a nd the carb n black in the rubb r f I I  i n to 
the water-fi l led bottom of U1e ash hopper 
and burned on the urface of th ,va ter. 
EPRI '  • researcher concluded tha t  in order 
to burn complete l , thi debri r qu ir  d a 
longer res idence t ime than was ava i l ab le i n  
the test un i t .  On ly further testing can d 

COMPARING COMBUSTION EFFICIENCI ES 

One reason t ires make good fuel for coal-fired power plants is that 

they have a relatively high combustion efficiency, as indicated by 

the comparison here. Each 20-pound car tire contains about 

300,000 Btu of heat energy, roughly equal to the amount of energy 

in 25 pounds of bituminous coal. 

1 5 .000 Btu/pound 

Tires 

v n a conveyor y tem .  J nni on station 
ca n bu rn fuel contai n i ng u p  t 25'Y., t i re 
chips by weight .  of Ju l , of this ear, the 
p l an t  had consumed the t:quiva l,mt  of mor 
than 2.:" m i l l ion ca r l ire 

Other approaches 

Pu l verized-coa l boi lers, the mo t com mon 
type in th ind ustry, a re genera l ly much 
mor d i fficu l t  to adapt tn t i re bu rn i ng than 
a re cyclone and stok r boi ler . Before the 
o.i l enter the boi ler, it is l i tera l ly pu lver-

1 2 .000 Btu/pound 

5000 Btu/pound 

Bituminous Coal Wood 

(·erm ine wb ther a l a r  er pul erized-coa l  
b i ler w u ld  p rov id • u ffic ien t re id nee 
li me to bu rn the ti re ma ter iil l  completely. 

hio Ed ison Company took an cn lir ly 
d i fferen l a pproach to burnin� t ires i n  a 
pu l v er ized · oa l plan t  b using w hole ti res .  
Th i enabl d the uti l ity to , void the co t i  
pr c . f shr dd ing t ir for burning. h io 
Ed ison bu rned 1, hole t ires . tJCcc sfu l l in 
i ts 42- W pu lverized-coa l boi ler i n  Toron to, 

h io, for 18 mon th un ti l  the plant wa 
closed in I 93 for un rela ted rca. on . 

A ugie z mpruch, director of proj t 
developmen t for Ohio Ed i  on, notes tha, t  
b u rn ing whole t ires i s  n o t  a pra ct ice that 
can  b carried out succe fu l l  a t  j ust 
an p u l ver ized-coal p l ant. Ch, ract •r i  ·t ics 
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POWER FROM TIRES 

Electric util ities have been turning 

t ires into power since the late 

1 980s, mostly in coal.fired boi lers. 

Here are just some examples of the 

industry's t ire-burning experiences. 

1 

Wisconsin Power and Light uses 

scrap tires for up to 1 0% of the fuel 

in s i x  cyclone boilers, i ncluding two 

units at the Rock River station, 

shown here.  

2 

Ohio Edison burned whole tires suc, 

cessfully for 18 months in its 42-MW 

pulverized,coal boiler in Toronto, 

Ohio. 

3 
Shredded tires are ready for burn· 

Ing at the Big Stone plant In MI i ·  

bank,  South Dakota. Jointly owned 

by Otter Tai l  Power, Northwestern 

Publ ic Service Company, and Mon· 

tana-Dakota Uti l ities, the 41 5-MW 

fac i l ity has been using t ires as a 

supplemental fuel since 1 990. 

4 
Shredded t ires are conveyed into 

I l l inois Power's Baldwin plant, where 

they wil l  feed two 560-MW cyclone 

boilers. The util ity has used tires for 

up to 2% of the fuel at these units 

since early this year. 

5 

This 26-MW plant in Ster l ing, Con, 

necticut, is totally fueled by scrap 

t ires, consuming about 1 0  mil lion 

t ires annual ly. Power from the plant, 

one of only three dedicated tire• 

burning plants in the country, is sold 

to Connecticut Light & Power. CMS 

Generation--a subsidiary of CMS 

Energy, the holding company of 

Consumers Power Company-owns 

a 50% share in the plant. 

ma king th oron lo pl an t  a memibl to 
whol  - t i n� burn ing included the boi l  r ' 
wet-bottom d ign and i ts h igh opera t ing 
tempera tu re ( abou t 3200°F) . Becau of th 
wet-bottom de ign, unburned tire w r al
lowed to fa l l  into the pool of molten lag 
i n  the bottom of the fu rnace, where the 
ta ed a long a necessa ry to ensu re com

p lete combu tion . 
Gett ing the pu lverized -coa l boi ler t ac

cept ·wh le t i re t k ome signi fican t  
mt i fi a ti ns to  the fuel -feed ing s st m.  
The uti JHy d igned a t tre del ivery y· tem 
complet wi th a conve or and a I hop
p r to d rop th t i re i n to the boi ler at pre
rn lcu la ted intcrn1 l . In a fou r-da t t i n  
th spring of 1 0 ,  t he util i t  blU·ned a fuel 
m i x  con ta i n i ng up to 20'Y<, faes-one ti re 
ever 1 0  c nds. t th i mix, re earcher 
r corded a 36% reduct ion in 1 em i i n , 
a 2 % red u t ion in parti u lat , and a 1 4% 
r d u  t ion in S \. o top i t  off, · a zem
pruch, " we found that co fi r i ng 20% ti res in 
a non.reheat uni t  mak the heat ra te about  
a good as tha t  m a  rehea t un i t ." 

nother ucc sfu l appr ach to bu rning 
t i n: s i n c a l -fir d p w r pl an t  is the u e of 
O u i d ized -bed combustion ( FB ) techno l 
t gy. lndep ndcn t po\ t!r p rod ucer , 1 c
tr ic ut i l i t ie , and oth r u e FBC boi ler 
to inci n  ra tt! low-grad l iquid - and o l id
waste fuels; t p i cal ly coa l is the pri mar 
fuel .  In th i t pe of boi ler, h l a i r  cau 
pc1rtic le of fu1: I and I iml:. tone to m i  to
gether in a tu rbu lent, burning bed. F w i th 
mo t uther oa l-fi red p l an t  , bead � i r  

Pub l i c  U t i l i l i  s in Wisconsin, which cofires 
t i re chi p  and p •tr leuro coke. 

Infrastructure issues 

11,e technica l  cha l l  nge of get t ing t ir to 
bum w 1 1  in coa l-fired boi lers i just ha l f  
t he bat t le. Th  cost re la ted to  fuel upply 
and pr paration can i ther make or break a 
pr je t. Uti l itie can opt to accept  whole 
t i re (and in many ca 
f ' )  and hred the t ir 

r ceive a t ipping 
th m e lv  , or they 

can hir a con t ractor to upply them with 
hredd d tir , ready for firing. M ,ow i n  

nol that u ti l i tie that choo e to h.ire a on
t ra tor hou ld  be u re to ne otiate a low 
dt!l i er d co t n the fuel ,  - im:e the con
tractor col lect i ng the t i re receives the t ip
p ing fee . 

M . t of the u t i l i t i • coft r ing t ire opt to 
have h ipped fu I del i vered to thei I boi J 
cr  . l l l i noi Power h hired a vend r, 

ast R c ver Inc., to col lect the t i  r , 
h red l h  m to the u ti l i t  ' pec i firntion , 

<1nd dd iver tht'.m to the t ire-burnin g  plant . 
� i ng one tep fu i ther, the ut i J i ty '  five· 

year agrt:"emen t  � i th Wa te Rem er · spec-
i fie that the v ·ndor is r -pon ible f r 
ke ping th on- i te torage, d l i v ery, and 
feed -km running moothl . "Tbi 
p lant LS his ca. h regLSter," ay David 

topek l)f I l l inoi Pm er. " F  r h im t get 
pai d ,  th i  th ing ha I k ep ru nnin > .  L f  
om th ing goe wrong, he ha · to fix i t .  We 

p r  ide n o  I ra p op l . "  Waste Recovery 
a lso prov id the hardware ne ded for 

n- i lc  had hand l ing and feeding. l l l inoi 
fr m the t i r  mu t b r moved before fi r- Power est i mat th, t i t wi l l , v abou t  
ing  in an FBC uni t , . i nc  the  wire can accu
mu late i n  the  I wcr p r t ion of the bed and 
cause probl ms L ike bed deflu id iza t i  n or 

n a lengthy outage. 
rd ing to an EPR ! report r I a •d in 

1 9  3, crap t ire have the highest energy 
content of a l l  the a I tem t ivc fuels consid
ered for FB boilers, i ncl ud tng mw, ic ipa l 
o l id waste, bioma , and ewa e sludge. 

Th r ort note tha t  for t i re burning, FBC 
tmi ts hou ld bt! design1.:d �vith long furnace 
ga& res i den e t irn s, an overfire or sec
ond ary ai r s tern, .ind fl ash inject ion lo 
ensu r mplete combusti n . Mc owin of 
EPR I note tha t  on l  a f w fl u idized -bed 
u n i ts have been bu i l t  w i th t i res in mind ; 
me i" a 20-MW un i t  nm by ani towoc 

670,000 anmaa l l  by burning roughly 7.5 
m i l l ion t i re in it tw cyclone boi ler , re
du ing annua l  coa l onsumption by about 
0,0 0 ton and 0: erni . . i n. by about 

3200 ton 
W! '&L  us s d i ffer nt approache at d i f-

"rcnt filci l i t i , . One plcmt ( the fil'st one to 
cofi r t i re ch ip  ) has i ts own sh redd ing fa. 
c i l i ty, whi l ' a vendor deli ver ready-to-fi r 
t i r  h ip  to  the  o th  r two t i. re-bw·ntn� 
plants. B b ewel l ay ta te- pon o d fi
mmcia l inccnt iv s played an i m portan t  role 
in P&L's decision to pursue the use of 
t i r  - .  I n  foct ,  a grant  from the Wi cons in  
D pa rtment 1 f  a t u r  I R source pa id for 
t mporary ti re-derived-Fu I -hand l i ng faci l 
i t i c  and n ue ga t ting d u ring th in i t ia l  
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test £iring. Northern Sta tes 
Power Company and Mani
towoc Public Utili t ies have re
c ived similar gran ts. [n addi
t ion, since 1 990, Wisconsin ha 
off red $20 per \on for wast 
t i r  s used in boilers for ener
gy recovery. And just lrus year 
the state adopted a program 
lha t offers indi id uals or busi
nes e that proces tires an ad
ditional $20 per ton. Now a 
u ti l i ty 11ial bolh processes tires 
and uses them in i ts boi ler can 
r ceiv $40 per ton. 

Wi consin' incen tive pro
gram, whJch was adopted to 
rid the s ta te of i ts wast ti re 
overload , nds in 1 996. Ac
cording to Paul Kozia.r, man
ager of the waste tire program 
for the Wh:on in Department 
of a tu ra l Resources, th in
cen t ives a re intended onl y as 
.eed money to hel p cover the 
ini t ia l capi ta l investments and 
early uper t ing expense;, re
la ted to ti re burn ing. Befor 
Wisconsin institu ted i ts incen
t ive program, only about 1 5% 
of thf' tat 's crap ti rf'. wer 
us d, and only a smaU amount 
wen t for energ production. Today, how-
ver, al l  of the 4 mil l ion to 5 mi l l ion scrap 

ti re genera ted annual l y  are being pu t  to 
producti ve u e, and another 1 m i l l ion to 2 
mi l l ion are bei.ng puUed from the crap 
heap. In fact, more th n 90% of the state's 
tire stockpiles are now cleaned up. ccord
ing to Kozia r, roughly 95':1, of the crap ti res 
used every year become fuel . 

Wi con in is not the on 1 y sta te encourag
ing the use of scrap tires .  According to the 
crap Tire Management Council, 48 tates 

have scrap t i re regulations and 30-35 of 
them offer ome sort of financia l  inc ntive. 
The p rogram offered through the l l l i.nois 
Depc1rt:ment of ommerce and om. munity 
A ffairs i wid ly recognized-along wi th  
Wi· on in '  -a among the mo t aggr 
ive in the counb·y. The late of llU nois of

fers grants and loans to encourage the use 
of t i res for fuel, including fund ing to help 
. uppl i r. of ti r -d rived fuel esta bli h 

34 EPRI JOURNAL September/October 1 995 

their bu ine e . Uti l iti s and oth r ha 
relied on this money to conduct test bums 
and to purcha equipment for t ire-burn
ing plants .  For in tance, n l inois Pow r r 
ceived $457,000 fr m the la te, whi  h wenl 
toward the purcha e of a fuel-handling y -
tern and slag-cleanin equipment. 

ccord ing to Alan Justice, manager of 
th state's U ed Tire Recov ry Prngram, 
by the end of the y ar T i l inoi will have 
enough fuel-bmning capaci ty n-l ine to 
use more than the 12 mi l l ion tires gener
ated annual ly i n  the sta te, making the state 
a net i mporter of crap tire . (Each yea r a 
sma 'II  number f tire from the t a te'  
stockpile of severa l ml J lion a re aJso used . ) 
The tate' other tire consumer include 
cemen t ki ln and a n w dedica ted t ire
bum.i.ng fac i l i ty to be pera t d by a n  inde
pendent p wer pr d ucer-the third such 
plant in the coun t ry. 

Such high level of tire n urnption 

rn i e the question of whether 
there wi l l  be enough r ire to 
go arntmd if the ut i l ity i nd us
try takes full advantage of i ts 
opportunities for cofiring tire
derived (uel . "Supply is one of 
the major concerns for u ti li ties, 
,md right ly so," acknowl dge 
Bl umenthal of the Scrap Tire 
Managemen t Counci l .  "But so 
far, the regional supply has 
been more than sulficient to 
meet demand ,  and th re ar 
many areas of I.be country st i l l  
ripe for tire u e." 

Be ides, ince the u e of fu -
derived fuel i. r tricted by 
boiler type, there a re a 1 i m i t 
ed n umber of facil i l i es capable 
of tapping this resource. The 
ense among the utili tie using 

t ire-derived fuel i that tho e 
who manage t jump on the 
band wagon qu ickly w i l l  ben
efit the mo t. "U i.ng ti se
derived fuel is a great  way to 
make lol-s of tires go away
co t-effecli v  Jy, " says Slopek 
of Winoi Power, noting tha t 
his uti l ity a l  ne wi l l  be using 
up about 7.5 mi.Ilion scra p tirns 
annually, or about half of tho e 

g nerat d ea h year in the tate. "A fter a l l , 
you cm, only make so many rubber door-
mats . "  • 

Further reading 
17re-Dar/ved-FLJB/ Cofmng Test in a Pulvenzed·Coal U/111/y 
Boiler Fi1Ja l repori for RP2190-8, prepared by l owe Stale 
University. December 1 994  EPA 1 R· Hl3B5 1 

rtu,dizac!,Bed Combustion of Altemari: FL·els Fina l repori 
fa, RP2 l !l0-6 .  prepared by Combustlon Sysrems. Inc. De
cember 1993 . EPRI Tfl- 100547 

Proceedings . S1ra1egrc Bene ,1s of Biomass and Wasra Fu· 
els December 1 993. EPRI -R. J 03 M6 

Strategic Analysis of Biomass and Wasie Fuels for Elac1rrc 
Power Genara1/Qn. Fina l report for RP32.95-2. prepareu by 
Appel Consu l tants, I nc . December 1 993. EPR TR 1 02773 . 

Proceed,ngs.- 1991 Conference on Wasre Tires as a U//1/ty 
rue/ Septe rnber 99 1 EPRI GS-7538. 

Backgroun ln!ormallon for th is art icle was provided by 
Chuck McGowin of U,e Generation Group's Renewables & 
Hydro Business Uni . 



WEBER PACE 

SC HE IBEL LYONS 

FRAV McGOWIN 

R epoweri ng a a Com pet i t ive trat
egy (page 6) wa · wri tten by Ta I r 

Moore, /011m11/ enior featur w riter, v.:i th 
i n forma tion and assistance from th ree 
memb 'rs of the Genera tion roup' as 
& ew al  enera tion Busine U n i t .  

B i l l  Weber i b u  i n  d v I pm n t  
manager for the b u  inc uni t .  H joined 
EPR I  in 1 979 as a p roje t manager. Before 
t-hat ,  he was a proce and dev lopm nt 

ngi ne r I i th learns Ca t a lytic ( now 
Rayth on) for 10 year . Web r rec i ved a 
B degree in chemica l ngineering from 
Drexel Uni versi ty. 

S tan Pace is manager of the busines 

u n i t '  t ra tegi ta rget n rep weri.ng, 
capaci ty en ha n m n t, and new de ign. 
- arl ier he , a the t'nera t ion Grou p ' 
i nterna tiona l  m a n a  er for fo ii power 
p l a n t . Pace join d EPRI in 1 9 4 a ft r 
si 
of an J • , a l i forn ia.  He pr v iou ] , 
worked for ombustion Engineeri ng for 
fi.ve yea rs ,md t i l l  ea r l ier wa an instruc-

uc lea r  P wer Pro-
ra m for fou r  ear . Pace r eived B 

and M d gre • in m hanical engin r
ing from Lehigh tl i ver i t  . 

John chei bel manages the a & 
ew oa J enera t i on B u  ines. Unit .  

manag r for advanc 
tern and a a proje l manag�r for f s ii 
p l a nt perform ance. cheibcl came to 
EPR! in 1 9  a fter sLx ear at  ombu -
tion Engineering, where he worked 
for th pow r yst m gr up in uper
cr i t ica l boi l er R&D and  com pu ter-a ided 
engineering. Before tha t , he wa a power 
p lan t  d ign eng ine  r w i th argen t & 
Lundy. chcibel r c ived B and M de-

gr - i n  me han i  a l  cngin r i ng from 
th n i ver·i ty of l l l i n i . • 

L i ve Work ( page 1 4) was w ri t ten by 
Perry arfinkel, cicn c writer, with 

a. c;i_ tan 
r D l i ver Gr u p. Ly n i a manager 

for O\·crh •ad tra n m i ssion l ines in the 
Transmi  s i on Busincs Un i t .  Before join
ing EPRI  in 1 9  2, he 1·n1 a sen ior p roj ct  
engin r at nera l D nc m ic  orpora
t ion, wh re h w rk d for 1 6  year in the 
fie ld of a i rcraft mid pacecraft structu ra l  
dynamic . a r l i er he w a s  an engin ering 
ana l y t on t·he po l io  progra m for the 

t iona l A rom1 utic and Space Admin
i !ra t ion .  He ha , B · i n  a ronaut i  al and 
a tron uhca l  ngineering and an M in  

t: ructu rcs and tructura l d ynamics from 
hio tate ni versi ty. • 

A e w  Era for Fo · i i  Power Plant 
imulators ( page 20) wa w ri t ten 

by cience w ri ter te c Hoffman wi th 
as i ta nee from Roy Fray of EPRI' Fo si I 
Pow r Pl ants Bu ine Unit .  Fray joined 
th l rnt i t u te i n  1 992 to work on the de
velopmen t and enhancement f p l an l  
imu la tor tech nology. He prev ious! 

manag d projects in that fi eld for fiv 
ien e ppl icat ion ln terna

rp ration . B fore that, he wa 
a and El ctric om p n 

ri k asse smen t ,  a nd dyna m i c  im ul a
ti n for b th n uclear and fo ii plant  . 
Fray h Id. a B i n  mechan i  al nginecr
ing from a l i fornia tate U n i v  r· i ty, 
Fr no, and a.n M i n  the a me fi I d from 
the Univer  i t  of a l i forn ia,  Davi  . • 

T
a pp i ng the Ti re Pi. le (pag 2 ) � as 
wr i t t  n b, Le· l i  La marre, /r 1 1 1 mn/ 

- n. ior  f a ture wri ter, wi th  background 
i n format ion from Ch uck McGowi n of 
the ,enerat ion roup. McGowi n  is man
ager for bioma onver  ion in th Re
n wab l  - & Hydr Bu inc Unit .  H 
came t EPRJ  in l 76 aft r even yea r 
a senior resea rch engi neer w ith hel l De-

elopmen t om pany. He has a BA in a p· 
pl ied cience and a B i n  hemica l ngi
n er ing fr rn L high Univ rsi ty. He a Lo 
has MS and Ph D degrees in chemica l  en
gi neer ing from the Un i vers i ty of renn-

lvania . • 
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Water Quality 

EPRI-Uti l ity Team 

Demonstrates New Method 

for Nitrate Removal 

Becau  e runoff from gr, z ing land and fer
t i l iz  d farmland can leach int 
tmderground water supp l ie , 
the d r i nki ng wa ter in ome 
rura l comm uni t ie tends to 
ha e high ni trate level . Such 
level can be dang rou , bri ng
ing  problem l ike mcthemo
globi nem ia, a d isease t ha t  im
pa i r  the blood's abi l i ty to  as
si mi l a te o ygen. Infa nts a r  
e iecia l l , u c ptible t o  th i  d i  eas , w h ich 
pu t  them at risk of oxygen dcpri v a t i  n 
and a condi t ion ca l led b l ue baby. 

Two technologie , ba ed on ion , -
chang and reverse o mo i , a l ready e i t 
to remove n i t rogen from d ri n k i ng we ter. 
But both p roccs e. re ult in a waste . t rea m 
w i th a high cone n t ra t i on of n i trogen, 
which m ke di po a l  cha II - nging. The re
v rsc o mo is proced ure has the a dded 
d rn wback of being expensi ve. 

Re a rcher at the Un iv  r i ty of L i o
rado have d -velop d a n w proc ,, t h a t  
r I i  on  bacteria to bi ologica l ly r move  ni
t rog('n from d rin king w;1 ter hb p rocess, 
which i expected to be more cost-e ffecli \'e 
than e · i t ing method , w i l l  b test d i n  
a fu l l- ca le demo, trat ion at th · i t of ,, n 

x i t ing wel l in Wiggin , o lor< do. h � 
sy.km for the demon t ra t ion wa under 
const ruct ion thi u m mer, w i th • t iHt up 
planned for ctober. 

The n w te hnology r • l i  
m nl found grou p f b a  t ria < I I  d f o  -
u l tat i  c anaerobic heterotrophs, , •hich con
vert ni trogen i n  water to a ga.eous form 
tha t  di sipa tes. The conversi n occur in
_ ide what i referred to a the packed
tower c mponent of th · · tern . Th w. ter 
from the tower then runs through a l ow 
,md fi l t  r, wh.ich removes the re i dua l bac-
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ter ia . Accord ing to Myron J one , EPRI's 
m anager for the pr j ct, the a mount of 
residual bacteria is so sma l l  tha t  i t do not 
pre en t a d i  po a l  problem.  

The demonstra tion, which w i l l  continue 
for one eai� w i l l  t ake pla e in the service 

territor of organ oun ty 
Rura l El ctric f oc ratt n, one 
of the grou ps fund ing  the 
project a long wit'h EPR J .  The 

pon a re Tr i - ta t 
ener;'l t ion and Tran mi · ion 
s ocia tion, th C lorad De

pa r tmen t of Loca l A ffai rs, and 
the t a t iona l Rural Elc tr ic Co-

p ra t iv At ·ocia tion. 
• For 1 110n' i11fomiatio11 , co11 fact Myro1 1  Joncf:, 
(415! ss --2993_ 

Automated Energy Control 

World F inancial Center Tries 

Out New RTP Controller 

new cncrg management tem that au -
toma t ica l l  re pond to  real-t i me pric i n  
( RTP) whi l e ma i n taini ng indoor a i r  qua  l i t  
ca m on- l ine , t th World Fi.nancial Cen ter 
in New York it in ugu t .  Th cri tica l 
com ponent of t h i s  system i the RTP on
trol l r ,  deve loped by Honeywe l l , which 
on t-roL ele t r ic i ty u e in the com mon in-

rving the -m i l l ion- qu are
fool' omple , i n  l ud i ng the Wi nter Ga rden 
,l t r i u m  and nea rby shop a nd resta u ran t.. 
The. e om mon , rea a lone h ave a pea k 
lcctr i a l  dem and of 1 .2 MW.  e of the 
ontr II r i . p ct d to I wer that demand 

by 00 kW throu gh the reduct ion of vent i 
la t ion, l igh t ing, a nd other loads. 

ow offered by a t  lea t a  dozen elec tric 
u t i l i t ie i n  the ou ntry, RH' rate reflect how 
much i t  cost to generate and transmit el c
tr ic i t  r a t  di fferent t im d uring a g iven d y. 
Typic;r l l y, th s rat _ var  by the hou r and 
a r- a nnoun d a day i n  advance by the 
u t i l i l  . This gi ves customer the op t ion of 
r d uci ng l il rgc dLcret ion,uy l oa ds d uring 
the 1110 t expcnsi ve period 

ordi ng to La u rence armicha I, EPRl 's 
1rnmagcr for t he  W rid Financi, l nt 'r 
project ,  the complex ha rec iv d RTP 
rat s fr m i t s  ut i l i t , on ol id.i ted d i 
son ompany of ew York (a nother p roj
ect spon ·or) ,  for ab ut four yea rs. B u t  the 
cen ter '  pr v iou energy managem nt 
sy tern o ff red no way to mak a n  , u to
ma ted response to the . pccial rates. As 
i · common in uch case , the bu i l d i ng 

pcr.r tor had no deta i led analyses or guid
< nee i ndica ting t h · appropriate load man
agement  stra tegy for max imiz ing co t sav
ing . And in order to rea l ize the fu l l  ben 
fi ts of RTr, q u i pment  control sched u les 
hav ' to be ti med preci e ly, , nd hundred 
of con tr I pa ram ter have to be adju. ted 
.everal t ime a d ay-a ta k vi rtua l l y  i m-



poss ib le  to accompl ish manua l ly. 
Once com m.i ioned, the RTP Control( r 

receives ra tes from the u t i l i ty and  autom at 
ica l Jy opt imizes electrici ty Lise on the basis 
of these ra tes, shedd ing or shift ing specific 
electr ica l loads. TI,e technology gives bwld 
ing operator the opti n of oveniding 11ny 
of i t  con trol deci . ion . 

armichael note that an importan t  new 
element of the control ler instal led a t  the 
World Financial  Center is it capacity to 
save energy while ma intaining indoor a i r  
qual i ty. Th i  i d ue to  a new en or yst m 
that  measure carbon d i oxide and  o l a ti l e  
organic com pounds and  in tegra t the re-

u J t s  in to the control stra tegy. l f  CO" and  
voe le e l s  are too high, the con trol ler \- i l l  
increase venti lat ion to  retu rn them to a fe 
level . "The idea i to be xtremely energy 
effic i  n t  wi thout comprom isi ng indoor air  
qua l i ty," say armicha e l .  The con trol ler ' 
performance wi l l  be moni tored for two 

Energy Efficiency 

Researchers Mon itor Use of 

Office Equ ipment 

I n  an effort to determine how consumer 
a re re ponding to energy-effic ient office 
qu ipmcnt, a research tea m pon ored by 
PRI and onso l id ated Edi on Company of 
ew York i moni tori ng the u e of 1.1ch 

equ ipment .  The contractor for th is  project, 
Arch itec tura l  Energy orporation, devel
oped and ins t a l led the technology that i .  
being used to mon i tor 20 convent iona l  per
sona l compu ters and 20 Energy ta r PCs at 
an office bui l d i ng i n  cw York Ci ty. ddi
tiona I da ta wil l  be ga thered on Energy Sta r  
pr inter and copier · . 

I n  order to ca rry the Energy Sta r logo, 
office equi ment must meet certain en
ergy effic iency cri teria e tab-
Ii hed by the U . .  :n v i ronmcn
ta I Protect ion Agency. 1t m u  t 

cool ing s asons. have. the capabi l i t to n ter a 
The RTP Contro l ler, a commercia l prod- standby mod e a utom i:lt ical ly 

u ct, can be con figu red for other s i tes and 
i in fact a l ready i n  u e el ewhere. l ts fir t 
application, a t  the Marriott Marquis Hotel 
in New York City in 1 993, ena bled the hotel 
to hed ov er 1 MW d u ri ng high-rate peri 
ods-more than five t im s the lo, d i t  could 

bed with m anua l  contro l .  Sav i ng to the 
hotel were over $1 00,000 in the conh·ol ler 's 
fi J·st yea r on- l ine .  Meanwhi le, onsol ida ted 
Edi. on saved more than $1 80,000 through 
red uced peak dem and and fuel o t . The 
n wer ver ion of the con h·o l ler  oftware, 
wh ich incorporates the air qua l ity clement, 
b a  recent ly  been in t c1 l led at a n  office 
b u i lding ,md a factory in Ba l t i more and at 
a ho pi ta ! in t lanta .  

ther pon or f the World F i nancia l  
Center project are t h e  e w  York tat En
ergy Re earch & Devel opmen t u thori ty 
and the Em pire State Ele tric Energy R 
earch orpora t ion. 

• For more i11Jo1wntim1, co1 1 tnct Ln1 1 re11ce Cnr-

1 1 1 iclwe/1 (415)  855-7982-

after a p r iod of inact iv i ty, and 
i n  tha t  mode, i t  m u  t consume 
le  than  ii speci fied amotuit of 
e l ectrici ty; for instance, i n d i 
vid ua l  entra l pro e s ing unit  
and moni tor m u  t each con
stun less than 30 W. 

The EP ' Energy t a r  p ro
gra m, now about three year old, ha en
c u raged ome 700 manufactu rer to pro
du e thousands of prod uc ts me ti .ng the 
Energy Star cri teria . These ma n u factu rers 
repre ent approx imate!  85% o a l l  PC and 
PC-mon i tor companies a nd m·er 90% of 
printer companie . I n  addition, ev r, I or
ganjzilti n , in l u d i ng th fed ra I govern
ment ,  have in t:itu ted · ncrgy Star pl lrc.ha -
ing pol ic ic 

The mon i tor ing p r  ject, part of a la rger 
effort by a con orti u m  of E P R I  m mber uti l 
i t ic" an go emment  agencies to encour
age the u e of energy-effi ien l office equ i p
men t, got under way this fa l l  and w i l l  con-

t i.nue for four month . R sea rcher w i l l  
mon i tor, for t w o  months each, the l lse o f  
conventional a n d  Energy S t a r  quipm nt . 
Then they wi l l  eva l uate t he res u l ts to de
termine the di fference in d emand and '11-
ergy con u mption between onven t ion a l  
and Energy Sta r PC technologie . 

ew users of Energy Star qu ipmcn t 
wi l l  employ it without in t ruct ion for one 
month.  They w i l l  then a t tend a workshop 
on it En rgy t, r fea hi re , a fter wh ic h 
thei r q u i pment  use wi l l  be remoni tored . 
Work hop attendee w i l l a l  o complete a 
user urvey, developed by the L a w rence 
Berkeley a t iona l  Laboratory, that is in 
tended to  determ ine  how u efu l the work-

hop program wa . 
TI,e _ u rvey resu l ts wi l l  i nd ica te the po-

ed uca t iona l p rogra ms i n  
i mpro ing  the energy a v ing of Energ_ 
Sta r equ i pment. EPR I member u t i l i t ie in 
t re  ted i n  offeri ng uch progra m wi l l  
ha e acce to these re L.1 l ts, which w i l l  be 
published when the project i omp lcted . 
The project wi l l  a l  o docu ment th energy
sav i . ng va lue of nergy Sta r equ i pment and 
wi l l  provide mea ur d load hape for ,·ar
iou typ of con ven tional and  Energy tar 
equ ipment. U t i l i t ies a re pa rt icu lar ly i n ter
e tcd in the deta i l of uch load hapes, 
ince these plug loc1ds a re a mong the 

fa te t -grow i ng nd u in the comrnt::r-
cia 1 sector. 
• For more infommtion, co1 1tacl Knrl /o/1 11sn 1 1 , 

(41 5) 855-2183. 
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EPRI and ISA Sign Utility Training Partnership Agreement A important step to advance the education and training 
of professionals in the electric power industry was 
taken recently by EPRI and !SA-the International 

Society for Measurement and Control (formerly the Instru
ment Society of America)- who agreed to sponsor a series of 
i11strumentation and control (l&C) trnining programs. The 
collaboration responds to the competitive need to reduce O&M 
costs as the utility industry approaches deregulation. J&C 
plays a key role in enabling cost reductions. 

"The importance of efficient operations dictates that electric 
utility personnel be properly 
trained," says Joe Weiss, the 
EPRI project manager "This 
pr1rtnership, involving the 
utility industry's R&D arm and 
the l&C industry's standards 
body, creates a powerful force 
to provide the training needed 
to utiHze both new and existing 
technologies." Tom Stout, ISA 
vice president of professional 
development, agrees: "Together, 
EPRI and ISA can clearly meet 
the education and training 
needs of the entire utility 
ind us try." 

Eutectic Salt Cool Storage Evaluated 

Aa
. 

means of shifting air conditioning londs from on
peak to off-peak periods, cool storage offers a major 
load manngement opportunity for the utility indus

try, but significant market penetration of the technology 
hinges on reliable system design, installation, and operation. 
Cool storage systems that use eutectic salts as the stornge 
medium rather than ice or chilled water are of interest for new 
and retrofit commercial and industrial applications because 
they can use chiller plants very similar to those employed in 
nonstorage systems. Moreover, the phase-change salts can 
store energy from the chilled water and avoid the loss of 
thermodynamic efficiency that may accompany ice storage. 

EPRI recently sponsored a field evaluation of a eutectic salt 
cool storage system at a helicopter company faciHty iJl Arizona 
to demonstrate system viability and identify opportunities for 
improved design and operation. A project team led by the 
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The first programs in the EPRI-ISA alliance will cover con
trol system analysis, control valve sizing, nuclear set points, 
and an overview of nuclear l&C. Most will be held at EPRJ's 
l&C Center at the Tennessee Valley Authority's Kingston plant 
and at the ISA Training Center in Raleigh, orth Carolina. ISA 
will provide continuing education credits. 

The initial joint offering- a  course on set points for nuclear
safety-related instrumentation-will be held October 2-4, 
1995, at the ISA/95 Training Program in New Orleans. The 
course will cover ISA's recommended practice for determining 

instrument trip set points in 
nuclC'ar plants. To register, call 
ISA at (9J9) 549-8411. 

/\ nonprofit organization 
with nearly 50,000 members 
around the world, !SA is a 
leading publisher, training 
provider, and organizer of 
conferences a.nd exhibits in the 
field of measurement and 
control. 
• For 111ort' i11.fc.1mmtio11, contnct 

Joe Weiss, (415) 855-2751. 

Digital control system display 

EPRI contractor, Dorgan Associates, instrumented the system 
to gather data on water temperatures, flows, and energy con
sumption over 16 months. The team compared the system's 
electricity use and utility costs (energy plus demand charges) 
with those of two modeled nonstorage approaches, one with 
heat exchangers for providing free cooling from cooling tower 
operation and one without such heat exchangers. 

The o n -peak demand of the eutectic salt cool storage system 
was lower than that of the modeled conventional systems 
by 692 kW, or 22%. Compared with the nonstorage system 
with heat exchangers, the cool storage system reduced peak 
energy consumption by 44'\lo and utility costs by 17%. lts 
electrical energy consumption was equivnlent to that of the 
nonstorage system without heat exchangers. Later modifica
tions to the eutectic salt storage system to improve efficiency 
and reduce pumping energy requirements decreased nuxil-



iary energy use by 10% and total on-peak energy use by 46'Y.,. 
The project team identified additional savings that could be 

achieved at the Arizona site by modifying the chiller con
denser water piping and control system to allow free cooling 
from the heat exchangers (without discharging storage) when 
their output is sufficient to meet the load. As at many other 
cool storage installations, the project's postcommissioning 

Ventilation Controller Field-Tested 

entilation control systems are designed to protect 
indoor air quality in tight, energy-efficient homes by 

providing sufficient levels of fresh air to dilute indoor 
pollutants. But in the Pacific Northwest, where residential 
ventilation equipment is now required by code, many home
owners are not using the control systems because they are 
difficult to operate, a problem that has been traced to inade
quate labeling and user interface design. 

EPRI investigators recently field-tested a prototype ventila
tion control system in 16 homes to determine homeowner use 
and satisfaction. The field tests featured an improved version 
of a prototype residential ventilation controller (RVC) incor
porati ng a carbon dioxide sensor. (A by-product of human 
occupation, CO� serves as a surrogate for indoor pollutants.) 
This project grew out of earlier work for EPRI by Honeywell to 
define the features and user interfaces of an RVC that would 
offer significant benefits over conventional controllers. 

The modified system that was field-tested included a pro
grnmmable RVC, a low-cost CO: monitor, nnd n home-
owner's existing fan and associated switches. The project 
team selected 16 test sites from Bonneville Pmver Administra
tion's service territory in Oregon, installed the control system 
at each site, and collected data over a four-month period. 
Following analysis, the tenm interviewed homeowners for 
feedback on the performance of the RVC and perceptions of its 
value. 

After expressing dissatisfaction with their existing ventila
tion systems, homeowners reported that air quality signifi
cantly improved following installation of the prototype RVC. 
Data analysis revealed that the device reduced overall COJ 

concentration levels in homes by approximately 7%. Home
owners generally reported that the device was sensitive and 
easy to use. All participants elected to keep the RVC at the end 
of the field tests. 

The prototype controller features an adjustable duty cycle 

review by thermaJ storage experts has pro,·en to be valuable. 
EPRI is now investigating new methods of encapsulating 
eutectic salts that will reduce the cost of such systems. 

A teclmical report on the field evaluation project (TR-
104942) is available from the EPRI Distribution Center, 
(510) 934-4212. 
• For more i11for111nlio11, co11/ncl M11kes/1 Khn/In,� (415) 855-2699. 

Prototype residential ventilation controller 

to control \'entilation rate, programmable time-of-day sched
uling, countdown timer override/purge to adjust CO� level, 
manual override with adjustable ventilation rate, and maxi
mum-limit CO�-based override (which enables the system to 
react indirectly to demand via the COi sensor). 

"Ventilation systems often remain unused because owners 
are not familfar with the systems and because operation 
guidelines are poor or nonexistent," notes John Kesselring, 
the EPRI project manager. "This work demonstrated that ease 
of use will increase customer acceptance of such systems." 
Additional EPRl work is under way to provide a more de
tailed nssessment of a COi controller for residential ventilation 
and indoor air quality management. 

A report on the results of the field testing (TR-1 O-l890) is 
,wailablc from the EPRl Distribution Cente1� (510) 934-4212. 
• For more infon11nlio11, co11tncl Joh11 Krsselri11g, (415) 855-2902. 
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RESEARCH UPDATE 

Land and Water Quality 

MOSES 2,0 Released for Beta Testing 
by /sh war Murarka, Environmental & Health Sciences Business Unit 

T 
he MOSES (M inera l Oil Spi l l  Eval uation 
System) software was developed in 

1 990 because of concerns about Impend
ing regu lat ions for electrica l equi pment 

conta in in g oi l-regu lat ions involving the 

p reparation and implementat ion of spi l l  
prevention , control , and countermeasures 

( SPCC) plans to protec surface waters. 

Based on a Monte Carlo rout i ne , MOSES 
was desig ned to predict the potential for 

spi l ls from oi l- f il led equipment to reach wa

ter bod ies by over land f low. The code has 

been widely used by uti l ft ies in determin

ing the need for SPCC p lans for substa
t ions, eva luatlng mit igat ion measures, and 

desig ning new substations.  
As a resu lt of these appl ications,  users 

have requested modifications to the code. 

inc lud i ng the abi l i ty to pred ict the spread 
of oi l in water bodies, to prepare a draf t  

SPCC p lan that incorporates the resul ts of 
MOSES simulations, and o predict whether 

any o i l  that m ight inf i l trate beneath a sub

station could reach u nder lying g roundwa

ter There was a lso i nterest in the addit ion 

ol out put schematics and graphs to show 
the potentia l  spread of o i l  on land and on a 

water booy-outpu t  Lha t could be used in 

developi ng oi l sp i l l  conti ngency plans and 
In determining appropriate cleanup equ ip

ment to have as a precaution 

In 1 994, with tai lored col laborat ion fund
ing from ll1e U ti l ity So l id Waste Activit ies 

Group, EPR I i i tiated the development of 
MOSES·MP for the Microsoft Wi ndows oper

ating system.  The new model wi l l  inc l ude 

version 2.0 of MOSES (with expanded ca

oabi l i t ies as described below) and MP, 

which wi l l  determine whether any infi l trat

i ng oil can reach groundwater. MP is being 

developed by researchers at the University 

ot Michigan , who also developed VALOR , 
an EPR I code that predicts the subsurface 
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migrarion of o i l . The MP code wi l l  Interface 
wirh MOSES and wi l l  perform a one-dimen

sional s imu lat ion to reduce compu tation 

time. MOSES wil I prepare an output fi le of a l l  
the information i t  produces that Is needed 

for the MP cooe-including spi l l vol ume 
and depth spil l duration , and the volume 
of oi l  that cou l d rnf l lt rate beneath the on

site g ravel bed. MP  wi l l automatical ly ac
cess th is f i le and comb ine it wi1h input data 

entered di rectly into MP by the user, 

Overview of MOSES 2.0 

MOSES 2 .0 covers the same processes 
modered in the f irst version-volat i lizat ion , 

inf i l t ration , conta1nment by natura l or man
made features, retention along paved or 

unpaved sur faces, and overland f low (Fig

ure 1 )-and adds processes necessary for 
predicting the spread of spi l led o i l in  water 

bodies and for consider ing below-freezing 
weather cond l l 1ons. There have been mod

i f icat ions in Lhe rnat11ematica l  represerna

t ion of some of lhe processes; for example ,  
t he  user oan specify a given channel wi dth 

or can have the code use data f rom actual 

Volati l ization 

sp1 1 1s to est imate the spread of o l l  on land . 
Major chan ges were made Lo inpu1 re

qui rements and to output. One input change 

i nvolves spi l l  volume di stri bution . I n both 
vers ions of the code ,  the user se lects the 

type o· d istr i bution-e ither uni form or ex
ponential . (With a un iform d ist rl bullon ,  the 

user specifies a lower l imit and an u pper 

l im i t  for spi ll volume, and there is an equal  
probabi l ity that any va l ue in th is range wi l l  

be selected by the Monte Car lo rout ine for 
a run . With an exponentia l  dist r i but ion , the 

user supp l ies a mean volume value as wel l 

as the lower and upper l imi ts . and larger 
sp i l l  volumes have a lower probab i l ity of 

being selected than smal ler volumes . )  Pre· 
viously, MOSES let the user enrer several 

d ist r i but ions-one for up to 10 separate 

pieces of equ ipment. In MOS::S 2.0 . the 
user enters only one spi l l  volume distr ibu

tion . Th is approach makes the results much 
easier to interpret whi le it maintains the 
f lexib i l i ty to evaluate either a specif ic spi l l  

( e .g . ,  the ruptu re o i  a 5000-ga l lon trans

former) or a scenar io encom pass ing the 

range of sp i l l s  l i kely at a g iven faci l i ty, f rom 

Retent ion on land surface 

�/ 

Water 
table 

Figure 1 The MOSES code models various transport processes and containment opt ions to predict 
whether oil spilled f rom electrical equ ipment wi l l  reach surface water. An enhanced version of the 
code, now in beta testing.  also predicts the spread of sp i l led oi l In water boc;Ues and provides output 
necessary for determin ing whether oi l wi l t  reach groundwater. 



smal l leaks to the fai lu re of a l l  

un its due to f ire or explosion .  

A lso. the user  now has the op

Figure 2 MOSES 2.0 offers various new k inds of output-including 
a schematic showing the spread of the oil reta ined on land-that wi l l 
be he lpfu l to users in developing spil l cont ingency plans. 

The model was set u p  so that 

the user can run a base case for 

a faci l ity and  then ru n a series of 

alternat ive scenarios-inc lu d i ng 

a scenar io  with no man-made 

containment featu res and scenar

ios wi th various  mit igat ion mea

sures, such as add i t ional grav

el, on-s i te sumps , or retent ion 

basins . The code automat ical ly 

ru ns al l  scenarios selected and 

d isplays the resu l ts a lon g with 

those for the base case. The user 

can view key input parameters 

for both the base case and the 

alter native scenar ios by means of 

t ion of d ivid ing the off-site land 

area ( i . e . ,  the area lying outs ide 

the s i te 's g ravel bed and ru nning 

to the r iverbank) into six sections 

with di fferent character istics .  I n 

put has  been s impl i fied by  pro

v i d ing data f i les for so i l  and veg

etat ion character is t ics . Both on

s i te and off-s i te land slope can be 

specif ied . I n put for ra i nfa l l  was 

changed to annual  average ra in

fa l l  and num ber of days wi th ra i n . 

si nce th is information is easier to 

obta i n . The code now prov ides 

such data for 1 02 c i t ies across 

the U nited Slates .  I n  addit ion , i t 

inclu des typical f lu id properties 

for minera l oi l ,  var ious types of fue l  

oi l ,  gaso l i ne, and d iesel fue l .  For 

exam i ning below-freezin g condi

t ions,  the code in c l udes repre

sentative properties of m i neral o i l  at low 

temperat ures and i nd icates the number of 

days below freez ing at selected cities 

across the country. 

In it ia l l y, MOSES presents results ( the prob

ab l l l ty of a spi l l's remain ing on-s ite and the 

probabi l i ty of its reaching water) for a case 

that assumes that a sp i l l  occurs during each 

Monte Carlo ru n .  After viewing these re

sults ,  the user has the option of enter ing a 

s i te-specif ic probab i l ity that a spi l l w i l l  oc

cur and then hav ing MOSES recalcu late the 

resul ts . In that case, the new resu l ts-the 

jo int  probab i l i ty that a sp i l l wil l occur and 

w i l l  remain on-site and the jo int probabi l i ty 

that a sp i l l  w i l l  occur and wi l l reach surface 

water-are shown in a second column next 

to the or ig ina l va l ues. 

Other i n formation calcu lated by MOSES 

2.0 i nc l udes the fol lowing :  

o M aximu m vol ume o f  spi l led o i l that 

reaches water body or drain 

o Area and depth of oi l  i n  river after 24 

hours 

o Area of o i l  on lake after 24 hours ( not yet 

operational) 

o Volume of oi l  reta ined on each off-s i te 

section ,  along with area and average thick

ness of oi l layer 

o Max imum distance traveled by spi l led oi l 

on land ( i f  

ter body  or  dra in )  

And new output graphics have been 

added . For example, there are graphs to 

show the vol ume of oi l  in the river and on 

the near and far banks at up to fou r  d iffer

ent times , and  there is a schematic show

ing the area of the sp i l led oil reta i ned on 

land (F i gu re 2) . 

the scenar io ou tpu t  su mmary 

screen . 

MOSES 2 . 0  has two new fea-

tures to help users prepare SPCC 

plans. One is a draft SPCC p lan 

text f i le edi ta ble by a word pro

cessor direct ly from MOSES. The 

other is SPCC Wi zard . wh ich pro-

vides a summary of s imu la t ion i nput and 

output for incorporation into the SPCC plan . 

Wizard wi l l  help the user determ ine  i f  

an SPCC p lan is needed and wi l l show 

how the s imu lat ion resul ts wou ld  be used 

for the plan-for example, in ident i fy i ng 

what c leanup equ ipment should be read

i l y  avai lable in case a spi l l  c lean u p  is 

req uired in the future.  Th us the user can 

ABSTRACT The MOSES code, developed in 1990, was designed to predict 

the potential for spills from oil-filled electrical equipment to reach surface water. 

Its successful application led to requests that it be enhanced-for example, to 

include capabilities for predicting the spread of spilled oil in water bodies, for 

predicting whether oil infiltrating beneath a substation could reach underlying 

groundwater, and for preparing draft spill prevention, control, and countermea-

sures plans. The result is the new MOSES-MP code, which will combine MOSES 

2.0-an enhanced version of the original code-with MP. a code for predicting 

whether spilled oil will reach groundwater. MOSES 2.0 is now in beta testing, and 

MP is in development. 
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Figure 3 Predicted d istribution of o i l in a river and on riverbanks at 1 hour and 4 hours after a hypothet ica l sp i l l. (Note that the scales in these graphs 
d iffer.) MOSES 2 .0 wi l l  produce such resu l ts for up to four t imes specif ied by the user. 
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see the imp l ications of the s imulat ion re

sul ts and can ru n addi t iona l  cases. i f  nec

essary, before exit ing the program. The i n 

format ion from SPCC Wizard wi l l  automat i 

cal ly be entered i nto the SPCC p lan text f i le ,  

and Wizard wil l be able to open a Win

dows- based word processor so that the f i le 

can be edited . The f i le wi l l  have blanks 

where si te-specif ic information is to be en

tered . 

Using MOSES 2.0 

D Near Bank 

formers of 700 and 1 000 gal lons, respec

t ive ly, and the on-si te g ravel bed was about 

1000 square feet. A creek was located 800 

feet to the south , with a sma l l  drainage 

swale capable of retain ing about 1 00 gal 

lons of spi l led o i l . Two spil l volume est imates 

were made :  the f i rst used a range from a 

smal l  leak ( 1 00 g allons) to the complete 

fa i lure of both uni ts ( 1 700 ga l lons) wi th a 

un i form d istr ib ut ion : the second used the 

same range but with an exponent ia l  d istri 

b ution havi ng a mean of 500 gal lons. As 

Together with MP, MOSES 2 .0  wi l l be helpful  expected , the probab i l i ty of the o i l 's remain-

to ut i l i t ies in evaluat ing whether SPCC plans 

are needed , decid i ng  whether and to what 

exten t  prevent ive measu res should be im

plemented . and developi n g  substat ion de

s igns in wh ich contai nment needs are op

t i mal ly i ncorporated . Results wi l l  a lso be 

usefu l  in se lecting possible cleanup st rate

gies an d decid i ng what k ind of ( and how 

much ) c lean u p  equipment to main ta in and 

where to s i tuate it . The fol lowing two hypo

thet ical cases-one in wh1ch oi l was con

ta ined on land and one in wh ich oil cou ld 

reach a nearby river-i l l ustrate app l ica

t ions of MOSES 2 . 0 . 

The f i rst example examined the d i ffer

ence between us ing uni form and exponen

tia l spi l l  vo l ume distributions . The su bsta

t ion in the example had two smal l  trans-
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in g  on the gravel bed was h igher  with the 

exponent ia l  d istr ibu t ion th,:in with the 1 m i 

form d ist r i bution (0 976 versus 0 . 883) .  No 

spi l led o i l reached t he  surface waler in 

ei ther scenario . 

The second exam ple involved the up

grading of a substat ion to i nc lude a new, 

larger (5000-ga l lon ) t ransformer. The MO

SES analysis addressed the  quest ion of 

whether, in con nect ion with the upgrad ing , 

a sum p should be added to prevent o i l  

from reach ing the r iver in the event of a 

sp i l l .  The s imu lation results showed that on 

d ry days the probabi l ity that sp i l led o i l  

would reach the r iver was 0.0003 , but for 

wet days it was 0.0339 without on-si te con

tainment ( i .e .. the sump). The predicted 

maximum vol ume reaching the river was 

2 . 5 5 . 0  7 . 5  10 .0 1 2 . 5  1 5 .0 

2 . 5  

Di stance Downstream (mi ) 

5 .0  7 . 5  10 .0  1 2 . 5  1 5 . 0  

D i s tance Downst ream (mi l 

Far Bank 

a bout 2240 ga l lons ,  a l thoug h the med ian 

volume was less than 500 gal lons. For 

most runs . t ravel times to the r iver were be

tween 20 and 50 min utes. F ig ure 3 shows 

the pred icted d i str ibution of spi l led oi l in 

the r iver at 1 and 4 hours after the hy po

thet ical spi l l . I n  l ight of these resul ts ,  vari

ous scenar ios were run to evaluate m i t iga

tion options. Adding two retention basins of 

1 1 00 ga l lons each ,  one on-s i te and one ott

s i te ,  was predicted to conta i n  any sp i l led 

oi l  from the new transformer. 

Computer requirements 

Runn ino  MOSl?S-M P  requ i res an I BM-cnm

pat i b le 486 or 386 personal com puter with 

a math coprocessor. a color VGA or SVGA 

mon i tor. 8 MB of RAM , at least 7 MB of tree 

space on the hard dr ive,  and a mouse . The 

operating system must be either Windows 

3. 1 or Windows for Workgrou ps 3. 1 1 . The 

program is wri tten in t he  FORT RAN and C 

languages . but com pi lers for these lan

guages are not needed .  Pr int i ng is con

trol led by the Windows Pr int Manager, al

lowi ng a wide variety of black-and-white or 

color pr i nters to be used .  The MOSES 2.0 

beta version is avai lable from EPRI on two 

disks , a long with a beta testing gu ide . For 

i n formation or a copy of the software , ca l l  

lshwar Murarka at  EPR I , (4 1 5) 855-2 1 50 . 



New 
Contracts 

Pro1ec1 

Customer Systems 

lnter-Comrol Cenle r  and Power Plant 
Comrnur ncat ion (W02568-37) 

Design and Analys,s of Oirec! Load 
Con lrol Programs (W029B0-45J 

Enhanc ing Commercial-Sec1or 
Competi tiveness. Energy Use 1 n  
Educa t ional Build i ngs (W03 1 4 1  • 1 5 )  

Commerc ia l  K i lchen Veot11at 1on Research 
(W0385 1 -2) 

E lec1 romagnc11c Cur ing of Coa 1ngs 
(W03878·2) 

Sma l l  Packaged Cool Storage Systems. 
Demons1rat 1on and Evaluat,on 
(W03906-2) 
App l lcauon al U ltrasound n Texl i le We 1 
Processing . Phase 3 (W0481 3-3) 

Commorc 1alizalion of lhe Nonlnlrus,ve 
Load-Momtonng System (W04833· 1 ) 

Co'1'1me1c 1alrza11on of 111e Non,ntrus,ve 
Load-Monrlonng Sys1em (W04833·2) 
Prohl Manager A Tool for Assess,ng tile 
Prohlab r l l ty ol l nd1v1dua l  Customers or 
Customer Segmenis (W04837·1 )  

Electno Vehicle Conduc11vo Coupler 
Design and Development (W04855-2 ) 
Food Se rv ice Sec tor Guide (W04876-2) 

Non-CFC Chi l ler Rel rof l l  Mon1 1oring 
(W048B0·2l  

Environment  

Guidance Manua l  Perml! Umrts F rom 
Aqua t ,c L rfe Crilena (W02377-10 )  

F1atd Maasuremenls lo r  Evaluating 
the Comanagement of High-Volume 
Combus 1 1on By·Products W ith Other U1, 1 , 1y 
Was1es (W04 1 47· 1 )  
Field Measurements for Evalua1 ing 
Inc Comanagement of High-Volume 
Combus 1 1on By-Products W ith 011,e, Util 1 1y  
Wastes  iW041 47-2)  

Mineral l nsula\,ng  011 Field and 
Latm,a1ory S tud ies IW041 68- 1 J 

Compara1 ,ve Anetysrs of Magnetic Field 
Exposure Data on E leciric U1ili1 y  Worke rs 
(W04306-6) 

Thermal Desorption of Soil Recenlly 
Conlam 1na 1ed With Polycyct ,c Aroma11c 
Hydrocarbons (W090 1 5-20) 

F lor i da  Atmospheric Mercury Study 
EnhanceCJ Data Analysis (W09050-5) 

Magnetic Field Srne lmng Case Studies 
(W09074- 1 )  

Eva lua 1 ,on of a P i lot Curbs ide  Wa ter 
Tree1ment System for Manholes 
(W09078-2) 

Funding/ Con1ractor/ EPRI 
Dural/on Pro1ec1 Manager 

$1 26,200 ECC!L Ca,m,c/Jael 
1 2  months 

$2,056 ,700 Ouanlum Consulting / 
1 09  months R. Gillman 

$200,000 Hart, McMurphy & 
tO months Parks I K . Johnson 

$730.200 In ternat ional Fac 1 1 1 1y 
27 months Managomonl Asso-

c1a 1 1on / W  Kr/// 

$75 000 Taratec Corp IE Eckl1ar r 
7 months 

S93.700 Powell Energy Producls/ 
20 months M Khatrar 

$1 80,000 Nonh Carolina Stare 
18  mon lhs Unlvers l ly /A Amarnath 
$200.000 Telog lnstrumenls/ 
2 1 monlhs L Carmichael 

S282,800 PIE?Ous Research I 
2 1 mon1 1,s L Carmichael 

S 1 25,000 E leclnc Powor Soltwaro/ 
14 months P. S1oshans, 

£ 1 0 1 ,400 Walter Dorw,n Teague 
7 months Assoc1 ates / G Purcell 
577 .400 Har l . McMurphy & 
7 months Parks I W Krill 

$1 06.200 Energy Simulat,on 
6 months Spoc,al l S IS I w. Krill 

S1 26 .000 EA Eng1neen ng. Science 
8 months & Technology I J Mamce 

$ 1 ,000.900 Battetle Pac 1 f 1c Nor thwest 
33 monrhs Laborator ies /I Murarka 

$828 .500 /\tlan t,c Enwonrnon1a l 
27 months Serv ices / I  Mirrarila 

$82 . 400 CH2M H Ii i /  I Murarka 
7 mon ths 

$85,400 EcoA�alys1s IL  1,he1fe1s 
1 2  months 

$202 .000 Bar r  Eng,neo"ng Co / 
7 mon1hs L Gordste,n 

S50. 100 KBN E ng,neenng & 
30 monll1s App lied Sc ,encos / 

D Poree/fa 

$5 10 ,200 Electric Research & 
33 monlhs Management  IR Lorden 

$95,000 Hydroqual / I Murar�a 
19 monlhs 

Funding/ Contractor/£PRI 
Pro1ecl Duration Pro1ect Manager 

Emissions Management Melhods lor $367,400 Decl s,on Focus/ 
Utillly Opera1,ons (W09080-1 )  1 0 mon 1hs G. Hesler 
Developme111 of a Salt Marsh Mlt rgauon $450.800 Lou ,s,ana Staie 
Ban� I n lhe Bara tar ia-Torrobonne Nal tonal 23 months Un iversi1 y I J. Goodnch-
Estuary, Lou i s ,ana (W090B3-1 )  Mahoney 
Treatab i ll!y Study and Remedia l Design $149,900 Atlantic Envi ronmenta l 
lo r  In Situ S1abihza1 1on al a Former t I mon ths Serv1ces I I Murarka 
Manulactured Gas Plant S1 1e (W09107- t ) 

North American Research S1 ra1egy for $1 72 ,400 Batlelle Memo1 1al 
Tropospher ic Ozone (NARSTO) 9 months lnst , tu te / P Mueller 
Northeast: NO Monilor Prepara 1 1on 
(W09 t 08·2 ) 

NARSTO-Nor lhoast (W09 l08·3) $ 1 , 706.800 Radian Corp IP Mueller 
37 months 

NARSTO-Northeast· A1rcrah $558.900 So11oma Technology I 
Measurements (W09108-7J 12 months  P. Mueller 
Southeaste rn Aerosol and V1s1b 1 i 1ty Study $226 ,800 Aerosol Dynamics I 
(SEAVS) Physica l and Opiical Propen ,es 33 mon1hs M A llan 
of Pan ,cles (W091 16- ) 

SEAVS Suspended-Slate Par t icl e  $ 1 82 .200 Rutgers Univers,ty I 
Compos11 1on (W091 16-2 )  33 momhs P. Saxena 
SEAVS· Fme-Par 1 1cle Concentrat,ons ol $233 .500 Stanford Un ivars11y I 
Water-Soluble Organ ics (W091 16..JJ 33 months M Allan 
SEAVS· Par t icle and Gas Concentrallons $ 1 04 . 100 Massachusens Ins titu t e 
of Trace Substances (W09 1 1 6·4 )  33 months o( Technology IP Saxena 
SEAVS Human Percept ron of Scenes $ 1 48 ,200 Un1vers1ty of Sou thern 
(W091 1 6-5 )  , s mooths Cal ifornia IP. Saxena 
SEAVS. F1ne-Part1cle and Vapor S 1 53 .000 Harvard Univers lly / 
Concentrations ol Acids and Neulrahz1ng 3 1 months M A/Ian 
Substances (W09 t t 6-6) 

Generation 

Generator Stator W1nd1ng Leaks Doc1 s 1on $ 1 95 .900 Ins Power Engineering / 
Advisor (W02577-8 )  7 mon1hs J Stein 
Nickel Spec lallon of P ly Ash From 01 1 · $55,000 Un1vers , ty of Lou,sv1 l le/ 
F1fCld Ul i l 1 1y Planls (W03 1 77-28) 8 months P. Chu 
Pumpod-Slorago o,agnosl lc System. $464 . 100 Mecharncal Technology I 
Phase 2 (W03483.J) 25 months R Co/sher 
l nspecuon System lor Rc 1 1oalo•- Tun 111g $ 1 00 . 000  Kana Technology I 
Corrosion P11 1 1 ng (W03721 -2 1  1 2  months R. DIiey 
Opera11on and Main tenance Workstavon $ 1 , 462.600 Main tenance & 
(W03782-4 ) 48 monlhs D 1agnos t 1cs /R Colshar 
Electric Mo lar Predictive Ma,nlenance $983 ,900 Main tenance & 
(W03834-.3) 48 monlhs D 1agnos t 1cs I A. Co/sher 
Turbine Ell ic 1ency lmproveman1s $819.900 Stress Technology I 
(W03849·3 ) 32 montns r McClosKey 
Evaluation of lhe U l lrarna Op1 1m1za 11on $104 .500 Ultra ma Corp I 
Moltiod al HL&P's Parrish P,ant 7 months S Yunker 
fW03982· 1 ) 

Wind Turbine Performance Ve r1 fica1 1on $5.432 .400 Centra l and South We.�t 
IW04034· 1 ) 48 months Sorv1oes IE Davrs 
Gurde l , nes for Hydro Tu1 bine F 1st1 $202.000 A lden Research 
Entra inment and Mortahly S1uo1es 19  months LaboralOfy/ C. McGow,n 
(W04083- t ) 

Development of L,2MnO, as a Cathooe $ 1 00,000 Argonne Na11onat 
Ma1erial for Mol ten Carbona1e Fuel Cells 13  months Laboratory/ R. Gotdstem 
(W04084· 1 ) 

Numerical Ana lysis of Fossi l Boilers for $4 15  600 Radian Corp I C. Dene 
NO, Compliance Planning (W04089· 1 )  23 months 
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Pro1ecl 

$1,rateg rc AssessmenL 01 Re_g ronal Coa l 
Supply and lraosporlauon Marko1s 
(W04 125-1 )  
Wrnd Turb,ne Performance Verrtica l lon 
(W04 155• 1 ) 
N,ckel Specrauon F' ,eld Sampling ar 011 . 
F ired Power Plancs. (W09028- H l )  
Evaluauon o f  Concre te Conta rnrng ly Ash 
Wit� a Hrgh Cartx,n Conran! (W09040-3) 
EPR ICON Demonstralron a l \ tie Brayton 
Pomt Stat ion (WQ9058- I )  

Oorros ,on Sluct,es for Low-NO,  Butne r 
Technology (W09060-2) 

Evaluat1on qf Second-Genera tion Gas 
Reourn,ng (W09066-3) 

Nuclear Power 

1 111erao1 ,ve Sol tware for Utlrasonrc Tram rng 
(W031 4<:l- 1 4 ) 

hssro,, Producl Pool Scnmo,ng Data and 
Mooel rng Assessment 1WOS4:?5-5 )  

Pholoelectrochem,st,y o f  Type 304 
Slalnloss Sreel (WOS468· 1 OJ 

Large- Elect r,c (';enerato, Mamtenance 
Pro1ec1 (W03B1 4-5) 

SENT INEL Satew-Or1emed /\dv, sor for 
Ma in tenance Plano ,ng iW038&l-3 )  

BWROG Fu l l -Seate Emergency Core 
Cool ing System Suc l ,on Strn r ner Tesl 
Progr.;,m (WQ4135- 1 )  

ALWR Pl1;,se 3 Passive Plan r Requ 1 1 e 
men lS (W04 1 60-3) 

I ndust ry Alle 1 na vos lo Regulatory Grnde 
1 1 54 (W04 1 75-2 ) 

Plobe 1 rak Proto:ype- System for Acauonng 
Pos1 t1on tnlormal ron Durrng Mant,al 
Scanning (W0424&- 1 )  

Pornl Conlacl Tranb'ducer Technology tor 
Mon, 1or1ng f' ros ron a d Corrosion i n  
P1p<ng Sys tems (W04248·::>) 

Deve lopment al a Service Water Modwe 
f0< CHECWORKS (W0�526- 1 )  

Developmen tal Test,n_g of NOE Techniques 
for Structu ra l Male rrals { W05365-- 1 3 )  

BWR Vess;,! and l111ernals P ro1ec1 
Evalua11on of Crack Grow1h , n Internals 
(WOB301-9 ) 

Res ,dual Srre.ss Measuren,en ts of 8WR 
Core Shroud We ldms�u; (WOB30 1 - 1 0 )  

Ao� lys ,,;- o l  N rckel-!;lase A l loy Da l:, 
(WOB30 1- 13) 

BWR Vessel and I n terna ls Pro1ecr 
Protiab1l,s1 ,c R,sk l\ssessrr.ent 
(W08303-2 ) 

BWR Vessel and Interna l s Pro1e<:1 
Rep.a� Aouv1 t,es I WOBSO 1 ·-3 ) 
Repair or Reactor lntemals W i th 
Underwater Weld111g (W08501-6) 

E1ectroci1ef\'11s try and Chemist r y , n  a 
Healed Crev,ce (WOS522-6) 

Power Del ivery 

Ag,ng of Extruded Dreloctnc D rstr1bu t 1on 
Cab le Serv,ce Ag,ng (W027 1 $-1o) 

Slow Release of Fung,crdes for Wood 
Poles Commerc ,al ,zatron and Technology 
Transfer (W02B81 -4 )  

hJndrng/ 
Duration 

$130 ,000 
1 1  monlhs 

$'1 ,SB0,000 
77 fl'10nlhs 
$78 ,800 
10 months 
$i 54 700 
26 montns 
$970,000 
24 months 
$ 1 17 , 700 
15 mo1 1 1hs 

$ 1 80 ,(]00 
12 mcnths 

$60.000 
12 monms 

$ 1 93, 1 00 
;>(l mon lhs  

$ 1 D(J,200 
27 months 

$ 1 33,500 
14  month; 

$ 1 50.000 
15 months 

$222,000 
1 1 monihs 

$ 1 50,000 
72 months 

f:72 000 
8 rnonU1s 

$223.900 
12 montns 

$ 1 78, 700 
10 mon tns  

$50.000 
8 months 

$60.900 
6 months 

$99 ,500 
6 mon1hs 

$88 . 600 
1 0 months 

$55,200 
7 months 

�S.900 
7 months 

.$80 ,000 
5 mon hs 
$ 1 44.000 
1 2 monthS 
$ 1 75,800 
1 2  rnon lhs 

$ 1 58 .200 
3 months 

$ '182 ,500 
,19 monlhs 
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Comractor IEPRI 
Prop,ct Manager 

F relUslon Co I J Pia/I 

Green Mounta r r, Power 
Co /E" Daws 
Carooi / P  Ch,1 

Souihetn Company 
Servmes ID Golden 
New Eng land Power 
Servo<;:,> Co IR Al(ma11 

Babcocs & Wi lcox Co I 
W Bakker 

l"".11e,gy and Enwon
menlal Research  Corr, / 
A Facch,ano 

ABB- An1oara / J Spanner 

Baltelle l 11gemeur
tech r1 ,� / M Menlo 

Un,ve rsrty of Pi ttsburgh I 
L Nelson 

Electro M echan,ca I 
fng,neertng Assoc1i>les /  
J Sharkey 
ER IN Engrne,inng and 
Research / P  Kalra 

J A Jones App l r ed 
Research Co IM ()owns 

Grove Eng ,neer, ng / 
S Gray 

W!'<'s�ngl\O�Se E leol roc 
Corp / /1 Carter 

Kan a Toc 11notogy I 
1 Tay/Or 

HD LabOralonss / T Taylor 

Sa rgen l 8, Lundy I 
R Mah1nr 

Un ,vers o!y of Moah rgan/ 
J Lance 

Struc1ural ln tegrr ty 
Associates IR Parhania 

J A Jones App l i ed 
Researco Co I 
R Pathama 
Modeling -a�<;i Compu t i ng 
$e v1ces / L Nelson 

$c ,ence Apptoca,,oos 
l nterM!lonal Corp I 
W 81/an,n 

GeMral E lect r,c Co / 
R Thomas 
J A Jones Appt,ed 
Researo1, Co IR Tt>omas 

Rockwell lnternat rona l 
Corp IP Mil/el 

H ICC Cables Corp I 
B Bernstein 

Engoneel, ng Data 
Managemen t / 
8 8ernsfem 

Pro1ec1 

i) ,stribu teCI Resources S1 ra1eg1c Market 
Assessmen l (W037'.l3·7) 

Eval uat,on of Room-lem peraiu re· 
V1.1lcanrLed Coat,ngs (W03787-7) 
Dynam,c Voltage l,esk,rer Demonst rat ion 
IW0392HI 
Nonc-eram,c I nsulators (W0�0 1 1 - 1 ) 

Trnnsm ,tsron L,ne Oula9e and Groundln!;J 
ProJec tW04085-!?l 
Eve ruatron of Gases Gensrated oy 
Hea t ing  aM Burn •n.i of Cables 
(W0•1 1 42-1 ) 

Deve\opmen l o f· Advanced Compos rte 
Matc, 1als to, U 11l1ty /\pp l ,oanons-, Phase 2 
(W04 159- 1 )  
C harac ter 1la t1on ot Noncerarn ,c 1nsulaior 
Aging !or iransm rss,on l tne Appl ,cal ,ons 
up IQ 500 kV (W07101 - 1 ) 
HL&P Real· T,rne-Plrcrng Des,gn ��d 
Ass ,sJMce and C-Vl\ l. U Bela tesnng. 
(W078!l2-l 1 )  

COMAT Cable Or t Mornto, and Tes rer 
(W07924-.1)  
Smar t  Soitware l ntar face /E.xpen System 
for Use on Portablo Pe r l l uorocarbon 
Tracer Gas Chroma10graphs /WOi'.928-4 ) 
Assessmen1 of Extruded 345-kV Cable 
Technolo_gy (W0792G- l )  

Waltz MIii Data Acqurs r on System 
(W0 7930,2) 
Deep Cab1e Arnpar;1l1 es iW07934- 1 )  

Strategic R&D 

Explrnalory I ssues on Contro ller Symhesrs 
to, C r1lr ca l App l1callons r n lhe N 110Jea , 
and Fossi l Power Indus try (W080 1 6--10 )  
Davetoprnent of an l\cfvel'!ced E.,/ 1e,na1 
fle[erence EleolrQcle fol Tempe,atures up  
lo 400'C (WOB03 1-,l ) 

Pan,cle D,soorsron ,n th ree- l J,mehs lonal 
Free S�ear Flows IW080J4-1 3 \  

Solod·Ox1de Fuel Ce ll Business 
Assessment tW08502- I ) 
CharnctenzatoO/l of S0roen1s for Remt':rval 
of· Vapor -Pllase Me,c ury ( WOB505-1 ) 
l nves ttgat,ons o · Gas-Phasa Mernury 
Reac tions (W08505-2) 
Mercury Sorben l Eva luatron (WOBSOS-J)  

Sol r d -OK ode Fuel Cel ls tW08509- 1 ) 

Oeterm rnairon of l �ler fac1al G raci. 
Propagallon Ra tes and Developmen t o l a 
Dalal.>ase on Mocharuca l Proper ,es ot 
ox,oe  Scales (W0.�000-29)  
Corros,on Fa t igue ol Water-Touched 
Components (W00000-31 ) 
Ceram,c Matr r �  Compos1te.s for Power
Generall�g App l 1 ca1 1ons (W0900 1 4)  

Development of F1�e r-Opi1c Couplers lor 
Welded-Tube Repa i r  Technology tor 
Steam Genern1ors- [W09004 1 )  
Weld1�g technology for l he Repai r ot 
Power Plant Components (W090<M-2) 

l ow-Pressur& Rotor Rom A1 1achment 
Cracking Survey of Ut1hty xpenencE; 
(W09005- 1 ) 

Fw1dmg/ 
Ouratmn 

$245.600 
9 monlhs 

$ 193.200 
2 mon 1hs 

$425,000 
22 fl'IOn _t,s 

$,100 300 
12  moolhs 

$58. 1 00 
7 mo�ths 
S466,400 
37  monihs 

$125 ,400 
6 mon ths 

$3?0,000 
12 moolhs 

$64.000 
9 mMths  

S32�.500 
14 monlhs 

$ 1 23 , )00 
8 mon ths 

$62.500 
21 months 

$77 ,775 
1 rnonlh 

"$147 .900 
' 1 6 mon ths 

$ 1 43 ,800 
36 months 

$200,000 
17 months 

$99 .000 
.36 months  

:. 1 1 0 ,300 
a months 
S.236.000 
21 mon1ns 

S200.000 
22 months 
$185,700 
8 mont�s  
$350 .000 
8 monu,s 

$327.300 
33 months 

$99, 800 
5 rnonins 

S50.000 
7 mon lhS  

$ 1 97 ,800 
1 �  months 

$459,900 
35 months 

S58.SOO 
8 months 

Conrrac1or/EPF// 
Pro1ecl Manager 

Appl ied Dec,s,on 
Ana lysr s / C  Smj'Ser 

J A Jones- Power 
Del, very/ A H,reny 
Wes t 1ngtiouse Electric 
Corp I J\ Sundararn 
.J A Jones Powel 
Dehvery / M  Maslf,mmn, 
J A Jones Power 
De l ivery I M  McC-afferty 

Underw1 1 ters Laoora
mrres I ri Bernstein 

Fosle r-M rller I B Bernste,n 

J A Jones  PO\Wer 
Del1very/ M  Ma,;trr;,,anni 

Lau ,1ls R Chnslensen 
Assoc1a1es / C Smyser 

Advanced Oµt,c-31 
Controls I T  Rodenbaugh 

E,,er !ech Consu l lan 1s /  
T Rod.:mbaugh 

l nsmu t de Recherche 
ct 'Hydro Ouabec / () Von 
Do/len 

J A Jonet Powe, 
Del ivery I D  Von Dollen 
Power De l iver y 
ConsullanliS / 
T Rodenoo1ugll 

Unovers,ty ol l l l l no r� . 
Urban a / M  Perakrs 

Per.nsyrvarna Sra,s 
Un1vers>1y I B Syrelr 

Un rve,s,ty ot SmJthem 
Cal r fom,a / J Mau/betsch 

Resoun;e, Dynarn1cs 
Co, p / I{ Johnson 

ADA TechnOlog,es / 
A Chang 

Rad ian  Corp f R  Chang 

Unive<rs11y ol North 
Oa�ota IR Chang 

ZTEK Corp I R  Goldste,n 

Na l 1onal Phys rca l 
Laboratory/ B Doo/i;y 

Aple.Ch Eng , noonng 
Serv rces / B Dooley 
SR I lnlernat1ona1 I 
W Bak/!er 

J A JOr'\BS Appl, ed 
Research Co I 
V Vrswdnathan 

J A Jones Applied 
Research Go I 
V V1swanatl)an 
S1 ru,;:t1,J ra l I n tegr ity 
Assoc rates I 
V V1swana1han 



New 
Technical 
Reports 
Requests for copies of reports should be directed 
to the EPRI  D ist r ibution Center, 207 Coggins Dr ive ,  
P.O. Box 23205 Pleasant H i l l , Ca l i forn ia 94523: 
(5 10) 934-42 1 2, EPR I  members that fund the busi
ness unit issuing a reporl can receive the repor t  
free of charge (or, In  the case of bulk orders. for  a 
nomina l  pr ice) Domestic organizations not e l igible 
for EPRI membership pay the l i s ted price. Others 
should contact the Dis t ribut ion Cenler  for  further 
inlorma t ion . 

CUSTOMER SYSTEMS 

Testing of a Heat Pump Clothes Dryer 

TR- 04235 Final Report (RP.34 1 7-4) ; $200 
Contractor: Arthur D. Lit l l e ,  I nc . 
Business Un i t  Residentia l & Smal l Commercial 
EPRI Pro1ec 1 Manager · J Kesse l ring 

CLASSIFY Appl ications ,  Vol .  1 :  Gatheri ng 
Information About Your Customers 

TR- 104568·V1 Final Report (RP400 1 ·3) : $200 
Cont ractor: National Ana lysts Inc . 
Business Unrl . Market ing Tools & DSM 
EPRI Projec t Manager· T Henneberger 

Field Evaluation of  a Eutectic Salt Cool 
Storage System 

TR- 049<12 F inal Report (RP3280- 1 6) : $50 
Contrac tor: Dorgan Assoc i ates , Inc .  
Business Un i t .  Residential & Small Commercial 
EPRI Project Managers· R Wendland. M. Khattar 

Assessment of a Carbon Dio>dde Control ler 
for Resident ia l Venti lation and Indoor Air 
Quality Management 

TR- 1 04970 Final Report (RP24 1 7  -20) , $200 
Contractor· GEOMET Technolog ies . Inc .  
Business Un i t : Residential & Smal l Commercia l 
EPRI Project Manager· J Kessel ring 

Development of a Microwave Clothes Dryer : 
Inter im Report Ill 
TR- 1 04988 In terim Report (W034 1 7- 1 ) ; $200 
Contracto rs . Thermo Energy Corp. : JG Mic rowave . 
Inc . 
Business Un i t : Res 1denhal & Sma l l  Commercial 
EPRI Project Manager: J . Kesselring 

The End-Use Technology Assessment 
Project: A Load-Shape Analysis of  Ground·  
Source Heat Pumps and Good Cents Homes 

TR - 105004 (RP2342-8), $200 
Contractor: Quantum Consu l t i ng , Inc. 
Business Un i t: Marketing Tools & DSM 
EPRI Project Manager · P Meagher 

Survey on the Status of  Integrated Resource 
Planning 

TR- 105 1 07 Final Report (RP2982-22) ; $200 
Contractor : Barakat & Chamberl in . Inc .  
Business Un i t· Marketing Tools & DSM 
EPRI  Pro1ec1 Manager P Sioshans1 

Proceedings: Del iver ing Customer 
Value-7th Nationa l  Demand-Side 
Management Conference 

TR- 1 05 196 Proceedings (RP3084), $200 
Contractors Barakat & Chamberlin . Inc. ; Pac i fic 
Consulting Services 
Bus iness Unit Marketing Tools & DSM 
EPRI Pro1ec1 Manager · J ,  Bloom 

ENVIRONMENT 

Land Appl ication of Coal Combustion 
By-Products: Use in Agr icu l ture and Land 
Reclamation 

TR- 1 03298 Final Repor t  (RP3270- 1 ) : $200 
Cont ractor· Environmental Management Services 
Business Unit : Environmental & Hea l t 11 Sciences 
EPRI Project Manager · J , Goodrich-Mahoney 

Large Granular Lymphocytic (LGL) 
Leukemia in Rats Exposed to 60-Hz 
Magnetic Fields : Prel iminary Studies and 
Protocol 

TR· 04577 Interim Report (RP2965- 1 6); $200 
Cont ractor : Bat1el le  Paci f ic Nor lhwest Laboratories 
Business Unit : Envi ronmental Health Sc iences 
EPRI Project Managers: C . Rafferty, K .  Eb1 

Invest igat ion of the Risk Factors for 
Sporadica l ly  Occurring Legionnaires· 
Disease 

TR- 1 04770 Final Report (RP3266- 1 . -2. -90): $200 
Contractor ; Ohio State Univers ity Research 
Foundal lon 
Business Unit' Environmenta l & Health Sciences 
EPRI Project Manager· J Yager 

Development of a Carbon Dioxide Pressure 
Technique for Chemica l Stabi l ization of 
Alkal ine C lean Coal Technology (CCT} Ash 

TR-1 04840 Final Report (RP24-S5-2 1 ); $200 
Cont racto r : Wyoming Water Services Cemer 
Un iversi ty of Wyoming 
Business Unit : Envi ronmental & Health Sciences 
EPRI Proiect Manager J .  Goodrich-Mahoney 

Environmental Performance Assessment of 
Coal Combustion By-Product Use Si tes: Road 
Construct ion Appl ications 

TR- 1 05 1 27 Final Repor t  (RP2796-1  ) ,  $200 
Cont ractor Rad ian Corp . 
Business Un i t· Envi ronmental & Health Sciences 
EPR I Pro1ect Manager · D McIntosh 

GENERATION 

BIOPOWER: B iomass and Waste-Fired 
Power P lant  Performance and Cost Model , 
Version 1 .0 

TR-1 02774 Final Report (RP3295-2) ·  l icense 
requ i red 
Contractor: Appel Consultants , Inc . 
Business Un i t: Renewables & Hydro 
EPRI Proiecr Manager: C McGow1n 

Production and Testing of Lightweight 
Aggregates From Coal Gasi f ication Slags 

TR-1 0361 2 Final Report (RP1459-26) $200 
Cont ractor Praxis Engineers . Inc. 
Bus iness Unit Advanced Foss i l  Power Systems 
EPRI Project Manager · M. Epstein 

Options for Increas ing S02 Removal and 
Improving the Water Balance at Hoos ier  
Energy 's Merom Station, Vols. 1 -3 

TR- 1 03923-V 1 -V3 Final Report (RP1 031 - 1 9 ); 
$1 0 ,000 for set 
Contractor : Radian Corp. 
Business Un i t :  Environmental Cont rol 
EPRI Project Managers: D. Owens ,  R. Moser 

1 994 EPRI  Heat-Rate Improvement 
Conference, Vols .  1 -4  

TR- 10424 1 -V 1 -V4 (RP 1 7 1 1 - 1 3 ) ; $ 1 000 
Cont ractor: Encor-Amerfca. Inc. 
Business Un i t· Foss i l Power Plants 
EPRl Project Manager· E .  Petri l l  

Field Chemical  Emissions Monitoring 
(FCEM) Generic Sampl ing and Analyt ical 
P lan 

TR- 1 04869 Final Report (RP31 77·1 ) : $200 
Cont ractor Radian Corp 
Bus iness Unit Envi ronmenta l Conirol 
EPR I Project Managers: B Nolt . P. Chu . 
W. Chow 

Benefits and Detr iments of Deploy ing 
Genetical ly  Engineered Woody Biomass 
Crops 

TR-1 04896 Rnal Report (RP3407); $ 1 0.000 
Cont ractor. Bruce E. Halsslg Co 
Business Unit. Renewables & Hydro 
EPRt Project Manager : J . Turnbull 

Proceedings: Effects of Coal Qual ity on 
Power Plants-Fourth Internationa l  
Conference 

TR· 04982 Proceedings (RP2256-8) : $1 0,000 
Contractor· React ion Engineering Internat iona l 
Business Unit :  Fossil Power Plants 
EPRI Projec t Manager : A Mehta 

Operating Practices Guidebook (OPG) 

TR- 105 1 02 Final Repor t (W0283 1 ): $ 1 0.000 
Cont ractor· Strateg ic Power Systems, Inc. 
Business Uni t · Fossi l Power Pia ls 
EPR I Project Manager · R . Fr1schmuth 

Advanced Coal Feeder Tests at Sunbury 
Station 

TR-1 05290 Final Reporl (RP 1 400-22) ; $ 1 0 ,000 
Contractor CO I nc. 
Business Unit . Fossil Power Plants 
EPR I Project Manager· D O'Connor 

Proceedings: 1 995 EPRI/GRI/DOE/PG&E 
Smal l Gas Turbines for Distributed Generation 
Workshop, Vols .  1 and 2 

TR- 1 05293-V l TR - 1 05293-V2 Proceedings 
(RP 1 677) ; 200 each volume 
Contractors : George Hay. Sargen t  & Lundy 
Business Unit :  Advanced Fossi l Power Systems 
EPRI Project Managers: A Cohn , D Rastler 

NUCLEAR POWER 

Guidel ines for Development of In-Cabinet 
Seismic Demand for Devices Mounted in 
E lectrica l  Cabinets 

NP-7 1 46-SL-R l (RP2925-7); license requ i red 
Contractor Stevenson & Associates. Inc 
Business Uni 1· Nuclear Power 
EPRI Project Manager R . Kassawara 
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Guidelines for the Verif ication and Validation 
of Expert System Software and Conventional 
Software, Vols. 1 -8 

TR-103331·V1 - V8 Final Report (RP3093-1); $200 
each volume 
Contractor: Science Applications International 
Corp. 
Business Unit Nuclear Power 
EPRI Pro1ect Manager J Naser 

Turbulence and Fluidelastic Excitation of 
a U-Tube Bundle 

TR-103503 Final Report (RPS410-5): $200.000 
Contractor: ABB Combustion Engineering. Inc. 
Business Unit· Nuclear Power 
EPRI Project Manager D. Steininger 

Alloy 690 Qualification: Corrosion Under 
Prototypic Heat Flux and Temperature 
Conditions 

TR-104064 Final Report (RPS408·6): $500 
Contractor· Westinghouse Electric Corp. 
Business Unit· Nuclear Power 
EPRI Proiect Manager· A. Mcllree 

Evaluation of Shielding Analysis Methods 
in Spent Fuel Cask Environments 

TR-104329 Final Repon (RP3290-2). $200 
Contractor. Oak Ridge National Laboratory 
Business Unit. Nuclear Power 
EPRI Project Manager· R Lambert 

Calvert Cliffs Nuclear Power Plant life Cycle 
Management/license Renewal Program: 
Reactor Pressure Vessel Evaluation 

TR-104509 Final Report (RP3343-1 ). $5000 
Contractors: Baltimore Gas and Electric Co 
Fai lure Analysis Associates. Inc.: Grove Engineer
ing. Inc. 
Business Unit. Nuclear Power 
EPRI Pro1ect Manager- J. Carey 

EPRI Fatigue Management Handbook, 
Vols.1-4 

TR-104534-Vl V4 Computer Manual (RP3321 1), 
license required 
Contractor· Structural Integri ty Associates. Inc 
Business Un11: Nuclear Power 
EPRI Project Manager· S. Gosselin 

Calvert Cliffs Nuclear Power Plant Life 
Cycle Management/license Renewal 
Program: Nuclear Plant Asset Management 
Case Study 

TR-104615 Fi nal Report (RP3343- 15 ): $5000 
Contractors: Baltimore Gas and Electric Co .. 
Janus Management Associates. Inc. 
Busi ness Unil. Nuclear Power 
EPRI Project Manager J Carey 

Operating Nuclear Power Plant Fatigue 
Assessments 

TR-104691 Final Report (RP3321): $500 
Business Unit. Nuclear Power 
EPRI Project Manager· S Gosselin 

Utility Activities for Nuclear Power Plant 
Life Cycle Management and License 
Renewal 

TR-104751 Final Report (RP2643-35); $5000 
Contractor: Grove Engineering, Inc 
Business Unit. Nuclear Power 
EPRI Project Manager· J Carey 
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Decommissioning Economic Risk Advisor: 
DER AD Version 1.0 User's Manual 

TA-104785 Final Report (RP3171-4), $20,000 
Contractor· Decision Focus Inc. 
Business Unit: Nuclear Power 
EPRI Project Manager: C. Wood 

PWR Primary-to-Secondary Leak Guidelines 

TA-104788 Final Report (RPS550). $200 
Contractor· PWR Primary-to-Secondary Leak 
Guidelines Committee 
Business Unit: Nuclear Power 
EPRI ProJect Manager: R Thomas 

Generic Seismic Technical Evaluations of 
Replacement Items for Nuclear Power Plants 

TA-104871 Final Report (RP3186-31) $25.000 
Contractor: EOE, Inc .  
Business Unit: Nuclear Power 
EPRI Project Manager. L Loflin 

Use of Flaw Aspect Ratios for Pressurized 
Thermal Shock Evaluations 

TR-104894 Final Report (RP3757-3); $200 
Contractor: Sartrex Corp. 
Business Unit: Nuclear Power 
EPRI Project Manager: R Carter 

Users Manual: WASTECOST DAW Module, 
Version 1.0 

TR-104926 Fi nal Report (RP2412). $10.000 
Contractors. Management Resource lnlernat1 onal. 
Nosh Produclions. Inc 
Business Unit: Nuclear Power 
EPRI ProJect Manager C Horn1brook 

Stress Corrosion Cracking of Alloys 600 and 
182 in BWRs 

TR-104972-V 1 - V3 lnterim Reporl (RP2293· 1 
RPC101-21); license required 
Contractor- ABB Atom AB 
Business Unit. Nuclear Power 
EPRI Project Mana9er: J Nelson 

Axial Cracking Phenomena In Burnable 
Poison Rods 

TR-104979 Final Report (RP3609·3); $20.000 
Contraclor· ABB Combustion Engineering Nuclear 
Operations 
Business Unit· Nuclear Power 
EPRI Pro/ect Manager· B Cheng 

The Status of Nuclear Industry Cost 
Beneficial Licensing Actions (CBLA) 

Activities 

TR-104987 Final Report (TC3719·3) $200 
Contractor. Alan M. Ross. Consultant 
Business Unit Nuclear Power 
EPRI Project Manager· F Rahn 

Proceedings: 1994 ASME/EPRI Radwaste 
Workshop 

TR-105133 Proceedings (RP2414) $200 
Contractor: Paul Wi lliams & Assoc1a1es 
Business Unit· Nuclear Power 
EPRI Project Manager· C Hornibrook 

Proceedings: 1994 EPRI International Low 
Level Waste Conference 

TR-105134 Proceedings (RP2414); $200 
Contractor: Paul Williams & Associates 
Business Unit: Nuclear Power 
EPRI Project Manager C Horn1brook 

User's Guide for Steam Generator Analysis 
Package: SGAP Version 1 .0 

TR-105253 Fi nal Report (RPS415·2. RPS541-1); 
license required 
Business Unit: Nuclear Power 
EPRI Project Manager· G Srikanliah 

POWER DELIVERY 

Assessment and Inspection Methods (AIM) 
Field Experiment, Vols. 1 and 2 

TR-104449-Vl TR-104449· V2 Final Report 
(RP3621-1), $5000 tor set 
Contractor Engineering Data Management . Inc. 
Business Unit· Transmission 
EPRI Project Manager: P. Lyons 

Conductor Wind Loading: Results of EPRI 
Field Validation Studies 

TR-104480 Final Report (RP3748). $5000 
Contractor Sverdrup Technology- TLMRC 
Business Unit: Transmission 
EPRI Project Manager: P. Lyons 

Low-Voltage Secondary Networ k Cable 
Reliability Study 

TR-104863 Final Report (RP3127-4) $5000 
Contractors· University of Connecticut: 
Hubbell/Kerite Co .. Inc. 
Business Unit· Distri bution 
EPRI Pro1ect Manager· B Bernstein 

Switching Transient Effects on High-Voltage 
Current Transformers 

TR-104961 Final Report (RP3320-1) $5000 
Contractor· SOM Federal. Inc 
Business Unit. Substations, System Opera1ions & 
Storage 
EPRI Project Manager· S. Lindgren 

Flow-Induced Electrification of Liquid· 
Insulated Electrical Equipment 

TR-104973 Final Report (RP3334- 1) $5000 
Contractor: Massachusetts lnslltute of Technology 
Business Unit: Substations. System Operations & 
Storage 
EPRI Pro1ect Manager. S. Lindgren 

PowerTransformerTank Rupture: 
Risk Assessment and Mitigation 

TR-104994 Final Report (RP3212·1): $5000 
Contractor. Westinghouse Electri c Corp 
Business Unit Substations, System Operauons & 
Storage 
EPRI Proi ect Manager· S Lindgren 

Experimental Study of Undrained Behavior 
of Drilled Shafts During Static and Cyclic 
Inclined Loading 

TR-104999 (RP1493-4) $5000 
Contractor Cornell University 
Business Unit: Transmission 
EPRI Project Manager: A. Hirany 

Reliability-Based Design of Foundations 
for Transmission Line Structures 

TR-105000 (RP1493-4): $5000 
Contractor: Cornell University 
Business Unit. Transmission 
EPRI Project Manager: A. Hirany 



Hybr id F i lters for Power System 
Harmonics 

TR-1 05009 Fina l Report (RP1 426-5): $5000 
Con1ractor- Un iversity of Minnesota 
Business Unit: Substations , System Operat ions & 
Storage 
EPRI  Project Manager. A. Edris 

lnte l lCAD: Software to Enhance CAD and 
Database Management Systems for Power 
System Operations 

TR - 1 05080 Ana l  Repor1 (RP3573- l 4)  $5000 
Business Unit : Substations . System Operat ions & 
Storage 
EPRI Project Manager· D. Sobaj1c 

Prototype On-Line Dynamic Security 
Assessment (DSA) Program: User's Guide 

TR- 1 05082 Final Report (RP31 03-2) :  $5000 
Conlraclor · ABB Systems Control 
Business Unit Substations , System Operat ions & 
Storage 
EPRI Project Manager. P. Hi rsch 

Power System Transient Stabi l ity Assessment 
Us ing Vector Processor Supercomputers 

TR- 1 05 1 66 Flnal Report (RP80 1 0-20) $5000 
Contractor · Universi ty of M1nnesola 
Business Un i t: Substations . System Operat ions & 
Storage 
EPRI Project Manager · D Maratuku lam 

STRATEGIC R&D 

Reference Manual  for  On-Line Monitor ing of  
Water Chemistry and Corrosion 

TR- 1 04928 (RP8044} , $400 
Business Un i t. Strategic R&D 
EPRI Pro1ecl Manager· B. Syrett 

Structural Change in the Coal Industry: 
Coal Industry Concentration Trends, 
1 970-1 994 

TR- 1 05026 Flnal Report (RP3440-5) , $ 1 95 
Contrac1or : Energy Ventures Analys is  Inc. 
Business Unit: Strateg ic  R&D 
EPRI Project Manager J . Plan 

Study of M ul ti -E lement D iffusion Coat ings 

TR- 1 05062 Final Report (RP2742- 1 } , $200 
Conlractors _ Un lversity of P ittsburgh Department 
of Meta l lu rgical ar,d Materials Engineering : 
Lockheed Missi les & Space Co. I nc 
Business Unit Strateg ic R&D 
EPRt Project Manager : W Bakker 

Proceedi ngs :  Shape Memory Al loys for 
Power Systems 

TR- 1 05072 Proceed ings (RP9000). $200 
Contractor· Mem1 y Corp . 
Business Unit' Strateg ic  R&D 
EPRI Project Manager: V. Viswanathan 

Development of Advanced High
Performance Thermoplastic Coatings for 
Distribut ion Cable Moisture Protection 

TR- 1 05073 Fina l Repon (RP8007-1 9}. llcense 
required 
Contractor Foster-Miller. Inc . 
Business Un,t. Strateg ic  R&D 
EPRt Project Manager· B .  Bernstein 

New 
Computer 
Software 
Orders for EPR l -devetoped software should be di
rected to the E lectric Power Sof tware Center, 1 930 
Hi Line Dr i ve. Da l las . Texas 75207: (800) 763-3772 
EPR I members can receive. free of charge, soft
ware developed by the business un i ts to wh ich they 
subscribe Others shou ld contact EPRl 's Licensing 
Office at (41 5) 855-2974 , 

ASAPPTM: Account ing Software 
Appl icat ion for Pol l u t ion Prevention 

Version 1 , 1 (PC-DOS) 
Contracto r : Radian Corp 
Business Unit Env i ronmental Control 
EPRI Proiect Manager Mary Mclearn 

C2ALM: Control Center Advisor  for 
Load Management 

Vers ion 1 0 (PC-DOS) 
Contractor: TASC, Inc .  
Bus iness Un i t  Substations. System Operat ions &. 
Storage 
EPRI Project Manager' Ram Adapa 

CLEAN :  Comprehensive Least 
Emissions Ana lys is  

Version 2 .0 (PC-DOS) 
Contractor · Sc ience App l lcat lons ln temat1ona1 
Corp. 
Buslness Un i t  Marketing Tools & DSM 
EPRJ Project Manager Perry Sioshans i 

Compact Simulator™ 

Version 1 OBA (PC-OS/2) 
Conlracto r . TRAX Corp . 
Bus iness Unit : Foss i l Power Plams 
EPRI Pro1ect Manager· Roy Fray 

Compact S imulator™ 

Version 1 .0MI (PC-OS/2) 
Cont ractor: TRAX Corp 
Business Unit : Foss i l  Power Plan ts  
EPRI Project Manager. Roy Fray 

Compact Simulator™ 

Version 1 OWE (PC-OS/2) 
Contractor · TRAX Corp . 
Business Unit Fossil Power Plants 
EPRI Projec1 Manager: Roy Fray 

EA ManagerrM : S0
2 

Compl iance 
and Emission Al lowance Strategy 
Plann ing 

Version 1 .5 (PC-DOS) 
Contractor Decision Focus Inc. 
Business Unit : Environmental & HeaHh Science: 
EPRI Proiect Manager: Gordon Hester 

Fatigue Management Handbook 

Version 1 0 (PC-DOS) 
Contractor· Nondestructive Evaluat ion Center 
Business Unit : Nuclear Power 
EPRI Project Manager Steve Gosselin 

HELM-PC: Hourly Electric Load Model 

Version 2 1  (PC-DOS) 
Cont ractor- ICF Resources . Inc 
Business Uni t · Markel ing Tools & DSM 
EPRI Project  Manager - Pa1,1I Meagher 

MarketTREK™ : Market Penetration 
Forecasting Tool  

Version 2 0  (PC-DOS) 
Con1 ractor Research Triang le Inst i tute 
Business Uni t : Marketing Tools & DSM 
EPRI Projec t Manager - Paul Meagher 

MOV: Motor-Operated Valves 

Version 1 .0 (PC-DOS) 
Contractor: MPR Associates 
Business Unit: Nuc lear  Power 
EPRI Project Manager · John Hos ler  

RateManager 

Version 2.0 (PC-DOS) 
Cont ractor: E lectric Power Software 
Business Un it' Market ing Toots & DSM 
EPRI Project Manager : Pe ry Sioshansi 

RETOU-WIN: Resident ial Response to 
T ime-of-Use Rates 

Version 1 01 (PC-DOS) 
Contractor: Christensen Associates 
Business Unit: Marke t ing Toots & DSM 
EPRI Project Manager : Perry Sioshans, 

SGWorkstation: System Grounding 
Workstation 

Version 2.0 ( PC-DOS) 
Contractor : BSG Alliance/IT 
Business Unit Substations .  System Operations & 
Storage 
EPRI Pro1ect Manager · Jerry Me lcher 

UTWorkstat ion:  Underground Transmission 
Workstat ion 

Version 2 0 (PC-DOS) 
Contractors Power Technologies ,  Inc . .  
BSG Al l iance/IT 
Business Unit · Transmission 
EPR I ProJec t  Manager Tom Rodenbaugh 

WASTECOST DAW 

Version 1 .0 (PC-DOS) 
Contractor: Management Resources 
Business Unit Nuclear Power 
EPRI Project Manager Carol Hornibrook 
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EPRI Events 

NOVEMBER 

1-3 
PWR Plant Chemists Meeting 
Orlando, Flor ida 
Contact : Barbara James, (707) 823-5237 

5-9 
1 995 Performance Measurement 
Workshop 
Denver, Co lorado 
Contact : Lynn Stone, (214 )  556-6529 

6-8 
Radiation Field Control Conference 
and Decontamination Seminar 
Tampa, F lorida 
Contact: Lori Adams, (4 1 5) 855-8763 

6-8 
6th Conference on Decision Analysis 
for Util ity Plann ing and Management 
San Diego, Ca l ifornia 
Contact: Charmaine Glenn ,  (4 1 5) 926-9227 

7-9 
Distributed Contro l Systems Retrofit 
Workshop 
Knoxvi l le , Tennessee 
Contact: Christine Li l l ie, (41 5) 855-20 1 0  

8-9 
Control Coordination Between Power 
Plants and Energy Contro l Centers 
Knoxvil le , Tennessee 
Contact: Susan Bisetti , (4 1 5) 855-79 1 9  

8-1 0 
Equipment Qual ification Data Bank 
(EQDB) Annual Meeting 
Tampa, Florida 
Contact: Fran Rosch ,  (704) 547-6073 

1 3-1 4 
Transmission L ine Outage Workshop 
New Orleans. Louisiana 
Contact: Mike McCafferty, (8 1 7) 439-5900 

1 4-1 7  

Motor Monitoring and Diagnostics 
Palo Alto, Cal i forn ia 
Contact: John N iemkiewicz. (6 1 0) 595-887 1  

1 5-1 6  
Opportunity Knocks: The Changing 
World of Energy Services 
Palm Spr ings, Cal i fornia 
Contact : June Appel , (61 0) 667-2 1 60  

28-30 
1 995 EPRI International Clean Water 
Conference 
La Jol la ,  Cal ifornia 
Contact: Chr istine L i l l ie , (4 1 5) 855-20 1 0  

28-30 
Uti l ity Motor and Generator Predictive 
Maintenance and Refurbishment 
Orlando, Florida 
Contact: Susan Bisetti , (4 15 )  855-79 1 9  

28-December 1 
Maintenance and Repair of Tubular Heat 
Transfer Equipment 
Eddystone, Pennsylvania 
Contact : John N iemkiewicz , (610 )  595-887 1 

DECEMBER 

4-7 
Rel iabi l ity-Centered Maintenance 
Newport Beach, Cal ifornia 
Contact: Denise Wesalainen, ( 4 1 5) 855-2259 

5-6 
Vitri f ication of Low-Level Waste: 
The Process and Potential 
San Antonio, Texas 
Contact: Christ ine Li l l ie ,  (4 1 5) 855-201 0  

6-8 
Meeting Customer Needs With Heat Pumps-
1 995 
St. Louis, Missour i 
Contact: L inda Ne lson, ( 4 15) 855-2127 

6-8 
Polymer Technology Workshop 
Palo A lto, California 
Contact: Bruce Bernstein , (202) 293-751 1 

6-8 
Seminar on Resource Planning in a 
Competitive Environment 
Phoenix, Arizona 
Contact: El l iot Boardman , ( 407) 36 1 -0023 

1 1 -1 2  
Transmission Line Grounding Workshop 
Location to be announced 
Contact : Mike McCafferty, (8 1 7) 439-5900 

1 2-1 4 
North American E lectric Vehicle and 
Infrastructure Conference 
Atlanta , Georgia 
Contact: Lori Adams, (4 1 5) 855-8763 

FEBRUARY 1 996 

5-7 
Substation Equipment Diagnostics 
Conference IV 
New Orleans , Louisiana 
Contact: Den ise Wesalainen, (4 15 )  855-2259 

20-21 
Center for Materials Production Industrial 
Minerals Workshop 
Ontario, Cal ifornia 
Contact: Joe Goodwil l , ( 4 1 2) 268-3435 

29-March 1 
1 996 Power Delivery Issues Meeting 
Location to be announced 
Contact : Jon Ferguson, (8 1 7) 439-5900 

MARCH 

1 9-20 
Managing for Biodiversity: Emerging Ideas 
for the Electric Ut ility Industry 
Wil l iamsburg, Vi rginia 
Contact : Christine Lil l ie , ( 4 15) 855-2010  
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27-29 
1 996 Innovative Electricity Pricing 

San Diego, Cal ifornia 
Contact: Lor i  Adams. ( 4 15 )  855-8763 

APRIL 

9-1 1 
The Future of Power Del ivery 

Washington , D .C.  
Contact: Lori Adams, (415) 855-8763 

9-1 1 
1 996 Electric Food Service 
Symposium 

Nashvi l le, Tennessee 
Contact : Susan Bisetti , ( 4 1 5) 855-79 1 9  

1 0-12 
Pol lution Prevention Seminar 

Denver, Colorado 
Contact : Linda Nelson , (4 1 5) 855-21 27 

MAY 

8-1 0 

CEM (Continuous Emissions Monitoring) 
Users Group Meeting 

Kansas City, Missour i  
Contact : Linda Nelson , (4 1 5) 855-2 1 27 

22-24 
1 996 Heat Rate Improvement Conference 

Dal las , Texas 
Contact : Susan Bisetti , ( 4 1 5) 855-79 1 9  

JUNE 

1 1-1 3 
Interaction of Non-Iron-Based Materials 
With Water and Steam 

Piacenza, Ita ly 
Contact :  L inda Nelson, (4 1 5) 855-2 1 27 

1 7- 1 9  
6 t h  International I S A  POWID/EPRI 
Contro ls and Instrumentation 
Conference 

Bal t imore, Mary land 
Contact : Lori Adams, (415) 855-8763 

JU LY 

22-24 
1 996 Internationa l  Low-Level-Waste 
Conference 

New Orleans, Louisiana 
Contact : Linda Nelson , (4 1 5) 855-2 1 27 

24-26 
ASME/EPRI Radwaste Workshop 

New Orleans, Louisiana 
Contact : Linda Nelson, (4 1 5) 855-21 27 

29-August 1 
Fossil Plant  Maint.enance Conference 

Baltimore, Mary land 
Contact: Lori Adams, (4 1 5) 855-8763 
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