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EPRI-sponsored products won 
a record number of R&D 100 
Awards this year. The awards 
are bestowed by R&D Maga-

zine, which assembles a panel of scientific experts for its an
nual competition .. The experts select 100 new products from 
around the world that they consider to be the year's most 
technologically significant. Past winners include the video 
recorder and the fax machine. 
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Sott Trencher,.. �;3) 
lnstalling underground 
transmission and distribution 
cables is safer with EPRl's 
new Soft Trencher. The 
trencher uses supersonjc air 
jets to break up soil without 
harming existing gas, water, 
phone, or power lines. The 
machine excavates dirt 
continuously; as the air jets 
loosen the soil, a high-power 
vacuum system removes it, 
along with rocks as big as 7 
inches in diameter and sticks 
up to 18 inches long. For a 
better view, the operator can 
stand alongside the machine, 
operating it from a tethered 
remote-control panel. The 
Soft Trencher can dig 
trenches up to 10 feet deep 
and 6 feet wide. 
For more infor111ation, contact 

Tom Rodenbnrtglz, (415) 855-

2306. 

High-Performan �1�1[] Silicon Solar Cell ' � 

This advanced photovoltaic 
cell holds the world's record 
for efficiency in a silicon
based cell-26%. The cell is 
appropriate both for concen
trator applications, which 
employ either mirrors or 
lenses to increase the 
intensity of the light directed 
onto the cells, and for 
smaller, 1 -sun applications, 
in which individual cells 
absorb sunlight directly. 
Utilities are expected to be 
the principal users of this 
new technology. However, 
the 1-sun applications-for 
example, in satellites and 
mobile power supplies
may help create additional 
business opportunities. 
For more information, contact 

Frank Goodman, (415) 855-

2872. To order, call Dick 

Swanson at SunPower Corpora

tion, (408) 991-0908, or Va/inn 

Garboushian at 

(310) 325 - ...i 

8091. 



��l) Low-NO
x 

Cell Burner _ 
Now utilities with coal-fired 
cell burners have a reliable 
and cost-effective option for 
reducing emissions of 
nitrogen oxides. Specially 
developed for retrofitting, 
the low-NO. cell burner cuts 
NO, emissions by more than 
50%. The technology is 
designed to plug directly 
into existing cell burners, so 
it is relatively easy to install 
and requires no additional 
openings. Among other 
benefits, it reduces boiler 
operating problems, does not 
increase carbon monoxide 
emissions, and does not 
degrade combustion effi
ciency. Since its introduction 
early in 1993, the low-NOx 

cell burner has been installed 
on about 1200 MW of 
capacity. 
For more infor111a/ion, contact 

David Eskinazi, (202) 293-
7515. To order, call Jane Piepho 

at Babcock & Wilcox Company, 

(216) 860-6246. 

Battery-Monitoring Tl) 
System 
Emergency power will 
become more reliable with 
EPRl's new system for 
monitoring large banks of 
lead-acid batteries. Whether 
the batteries are used as 
backup power for computers 
or for protection and control 
equipment on the utility 
grid, this system offers 
reduced maintenance hours, 
improved power availability, 
and increased battery life 
(averaging 25% for a typical 
installation). Recording data 
from sensors strapped tu 
individual battery cells, the 
personal computer-based 
system plots trends in each 
cell's performance and 
provides detailed informa
tion on parameters-such as 
the state of charge, cunent
path integrity, and liquid 
levels-that are not covered 
by other available monitor
ing systems. 
For more i11for111atio11, contact 

Ben Damsky, (415) 855-2385. 

Single-Phase Motor 
At 40 horsepower, this is the 
world's largest single-phase 
motor. rt's also the most 
efficient (more than 94%). 
Designed primarily for rural 
applications, such as irriga
tion and other farming and 
business activities, the motor 
employs "written-pole" 
technology, which makes 
possible its efficient, synchro
nous design and allows a 
starting current that is less 
than one-third that of a con
ventional motor of similar 
size. One critical advantage 
is that the motor can be 
powered with the singl e 
phase electricity service 
generally offered in rural 

areas; conventional motors 
larger than 15 horsepower 
typicalJy require three-phase 
service. The new motor can 
also ride through power 
interruptions of up to 15 
seconds at full load. 
For more informatio111 contact 

Be11 Banerjee, (415) 855-7925. 

To order, call Dick Mornsh at 

Precise Power Corporation, 

(813) 746-3515. 
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Microwave Technology for the Chemical Industry 

PRI researchers are investigating 
the potential for using indus
trial-scale microwave teclrnol

ogy to trigger chemical reac
tions. Typically, chemical 
companies use thennal systems 

This microwave production tube, used for industrial-sized applications, 

would have to be modified for use with chemicals. 

fired by oil or natural gas to generate the 
heat required for many chemical reactions. 
But microwave systems could offer a 
number of advantages over the conventionaJ 
thermal systems, the researchers say. The 
potential advantages include the ability to 
use lower-cost raw matericils, a significant 

reduction in useless chemical by-products, 
lower capital costs, and energy savings. 

Critical to aU of these advantages is the 
ability to direct and control microwave 

energy at the molecular level. Such fine 
control enables the reacting chemicals to 
be heated to a uniform temperature. By 
contrast, conventional thermal systems heat 
molecules rather randomly: some of the molecules in the 
reactor bed reach the appropriate temperature, many others 

become too hot, and still others do not get hot enough. 

Molecules that do not reach the appropriate temperature 
either generate unwanted chemjcal by-products or do not 
react at all. 

Preliminary laboratory experiments conducted by the 
EPRI researchers indicate that microwaves could be used to 
produce ethylene from natural gas. A building block for 
many chemicc1l compounds, ethylene goes into products 

like antifreeze, polyester, polyethylene, polystyreJ1e, and 
synthetic rubber. With conventional thermal systems, it is 

cost- prohibitive to produce ethylene from natural gas. In
stead, chemical companies make ethylene from ethane or 

naphtha. Since natural gas is cheaper and for more abun
dant than either ethane or naphtha, it is very attractive as 
a raw material for ethylene production. 

Because microwave technology enables chemical 
reactions to occur at lower overall temperatures than those 
of conventional systems, the teclrnology not only saves 
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energy but also may lower capital costs. The higher 

temperatures of conventional thermal processes typically 
require the use of complex heat exchange equipment. By 
comparison, a microwave system would require only a 
microwave generator, a controller, and a relc1tively simple 

reactor. The researchers say that the potential chemical
related applications for microwave technology are numer
ous, including the production of pharmaceuticals and the 
removal of nitrogen oxides and carbon dioxide from power 

plant flue gas. EPRJ is collaborating with the National 
Science Foundation on an in-depth exploration of the 
science of microwave use with chemicc1ls. This work will 
help more cleMly define the type and breadth of possible 
applications. 

"There's a big potential market out there," says Ammi 

Amarnath, EPRI's manager for research on this topic. "In the 

future, every chemical company mc1y have a microwave 

system." 
• For more infommtion, contact Ammi Amarnat/1, (4-15) 

855-2548. 



Clothes That Deflect Magnetic Fields 

A 
lthough questions still remain about whether 
magnetic fields cause certain health effects, EPRI
funded researchers are exploring the feasibility of 

developing flexible materials that could be made into gloves, 
masks, aprons, and other clothing that would shield utility 
workers from such fields. 

Under contract to EPRI, researchers at SRI International 
are currently testing a variety of materials for possible use 
in such protective clotl1ing. According to Ron Pelrine, a 
senior research engineer with SRJ, a rubbery polymer is the 
most likely candidate for the base material. Particles that 
have magnetic properties and are about a thousand times 
smaller than a speck of dust would be built into the 
polymer. When exposed to magnetic fields, the material 
would become magnetized in such a way as to deflect the 
fields in its vicinity. 

The shielding concept being investigated by the SRI 
researchers evolved from similar techniques that have been 
used for years to protect computer disk drives, compasses, 
and scientific and military equipment from possible damage 
by the magnetic fields radiated by strong magnets aJ1d 
electromagnets. "There are key differences between such 
fields and tllose generated by electricity-driven equipment," 
Pelrine notes. "For example, the fields emitted by mag-
nets are much stronger, c1nd they are static, 
whereas the fields emitted by utility 
equipment are oscillating." Still, he says, 
the same shielding principle should 
be effective in deflecting both 
kinds of fields. 

Shielding for 
computers and other 
equipment has in
volved the use of 
nonflexible metal 
shields, which are 
not practical for 
moving objects 

/ 

like hands and bodies. By embedding the magnetic materi 
als into a more flexible material, the SRI researchers believe 
tllat they can effectively deflect magnetic fields while 
leaving workers the full range of motion they need to 
accomplish tlleir tasks. Although further research will 
determine precisely what kind of magnetic material the 
particles would be made from, potential candidates include 
metals and nonmetal ferrites. 

According to Pelrine, preliminary calculations on the 
properties of the materials being considered for use are 
promising. This summer the researchers Me conducting 
proof-of-principle laboratory experiments to determiJ1e 
whether their approadt can work. 1f successful, they will 
move on to materials development, which would be 
completed by the end of 1996. 

Aside from protective clothing for workers, the SRI 
researchers aim to develop coatings that could be painted or 
sprayed on utility equipment to minimize the escape of 
magnetic fields. Pelrine says that such coatings would have 
the Sc1me magnetic field deflection capabilities and would 
not interfere with equipment operation. "This study is part 
of a broader effort designed to apply state-of-the-art 
polymer technology to meet current utility needs," says 
Bruce Bernstein, EPRl.'s manager for the research. 
• For 111ore i11for111ntion, contact Bruce Bemstei11, (202) 293-7511. 

/ 
I 
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The mandated wheeling of power 
across a utility's transmission system for 
wholesale or retail transactions that the 
utility might not otherwise be involved in 
raises a host of critical questions: What is 
the true cost of providing unbundled 
transmission services? How much addi
tional power can be transferred within the 
physical constraints of existing power sys
tems? And what can be done to increase 
this transfer capacity while minimizing 
capital expenditures? 

The answers to these questions are be
ing sought in research by EPRJ's Power 
System Operations business unit, whose 
director, Mark Wilhelm, says: "For many 
decades, utilities have viewed themselves 
as companies that produce and sell power. 
Transmission Jines happened to go b e 
tween the generators and the load. In the 
newly evolving view, however, utilities 
are more Jjkely to see themselves as carri

ers of power. Transmission systems then 
become a strategic asset, operated as a ma
jor corporate profit center. Our task is to 
provide the tools utilities need to take full 
advantage of the opportunities ahead." 

Transmission costing 

Traditionally, the cost of transmitting elec
tricity from one point to another was sim
ply rolled into the other costs of providing 
power to a customer. Transmission sys
tems were viewed as a fully integrated 
part of a power system, and little effort 
was made to analyze the various factors 
that could affect the cost of providing 
transmission access as a separate service. 
For purposes of conducting wholesale 
transactions, prices were generally based 
on cost recovery for a utility's transmis
sion grid considered as a whole-the 
"postage stamp method'' of setting rates, 
so called because it made Jjttle distinction 
between short and long power transmis
sion distances. 

The limitations of such rates were al
ready becoming evident before the advent 
of open access. As the volume of bulk 
power sales increased, so did the amount 
of electricity that flowed over transmis
sion lines outside the "contract path" be
tween buyer and seller. Such spillover 
meant that other utilities were providing 
transmission services without a way to re-

ceive adequate compensation. Open ac
cess has accelerated the w,bw1dling of 
these services and greatly increased the 
need for a better understanding of the 
costs involved. 

following the Energy PoUcy Act's man
date for open access, the Federal Energy 
Regulatory Commission (FERC) adopted a 
major new pricing policy for transmission 
services. Under this policy, "an open ac
cess tariff . . .  should offer third parties 
access on the same or comparable basis, 
and w.der the same or comparable terms 
and conditions, as the transmission pro
vider's uses of its system." In other words, 
a utility cannot make access to its grid 
more costly or more difficult for its com
petitors than for itself. 

lmplementing this policy will require 
utilities to find better ways of accow1ting 
for their transmission costs-including 
the cost of grid expansion or upgrading 
and the cost of changing grid operations 
to make it possible for a transaction to take 
place. ln response, EPRl is developing a 
comprehensive framework for analyzing 
transmission services and evaluating their 

THE STORY IN BRIEF As utilities provide open access to their transmission grids under new federal 
regulations, the volume of bulk power transactions is expected to rise sharply-putting a strain on already 
heavily loaded delivery systems. Can everybody ride a grid that was designed to be operated in a simpler 
business environment? New EPRI software and analysis methods can help utilities cope with the practical 
problems that open access brings, such as accurately calculating the costs of providing transmission 
services to third parties and operating power systems closer to their inherent technical limits. A variety of 
power system analysis programs are already available for planning purposes, and on-line versions for use 
by operations personnel are beginning to enter utility demonstration. In addition, new resource scheduling 

nd generation control software can help utilities reduce the total cost of electricity production by up to 

"'- 3%. A decision framework has also been prepared that a utility can use to integrate technical information 
�b it ower system with overall corporate strategy. _ 
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co ts. This costing m thodology is ched

uJed for completion in 1 995 and wil l  in

c lude pr posals for computer oftwar to 

h I p  uti l ities apply the analytical frame

work. 

The economic ba is for estima ting cost 

by means of this framework is the recog

nition that transmi ion i a limited re-

ource. Unl ik  additiona l  power plant -

which, in theory, cou ld alway be buil t 

i n  mor -remote locations-n w tran'mi -

sion l ine oft n may be virtua l ly  irnpo -

ib l  to ite. Also, tran mi i n faci l i ti 

r main firmly under the control of estab

l ish d ut iU ties and o far ar wel l pro

tected against the encroachment of in

dependent power entrepren u rs. In the 

words of FERC Commission r William 

Ma y, "The monopoly power of the in

d ustry i in the wire , not the generators. " 

Again t th.i background, the new co t

i ng fra mework ee t identify and val

uate not on ly basic charges L ike maint  

nance co ts, inter t on capi tal  e pendi

ture , and en rgy Josse but al l  the factor 

that contribu te to the co t of providing 

pecific transmis ion ervices, such a 

load following, freguency control, re rve 

capacity, and voltage regulation. And, be

cause transm i ion facil i ties are l imited, 

particula r a t tention is being paid to the 

calcu la t ion of opportunity co t - that is, 

co L a ociated with having to forgo cer

tain tran action becau e f conge tion 

cau ed by other pow r transfer a l ready 

u nder way. 

How these cost wi l l ev ntua l ly be 

l:ransla ted in to price goe b yond the 

scope of thi methodology and depends 

on b th unr olved regulatory i sues and 

a growing wh le ale power market (de-

cribed in the June 1 994 EPR J ]011mnl). By 

u ing th co ting framework, however, a 

u ti l ity wi l l  b in a better po i tion t ju -

l i fy it ra te to regu lator and to profit 

fr m pand ing market opp rtuniti 

Impact on system security 

[ ncrea ed wheel in wil l ha ve a ubstantia l 

impact on effort to maintain the integrity 

of tran mi ion y ·tern . A l ready, ome 

part of th highly int rconnected orth 

Am rican power grid are b coming con

ge ted . To maintain the curity of th i 
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C. 

Cogenerators, 

customers who 

generate their own 

power on-site, can 

either sell some of 

this power through 

the transmission grid 

when prices are high 

or buy utility power 

when prices are low. 

Independent power 

producers, al lowed 

use of the trans• 

mission system on 

the same basis as 

the utility who 

owns it, wil l  exert 

Increasing market 

pressure on utilities 

to decrease their 

costs. 



Uti l ity control 

centers operate the 

transmission system, 

coordinating the 

increasingly compli

cated flow of power 

and maintaining 

system stabi l ity. 

OPEN ACCESS: THE PLAYERS The regulatory requirement that ut i l it ies 

provide open access to their transmission grids is expected to increase 

both the volume of power transactions and the number of active partici• 

pants. 

Power traders wil l  

play a larger role in 

negotiating whole

sale electricity 

transactions and 

futures contracts. 

C 
c.., 

:::: 

Customers will have 

more opportunity to 

shop around for 

power. Large indus

trial and commercial  

customers are 

already beginning to 

be able to choose 

their own electricity 

supplier, and residen

tial customers may 

eventual ly have the 

same opportunity. 

Uti l ity power plants, 

which have typically 

been the only 

available sources of 

power for their 

service area, must 

now compete with 

other generators to 

sell electricity to 

customers. 



OPERATING LI MITS 

The amount of power a transmission 

system can handle is constrained by 

three types of physical limits. 

Thermal l imits are encountered when a 

system is so heavi ly loaded that trans

mission l ines l iterally begin to sag from 

overheating, just as a conveyor belt 

droops under the weight of an excessive 

load of packages. 

Voltage stability limits can be a problem 

when there Is not enough reactive power 

on the l ine to sustain voltage support, 

particularly near a major load area. If 

there Is insufficient support, the voltage 

can col lapse altogether, bringing down 

the system. 

Power stability l imits involve excessive 

loading that can cause generators or 

loads on the same grid to experience 

a loss of synchronism. A fault or other 

disturbance can spl it  part of the system 

and disrupt smooth power flow. 



system, control center personnel need 
more-sophisticated modeling tools to help 
them understand the system's physical 
constraints and to help them handle an 
increased number of bulk power trans
actions within those constraints. 

Generally speaking, there are three 
kinds of constraints that must be con
sidered. Thermal limits are the easiest to 
understand: trying to push too much cur
rent through transmission equipment will 
make i t  overheat. During the events lead
ing to the 1977 blackout in New York City, 
for example, thermal expansion of over
loaded transmission lines running into U1e 
city made them droop into trees under
neath, causing breakers to open and thus 
worsen the evolving power failure. 

Voltage must also be kept within ac
ceptable limits. Maintaining the proper 
voltage throughout a power system re
quires supplying enough reactive power 
to sustain the magnetic fields needed to 
transmit and use alternating current Such 
power-measured in volt-amperes reac
tive (VAR)- cannot be carried very far 
along transmission lines. Thus voltage 
support on long lines often requires the 
addition of reactive power at intermediate 
points. Also, in the event of a disturbance, 
voltages may decline beyond a poiJ1t of no 
return, leading to systemwide collapse. 

Finally, the rotation of all the generators 
connected to a power system must remain 
synchronized. When a fault or other dis
turbance occurs on a transmission system, 
it may cause some generators to acceler
ate and others to decelerate-tending to 
throw them out of synchronization. In o r 
der to provide reliable service, a power 
system must have enough resilience to r e 
cover from such an event on its own, b e 
cause transient events occur too quickly 
for human intervention. Recovery is more 
likely if a system is not too heavily loaded, 
so the third set of constraints involves the 
limitations placed on the amount of power 
transmitted in order to ensure system sta
bi.lity in the face of transients or longer
term system oscillations. 

For many years, EPRl has conducted 
pioneering research on how to maintain 
power system reliability. The result is a 
family of software products that have b e -

come widely accepted for use by system 
planners and operators. As utility needs 
change in response to the greater number 
a11d complexity of bulk power trans
actions, existing products are being en
hanced and new ones added. This soft 
ware development work is being closely 
coordinated wiU1 researd1 on the new 
power electronic controllers that fom1 the 
basis of FACTS (flexible ac transmission 
system) technology. These controllers, 
which use solid-state thyristors to quickly 
control power flow, can increase the ca
pacity of particular transmission lines by 
as much as 50%, while reducing stability 
problems throughout a transmission grid 
because of their virtually instantaneous 
reaction time. 

Power system planning 

Determining whether a transmission sys
tem can handle increased bulk power 
flows requires first that planners conduct 
a detailed security analysis of the system 
as a whole. The capability to perform such 
studies is provided by EPRJ's Power Sys
tem Analysis Package (PSAPAC), which 
currently contains nine related computer 
programs thc1t share common data files. Tn 
partjcular, PSAPAC can be used to identify 
possible bottlenecks on a transmission 
grid for various levels of wheeling trans
actions. The package can aJso show what 
locations on the grid may need additional 
VAR support and can identify what further 
controls are required to maintain system 
stability. 

Each major type of system constraint 
that could be affected by wheeling is mod
eled by one or more of Uie PSAPAC pro 
grams, which can be  used either indepen
dently or in conjwiction with each other. 
The thermal limits of a Large-srnle power 
system (up to 12,000 buses), for example, 
can be calculated using the package's ln
teractive Power Flow (lPFLOW) program. 
This program also provides U1e model
ing base for steady-state voltage and pow
er flow analysis. The Voltage Stability 
(VSTAB) program Call tell pl,mners how 
close a system is to voltage collapse and 
what the mechanism of coUapse would be 
in response to particular disturbances. 

Two PSAPAC programs devoted to ana-

lyzing system stability limits have proved 
particularly important in utility studies in
volving the proposed addition of FACTS 
conh·ollers. The Extended Transient-Mid
term Stability Program (ETMSP) provides 
a detailed, time-dependent simulation of 
fast (within seconds) response to distu r 
bances in  systems having up to 2000 gen
erators, while the Small-Signal Stability 
Program (SSSP) can be used to analyze the 
subsynchronous oscillations that some
times arise among generators m very 
large, interconnected power systems. One 
or both of these computer codes have been 
used by the New York Power Authority, 
Ontario Hydro, Minnesota Power, South
ern Company Services, the Tei1nessee 
Valley Authority, and the Western Area 
Power Administration to evaluate U1e p o 
tential benefits o f  installing various FACTS 
controllers. 

Another package of computer pro
grams, called VBTRA (Value-Based Trans
mission Resource Analysis), provides a 
power system planning framework for de
termining, among other things, the least
cost combination of generation and trans
mission facilities. Two VBTR.A programs 
are currently available, and several e n 
hancements are scheduled for release i11 
1995. By using VBTRA, utility planners Call 

calculate how power system performance 
would change with alternative operating 
policies or transmission configurations. In 
turn, this information enables the planners 
to evaluate the impact of various wheel
ing contracts on power system reliability. 
For example, a utility could use VBTRA to 
determine the relative costs and benefits 
of building a new power plant or rein
forcing its transmission system to meet 
rising demand or to take advantage of 
wheeling opportunities. 

Finally, planners need to know the max 
imum simultaneous power transfer capa
bility of interconnected power systems. 
Most utilities now determine the physical 
limits of a transmission system only for 
individual wheeling transactions. To de
termine the capability for simultaneous 
transactions betweei1 just two or three ar
eas, it may be necessary to rw1 many reli
ability simulations. EPRI's new Transfer 
Capability Program (TRACE), scheduled 
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Monitor ing System 
Security 

E PRI is developing an integrated 
set of on-line system security 

analysis tools that will help improve 
system utilization and lower operating 
costs. 

SES (Security Enhancement System) 
rapidly assesses the potential effects of 
a large number of selected outages on 
operating conditions and recommends 
least-cost corrective actions to be taken 
if any of them occur (available now). 

VSA (Voltage Stability Assessment) 
indicates whether voltage collapse will 
occur after a disturbance and recom
mends actions to avoid collapse and re
store system voltages to acceptable lev
els (prototype available 1 995). 

DSA (Dynamic Security Analysis) 
uses a screening method based on the 
transient energy function to identify 
and rank potential ly severe contingen
cies, whose effect on system stability is 
then analyzed in detail by means of 
simula tion techniques (available 1996). 

RSGC 

T he Resource Scheduling and Gen
eration Control (RSGC) software 

package, now being developed, will 
help util ities minimize power system 
operating costs through improved unit 
scheduling, load-frequency control, and 
dynamic dispatch of generation. Five 
programs -initially to be released as 
individual products-will be included 
in the integrated software package, 
which is scheduled for delivery in 
1 998. 

RSC (Resource Schedu ling and Com
mitment) is an on-line program that 
uses advanced optimization methods 
to prepare a least-cost plan for ched
uling diverse resources and transac
tions (available 1 995). 

STLF (Short-Term Load Forecast) pro-

vides load predictions for use by other 
RSGC programs (available 1995) . 

CCPC (Coordinated Control Center/ 
Power Plant Controls) uses increased 
data flow between control center and 
plant computers to improve both y -
tern and plant operating objectives 
(available 1 995). 

COD (Constrained Dynamic Dispatch) 
provides real-time dispatch of diverse 
energy resources to meet system de
mand under specific unit constraints 
(available 1 997). 

LFC (Load-Frequency Control) auto
matically controls generating units to 
meet scheduled system frequency and 
minimum production cost (avai lable 
1997). 



for commercial release in early 1995, will 
make it possible to evaluate the maximum 

simultaneous power transfer capability of 
several interconnected power systems. 
This program represents a major depar
ture from traditional system analysis tools 

in that it uses an optimization method 
that quickly identifies critirnl contingen
cies (such as loss of a generator or power 
line) that could affect a system's thermal 
loading during simultaneous transac
tions. Using TRACE, planners will be able 

to calculate the capability of a transmis

sion network to handle concurrent wheel
ing transactions and will be able to iden
tify the best ways to move power among 

neighboring utiLities. 
"Open access has made us accelerate 

our security anc1lysis work for system 
planners," says Neal Balu, who has man
aged development for much of this soft
ware. "Already, many utilities are finding 

their transmission systems pushed un

comfortably close to physical limits, c1nd 
others can expect to face this issue in the 
near future. EPRI's work on power system 
pla1ming has produced software tools that 
our members can use to keep ahead of the 
game and maintain system security while 
increasing bulk power transfers." 

Toward on-line analysis 

In addition to affecting power system 
planning, open access and increased 

wheeling will also require changes in the 
way systems are operated. Utility dis

patchers may have to operate a system 

closer to its physical limits because of ex
ternal wheeling transactions, while try
ing to reduce their own operating costs 
through more-efficient dispatch of gener
ation and transmission resources. Meeting 
these divergent needs will require the d e 

velopment o f  operations support tools 
that use real-time information. Such tools 
can enable dispatchers to schedule whole
sale transfers on an hour-by-hour basis 

and can help in optimizing tJ1e use of 

power system resources. Better resource 
use may enable a utility to reduce operat 
ing costs by up to 3%-which translates 

into biUions of dollars in annual savings 
for the utility industry as a whole. 

As in the case of planning software, on-

line operations support programs gener
ally correspond to the three types of phys
ical constraints that apply to power sys

tems. One program, dealing with thermal 

limitations, is already commercially avail
able-the Security Enhancement System 
(SES). This program continuously moni
tors the condition of a power system and 

calculates how the condition would 
d1ange following specific contingencies, 
such as the loss of a major transmission 
line or generator. Corrective actions for in
dividual contingencies are then recom
mended on a least-cost basis. Because SES 
uses real-time system data, it can better 

anticipate abnormal conditions and can 

propose control adjustments that will re 
duce costs while mr1intaiJ1ing system in

tegrity. Wisconsin Electric Power Com
pany was the initial host utility for the 
demonstration of SES, which now includes 
several features proposed by the com

pany's dispatchers. SES is currently being 
used by 15 EPRI member utilities. 

The o n -line Voltage Stability Assess
ment (VSA) program, which can help util

ities operate their power systems at higher 
load levels without risking voltage col
lapse, is under development. A prototype 

version of the program is expected to be 

ready in 1995. The planning tool VSTAB 
will be used as a starting point for creat 
ing VSA, which will use real -time data to 

continuously monitor and analyze the 
voltage stnbility status of large transmis
sion grids. Through such calculations, VSA 
will show which power transfers can be 

handled within the limits of voltage sta
bility. Lf a voltage collapse should begin to 

evolve, VSA will be able to identify timely 
mitigation measures, such as load curtail
ment or emergency VAR support. 

Perhaps the most daunting task facing 

operalions software developers is to cre
ate the Dynamic Security Analysis (DSA) 
package-software capable of analyzing 

system stability limits quickly enough to 

be used on-Line. While the plai,ning pro

cess may take months of ru1alysis, DSA 
must be able to perform system analyses 

in about 20 minutes. Until recently, real

time operation was not considered possi
ble, but advances in both computer hard

ware and computational techniques have 

made the development of DSA feasible. In 
particular, DSA will use artificial intelli
gence techniques to select contingencies 

that are relevant to a power system in its 

present state and then to identify those 
contingencies that would be most likely to 
cause system instability. 

Having an on-line security analysis ca
pability could save many utilities millions 

of dollars a year, since they would be able 
to prevent the onset of instabilities often 
associated with heavily loaded transmis
sion lines. During a thunderstorm, for ex 

ample, a dispatcher could check to see 
whether an outage on a line likely to be 

affected would render the system unsta
ble. By performing the necessary calcula
tions i11 a few minutes with actual system 

data, DSA could prescribe control actions 
to prevent a cascc1ding outage. A prelimi
nary demonstration using only a simpli
fied, partially functionc1l prototype of DSA 
is resulting in savings of $1.4 million over 

a three-year period for the host utility. DSA 
is expected to be ready for delivery to EPRL 

members in 1996. 

11Traditionc11ly, the planning function 
has been qt1.ite separate from power sys
tem operations, but now they're moving 
closer together," says Gerry Cauley, who 

is managing development of the new, o n 
line system analysis software. "Being able 
to use real-time data and advanced com

puting tedmiques can make a dispatcher 
faster on his feet, in the sense of antici
pating and correcting problems before 
they get out of control and evaJualing the 

possible system impacts of transaction op

portunities as they arise." 

Scheduling and control 

Complementing EPRJ's work on real-time 
security analysis is research on advanced 
resource scheduling and generation con
trol: security analysis tells a dispatcher 

which power system configurations and 

bulk power transactions are saie; schedul
ing and control analysis indicates which 
are advantageous. EPRl's research in the 
latter area aims at producing an integrated 
set of on-line control system software that 

can minimize total electricity production 
cost by comparing the marginal costs of all 
resources available to a utility-i11cluding 
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Plann ing for Security and Rel iabi l ity 

PSAPAC 

T he Power System Analysis Pack
age (PSAPAC) contains nine com

puter programs that share common 
data files and provide complementary 
capabilities to allow planners to study 
the static and dynamic characteristics 
of their power systems. 

DYNRED (Dynamic Reduction) iden
tifies groups of generators and other 
synchronous equipment that can be re
duced to simple equivalents for ana
lytical purposes. 

LOADSYN (Load Synthesis) models a 
network's loads and prepares the data 
for further analysis .  

IPFLOW (Interactive Power Flow) con
ducts steady-state analysis of voltage 
and power flow for various loads, con
tingencies, and generation dispatches. 

TLIM (Transmission Limitation) cal
culates the real power flows and trans
fer limits of a system under various cir
cumstances. 

DIRECT conducts stability analysis 
based on the evaluation of system tran
sient energy - supplementing more de
tailed, time-domain analysis methods. 

LTSP (Long-Term Stability Program) 
is a time-domain program for simulat
ing the long-term dynamics of a large 
power system after a disturbance. 

VSTAB (Voltage Stability) tells how 
close a system is to voltage instability. 

ETMSP (Extended Transient-Midterm 
Stability Program) is a time-domain 
simulation program for transient and 
midterm stability analysis of large 
systems. 
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VBTRA 

T
he Value-Based Transmission Re
source Analysis (VBTRA) package 

consists of two programs that evaluate 
the performance of a transmission grid 
under various conditions, such as 
wheeling. 

TRELSS (Transmission Reliability 
Evaluation for Large-Scale Systems) 
uses a systematic contingency selection 
process to assess bulk system reliabil
ity for grids with up to 2500 buses. 

CREAM (Composite Reliability As
sessment by Monte Carlo) uses a ran
dom contingency selection process to 
assess bulk system reliability, provid
ing composite reliability indexes at the 
system and bus levels. 

SSSP (Small-Signal Stability Program) 
consists of two subprograms-MASS 
(Multi-Area Small-Signal Stability) and 
PEALS (Program for Eigenvalue Anal
ysis of Large Systems) -that analyze 
local plant mode o cillations and in
terarea oscillations in interconnected 
power systems. 

internal generation, wheeling transactions, 
demand-side management, purchas s from 
other utilities or from nonutility genera
tors, and energy storage. The programs in 
the Resource Scheduling and Generation 
Control (RSGC) package would also nec
essarily take into account physical system 
limitations, as compu ted by the ecurity 
analysis software just described. 

Five software programs are being de
veloped for RSGC; they will be delivered 
as individual products from 1 995 to 1 997 
and as an integrated package in 1 998. By 
using these programs, a util ity will be able 
to obtain better load predictions, prepare 
a least-cost plan for scheduling diverse 
types of resources to meet the projected 
load, and automatical ly con trol generat ing 
units on the basis of tfos schedule. Cur
rent control technologies are no longer ad
equate for dealing with the increasingly 
complex operations of highly intercon
nected systems; the RSGC package will 
help significantly reduce both fuel costs 
and other operating costs. 

A cri tical component of this advanced 
scheduling and control system is better 
communication between con t rol centers 
and power plants. The enhanced, two
way flow of data will enable a dispatcher 
to send unH commitment schedules to a 
plant manager and receive, in turn, real
time informa tion on incremental unit heat 
ra tes, ra mp rates, emi ions, and dynamic 
response characteristics. Simula tions and 
field tests of the new communica tions sys
tem have shown that a 4% cost reduction 
is possible in a fossil-fired power plant just 
through improved control based on the 
use of real-time incremental heat rate data . 
The first demonstration of the coordinated 
communicat ions ystem is currently be
ing set up at Wisconsin Power & Light 
Company. 

In related work, a commwlicat ions pro
tocol has been developed to support data 
exchange between control centers. This 
Inter-Control Center Communications 
Protocol ( JCCP) complies with the Util
ity Communications Architecture (UCA), 
which is designed to standardize data 
excl1ange throughout the electric power 
industry. The use of ICCP is expected to 
reduce the cost of communications be-
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tween power sy tern control cen
ter and lead to closer coordination 
of their activities. Demonstrations 
of JCCP are being set up at the West
ern Area Power Administra tion, 
Ohio Edison Company, and the 
Electric Reliabil ity Council of Te a . 

"The adoption of ICCP i funda
menta l to other changes taking 
place in utility energy management 
systems," according to EPRl's Ali 
Vojdani. "The need for better data 
exchange between control center 
has been recognized for more than 
a decade, and we've recei ved very 
strong industry upport for our ef
forts to bring it about. " 

PREPARING FOR TH E FUTURE The increase In 

bulk power transactions brought about by open 

access presents uti l ities with three kinds of tech• 

nical challenges. New planning and control sott• 

ware wil l  be needed to maintain system stabil ity 

and prepare for a more heavi ly loaded system. 

New transmission system hardware, including 

innovative power semiconductor control lers, can 

help expand system capacity in the most cost• 

effective way. And new analytical tools wil l  enable 

actions if it d i verted capita l in
vestment from generation to 
transmi sion. Now i t  plans to use 
PSAPAC and VBTRA to identi fy the 
part of the power sy tern that 
need reinforcemen t and to deter
mine the co t. The second ut i l i ty 
conducted a thorough techn ical 
ana ly i of it power ystem fir t 
and i now using A to define a 
busines strategy that wiJ l maxi
mize the value of the ystem in it 
present form. 

utilities to identity financial  opportunities inherent "The importance of e i ting 
in open access and incorporate them into an over• 

all business strategy, 

transmi ion a et i ri ing ra p
idly - i n  a recent urvey, ta te 
regulatory commissioners e ti
mated that U1e perceived va l ue of 

Strategic asset management 

At some point, of cour e, uti l i ty execu tive 
have to integrate the techn ical information 
produced by power system ana lyses with 
overa l l  corporate goals. From this per
spective, transmission lines and pinning 
reserve a re strategic assets who e va lue 
can be increased through ca reful deploy
ment- for example, through partic ipation 
in more wheeling tran actions. At the 
same time, the risks inherent in every op
erational decision, from line loading to 
fuel purchases, have to be judiciously con-
idered and managed. Meeting these cli

ver e demands is the goal of a new deci-
ion framework, called Strategic Asset 

Management ( AM), being developed by 
the Utility Resource Planning and Man
agement busine unit .  

"The critical juncture betwe n technica l 
fea ibi l ity and corpora te trategy can be 
approached from ei ther direction, "  n tes 
Char lie Cl ark, who heads the business 
W1it. "A uti l i ty may have a part icular 
w hole a le ma rketing tactic in m ind and 
may n ed to e whether i t  power system 
can upport the transactions involved, 
or the utiJjty may sta rt with an as e m nt 
of system strengths and wea kne e and 
then cond uct a bu ines analy is to find 
out how the can be u ed to be t ad-

antage." 
These a l ternative approache are xem

plified b activitie under way at two EPRI 
member utilitie . By using SAM, the first 
utility found that it had a promising op
portunity to make whole ale power tran 

urplus transmission capaci ty 
w i l l  rough] double over the next five 
year ," says Karl Stahlkopf, v ice pre ident 
for power delivery. "Our goa l is to pro
v ide lt. ti J i t ies with the teclmologies and in-
ight they need to rea l ize thi poten tial, 

by analyzing both the inherent physical 
constraints and the emerging b usiness op
portun ities a ocia ted wi th tran mi ion 
a t. . Forward-looking utilitie are a l 
ready u ing the  e tool to prosper in the 
new ly competit i ve marketplace. " • 

Background 1ntormahon tor this a rticle was p rovided by 
Mark Wilhelm , Neal Ba lu .  Gerry Cauley, Ali Vojdanl , and 
Char11e Clark. Power Del ivery Group. 
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THE STORY IN BRIEF Used in special applications for over a decade, 

membrane filtration and separation systems offer an electrotechnology 

solution to the increasing pressure on much of the food-processing in

dustry to reduce lts use of fresh water and its discharge of wastewater 

for treatment. EPRI collaborated wtth utilities and the food-processing in

dustry in California to equip a semitrailer with state-of-the-art membrane 

test equipment, and the trailer has been visiting food plants to conduct 

demonstrations and assessments of what membrane separation systems 

con do. Utilities in other states have since joined the project as a way to 

help introduce their food processor customers to the new technology. 

by Taylor Moore 

Membrane Applications in Food Processing 

F 
ram the vineyards of the Napa 
VaUey, through the square-mile 
orchards and vegetable fields of 
the Sacramento and San Joaqui_n 

Valleys, south to the sunbaked expanse 
of the Imperial Valley, California's $70 bil
lion agriculture industry provides 10% of 
all the food consumed in America and 
10- 15% of the country's food exports. The 
i_ndustry depends fundamentally on the 
constant availability and use of a substan
tial portion of the Colden State's most 
valuable natural resource-water. Many 
farms measure their water requirement for 
irrigation in the millions of acre-feet per 
day. And many of the more than 8000 
food-processing plants that prepare and 
package California's crops consume mil
lions of gallons of water a day to wash, 
cook, and send foods on lhei_r way to 
America's store shelves and dining tables. 

Particularly in Califomia-,-vhere com
peting demands for its use have made 
water one of the state's most politically 
contentious and economically signi_ficant 
pubuc issues-the agriculture and food in
dushies are under growing pressure not 

only to reduce water consumption but 
to substantia!Jy decrease the discharge of 
process effluent into public water treat
ment systems. Many cities and counties, 
straining to provide for expanding popu
lations, are raisi_ng the fees for industrial 
wastewater discharge even faster than wa
ter rates themselves are rising. 

Evaporation ponds, the traditional al
ternative to disd,arge, are already costly 
to build and operate and are becomi.ng 
more so. Ponds constructed today must 
have double liners and leachate collection 
and monitoring systems. Giwn these and 
other challenges to productivity (includ
ing tighter reshictions on the use of pesti
cides and herbicides and on air emissions) 
and given the ready availability of many 
food imports whose production is not 
subject to sud1 restrictions, how to remain 
competitive as a major domestic and glob
al supplier is becoming a serious question 
for California's food producers. 

The problems of water use and waste
water quality, however, are only some
what less acute in other states with gen
erally larger a11d more-reliable water sup-
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plies. One of the biggest manufacturing 

sectors in the United States, food process

ing is inherently a local and regional in

dustry that is well established in every 

state. Yet food processors everywhere 

know that, with current water manage

ment practices, they are operating on bor

rowed time. They will eventually have to 

recycle and reuse an even greater portion 

of their process water and treat in place 

any effluent to meet municipal water qual

ity standards. 

Permeable-membrane filtration and sep

aration technologies have great potential 

to help meet the food-processing indus

try's water consumption and water treat

ment challenges. The technologies include 

microfiltration, ultrafiltration, nanofiltra

tion, and reverse osmosis (in descending 

order of the size of the particles that can 

permeate the various types of membranes 

employed). Their use is already growing 

at double -digit rates in the chemical in

du!-try, where pressures similar to those 

facing food producers have led to the in

stallation of many membrane systems, 

primarily as a pretreatment or finishing 

step or in conjunction with other purifica

tion methods, such as deionization. 

The recent emergence of advanced ce

ramic and metallic membranes (polymeric 

membranes are most commonly used) and 

the availability of improved equipment 

designs that offer higher flow rates and 

lower treatment costs are helping to in-

A SMORGASBORD OF FRUITS AND 

VEGETABLES Since the fall of 1992, 

the membrane separation demonstra

tion trailer has been on a nearly non• 

stop road trip, making six-to-eight-week 

visits at nine California food-processing 

plants and, most recently, traveling to 

plants in Pennsylvania and New Jersey. 

The California operations evaluated for 

possible application of membrane sys

tems were olive canning, raisin drying, 

bean soaking, green pea freezing, fruit 

cocktail canning, tomato processing 

and canning, carrot processing, fruit 

freezing, and processing of kelp into 

food algins. Researchers have found 

membrane separation systems to be 

particularly promising for the state's 

large tomato industry. 



crease the appeal of membrane separation. 
As a result, its use is spreading beyond 
the small-scale, specialty applications in 
which it is well established to more-com
mon, high-volume operations like those of 
most food processors. 

For the last two years, EPRl has been 
working with California food processors, 
three of the state's major utilities, U.S. 
Department of Energy researchers, food 
processor trade groups, and agricultural 
and food scientists from the University 
of California at Davis to demonstrate the 
application of membrane separation tech
nologies for treating various process wa
ter streams in food plants to reduce efflu
ent, conserve water and energy, and re
cover useful by-products. A 48-by-8-foot 
semitrailer equipped with membrane test 
units and data acquisition and analysis 
gear has been on a nearly nonstop road 
trip since October 1992. It has made six
to-eight-week visits at nine California 
food-processing plants whose operations 
span a wide range: olive canning, raisin 
drying, bean soaking, green pea freezing, 
fruit cocktail canning, tomato processing 
and canning, carrot processing, fruit freez
ing, and processing of kelp into algins 
used in food products. Besides promoting 

awareness of membrane technologies and 
introducing food processors to their use, 
the project personnel have conducted 
technical and economic evaluations of 
new applications of commercially proven 
membrane technologies in the recovery 
and recycling of process water. 

Electrotechnology for wastewater 

Membrane separation has been used com
mercially for as long as 15 years to con
centrate whey in the dairy industry, to 
clarify juices and other beverages, to re 
claim salable products like sugars and 
corn syrup from waste streams, and to de
salinate modest quantities of seawater. But 
the latest membrane technologies, with 
their improved flow rates and perfor
mance, are expanding the spectrum of 
economically viable applications, princi
pally in the chemical, water treatment, 
and food-processing industries. 

Membrane processes offer several ad
vantages over conventional evaporation 
and distillation processes, including lower 
energy use, greater reliability, smaller 
floor space requirements, lower capital 
cost, better control of microbes and o r 
ganic matter i n  process effluent, and i m 
proved product quality. Unlike other 
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separation and fractionat ion methods 

u ed in food processing, notably vapor

ization and freeze concentration, mem

brane proce e do not change the phase 

of selected components. 

Although perhaps not widely recog

nized as an electrotechnology, membrane 

systems use electric-powered pumps to 

maintain ystem pressures a nd flows (but 

u e no energy to heat or vaporize l iquid ) .  

Membrane s y  terns de igned t o  recover 

thermal energy from proce s wa ter may 

use only abou t 10% of the nergy typical ly 

used in evaporation process s . When used 

in applications that reclaim and recycle 

process wa ter drawn from wells, the tech

nology also saves energy through reduced 

pum ping requirements for intake. Mem

brane systems are one of everal ind us

tri a l  electrotechnology a pplications EPRT 

ha been pursuing since 1 980 on behalf 

of i t electric util i ty members and their 

customers. 

The membrane demon tration trai ler re

sul ted from a collaboration of diverse in

terested parties two years ago when EPRI, 

DOE's Bat tel le Pacific orthwest Labora-
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University of Caitomla, Davis 

tories, Pacific Gas and Electr ic Company 

(PG&E), San Diego Gas & Electric Com

pany, and Southern California Edison 

Company ( E) teamed up with the Cali

fornia League of Food Proce ors (CLFP), 

the ational Food Proce ors Associa tion 

(NFPA), and the CLFP/ FPA Indu try Ad

visory Technical Committee. "Worki ng 

with our partner , we saw an opportunity 

to demonstrate new water management 

technologie that can help food processors 

remain efficient and competi t ive while 

meeting new challenges and regulatory 

requirements," says Ammi Amarnath, 

manager for process industries in EPRI '  

Customer Systems Group. 

PG&E a nd SCE were particularly pleased 

to be involved in demonstrating and pro

moting a new technology application with 

grea t potential aero s what i for each uti l

ity a ignificant category of indu tr ial cus

tomer. "The food-processing industry rep

resent a key customer market segmen t 

for PG&E, and we iden tified a need to help 

the food processors stay com petitive in 

California by meeting the energy and en

vironmental chal lenges they face," says 

Del Evans, a former PG&E senior prod uct 

manager who now heads the u ti J i ty' Sa n 

Francisco Marketing Department .  "The 

te t trailer will help show them how they 

can meet those cha l lenges. The results at 

all the plants the trailer has visited are 

very encouraging, and a couple of those 

pla n ts are consid ering or planning the 

eventual full-scale implementation of mem

brane technologies." 

The Del Monte Food Research Center 

buil t  and outfitted the membrane demon

stration trailer, which is owned and oper

ated by the California institute of Food 

and Agricultural Re ea rch (CIFAR) at UC 

Davis . The trai ler conta in  a laboratory

scale membra ne test unit, high-pressure 

a nd low-pressure test w1i ts, ta i nle s steel 

piping and mou nts, and labora tory and 

computer equi pment .  I n lets for hot and 

cold water, deionized water, and com

pre ed-air d i  tribution systems can be 

readily connected to outlets at a host si te .  

"We're excited to have thi mobile unit, 

which is supported by the utility compa

nies and the food industry in Cal i forn ia ,  

available to actua l ly go to food -processi ng 



A FOOD-PROCESS I NG LABORATORY ON WHEELS The 48•by•8• 

loot membrane demonstration trailer is outfitted with a labora• 

tory-scale test unit, high-pressure and low-pressure test units, 

stainless steel fittings and pipes, and computers and other 

analytic.al gear. The test units can handle a wide variety of 

membrane types and materials in evaluating the potential  

of membrane separation to meet specific 

process flow requirements 

II 
$ponsOlld by 

at host sites. Built by the 

Del Monte Food Research 

Center, the trai ler is owned 

and operated by the 

California Institute of Food 

and Agricultural  Research 

at UC Davis. 

Eltctric Powel Relffrdl klttiMt 
Pacific Gu l Electric. � CAnu Ed'ison 
NFPA/ClfP LlTC 
us D0e /Balttlt 

plant to demon trate thi new technol

ogy for reducing water u e and wa tewa

ter d i  charge for trea tment," ay Sharon 

Shoemaker, executive director of C IFAR. 

The te t units a re de igned to accom

modate a variety of membra ne type , de-

ign , and material , depending on the re

qu irement of a particular ho t' proces 

flow , which are sampled and analyzed as 

pa rt of the site demonstra tion . A marna tb 

ay t hat the trailer is equ ipped with more 

than 40 types of membra nes, from practi

cally every su pplier. 

During each site visi t , C JFAR per onnel 

ample and analyze the proce flow of 

greatest interest to the plant managem nt, 

conduct eparation and filtration t t , 

and produce a computer-a si ted techni

cal r commendation for the optimaJ com

bina t ion and configura t ion of membrane 

y tern and other processe to addre s 

the plant's pecific need . The key factor 

for analysis are biologicaJ oxygen demand 

(BOD) a ociated with organic mat ter; to

tal  uspended solid (TSS); total di olved 

olid ; and uch characteri tics a pH, vi -

cosily, and alt  and ugar con tent . 

On the road 

Highlight of the plant visit  made b the 

demonstra tion trailer over th pa t two 

year illu trate the range of potentia l  ap

plications and the impact that membrane 

technologie cou ld have. The highlight 

a re d rawn from ma terial prepar d by 

I FA R  taff for a forthcoming PRI report . 

The fir t host for the CaWorn ia mem

brane road show -an Oberti Olive Com

pany canning plan t  in adera -e t ima te 

tha t  membrane separation tech nologie 

could cut its water u e by 85% and ave 

i t  $24 million over the next 1 0  y ar in 

avoided co t for retrofitting effl uent d i  -

posa l  p nd . Oliv cu ring requir  a 

much a 1 0,000 gallon of water per ton of 
olive processed, and the effluent contai 11 

high level of organic material , acid , oils, 

mineraJs, and salts . 

Oberti, a Tri-Val ley Grower ub idiary 

and a PG&E cu tomer, wa already look

ing for an alternative to evaporation pro

ce e for removing oluble ol id l ike 

salt from the proce s wa ter when it  

igned on to ho t the mobile demon tra

t ion trailer. During pilot- cale trials that 

la ted eight we k , th proj ct per onnel 

evaluated membrane trea tmen t of five 

proce water tream : well water, flota

tion brine, oi l  m i l l  lurry, yea t broth, and 

biotower wa ter. 

The fea ibi l i ty of treating well and bio

tower water through rever e o mosis was 

found to depend largely on th succe of 

pretrea tment to often the water. For the 

yeast broth and flotation brine, ultrafi l tra

t ion was found to be feasible and rela

t ively trouble-free, a l though microfiltrc1-

tion of the flotation brine yielded higher, 

more-stable fluxe . Microfi l tration of the 

thick oil mill lurry turned out to be a 

problem for the ava ilable pu mp . 

Filtra tion of the brine u ing full- cale 

membrane y t m wou ld permit th 

Oberti plant to r cycle the alt, elimi_nat

ing the need for dispo al .  Recycling cou ld 

cut the size requirements for evaporation 

pond from 160 to 24 acres and reduce 

the need for proce ing chemicals . Ober

ti Olive Company official ay that they 

are planning to install a pi lot- cale mem

brane filtra tion y tern by the end of thi 

year to better evaluate the potential for 
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a full -size, commercial y tern. 

At the Dole Packaged Food rai in-dry

ing plant at Kerman (near Fre no), moun

tai n  of un-dried and tu nnel -d ried raisins 

are washed to r move urfac debris . The 

washwater absorbs a substantial amount 

of sugars from the raisins before being 

discharged to evaporation ponds. Dole 

wanted to examine the feasibility of re

covering a ugar concentrate from the 

washwater for use a a di tillation feed

stock. 

At the Kerman plant, the project per

sonnel identified four water discharge 

streams whose flow ra te and sugar con

tent resulted in a total sugar discharge 

equ ivalent to 587 ki logram per hour. The 

researchers fir t removed the organic im

pu rit ie from ample of the water to pro

d uce a clean, d i lut ugar solu tion, us
ing microfiltration and ultrafiltra tion with 

equal succe . They then ucce ful ly ap

plied reverse osmosis and nanofiltration 

to concen trate the permeate of the earlier 

trials. As a distillation feedstock, the sugar 

water required only den ity eparation 

and and filtra tion prior to concentration, 

and the product quali t  was judged ac

ceptable by the pro pect ive u er . The 

fruit extract is aid to be imilar in com

po ition to grape juice . 

The researcher I prel iminary fea ibiuty 

analy i of a washwa ter treatment sy tern 

with ugar concentrate recovery indica ted 

a rapid payback. Dole ay that it i n tend 

to pursue membrane technology for treat

ment of the rais in  wa hwa ter. The com

pany plans to in tall a pi lot- ca le ultrafil

tration uni t  operati ng in ta ndem with a re

ver e o mosi unit in order to produce a 

su fficient quan tity of extract to make a bet

ter determ ination of it market va lue. Dole 

ngineers a re also exploring i u es rela ted 

to scale-up of the membrane technology. 

Fruit cockta i l ,  anyone? 

Del Monte Food Pla nt 3 in a n  Jo e can 

fruit cocktail using peache , p ar , grapes, 

ch rries, and pineappl . Since San Jo e 

charges some of the high st fre ·hwater 

and wa tewa ter ra te i n  Cal i fornia, the 

plant must maintain high standards of wa

ter management in order to contain pro

duction costs. 
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Permeate 

SEPARATE REALITY: BASIC PRINCIPLES Membrane 

separation technologies include microfi l tration, 

ultra filtration, and reverse osmosis (in descending 

order of the size of the particles able to permeate 

the various types of membranes used),  Particles too 

large to pass through are retained in the concen

trate. Polymeric membranes have most commonly 

been used, but advanced ceramic and metal l ic 

membranes have recently become ava ilable. 

Coupled with higher•capacity and more-economical 

treatment systems, these advanced membranes are 

expanding the range of cost-effective applications 

to include high-volume operations,  such as various 

types of food processing. 

Microfi l lration 

Water 

Ultraf i l lration 

Water 

Reverse Osmosis 

Water 

Selected 
macromolecules 

Salls 

Salts 

Cel ls ,  col loids, 
suspended sol ids  

Macromolecules 

Macromolecu les 



Membrane trials a t  the plant were fo

cu d n t n the reduction of effiuent 

strength bu t on specific m mbrane appli

cations reque. t d b the Del Mon t Re-

earch en ter 11 nd the pla nt management. 

These iqcluded deaning cooling-tower 

wa ter, recoveri ng by-products from can

filler o erAow, and clari fying off-grade 

fruit juice concentrate . 

The re earcher identified nanofi l LTa· 

tion, rather tha n  mio·ofi l tration, a the 

l i kely optimal choice for removing the d is-

olved solids in cooling-water droplet 

that leave dark spots on the product cans. 

A nanofi l t ra t ion sy tern would be easier to 

dean, would require less chemicals, and 

could be ized to meet other soft-water 

requ i rement · . A c mbined uJtrafiltTa tion 

and 11a nofi lh·a ti  m ystem, i t  wa found,  

could be used to treat everaJ proc s wa

ter trea m and r over ugar cone n tra te 

that cou ld be used to su pplement can

filler syrup. Overa l l ,  the benefit of a by

prod uct r cov ry system appeared to e, -

ceed the cost. And such a system cou ld 

perhap b ven m re cost-effective wi th 

·i mprovement  in water management that 

wou ld al l w the use of a mai ler m m

brane a r  a . 

The r earchers identified excelJent po

tential for ·everal membrane applica tioni; 

i J1 the tomato indu stry as a result of the 

trai ler ' visit to the H u nt-We · on t ma to 

plan t  in Fullerton. Two appLica t i n were 

dev loped to the pilot implementation 

stage, and plorator work on two oth

ers was su fficient ly successfu l t just if 

in-depth, f l l  w-on inve tiga tion , th re-

earche.rs reported . Other poten tia l  11ppli

cat ion for membra ne separation in to

mato processi ng, such a in peelin op r

ati n , wer iden t ified but not evaluat d .  

The re ea rcher concluded that ,  gi ven the 

magnitud of a l i fomla' tomato indu -

tr , the potent ia l ec nomjc benefits a nd 

energy avings uf rnembran filtration ju ·

t ify c mmitt ing the m bile demon tra tion 

w1it to tha t  industry for the entire ea on 

next year. 

Becau e H u n t-We on had ucce sfu l ly 

implernen � d v ral effluent redu ti n 

measures ( indud ing oHd coagulation 

and pe !er olid recovery for tomato 

pa te) at the Fullerton plan t before th 

membrane a pplication e aluati n, the to
mato transport fl u me were found to 

be the leading con tribu tor to effluent 

strength. 

A two-stage microfiltra tion proce s was 

used to treat the flume wa ter. The first 

stage concen tra ted the uspended solids, 

leaving dissolved olid in the permeate. 

These were concentrated in the econd m.i

crofiltration stage. The demonstration es
tabJj hed the fea ibility of thi approach 

and identified suitable membra ne . Bud

get e tima te were d eveloped, and the 

economics of several al ternative were 

evaluated . 

At the orcaJ Cro ett i  plant in Sal ina , 

th p eling and wa hing cif carrots for 

freezing transfers large q uant ili s of or

ga nic matter to th pr cess water, which 

increase the effluen t ' s  BOD and TSS. Large 

volumes of fre h water a re required for 

ch i 1 1 ing and washing . 

The p1a n t's annual xpenditure for 

wa tewater disposal - about a quarter of 

a m il l ion dollar - is a major concern for 

management, so th membrane applica

tion evaluation focused on r d u cing efflu

ent trength and BOD le els, which in

crea e dispo al charges. A nalysis revealed 

that while nearly two-th irds of the proce 

water flow is from cool ing and defro ting 

operat ions, a bou t 75% of the BOD comes 

from peeling and washing operations, 

whid1 accow1 t for only about 9131 of the 

flow. The study a lso ind ica ted that the 

plant di drn.rge da i l about 5000 pounds 

f ugar , worth about 1 000 a animal 

feed . 

The re earch rs condu ted membrane 

trials to concentra te th u pended ol id 

in the proces wa ter by nanofilh·ation and 

revers osmosis. And th y tud ied the u e 

of mkro fi.ltra tion to con trol the chi l ler wa

t r 's microbia l con tent. Th microfiltration 

trials produced low flux s, whid1 would 

make a system for efAuent red uction dif

ficu. l t  to justify, but a nanofiJtrat ion system 

preced d by a mechanica l suspended

sci l id separa tor was con idered more 

economica lly viable .  

The re eardwr noted U1at ,  t be cost

e.ffective, membrane sy terns shouJd gen

era lly be part of an overall wa ter man

agement strategy. easure tha t  do not 

involve membrane filtra tion c uld cu t 
water consumption at the orcal Cro etli 

plant to ab ut one-fourtl1 of i t  pre ent 

level, yield ing rela ted r duct ion in the 

use of energy and chemicals. 

A matter of time 

Although not all of the Calif rnia food 

processors visi ted by the demonstra tion 

trai ler turned out to be immediat candi

dates for membrane application I the re-

earcher noted that the rate for fre h

water supply and wa tewater treatme11t 

will almost certainly head upward in the 

fu ture, wh.ile the cost of membra ne epa 

ra t ion sy tern wi l l  ontinu to d din , 

as better-performing and longer-la ti ng 

membrane become available . The 

trend poin t toward a con tinuing conver

gence or cost and necessity tha t ca n only 

m an an panding market for membran • 

ystems. 

On the ba i f the resu lts l f the dern1)n-

tration trai ler 's initi a l  tria ls with alifor

nia proce·sor , Ed Ya tes, senior vice pre 

ident f the CLFP, est ima tes tha t  a man 

as 1 00 of the tate' food-pmce sing 

plan t  could use membrane fi l tra tion 

tern for conomkal w. tewater treat

men t .  If only one-third of the e plan ts 

actual ly implemented such sy ·tern , he 

adds, the potential 11vi ngs would be 

about 300 m i l l ion gal lons of water per day. 

"Our i ndustry is a lways looking for ways 

to ·urvive and become more om peti t ive, 

and a the e tech. nologie become increa. -

ingly econom ical , they are going Lo b d 

ployed, no que tion abou t it," say- Yate 

Titi umm r, the demon tra ti n trn i ler 

has mad bri f ide tr ip to P n nsylva nia 

and w J er e. , hewing fotJd proce. r 

the.re what  membrane y terns have k1 of

fer. ln Pennsy lva nia, the trai ler cond ucted 

a demon. tTa t ion a t  t he American Home 

Food s Co mpan  's Chef Boya rdee pa ta 

pl,mt .  "We b J i  e membrane separat i  n 

is very u efu l for proces water recover 

not ju t in California but everywher , and 

we believe the technology wi l l  find i ts wa 

into a pplica tions al l  aero th cr n.mtry,' '  
ays E PRI '  Ama rna th. • 

Background inlorrnal1on for this arllcle was p rov1dvo bv 
Amn-o Amamath, Customer Systems Group 
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by Taylor Moore 

Handy Help 
for 

Maintenance Workers 
THE STORY IN BRIEF Lightweight, low-cost, color

coded job cards packed with technical reference 

information and geared to specific types of mainte

nance tasks offer a proven way to increase main

tenance and troubleshooting efficiency in nuclear 

as well as other types of power plants. Developed 

in conjunction with EPRl's counterpart in Japan, 

job card sets have been pi lot-tested at two operat

ing U.S. nuclear plants and are also being evalu

ated by Japanese utilities. In addition to their 

potential for utility customization, job cards could 

become a new line of EPRI information product 

that is used directly by the people who inspect 

and repair equipment in utility power plants. 

D 
espite four consecutive years of 
declining costs per megawatt
hour for nuclear plant oper
ations aJ1d maintenance, the 

costs for nonfuel components of O&M con
tinue in an upward trend. Labor can ac
count for up to 80% of a plant's annual 
nonfuel O&M costs. Utilities that operate 
nuclear plants must be constantly vigilant 
simply to contain O&M expenses, particu
larly those for maintenance, while sus
taining high plant productivity in the face 
of constant reguJatory pressure. 

The total cost for maintenance is the 
sum of many things, not the least of which 
are the costs stemming from the inefficient 
use of highly skilled (and highly paid) 
craft labor in various routine maintenance 
tasks and from errors made as the result 
of a worker's lack of the proper teclmi
cal reference information. As with many 
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maintenance costs, reducing these can 
translate into a lower bottom-line cost of 
generation. 

Reducing maintenance costs in order to 
improve plant productivity can involve 
measures that range from the leading edge 
of technology-a robotic sludge-lancer, 
for example-to simple, low-tech tools. 
An example of the latter is job cards, a 
majntenance aid that grew out of human 
performance technology research jointly 
sponsored by EPRI and Japan's Central 
Researcl1 Institute of Electric Power In
dustry (CRJEPI). 

As the result of their successful pilot de 
velopment a t  two operating U.S. nuclear 
power plants, job cards are poised to b e 
come a significant new line of low-cost 
EPRJ products for power plants. They 
could eventually be used by mechanks 
and other personnel in a wide range of 

maintenance applications. Generic sets of 
lightweight job cards are expected to be 
developed for numerous types of mainte
nance work by EPRJ's Nuclear Mainte
nance Applications Center (NMAC). In ad
dition, guidelines to help utilities produce 
their own customized card sets c1re bei11g 
published. And in Japan, utilities are eval

uating a set of job cards produced in 
Japanese w1der the project. 

Result of human performance 

study 

According to Joe Yasutake, a manager in 
EPRI's Nuclear Power Group, job cards 
were developed as a result of a joint EPRI
CRIEPI study of ways to reduce error in the 
performance of mechanical maintenance 
tasks at nuclear plants. 'L'\mong several 
interventions suggested in surveys and 
analyses of maintenance workers and 



their jobs was a set of task-specific infor
mation cards that technicians of all expe
rience levels could readily access and un
derstand," explains Yasutake. 

The resulting cards are color coded by 
category and contain a mix of text, 
graphic, and tabular information identi
fied as helpful by workers in earlier stud
ies. The cards aie intended to reduce the 
need to interrupt a task in order to con
sult a coworker or a handbook for infor
mation. Job card information is useful 
during such tasks as inspection, disas
sembly, reassembly, and postmaintenance 
tests. The information includes key con
versions and formulas, task reminders, 
and troubleshooting aids. Reseaid1 man
agers stress that job cards are intended to 
supplement-not replace-the detailed 
procedures documents typicaUy issued for 
every maintenance job. 

The card sets developed and tested at 
utility plants to date have been Limited to 
nine categories. Their emphasis is on 
pumps and major valves, although many 
other types of equipment could be candi
dates for job card development. The cate
gories are general maintenance, system 
information, alignment, rigging, pump 
maintenance, troubleshooting, valve main
tenance, documents, and V-belts and 
sheaves. One job card, for example, pro
vides torque wrench extension conversion 
formulas and a wrench diagram. 

Job cards are part of a larger category of 
performance aids that present on-the-job 
reference material in various forms and 
media. The job card concept was previ
ously applied in both the military and nu
clear power settings. Since the mid-1980s, 
however, there have been major changes 
in maintenance practices at U.S. nuclear 

plants, including the replacement of ge
neric maintenance procedures with spe
cific ones containing detailed information 
and graphics for many of a plant's major 
pieces of equipment. As a supplement to 
these materials, today's job cards are 
aimed at providing maintenance workers 
with general information that wiU save 
them time in troubleshooting. 

Job cards are intended to help improve 
the operations interface between the plant 
engineers who design systems and the 
maintenance personnel who do the 
hands-on work but may have limited 
knowledge of engineering principles. The 
project researchers noted that the perfor
mance of error-free maintenance requires 
more than mechanical aptitude; it also en
tails cognitive skills for understanding 
equipment-system interactions, choosing 
effective troubleshooting strategies, and 
making repair-or-replace decisions. In the 
past, technologies for enhancing cognitive 
skills in the nuclear power industry have 
focused more on the engineering disci
plines than on maintenance. 

Discussions with experts during the 
EPRI-CRIEPJ study of maintenance tasks 
revealed many examples of how mainte
nance productivity could benefit from 
an improved, engineering-based cogni
tive understanding of equipment opera
tion. Especially beneficial would be a 
deeper knowledge of system operation, a 
greater familiarity with engineering prin
ciples and terminology, and the develop
ment of an analytical framework for per 
forming detailed inspections, interpreting 
information in vendor manuals, and 
troubleshooting complex systems when 
engineers are not present at the job site. 
Job cards are designed to become one of 
the tools for facilitating the exchange of 
knowledge between engineers and main
tenance personnel without the overhead 
cost of cross-skiJls training. 

As a tool that provides actual on-the-job 
assistance to craft workers, job cards are 
a new twist in EPRl's product offerings. 
"Most of the products of EPRJ research re
lated to nuclear power plants are used by 
engineers and plant operators," notes Lew 
Hanes, who manages EPRJ projects in hu
man performance improvement teclu1olo-
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E XAMPLES OF BAD SHEAVE CONDITIONS 

l 

SIDEW ALLS 

WOBBLING t< ,t.VES 

TECH DATA AT A GLANCE The job cards developed 

and tested to date contain a mix of text, graphic,  and 

tabular information Identified as helpful in previous 

studies of maintenance work. Marked "Information 

Only," the cards are intended to supplement - not 

/ 

6-Bol t  Pattern 

replace- detailed maintenance procedures documents. This year, EPRI member nuclear 

utilities will be provided with wire-bound booklets containing about 35 job cards generic to the industry. 

JAPANESE JOB CARDS A set of generic job cards in Japanese 

was produced under the project, cosponsored with Japan's 

Central Research I nstitute of Electric Power Industry. The cards 

are being evaluated by Japanese util it ies for possible use. 



gies. "But job cards are something that car

ries the EPRI logo and are placed directly 

in the hands of the people who inspect 

and repair the equipme11t in the plant." 

Development and field testing 

The initial sets of job cards were devel

oped with the extensive cooperation and 

assistance of the training and mechanical 

maintenance departments at Baltimore 

Gas and Electric Company's Calvert Cliffs 

nuclear plant and Pacific Gas and Electric 

Company's Diablo Canyon nuclear plant. 

A customized set of cards was developed 

for each plant on the basis of input from 

personnel regarding topics, content, and 

layout. The cards were then field-tested by 

mecha11ics and training personnel at each 

plant during a nine-month trial. 

There were 65 laminated, 5 -by-7-inch, 

two-sided cards in each test set. The cards, 

made from heavy-duty paper, were pack

aged in three-hole notebooks and two-ring 

loose-leaf binders. They may be used in 

dividually or combined in  groups of the 

user's choosing. In the field tests, the users 

were encouraged to remove cards for in

dividual use and to combine cards from 

different categories as they planned, per

formed, and checked jobs or studied be

tween jobs. 

The overall reaction to the job cards at 

both plants was very favorable. The test 

users affirmed the cards' potential for re

ducing maintenance errors and increasu,g 

efficiency. They gave the cards high marks 

for technical content and for durability. 

They indicated that they would recom

mend job cards to other maintenance per

sonnel as well as to training and engi

neering personnel. The field tests also pro

vided a number of insights for future job 

card development. 

EPRJ's contractor, Anacapa Sciences, de

veloped the job cards for Calvert Cliffs 

and Diablo Canyon personnel in parallel 

efforts that followed the same procedure: 

plant requirements were specified; user 

requirements were identified; format, con

tent, and organization were decided on; 

and, finally, production methods were se

lected. At each plant, the sponsor for the 

job cards effort was the supervisor of me

chanical maintena11ce training. 

TESTED ON THE JOB Proto

type sets of job cards were 

field-tested for nine months at 

Baltimore Gas and Electric's 

Calvert Cliffs nuclear plant in 

Maryland and at Pacific Gas 

and Electric's Diablo Canyon 

nuclear plant in California. The 

general reaction of test users 

at both plants was favorable 

and affirmed the cards' poten

tial for reducing costs and 

increasing maintenance effi• 

ciency. At Calvert Cliffs, all 

nine categories of the cards 

were used frequently and were 

found to significantly reduce 

the time workers spent looking 

up technical information for 

routine maintenance jobs. 

It was decided early on that job card de

velopment would focus on pumps and 

valves because of their importance to the 

operation of all plants and their frequent 

need for overhaul. The researchers re

ported that satisfymg all the user require

ments identified in interviews with main

tenance personnel proved a particular 

challenge because of the large number of 

constraints imposed. Ultimately, six user 

requirements were identified as essential 

and were applied in developing the job 

cards. The requirements were that the 

cards be rugged, portable, easy to read, 

task specific, procedure compliant, and 

colored for coding and visibility. 

The plant personnel at Calvert Cliffs 

and Diablo Canyon were given detailed 

surveys to evaluate their reactions to and 

use of the job cards. At Calvert Cliffs, the 

response was particularly favorable in all 

survey categories. Workers reported that 

the cards were durable and easy to use 

and that all nine categories of cards were 

frequently used. Many u1dicated that the 

readily accessible information resulted in 

significant reductions u1 lookup time 

alone. One example was the time saved in 

preparing to move heavy equipment: a job 

card provided the relevant weight data, 

eliminating the need for workers to con

sult another reference. Personnel also 

cited the benefits of reduced errors and re

work time, reduced radiation exposure 

through more- efficient task execution, and 

fewer instances of equipment damage. 

The maintenance staff at Calvert Cliffs 

developed several job cards in addition to 

those originally produced for the field 

tests. The plant estimates that the use of 

job cards by 50 maintenance personnel 

over a seven-year period would be worth 

$700,000 in time savings alone, even after 

accounting for the cost of producing and 

replacing the cards. 

"The EPRI job cards have proved bene-
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ficial in on-the-job training as well as in 
the field at Calvert Cliffs," say Wally 
Price, supervisor of the plant' mechanical 
maintenance training unit. "They are ac
ce ible, easily used, accu rate reference 
card fil led with otherwi e hard-to-locate 
everyday informa tion. Th y are not pro
c dura l ly conflicting but informa tion en
hancing. Many of the job cards contain 
generic information that couJd be used in 
mechanica l application in nuclear power, 
fo sil power, or any other such field ."  

A role for generic job cards? 

An important issue highl ighted by the 
field tests is how applicable the job cards 
are to other plants. The survey results in
dica ted that abou t half the cards are ap
plicable with no modifications, 35% need 
minor modifications, and 1 0% are rele
vant only to an ind ivid ual plant. The re-
earcher concluded tha t  a set of generic 

job cards m ight be u eful acros much of 
the nuclear generat ion ector. 

MAC is exploring this i sue further 
and plans to begin development of a 
generic et of job card for di tribution to 
EPRI member utilitie . A gu ideline doc
ument de cribing how to de elop infor
mation for utili ty-cu tomized job card is 
planned for publicat ion lat-
er this yea r. 

The researchers report
ed half a dozen key le 
ons from the initial de

velopment and field 
testing that hould 
prove valuable to 
any utility that de
cides to try job 
cards. To begin 
with, a strong 

advoca te is ne d d to introduce job cards 
into a plant .  This champion for the cards 
should have high credibility and frequent  
acce s to fir t-line maintenance supervi
sor . To en ure greate t u e of the cards, 
they mu t be kept near the mechanic ' 
work ar a for continuou vi ibi l i ty. Spe
cific method of ca rd u e hould not be 
pred termin d; personn I hould be fr e 
to d cid for themselves how b st to u e 
the cards. FlexibilHy in terms of card pack
aging and izing is also importan t. The 
cards  should be able to be prod uced in dif
ferent ize , depend ing on their intended 
applica t ion. Some - uch a tho e indicat
ing hand signals for r iggi ng - might be 
wal l-sized, while other shouJd be waUet
sized to be handy for carrying arou nd .  

A muJti level stra tegy for d istribu ting 
the cards i nece sary, with d ifferent ets 
for different types of workers. Senior staff 
may requ i re or u e only a ubset of the 
card that an apprentice w uld find help
ful. Finally, EPRI re earch ha hown that 
job card can b viewed a both a ma inte
nance aid and a training a id .  Their u e wi l l  
ultima tely be ba ed on indiv idual  plan t  
needs. • 

Background 1nforma11on for th is an ,cle was provided by 
Lew Hanes and Joe Yasutake. Nuclear Power Group 



• 

WILHELM CAULEY 

BALU AMARNATH 

HANES 

T he Cha l lenges of Open Access 
(page 6) wa written by science 

w ri ter John Douglas w i th technica l 
information provided by members of 
EPR l 's Power Del ivery Group. 

Mark Wilhel m, director, power 
sy tern operation , came to EPRI in 
1 992 from Siemen , where he had 
worked since 1979. Hi re pon ibi l i 
t ie ther ran ed from power ystem 
tran ien t ana l sis and network imu
lation t the design, marketing, and 
in tallation of ind ustrial ta tic VAR 
sy tern . He managed iemen ' 
Power yst ms Project organization 
from 19 8 to 1 992. Wi l helm ho ld B 
degrees in electrica l engineering and 
computer science from U1e Universi ty 

Technical sources for Journal feature articles 

of Wisconsin and a mast r of ngi 
ne ring degree from Rensselaer Poly
technic Inst itu te . 

G erry Cauley, target ma nager for 
power sy tern plann ing a nd opern
tions, joi.ned the lnstitu te in 1991 ,  ini 
tia l ly  focu ing on re earch tra tegie 
and technologies for power system 
con trol center . Previou ly he had 
been with Genera l Physic Corpora
tfon for 1 0  years, eventual l manag
ing U1e firm' training ervices for 
power y tern operations. Ca uley al o 
erved with the Army Corps of Engi 

ne r as a construction engineer and 
a a 1pervi or at a power genera tion 
tra in ing center. He hold a B in elec 
trical engineering from the U.S. M i l i 
tary Academy at We t Poin t  a wel l  a 
an MS in nuclea r engine r ing from the 
Uni er ity of Maryland and an M BA 
from Loyola College. 

Neal Balu ha been at E PRI i nce 
1 979, managing a broad spe tru m  of 
-y tem pla.1ming and opera t ion r -
sea rch and serv ing a progra m man
ager from 1988 through 1 993. arl ier 
he pent even yea rs w ith. Sou thern 
Com pany Ser ices a nd fou r year- on 
th facu lty of the lndia n In t i tute of 
Technology in Bombay. Bal u  received 
a n  MSc degree from the Uni er i ty f 
Saska tchewan, an M from Lou i · iana 
State Univer i ty, and a Ph D from the 
Univer ity of Alabama, a l l  in electri
cal engineering. He al o holds an 
MBA from Santa Clara Uni ersity. • 

A Separab l e  Feast :  Membra n e  Ap
ft plications i n  Food Processing 
(page 16)  wa wri tten by Taylor 
Moore, Journal enior feature w ri ter, 
wi th  a i tance from Ammi Amar
nath, manager for proce indu trie 
in E PRJ 's Cu tomer Sy terns Group. 

Ama math joined the Ins t i tute in 19 8 
aft r three year wi th Meti to Inter
na t iona l of Houston, Te as, where 
he was i nvol ed i n  the design of 
m mbra ne-ba ed purificat ion sys
tems, and fou r  yea rs as a techn icaJ 
upervi or of proce s equipment en

gineering and fabrica tion at K- ons 
Ltd. in India . He re eived an S in 
chem ical en � ineer ing from th Uni
versi ty of Ca l i fornia at Santa Barbara 
and an MB from the niver_ i t  of 
Houston . • 

H andy Help for Maintenance 
Workers (pa e 24) wa written 

by Taylor Mo re, Journal enior fea
ture w ri ter, wi th information fr m 
two manag r of human performance 
improvement technologi s in EPR1' 

udear Power Group. 
Lewis Hanes joined EPRJ this year 

after a 20-y a r  career a a research 
manager a t  We t inghouse E lectric 
Corpora tion' c ience & Technology 
Cen ter in Penn y lvania .  Hane re
ceived a B i n  agronom and M and 
Ph D degrees i n  human factor · from 
Ohio State n ivers ity. 

Joe  Yasu take joined · PRl in 1 990 
fo l low ing 3 y ar wi lh Lockheed Mi · 
i le & Space Com pan , where he wa 

manager of integra ted logist ic up
port for the i i  tar defense program .  
Before that ,  h e  spen t 1 7  ears a a 
technicaJ adv isor to th training y -
tem division of the i r  Force H u man 
Re ources La bora tory and, ti l l  ea r
lier, J O  year with the Air Force Sy -
terns Com mand. Ya u take recei ved a 
B i n  p ycholog from the Un iver i 
of I l l inoi , an M A  in i ndu trial p y
chology from ew York ni ver i ty, 
and a PhD in indu tria l psychology 
from Ohio ta te Uni ers i t . • 
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Electricity on Maui 

Sweet Power May Stay 

Green 

Hawau's sugar ind u try not only has been 

an impor tant source of incom for the 

tate but ha al  o provided a valuable 

feed tock for power production . About 

1 0% of the electricity consumed on the is

land is produc d from baga e - the fi

brous wa te of ugarcane stalk -w ith the 

remainder prod uced from fuel oi l .  But this 

scenario is expected to change. The world

wide cane sugar market has hrunk in re

cent years, and Hawa i.i is havi ng a ha rd 

time competing against other sugar-pro

ducing countries. 

As i lander brace them elve for the 

econom ic impact of the sugar indu t t-y's Sugarcane fields and the root nodules of a legume that may replace bagasse as a 

ra pid decline, EPR I and other groups ar 

focused on finding a power resource to re

place bagas e. Through one project in i ti 

ated in May, researcher with the Pacific 

International Center for High-Technology 

Re earch (PICHTR) are exploring the fea i

b i l ity of retrofitting an 8-MW bagasse plant  

near Laha ina, Maui ,  to accept an alterna

tive biomass feedstock.  

According to Jane Turnbull ,  E PRJ '  rep

re entative on the project team, PICHTR is 

con idering the u e of fa t-growing bio

ma s gra e a well a fast-grow ing tree 

species l ike eucalyptu and leuceana. One 

advanta g leuceana offers is that, l ike 

other legumes, i ts root nodule con tain n i 

trogen-fixing bacteria-bacteria that ab-

orb nitrogen from the a tmo phere and 

convert i t  into a ferti l izer, further tirnu

lating tree growth . PICHTR is also explor

ing the possib i l ity of u ing e ffl uent from 

the i l and ' sewage plants to ferti l ize and 

irrigate the biomass crops. 

"Unlike most other biomas project 

we've undertaken, thi project has much 

of the Lnfra tructure for planting and har

vesting al ready in place," ay Turnbull .  

Rather than being inter persed in smaller 

fields with traditiona l  farm crops, the bio-
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ma s wou ld simply replace the 000 acre 

of uga rcane tha t cu rren tly uppl the La

haina plant .  Transportation of the biorna 

to the plan t would not be a ignificant i -

ue, ince the fields urround the plant .  

The plant currently employs conven

tional boilers to make stea m that rw1s 

through a turbine to genera te power. But 

the electric ity production i L than 20% 

efficient. The technologies being con id

ered for the retrofit include not on ly  more

efficient team turbines but al o gas tur

bines and fuel cel l . The result ing electric

i ty wou ld be sold to Maui Electric (a ub-

idiary of Hawai ian Electric Company), 

which buy the power prod uced by the 

exi ting plant. 

Also being explored in the tudy i the 

socioeconomic impact- in term of job 

and economk return to the com m u nity 

of both the retrofi t bioma plan t and the 

feedstock production . Al though an - W 

plant is tiny compar d w i th ba eload 

power plants in U1e m ainla nd United 

tate , Maui '  entire power demand total 

only 1 60 M W .  And a uccessful retrofit of 

the Laha ina plant could encou rage a sim

i lar  conversion of other bagasse plants. 

Amfac/JMB HawaL i  Inc., whkh own 

the 6000-acre ite, i part of the loca l team 

contributing 50% of the tudy' co t. EPRI 

and the U.S.  Department of Energy are 

committed to sharing the remainder of the 

financia l  bmden. The feasibil i ty study i 

expected to be completed by the end of the 

year. 

• For 111ore i1 1for111atio11 , contact Ja11e Turn

bull, (415) 855-2407. 

PWR Radiation Reduction 

Fi rst Fu ll-System 

Decontamination Planned 

Con ol ida ted Edi on Cornpan of ew 

York and PRI hav undertaken a project 

that wil l  cu lminate in the nuclea r power 

industry's first ful l - y tern decontamina 

tion of a u ti l ity-owned pressurized wa ter 

reactor. Over the years, ut i l i tie have prac

ticed part ia l-sy tern decontam ina tion of 

their nuclear plants in order to comply 

wi th federal regulation , reduce work

ers' rad ia tion expo ure , and cut opera

t ion and maintenance costs .  Bu t a Chri 

Wood, EPR l '  manager for the project, 



explains, full-system decon tamina tion is 
much more effective. 

"A full-system deconta mination will al
low a greater reduction in radiation ex
posure than can be ach. ieved by decon
tamina ting individual parts of a plant 
separa tely," Wood says. In a ful J- ystem 
decontamina tion, the reactor's coolant 
pumps circulate a chemical decon tamina
tion solution throughout the y tern .  ot 
only does the use of the reactor pumps 
make it possible to decontaminate sections 
of a sy tern that would not otherwise be 
reached, bu t the pump generate a swifter 
ra te of water flow than smaller pumps can 
achieve. 

Wood note that lower radiation levels 
result in lower d ai ly exposures for main
tenance workers, which means tha t f wer 
workers are needed to complete a given 
job, a factor that significantly reduces 
maintenance costs and improves produc
tivity. The ful l -system decontamination of 
Consolidated Edison' Ind ian Point Unit 2 
PWR in Buchanan, ew York, is expected 
to save 3500 man-rems over five operating 
cycle . Equipment is curren tly being as
sembled for the process. The full-system 
decontamination i scheduled to be per
formed at the plant's next refuel ing out
age, in 1 995 . 

"One important aspect of th i project is 
the tran fer of information to the re t of 
the industry," ay Wood. Officials a t  Con-

Electric Vehicles 

Project Aims to Improve 

Battery-Powered Buses 

Ba ttery-powered shuttle buses in opera
tion across the country today number 
fewer than 40. Yet shuttle bus transporta
tion- which involve low speeds, short 
di tances, and frequent stops-is an ideal 
application for electric vehicle technology. 
However, the existing ba ttery-powered 
shu ttle bus  technology has deficiencies 
that  work aga inst its wid er use. EPRJ re
sea rchers have initiated a project aimed at 
overcoming these deficiencies. 

The existing technology's main draw
backs are its high cost, the heavy weight 
of the battery sy terns, and the severe im
pact that  heat i ng and cooli ng of the pas
senger compartment can have on vehicle 
range. Even without heating or cooling, 
the battery-powered shuttle buses cur
rently available will typically run for only 
about half a day on one charge. And the 
only way to extend a vehicle' daily range 
i to exchange it battery pack.  

"This is an unsatisfactory long-term so
lu tion," ays Phil Symons, EPRI '  manager 
for the project . Symons notes that t l1e 
deficiencies of today's battery-powered 
buses have limi ted their u e to areas with 
mild climate . Very few existing mod-
els have air conditioning ys-
tems; when such systems 

solidated Edison report tha t industrywide a re ava i Jable, th y 
participat ion could reduce rad iation ex
posures by a n  order of magnitude and 
save an estima ted $1 bil l ion . 

Severa l E PRl member u t ili t ies partici
pa ting in the project wi l l  receive detailed 
informa tion as i t  becomes available. Thi 
informa tion i expected to help reduce 
the time and cost involved in their own 
decontamina tion pro e se . Empire State 
Electric Energy Research Corporation is 
also part icipating in the project. 
• For more information,  contact Chris Wood, 

(4 15 )  855-23 79 . 

typically run on separate fossil-fuel-burn
ing engine . 

Three EPRJ member utilitie - Duke 
Power, Penn ylvania Power & Light, a nd 
Duquesne Light - are participat ing in the 
project. The utilitie ar in the proce s of 
purchasing four battery-powered buses 
that will be specially equipped with data 
acquisition systems. Each bus will become 
part of a regular fleet operated by a local 
transit company and will be used on an 
established urban route. 

Over a two-year period, the researchers 
will test at least two space-conditioning 
systems in each vehicle, with careful at
tention to performance at various ambien t 
temperatures. The utili t ies involved will 
follow specified protocols for battery 
charging and discharging and for collect
ing and reporting da ta .  Driver will be 
special ly trained and will be asked to fol
low a protocol for accelera tion, coasting, 
a11d stopping. 

The re earchers wi l l  analyze the result
ing data to identify ways to improve bat
tery systems, charging and discharging 
methods, and thermal management ys
tems. 
• For more irzfomwtio1 1 ,  contnct Phil Symon , 

(415 )  855-2 797. 



Improving Plume Dispersion Models 

F 
ield results are expected to be available this fall, with 
modeling results to follow next spring, from a study 
of plume rise and building downwash from combustion 

turbine power plants. The study, cosponsored by six utilities 
and EPRJ in a tailored collaboration project, will provide 
improved algorithms for air quality dispersion models used 
in the regulatory permitting of power plants. 

Plume dispersion models currently being used by the U.S. 
Environmental Protection Agency were developed from 
observations of steam boilers and may not realistically repre
sent the behavior of plumes from combustion turbines, which 
have much higher exhai1st-gas exit velocities and tempera
tures. In simple-cycle operation, combustion turbines are 
used by utilities mainly for generating electricity during 
periods of peak demand. 

"It's important from a scientific and regulatory standpoint 
to look at combustion turbines as a separate category," says 
Rich Dunk of Jersey Central Power & Light Company, which 

hosted the project's field measurement phase at its Sayreville 
station in February. Remote and in situ measurements of the 
plant's emission plume and of meteorological conditions 
were made by teams from E SR Consulting and Engineering, 
the National Center for Atmospheric Research, and SRI Inter
national. Sigma Research Corporation is integrating the field 
data with wind tunnel modeling data provided by the EPA. 
Results from the project's computer model development and 
testing phase will be presented in the spring of 1995 at the 
next EPA triennial modeling conference. 

The EPA and the Electricity Supply Association of Australia 
have cooperated with the project by providing wind tunnel 
modeling at EPA facilities and at Monash University in Aus
tralia. "Wind tunnel modeling provides a flexible and cost
effective teclmique for introducing an element of control into 
atmospheric experiments," explains William Snyder, director 
of the EPA's fluid modeling laboratory. "While we have 
confidence in our own modeling abilities and those of our 
Australian colleagues, this project's field measurements 
provide a 'ground truth' opportunity that is lacking in many 
previous studies." 
• For more i11for111nfio11, co11fnct Chuck Hnkknri11e11, (415) 855-2592. 

Real-time display of LIDAR response 

Sighting a LIDAR system to measure plume dispersion at Sayreville Unit 4 
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Plasma Pyrolysis System for Medical 
Waste Planned for San Diego 

T 
he country's first com
mercial plasma pyrolysis 
system for processing 

medical waste is planned for a 
Kaiser Permanente medical 
center in the San Diego area 
and could be operating as 
early as next year. EPRI is 
helping to offset a portion of 
the system's capital cost as 
part of its support of several 
new electrotechnologies for 
waste disposal in the health 
care industry. 

Hospitals traditionally have 
incinerated their medical 
waste on-site. But tightening 
air quality regulations are 
forcing the closure of many 
on-site incinerators. Most 
hospitals that have lost the 
use of their incinerators must 
rely on contractors for off-site 
disposal, which not only is 
more costly but also raises 
concerns about liability 
should problems occur after 
the waste leaves the hospital. 

In the plasma pyrolysis process, an electric arc is created 
that heats gases to 12,000°F-to an ionized, or plasma, 
state. The plasma, in turn, heats the waste-processing 
chamber to about 3000°F. During pyrolysis, or heating in a 
low-oxygen environment, the organic waste is converted 
into stable gases like hydrogen, carbon monoxide, and 
nitrogen. What's left is a molten mass that cools to become 
a slag of glass beads. The slag is disinfected and can be 
recycled for use as an aggregate substitute in roadbed 
material or concrete. 

Plasma pyrolysis reduces the volume of infectious waste 
(so-called red bag waste) by more than 90% and its weight 
by 80%. In principle, the process is capable of handling aU 
types of medical wastes except those that are radjoactive. 
Hot gases released in the pyrolysis process can be used for 
other purposes, such as generating hot water for use in the 
hospital. The resulting stack emissions are like those from 

combustion processes and include particulates, nitrogen 
oxides, and trace metals. However, the quantities of these 
emissions are significantly lower than in incineration; trace 
organic emissions, such as dioxins and furans, are near 
zero. 

Disadvantages of the plasma pyrolysis process include its 
currently high capital cost and the significant throughput 
rates required for economical operation. These factors make 
the teclmology appropriate only for large hospitals and 
regional treatment facilities. In supporting the Kaiser 
Permanente project, EPR1 hopes to help make other health 
care facilities familiar with the technology, the capital cost 
of which should come down as use grows. The system 
planned at Kaiser, to be supplied by Plasma Energy 
Applied Technology, Inc., could be under construction this 
year and operating by 1995. 
• For more i11formnlio11, co11/act Myron Jones, (415) 855-2993. 
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RESEARCH UPDATES 

Exploratory Research 

Fundamental Studies of Particle-Turbulence Interaction 

by John Maulbetsch, Strategic Development Group 

F 
rom convection in hot coffee to gusts 
of wind. turbulence can be found in 

liquids and gases all around us. Swirls and 
eddies , and zephyrs and tornadoes, are 
mani festations of turbulent f lu id f low, in 
which energy of mot ion is transferred from 
large-scale , more or less coherent bulk 
movements to smal ler-scale,  more chaotic 
motions and eventual ly to the microscopic 
f luctuatlons associated with v iscosity. 

In turbulent f lu ids. convection processes 
promote the transport and mix ing of en
trained partic les , combustion gases, and 
other f lu id e lements, as wel l  as the transfer 
of thermal energy. As a result , many engi
neered systems, such as coal combustors ,  
englne cy l lnders , prec lp itators, and aerosol 
reactors. are designed to encourage turbu
lent f low. Turbulent ,  partic le- laden f lows can 
a lso occur inadvertently because of con
taminants - for example, sand , dust, or wa
ter droplets in gas turbine passages. And 
s imi lar natural processes are involved in the 
weather. in pol lutant transport, and in heat 
and chemical exchanges in the oceans and 
the atmosphere. Because an understanding 
of turbulent, partic le-laden f low is instru
menta l for improving the performance of a 
variety of power plant systems, enhancing 
equipment designs. and accurately model
ing various natural processes, EPRI sup
ports fundamental exploratory research in 
this area. 

Turbulent flow structures 

Scientists have attempted to model turbu
lence for more than 1 00 years, but it has 
proved difficu l t  to characterize. even for a 
fluid without partic les. Unti l  recently, models 
focused on average f lu id behavior and on 
scal ing factors , neglecting the seemingly 
random motion character istic of turbulence. 
A l though successful in many ways, these 
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bulk-f lu id approaches were unable to fully 
describe the nature of turbulence . In the 
past 25 years , however, researchers -whi le 
both helping in the discovery of chaos and 
applying its theoretical underpinnings
have found that some turbulent mot ions are 
qui te organized. Features that are charac
ter istic of a particular f low occur repeat
edly, dominating the turbulent f luctuations . 
Through detai led examination of these f low 
features, researchers have character ized 
some important structures. 

One structure commonly encountered in 
turbulent f low is meander ing , long- lasting 
streams or streaks of low-speed fluid that 
are para l le l and proximate to a channel wa l l  
o r  other surface. These streaks are litt le af
fected by wal l  roughness, pressure gradi
ent, and other f low conditions. At times, 

however, portions of the streaks appear to 
lift away from the wal l .  osci l late. and roll up 
into patchy bursts of intense activity, as in 
the ro i l ing often seen in rivers and streams. 
Research suggests that much f lu id mix
ing and heat transfer occurs wi thin these 
bursts . 

Another structu re characterist ic of turbu
lent f low is whirlpool - l ike vortices of spinning 
fluid . Spectacular large-scale vortex struc
tures have been obseNed when two f lu ids 
trave l ing at d i fferent rates meet and inter
act. as wel l  as when a f luid flows around 
an obstruct ion . Smal ler-scale vortices have 
been observed accompanying low-speed 
streaks . Although some vortices can be per
sistent, most are short- l ived compared with 
the s low, meandering streaks. However, be
cause of their high local velocities and in-

ABSTRACT Because turbulent fluid flow facilitates mixing, transport, 

and heat exchange, turbulence is encouraged in many utility applications

for example, in combustors, electrostatic precipitators, and reactors. Turbulent 

flow is also associated with many oceanic and atmospheric processes. Al

though the recent discovery of an underlying organization in turbulent fluids 

has led to a considerably better understanding of this flow regime, the com

plex interactions between turbulence and entrained particles-interactions that 

play a key role in transport and mixing processes-have not yet been fully 

elucidated. Several EPRI exploratory research projects seek to enhance our 

understanding and control of particle-turbulence interactions. Findings from 

these projects may lead to improvements in the performance of various power 

plant systems, to advanced pollution control methods, and to more-accurate 

modeling of many significant natural processes. 



tense stirring action. vortices also play a key 

role in fluid mixing and heat transfer. 

Particles in turbulent flow 

Turbulence structures control much fluid 

transport and mixing and thus strongly in

fluence the distribution and motion of fluid

borne particles. Typically, the actions of 

these structures segregate part
i

cles (except 

when the structures change more rapidly 

than the particles can move around in the 

fluid). For example. denser-than-fluid parti

cles are generally flung out of vortices, be

coming concentrated in relatively stagnant, 

nonrotatlng regions of flow, such as the 

slow streaks that develop near walls. Even 

it overall particle loading is low. turbulence

induced particle segregation can cause rel

atively high local particle concentrations. 

which in turn may change flow behavior. 

Because the effects of turbulence struc

tures and fluid-borne particles on fluid flow 

are interdependent and highly nonlinear, 

analysis is difficult. As a result, the funda

mental relations for this flow regime remain 

poorly understood. However. the control of 

particle- turbulence interactions offers po

tential for optimizing fluid mixing and heat 

exchange in combustion and other utility 

processes. Another possible benefit would 

be the regulation of flow behavior to de

crease turbulent friction in pipelines and so 

reduce pumping costs. 

To improve understanding of particle

turbulence interactions in utility applications, 

EPRI has initiated a number of exploratory 

research projects. Three laboratory-based 

studies are exploring fundamental aspects 

of turbulence for mixtures in which the mo

mentum of the fluid (gas or liquid) compo

nent is generall y more significant than that 

of the suspended particles (liquid or solid). 

Such mixtures are characteristic of com

bustion. pollution control. and other utility 

processes. Related projects are addressing 

the behavior of atmospheric aerosols in tur -

bulent flow and the theoretical modeling of 

particle-turbulence interactions. 

Pipes and rivers: turbulent flow 

along a wall 

Scientists at the University of California at 

Santa Barbara (UCSB) are investigating the 

Figure 1 Side-view schematic and top-view photograph of a typical funnel-shaped vortex ob
served in turbulent flow. This recently discovered structure Is thought to underl ie other turbulence 
phenomena, such as small streamwise vortices and particle deposition and reentrainment near 
walls. An increased understanding of funnel vortices could lead to enhanced control of particle
laden flows and thus, for example, to reduced fouling in heat exchangers. 

Flow 

fundamental relations between turbulence 

structures and low loadings of polystyrene 

spheres in shear flows, focusing particularly 

on the low-speed streak and burst behav

iors that develop near flow-parallel bound

aries, such as pipe surfaces or riverbanks 

(RP8034-2). An improved understanding of 

these phenomena could lead to increased 

control of particle deposition and reentrain

ment, reduced fouling in heat exchangers, 

and enhanced control of particle behavior 

in electrostatic precipitators. 

The UCSB researchers are using laser 

Doppler anemometry. high-speed video, 

and streak-line photography of oxygen bub

bles for the visualization of flow structures; 

reference bubbles are produced via pulsed 

electrolysis at wire electrodes installed in the 

flow channel. This experimental work has 

helped clarify the interactions of particles 

and turbulent flow. revealing what may be 

a fundamental large-scale turbulence struc

ture: streamwise funnel vortices (Figure 1 ). 

These vortices, each shaped like an ex

panding spiral wound around a funnel laid 

in the direction of flow. originate near a solid 

boundary and grow toward the air-water 

(free) interface; the spiraling stream flows 

considerably faster than the surrounding 

fluid. Turbulence features described in 

previous research-such as small quasi

streamwise vortices, low-speed streaks, 

and bursts-appear to be aspects of this 

underlying structure. 

The UCSB scientists hypothesize that fun

nel vortices are responsible for most of the 

particle-turbulence effects occurring near 

flow boundaries. These vortices appear to 

be the primary mechanism of particle en

trainment and deposition: they both ej ect 

particles into the main flow and sweep them 

toward walls, where deposition is promoted. 

Particle concentration and velocity are high

er within vortices than outside. 

Further studies indicate that particle load

ing in the flow has a relatively small effect 

on the overall intensity of funnel-vortex-re

lated turbulence, although higher concen

trations reduce it somewhat. Particle size 

and density have a more pronounced ef

fect: small, light particles suppress turbu

lence while large, heavy ones enhance it. 

Thus the addition of particles to a fluid may 

offer a cost-effective way to optimize flow 

behavior. For example, preliminary results 

suggest that it might be possible to increase 

heat transfer rates in film coolers and simi

lar equipment by 20% or more with this ap

proach while keeping particle volume frac

tions very low. 
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Figure 2 Unforced smoke-laden jet flow into quiescent air shows the vortex structures rolling up 
in the mixing fluid downstream of a jet nozzle. By controlling these vortex rings through flow forcing, 
particles can be concentrated or dispersed. One practical application of such control would be to 
regulate coal particle distribution, a key factor in reducing pollutant formation during combustion. 

Combustors: turbulence in 

forced jet flow 

To improve combustion control in coal-fired 

boilers, researchers at Stanford University 

are studying the forced jet flow of particle

laden fluid into quiescent air (RP8005-2). 

Although coal combustors have been em

pirically optimized, environmental regula

tions requiring reduced emissions of nitro

gen oxides necessitate improved under-

standing and control of the coal-air mixing 

processes in combustor jets. NOx pro

duction can be minimized if the feed coal 

particles are staNed of oxygen during de

volatilization and pyrolysis. although this 

approach can decrease combustion effi

ciency. 

Coal-air mixing is being simulated in a 

round jet with annular coflow. In this dev
i

ce 

an inner stream of air laden with glass par

Figure 3 Forced particle-laden flow in a round jet with an
nular coflow representative of a typical coal combustor. The 
swirling outer flow initially concentrates the particles in the 
inner region and then scatters them. In a combustor. flow 
could be controlled to concentrate pulverized coal and delay 
fuel-air mixing during devolatilization, thus reducing NOx for
mation, and then to scatter the particles, promoting complete 
combustion. 

ticles is surrounded by swirling 

annular airflow. These flows 

represent the central fuel feed 

and the rotating outer airflow 

that are employed in coal 

combustors to delay fuel-air 

mixing and thereby reduce 

NOx production. Acoustic 

speakers mounted on the de

vice provide adjustable axial 

forcing for each flow to con

trol the smoke-ring-like vor

tex structures rolling up in the 

mixing fluid downstream of the 

jet nozzle (Figure 2). Velocity 

measurement and particle vi

sual ization techniques that are 

phase-locked to the acoustic 

forcing are used to study the 

jet f!ow 

Experiments indicate that 
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turbulence structures at first develop inde

pendently in each flow phase but that the 

large-scale vortex structure of the outer (air) 

flow ultimately controls turbulence in the in

ner (fuel) flow. As a result, axial forcing of 

the outer flow can strongly affect particle 

distribution in the inner flow (Figure 3). The 

effect of core-flow forcing is smaller and is 

restricted to the inner region. Continued in

vestigation is expected to provide a practi

cal means of controlling fuel-air mixing to 

improve coal combustion while minimizing 

NO
x 

production. 

Turbines: turbulent flow 

against a solid plate 

In recently initiated work, researchers at the 

University of Minnesota are exploring fun

damental particle -turbulence interactions in 

a forced jet flow impinging against a flat 

plate (RP8034-1 ). This effort is intended to 

support design improvements for turbines, 

cyclones. and other utility equipment ex

posed to pressurized, particle-laden flow. 

For example, the turbines used to expand 

hot gases downstream of a pressurized coal 

combustor must be heavily reinforced-at 

a cost in efficiency-to withstand erosion 

due to particle impact. An improved under

standing of the flow around turbine blades 

could lead to designs that are more cost

effective. 

The Minnesota researchers are using a 

simple round air jet; glass beads and smoke 

can be introduced into the flow to simulate 

the behavior of contaminant particles and to 

aid in the visualization of turbulence struc

tures. By forcing the jet with acoustic waves, 

turbulence development can be controlled 

to produce coherent vortex ring structures. 

Turbulence structures and particl e  trajec

tories are being examined at a variety of 

forcing frequencies. Both particle loadings 

that influence turbulence structure and lo

cal concentrations of particles in relation to 

flow structure are being determined, with 

particular emphasis on particle impinge

ment locations and rebound characteristics. 

In addition, heat exchange between the flow 

and the plate is being studied to determine 

how moderate particle loading can affect 

heat transfer by altering flow structure. This 

research could lead to more-efficient com-



bustors as well as to improved protection of 

exposed surfaces. 

Other particle-turbu lence 

research 

EPRI is a lso supporting experimental and 

theoretical explorat ion of the in teract ions of 

entrained partic les and turbu lence in other 

environments. 

Scient ists at the Massachusetts I nstitute 

of Technology are Investigating the re

sponse of ultramicroscopic particles to tur-
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bulence in an effort to character ize the 

transport and deposition of aerosols in a 

gas stream (RPB000-41 ) . Enhanced under

standing in this area could lead to more

effective erosion protection in fluid ized-bed 

combustors, to advanced partic le precipi

tat ion and f il t rat ion techniques, and to im

proved ways to protect the human respi ra

tory system from airborne pol lutants. 

And University of Southern California re

searchers are applying a computational ap

proach to model the general processes of 

particle and droplet dispersion in unsteady 

three-dimensional shear f lows. such as 

those found in clouds, sprays, cooling tow

ers , and combustors (RP8006-23). This ef

fort is intended to complement EPRl-funded 

experimenta l investigations at particle-tur

bulence interact ions by improving the ca

pabilfty for numerical simulat ion of fluid 

f low. The researchers aim to rel ine existing 

laws and derive new ones governing the 

distribut ion of particles in various f low re

gimes. 

Field· Testing a Hydronic Thermal-Distribution System 
by John Kesselring and Sekhar Kondepudi, Customer Systems Group 

I n homes with conventional forced-air, 

duct-type thermal-d ist r i bution systems, it 

Is not uncommon to lose 30% of the ther

mal output from the central space-condi

tioning device. Loss mechanisms include 

duct air leakage Into unconditioned spaces, 

such as attics; thermal conduction from 

duct surfaces; and infil tration by uncon

di tioned ambient air because of static

pressure variations created by the circulat

ing blower. S ingle-point thermostat ic control 

leads to additional energy losses, since 

some areas are cond i tioned more than they 

need to be (and more than they would 

be with independent thermostats) .  Overal l ,  

forced-alr d istrlbution systems lose a n  es

timated 2.5- 4 quads (2.5-4 x 1 0 1 s Btu) of 

energy annual ly - energy worth over $1 2.5 

bil l ion. Peak electric power demand due to 

duct leakage can be as high as 2 kW per 

heat pump in hot and humid c l imates and 

1 kW in moderate climates. 

ABSTRACT A 1990 EPRI study showed that heat pump systems using 

hydronic, or circulating-water, distribution with zoned control could offer sev

eral advantages over systems using conventional air distribution. In testing 

during the 1992-1993 heating and cooling seasons, a prototype hydronic sys

tem functioned reliably and compared favorably with a conventional forced-air 

system in terms of comfort provided. Zoned control with individual fan-coil units 

proved successful. and the researchers concluded that an improved, com

mercial hydronic system could further increase comfort and provide significant 

energy savings. EPRI has initiated discussions to license a commercial devel

oper for the system, and field testing at utility sites will begin soon. 

The use of hydronic ,  or circulating-water, 

thermal-distribution systems. which el imi

nate potentia l ly leaky air ducts, could help 

raise the energy efficiency of res identia l 

space-conditioning systems. Th is could 

have a major favorable impact on e lectric 

uti l i t ies in both summer (cool ing ) and winter 

(heating) seasons. A 1 990 EPRI study found 

tllat .  in addit ion to offering customers 

greater energy effic iency than do heat pump 

systems using conventional air distribution, 

systems with hydronic distribution could 

offer a lower f i rst cost. lower heating and 

cool ing costs. and greater comfort. Conse

quently, under EPRI sponsorship ,  Tecogen , 

I nc. ,  developed a prototype multip le-zone 

hydronic system, which was insta l led in an 

unoccupied test house in Gaithersburg , 

Maryland. At the test house, GEOMET Tech

nologies. Inc . . conducted extensive perfor

mance testing on the hydronic system dur

ing the 1 992-1 993 heating and cooling sea

sons and compared the test results with 

those for an already-installed conventional 

system. 

System components 

A hydronlc system similar to the one used 

in the fie ld testing is shown schematica lly in 

Rgure 1 .  As in any heat pump system used 
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Figure 1 Heat pump space-condition ing system with hydronic thermal d istribution. Such a sys
tem, which provides zoned temperature control , was used in EPRI t ie ld testing . It features a stan
dard outdoor condensing unit and a compact indoor un i t w i th a refrigerant-to-water heat exchanger. 
The water is c irculated to thermostat-contro l led fan-coi l un its in the space-conditioning zones. Flex
ible multichannel  cable contains both the water passages for thermal distribution (blue) and the 
electrical wiring used in system control (red} .  
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for space condition ing, the prototype sys

tem's 3-ton outdoor unit . equipped with a 

two-speed compressor and a constant

speed fan. absorbs heat from the ambient 

in the heating mode and rejects heat to the 

ambient in the cool ing mode. A special ly 

designed indoor unit transfers heat between 

the refr igerant and the circulating hydronic 

f lu id - water a lone (as in the test house) or 

water with an ant ifreeze additive. The water 

is heated in the heating mode and cooled 

in the air conditioning mode. A circulating 

pump is used to distribute the heated or 

chi l led water throughout the house. 

The indoor un i t .  bui lt around a refrigerant

to-water heat exchanger, 1s s l ightly more 

complex than un i ts in air distribut ion sys

tems; but it is not larger, s ince, in the ab

sence of alrilow, less space is needed for 

heat exchange and no blower is required. 

Water is circulated to terminal fan-coil un its 

through a single, compac multichannel 

cable. This f lexib le, easy-to-insta l l  cable 

also carries contro l  system wiring to 1 0  fan

coil units throughout the house and to the 

thermostats used to control individual or 

clustered terminal un i ts . In most cases, 

each fan-coi l is controlled by its own ther-
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mostat; a single thermostat controls the 

three fan-coils used for the unif ied living 

room. k i tchen . and din ing area. 

The Indoor unit also contains a micro

processor-based contro l ler to handle all he 

control functions of the thermal-d istribution 

system . The thermostat for each space

cond itioning zone communicates with the 

contro l ler, which sends s ignals to switch the 

appropr iate fan-coi l un its on or off. When the 

heat ing load of the house exceeds the heat 

pump's heating capacity, supplemental heat 

is suppl ied by resistance heating elements .  

(For more on hydronic thermal-d istribution 

systems, see the EPA/ Journal, March 1 993. 

p . 30.) 

Assessing comfort and 
energy use 

The primary purpose of the testing 1n the 

unoccupied house was to determine wheth

er the hydronic heat pump system would 

function rel lably. The tests were also de

signed to evaluate the comfort levels pro

vided by the system, as wel l  as its energy 

consumption, system-related air infi ltration, 

and responsiveness to changes in inso la

tion. outdoor temperature, wind speed, and 

various indoor condit ions. 

In occupied residences, thermal gains 

are provided not only by solar radiation, air 

infi ltration , and conduction but a lso by in

ternal gains from appl iances, lighting , hot 

water production and use. and the occu

pants themselves. The occupants may also 

affect energy flow into and out of the house 

by moving window coverings, which can af

fect the solar input, or by opening windows. 

which can increase indoor moisture content 

in the summer. 

In the test house. GEOMET used black-b in 

heat radiators to simulate thermal inputs 

f rom appl iance waste heat and from occu

pants. That al lowed the researchers to pro

v ide realistic thermal conditions whi l e  main

taining experimental control over the simu

lation of normal occupant activ ities in the 

house. The simulation provided a reason

able spatiotemporal a1ray of heat and mois

ture gains that might be associated with typ

ica l occupancy patterns. The project team 

designed dally l iving schedules for the sim

ulated occupants - two adults (one work

ing, one at home) and one child -taking 

Into account their activities , thei r use of ap

pl iances, and the corresponding thermal in

puts 1n the various rooms of the house. 

Several indexes have been developed to 

quantify thermal comfort, which may be de

f ined as a condition of mind corresponding 

to the experience of satisfaction with the 

thermal environment . To quant ify thermal 

comfort, GEOMET used two env ironmental 

indexes adopted by the I nternational Or

ganization for Standardization-predicted 

mean vote (PMV) and predicted percentage 

dissatisf ied (PPD) . 

PMV is an empirica l index that takes into 

account the composite effect of several 

parameters , including the human body's ac

tivity-dependent metabol ic rate, the thermal 

resistance of clothing, relative air velocity. 

mean radiant temperature .  dry-bulb tem

perature, and water vapor partial pressure. 

Using an equation that incorporates these 

parameters, researchers can calculate PMV 

for a clothed person performing a variety of 

activities under given environmenta l condi

t ions. PMV is measured over a seven-point 

psychophysical scale. ranging from cold 

(-3) o hot ( + 3). Using an equat ion relat-



ing PPD to PMV, researchers 

can estimate the percentage 

of subjects d issatisf ied with 

a thermal env ironment (i.e . ,  

those fo r  whom the PMV value 

is -3, - 2, + 2, or + 3) .  

The instrumentation at the 

research house provided the 

data required to make PMV 

and PPD calculat ions for both 

the hydronic and conventional 

heat pump systems. The data 

acquis i tion system scanned 

more than 1()0 channels per 

minute and stored 1 5-minute 

summary statistics on several 

variables, including meteoro

logica l parameters , indoor tem-

perature and comfort param

eters, hydronic system param

eters. energy parameters. and 

air infi ltration rates. 

In addit ion to assessing 

comfort levels ,  GEOMET com

pared subsystem and total en-

ergy consumption for the hy

dronic and convent ional heat 

pump systems, using data 

gathered on meteorologically 

similar days. I n designing the 

test program, the researchers 

took into account d ifferences 

between the two systems. The 

hydronic system is a zoned 

system. Unlike the case with a 

convent ional forced-a ir sys

tem, each fan-coil has a sup

p ly and a return ; there is no 

centra l return. Because d iffer

ent set po ints can be main

tained in d ifferent zones of the 

house. i t  Is best to operate a 

hydronic system with all inter

nal doors c losed. In contrast , 

it is usually best to operate 

Figure 2 The tota l da i ly  e lect ricity use of each heat pump system in the 
heat ing mode was correlated with the dai ly average difference between 
indoor and outdoor temperatures .  The hydronic system consumed more 
energy largely because the circu lat ing pump operated continuously and 
the fans in  the terminal un its were inefficient-two areas to be addressed 
by improvements in the next-generation design. 
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F igure 3 The data on the heat pump systems' dally e lectricity use in the 
heating mode were adjusted to account for various factors . The conven
tional unit was penal ized to reflect the duct- re lated energy losses that are 
typica l of many houses (but not the test house) , and the hydron ic system·s 
performance was upgraded to reflect the projected effects of recommended 
des ign changes. 

sen by the occupants, the 

higher the degree of comfort 

provided by the system. In ad

dit ion, in the cool ing season, 

thermal comfort is greatly in

f luenced by the indoor humid

ity levels mainta ined by a sys

tem. The same comfort level 

that can be achieved by low

er ing the temperature can be 

achieved by lowering the hu

mid ity while keeping the tem

perature at the orig inal set 

point. Higher indoor humidity 

levels typically encourage oc

cupants to lower the tempera

ture set point to maintain the 

desired level of comfort . This 

increases energy consump

t ion. 

The analysis of comfort con

ditions required the calcula

t ion of hourly PMV and PPD val

ues for the primary locations 

in the house, inc lud ing the 

master bedroom and the l iving 

room. In the heating season. 

the conventional and hydronic 

systems mainta ined equiva

lent levels of thermal comfort 

in the l iving room, as expected 

because the thermostat for the 

conventional system is lo

cated in that area. However, 

the average temperatures for 

each zone of the house and 

the average temperatures for 

the house as a whole were 

higher during hydronic sys

tem operation. As a resul t , the 

hydronic system provided 

s l ightly better PMV and PPD 

values in its normal operating 

mode ( internal doors closed) 

conventional systems with internal doors 

open to avoid creating unequal temperature 

and pressure distributions in the house. The 

two heat pump systems were operated with 

var ious combinations of open and c losed 

doors in order to quantify energy con

sumption under var ious operat ing condi-

Field test results: 

comfort 

In analyzing comfort conditions, GEOMET 

assumed that the temperatures maintained 

ins ide the house general ly indicate the de

gree of comfort provlded under changing 

outdoor and indoor conditions. The closer 

the temperatures are to the set point cho-

than did the conventional sys

tem in its normal operating mode ( internal 

doors open) . 

In the cooling season, the two systems 

provided equivalent levels of cool ing. How

ever, the hydronic system appeared to pro

vfde poorer hum1dity control. The analysts 

found that as a resul t  of the fan-coi l a irf low 

design ,  condensate was retained between l ions. 
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the fins. That led to an increase in delivered 

air temperature; in turn, humidity levels rose 

and fan-coil energy consumption increased. 

This problem will be eliminated in the next

generation fan-coil design. 

Field test results: energy use 

To compare energy use by the two systems, 

GEOMET and Tecogen correlated their daily 

energy consumption with the daily average 

difference between indoor and outdoor tem

peratures. Although this correlation relied on 

simplifying assumptions (e.g., that average 

temperature differences persisted through

out whole days and that load did not vary 

from day to day), enough data were col

lected to secure useful results. 

The systems' outdoor units consumed 

energy at similar levels. It should be noted, 

however, that the operation of the two sys

tems made no significant difference in the 

house's ai r infiltration rate, and that the lo 

cation of the ductwork in the house mini

mized any effects of air distribution duct 

leakage on infiltration. In many U.S. homes. 

however, as pointed out earlier, duct leak

age and air infiltration can account for large 

energy losses. 

When the indoor equipment was taken 

into account, total energy consumption was 
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higher for the hydronic system, as shown 

for the heating season in Figure 2. The dif

ference in energy consumption was largely 

due to a few factors that will be easy to 

rectify. For instance, the hydronic systems. 

circulating pump operated continuously, 

regardless of heating or cooling demand, 

consuming about 6 kWh of electric energy 

per day. Also, although the system's elec

tronic controll er was rather sophisticated, it 

functioned in addition to the normal heat 

pump controller. In a more energy-efficient 

design, only one controller would be used, 

and water would circulate through the sys

tem only when heating or cooling was re

quired in any of the zones. Further, the fans 

in the fan-coil units were inefficient; fans 

designed for this speci fic application would 

consume less energy. And, as noted above, 

a redesign would eliminate condensate re

tention in the heat transfer coil, which in

creased energy consumption in the summer. 

Figure 3 shows the projected energy 

consumption for a conventional system in a 

house with a 30% energy loss due to duct 

effects and for a redesigned hydronic sys

tem. Under these circumstances, the re

designed system would consume consid· 

erably less energy than the conventional 

system. 

Moving toward 

commercialization 

Now that a prototype hydronic system has 

performed reliably in the field, EPRI is fo

cusing on improving system design to in

crease energy efficiency. Discussions are 

under way with a major manufacturer, who 

has begun to identify and implement the de 

sign modifications needed for an improved 

system. The commercializer wi ll optimize 

the location of the fan-coil units. will provide 

water flow control by means of an adjust

able pump whose speed can vary with in

door load, and will use two-speed fan-coil 

units to improve humidity control during the 

cooling season. 

The fan-coil units to be used in the com

mercial system will be very quiet. The com

mercializer plans to develop a refrigerant

to-water heat exchanger for the system and 

to use heat pumps and multichannel hy

dronic cable purchased from other compa

nies. In addition, the commercializer will join 

EPRI in conducting a study to identify po

tential target markets. Meanwhile, EPRI 

plans to enter into tailored collaboration 

agreements with utilities who will provide 

field sites for testing the improved system 

under a variety of climatic conditions in dif

ferent geographic locations. 
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Irradia t ion for Air D i s ,nfectlon (RP2662-74) 
Energy Audits at Wastewater Trea1ment 
Plants (RP2662-75J 
O�ygen En richment in Lime Kilns ,n Pulp 
M i l ls (RP3328-9) 

S"permarket Analysi s Program 
(AP3526-5) 
Indust rial Environmental Pro1ect 
Laboratory Screening ot Advanced 
Ox ldahon Processes (RP3762-1 )  
Dislnbutlon Au tomation Demonstration 
(AP3807· 1 )  
Commercial C aci  Storage (RP38 19- 1 5 ) 

Residential Space-Heating Load 
(RP3819- 1 6) 
EPRI Parlnersh1p tor I ndustrial 
Competit iveness: Plant Surveys for 
Foundries (RP3829- 1 1 )  
EPRI Pannersh ip  for Industrial 
Compet111veness. Plant Surveys for 
Forg ing/Heal Treat, ng (RP3829-1 2 )  

Me thod for Esumatlng Thermal Eff1clenay 
of Resldentlal Forced-Air Dfsl ribut1on 
(RP384 · 1 )  
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S1ud1es (RP3407 -24 ) 13 moo hs Authorily / E  Hughes 

Bench-Scale Mercury Sorben t Evaluation $70,000 Acurex Enwonmenlal 
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Module for Generator Rotor Tooth Top Life 7 months Associa tes /J. Stein 
Pred iction (RP3857-3) Power Transformer Expert System $298,600 I r is Power Engineering / 

Substation Predictive Ma,ntenance $90,000 Bogan IR. Co/sher (RP2445-4) 29 months S. L indgren 
(RP3883·1 )  7 months Simu laJ ioo Program for On-Line Dynamic $ 1 , 1 1 8 ,300 S iemens Energy and 

Effectiveness of Chlorine DToxide  as a $2 1 7 ,700 l l l1no•s Power Co I Security Assessment (RP3 100-7 )  28 months Automation IP. H1rsch 

B1oclde (or the Treatmen t ol Zebra 21 months J. Tsou Substallon Magnetic Field Management $365, 100 Oh'° Slate University I 
Mussels ,n R.ve r Water (RP3894- 1 ) (RP3193-3) 12  months R Lorden 
EHec\lveness ol Chlor,ne D1o�ide as a $120,900 Central 1 11,no,s Public lmprO\led Med turn-Volta_ge-Cable $ 1 ,093.800 SouthWire Co. /  
Blocide for ll1 e  Treatment o t  Zebra 12 months Service Co. /J. Tsou Manufacturing (R P3522· 1 ) 35 monlhs 8 Bernstein 
Mussels in River Wa er (RP3894-2)  

Advanced Concepts 1 n Energy Resource $472,700 Network Management 
Hot Gas Filler Ash Charaote rizalion $690,000 Untversny of North Schedu l i ng and Generation Cont rol . Load- 21  months Technology I 
(RP39 1 0- 1 )  3 6  months Dakota/ R. Brown Frequency Con1tot (RP3555-4) D. Maratu/<ulam 
Fuel Cells [Of Res1dent ral Apphcallons $240.000 Polydyne ID, Rast/er Transient Behavior ol Systems Conte1ning $59,000 Unive rsity of Waterloo/ 
Tecnnical Feas,b i l ily and Marllet 10 months FACTS Dev,ces (RP3573-18)  1 7 months R. Adapa 
Assessment (RP3934- t )  

I ntegrated Control, Protection . and Data $320,900 ABB Power T&D Co. / 
Select ive Catalyhc Reduction Pro1ec l at $ 1 , 1 22 ,000 Southern Company Acquisition (RP3599-2) 8 months J Melcher 
Gulf Power Company's Plant Crist 30 months Ser vices/ J. S1alllngs 

I ntegrated Control ,  Protection . and Data $497,000 Genera l E l ectric Co . I  (RP9025- 12 ) 
Acqu i sition (RP3599-3) 9 months J Melcher 

Groundwater Treatment Using Metals $555 ,700 Southern Company 
Laser-lnduced·Llghll1mg Research : $94.600 University of New Copreclpitalion (RP9048· 1 )  22 months Servl oes /M Mclearn 
Discharge ol ll_ghtning  With U l trashon 17 months Me)(Jco/8_ Bernstein 

In Situ Solid lficatlon/Stablllzat,on of $733,800 Southern Company Pulses (RP3669-2) 
Arsenio,Comamlnaled Soll (RP9049· 1 )  22 months Se, v1oes /M. McLearn Assessment of FACTS Requuements on $99,900 Entergy Services / 

the Entergy System ( RP3 789-2) 7 months R Adapa 
Nuclear Power ln te_grated Oispa1ch Information $388.300 ABB Systems Control 

Management System at Wisconsin Power 1 3 months Co. ID Maratuku/am 
Management Guidel ines for Solid Low- S5 1 ,300 CENTEC-21 / & llg ht (RP3869· 1 ) 
Level Waste {AP241 4-66) 8 monihs C Hormbrook 

Technologies tor I nspecting Transmlss100 $448,700 Eng,neenng Data 
Technical Repai r Guidelines for Ro1or $65.900 Duke Eng 1neenng and Lines (RP3873- l )  10  monlhs Management / P Lyons 
Va lve Actuators (RP281 4-94) 9 months Serv,ces / 1(  Varma 

Evalual•Oll of Gases Generated by $5 t 8,400 Underwriters 
Development of Ion Exchange Models $210,000 Oklahoma Stale Heaung and Burn 1n_g of Cables 24 monll1s laborato r,es / T Kendrew 
(RP2977- I 4 )  43  months Un iversity IP Mille/I (RP3927·4 ) 
Commercial Verslon of RAYTRACE ant.I $140,000 Karla Techno logy I Nuclea r Magneuc Resonance Eerlh Probe $ 1 25 ,200 lectrascan / T. Kendrew 
RAYNEW (RP31 48- 1 I )  8 months T. Taylor lor Subsur lace Imag ing ol Buned Cable 18  months 
Measuremenl ol C,ev,ce Chemlsl ry With $94,000 Babcock & Witco� Co. /  and Pipe: Feasibility Study (RP3927-5) 
Raman Spectroscopy (RP3 1 73-6 ) 1 1  monll1s P M/I/ell ESWo ks tauons Ouatny Assurance $98.600 Reasoning Systems I 
EnvtronmentaJ Fatigue Rules (RP3321 -3) $79 , 100 General Electric Co. I (RP3928· 1 )  1 1  months C Wells 

20 monll1s S. Gosselin ESWorkslatlon FrameWOfk (RP3928-2J $300,000 Power Comput i ng Co. I 
Advanced Condensate Demrnerallzer $334,900 CENT C-21 /P. Mille11 9 months C Wells 
Resin Cleanong (R P338B-10) 1 1  months Leak Oelec\lori Demonstrat,on Fielo Tests $72,900 Vista Research I 
Delectron of Local ized Cable Damage $ 1 97 ,300 Ontano Hydro/J. Carey ( R P791 Q..33) 9 months J Sh1mshock 
(RP3427·4 )  15  months Transmiss,oo Gable Eno-of-Li te Cr,tena $61 4,500 Power Delivery 
Eflec1s of Low-Dose lon1z1ng Rad1atron S268.100 Un1ve rs,1y of Calitorn,a . (RP791 4-4) 44 mooths Consultants / 
(RP3500-27) 19  months San Franc,sco/L Sagan J Shtms/!ock 

Decontamma1 ,on for Decomm1ss1onm9 $1 48 ,200 Bradtec I C  Wood 
(RP350Q.28) 1 5  months S!Jategic R&D  

Hor pH Demonstrauon a l  T U  Elec1nc $240,600 Vectra Technolog ies/ Env i ronment for Specihcalion and  Analy· $288,400 UniV,ew Systems/ (RP3528·5) 20 months R. Mel"lirn sis ol Sequen�a l Procoss Control Systems 52 months M Wildberger 
M,xed -Wasle Reducl ioo Demons1 ra1,on $67 , 500 Duke Eng,neering and IRP8014-5) 
Project (RP3800-22) 12  monlhs Services / C  Hornibrook Transparent Neural Networks (AP801 6-5) $ 199. 100 Wayne Slate Un iversity I 
Check Va lve Maln ienanoe Guide $ 1 23,800 Stone & Webster 23 months M. Wrldberger 
(RP38 1 4·2) 13 months Engineering Corp. / Na,K-ATPase 1n E leotnc and Magneti c $ 1 69,900 Columbia Umversl\y I V Varma Fields ( RPB021 -4 )  24 months C Ra/ler1y 
NMAC Bol ted.Jou1t Apphcauoos and $65,000 Aptech Eng 1neenng Intelligent Fossil Fuel Cont rol Procedures $ 100.000 University of Michigan / Ma ,ntenanoe Guide (RP381 4-7) 7 monlhs Serv,ces/J. Jenee (RP8030- t 7) 28 months M Pera1<1s 
Ultrasonic Pr1mary-Coolan1-System Flow $279,500 MPR Assocoa es I Solar Variatnlity and Potenuat Inf luences $348,000 Mount W ,tson Institute /  and Temperature Measurement System 22 mon hs R. James on the Earth's Clmale (RPB035-1 )  36 months J Mau/be/sch (RP3885- 1 )  

Borafle,c Research Proiect (RP3907- 1 )  $4 1 1 ,200 Northeast Technology Development ol a Cyclic Damage $100,000 lshlkawa1,ma Hanma 

22 months Co p . /  R. Lambert Evaluation Method (RPB046-5) 19  months Heavy lndustr ,es Co I 
M. Lap1des 

Steam Generator Tubing Corrosion Tests $74 ,300 CIEMAT I P.  Paine Synthesis ot Ll lh1um Salts (RP8061 -1 )  $55,000 Ari zona Slate University I rn Sodium SI i icate Solutions (RPS514 · 1 )  19 months 1 2 months F W/11 
Dtagnoslfa Technology for Ant1vibrat1on- $107 , 100 NUCON Inspection Low-Temperalu re Solid Oxide Fuel Cells: $461 . 100 Unlverslly o f  Utah I Bar Gap Spacing and Tube Wall 1 2  months Services IM. Behravesh Electrode Structure and Electrode/ 48 months R. Goldstein Measuremen1 (RPS530 - 12 )  Etectrolyte Materials (RP8062-6) 
Fuel Cladd ,ng  ln leg r <ty at Htgh Burnups $678,900 Paul Scherrer l nst,tule I Search for New Supe1conduc10,s Using $ 1 65 ,000 University of Ca lilorn 1a, (RPX 1 03- 1 )  3 0  months S. Yagnik the Phase Sprea d Al loy Method 36 months San Diego/P Grant 
ThermaJ Conducuv11y or Ox,de Laver on $500,000 lnst ,tull !or Energ1teknokk I {RP8066-2) 
LWR C ladding (RPX 1 03-3 ) 13 months S. Yagnik Oevelopmenl of New Creep-ReStstan1 $75,000 Carnegie Mel lon 
Mechan,sm ol Hydrogen Pie' up <n $155,000 Ontar,o Hydro/S Yegnik Martens,1,c Steels (RP9000-27) 31  months UniverStty I 
Z1rcon1um Base Al loys (RPX103-6) 24 months R. V1swana111an 
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New 
Technical 
Reports 
Requests lor  copies of reports should be directed 
to the EPRI Distribuuon Center, 207 Coggins Drive, 
P.O . Box 23205, Pleasan1 Hi l l . Cal ifornia 94523; 
(510) 934-4212 There 1s no charge for reports re
quested by EPR I member uti l ities , Reports will be 
prov ided to others in the United States lo r the price 
l isted or, 1n  some cases, under lhe terms of a l i
cense agreement .  Those outs ide the Urnled States 
shou ld contact the Distribution Cente r for price 
information . 

CUSTOMER SYSTEMS 

Proceedings:  Second International  Conference 
on Power Qual ity-End-Use Appl icat ions 
and Perspectives, Vols. 1 and 2 
TR-100822-Vl , TR-100822-V2 Proceedfngs 
(RP2935-1 ): $200 each volume 
Contractor · CK & Associates 
EPRI Project Manager · M Samoty1 

Water-Loop Heat Pump Systems, Vol .  1 :  
Engineering Design Guide (Revis ion 1 )  
TR-101 134-VlR l Final Report (RP2480-13) : $30 
Contractor: E ley Associates 
EPRI Pro1ect Manager· M. Khauar 

Hydrogen Emissions From Electric Vehicle 
Batteries Undergoing Charging in 
Residential Garages 
TR-103421 Final Report (RP3272-12 ) :  $200 
Contractor· GEOMET Technologies, Inc 
EPRI Pro1ec1 Manager: G.  Purcel l  

50 Successful DSM Programs: A Comparat ive 
Review of Program Attributes and Data 
TR-103463 Final Report (RP3269-26); $200 
Con ractor The Results Center, tRT Enwonment, 
Inc 
EPR I Project Managers : P. Hanser, P Hummel 

Development of a Microwave Clothes 
Dryer : Interim Report II 
TR- 103899 In terim Report (RP34 1 7- 1 ) :  $200 
Contractors: Thermo Energy Corp . :  JG 
Microwave , Inc. 
EPRI Project Manager ·  J Kesse lring 

G E N E RATION 

Prel imi nary Compar ison of Advanced 
Control Strategies for Fossil P lant Control 
Systems Improvements 
TR-103383 F ina l  Report (RP2710-30) ; $10 .000 
Contractor: PowerGen Power Technology Centre 
EPRI Pro1ect Managers: J Weiss , M. Perak1s 

Battery Storage Evaluation Software 
(BaSES, Version 2.0) : User's Manual 
TR-103800 Final Report (RP2123-25) : $200 
Contractor· Electric Power Consult ing , Inc 
EPRI  Project Manager: S. Eckroad 

Capi tal Expenditure Decis ions: Obtaining 
Commitment to Action (Case Study for San 
Diego Gas & E lectric Company) 
TR-103883 Fina l  Repor t  (AP3288-2) : $5000 
Contractor: Stra teg ic Decisions Group 
EPRI  Project Managers .  M . B lanco, R . Fray, 
R . Goldberg 

Proceedings:  1993 EPRI/GRI Repowering 
With Gas Turbines Workshop 
TR-103968 Final Report ( RP2915-6) ; $200 
Contractor. Carnot 
EPRI Proiect Manager: H . Schre iber  

Fish Protection/Passage Technologies 
Eva luated by EPRI and Guidel ines for Their 
Application 
TR- 104120 F ina l  Report ( RP2694-1): $200 
Contractor : Stone & Webster Engineer ing Corp. 
EPRI Project Manager: C Sul livan 

Biological Evaluat ion ol a Modular Inc l ined 
Screen for Protect ing Fish at Water Intakes 
TR- 104 121  Anal Repor t  (RP2694- 1 ) : $200 
Cont ractor Stone & Webster Eng ineer ing Corp 
EPRI Proiect Manager : C Sul livan 

Research Update on F ish Protection 
Technologies for Water Intakes 
TR-104122 F ina l  Report (RP2694·1) .  $200 
Contractor : Stone & Webster Engineering Corp 
EPRI Project Managers C. Sullivan , J .  Mat ice 

NUCLEAR POWER 

Circuit Breaker Maintenance, Vol .  2 , Part 3: 
Medium-Voltage Circu it Breakers
Westinghouse Types DH and DHP 
NP-7410·V2P3 Fina l  Report (RP2814·84): $8500 
Contractor. BCP Techn ical Services 
EPRI Project Manager  J . Sharkey 

Deep Draft Vert ica l Centr ifuga l Pump 
Maintenance and Appl ication Guide 
NP-7413 Final Report (RP2814-44) . $10 ,000 
Contracror · Hydro Engineering Services I nc 
EPR I Proiect Manager: K Barry 

Guide for the Examination of Service Water 
System Piping 
TR-102063 Appl icat ion Report (RP2495-9) : 
ca l l  (704) 547-6100 lor price 
EPRI Project Managers · R . Edwards ,  N Hirota 

Supplemental Guidance for the Appl ication 
of EPRI Report N P-5652 on the Uti l ization 
of Commercial •Grade Items 
TR-102260 Flnal Report  (RPQ101-43): $200 
Contractors: CYGNA Energy Services: 
Gi lber t/Commonweal th , Inc . 
EPRI Project Manager· F. Rosch 

Handbook for Electromagnet ic 
Compat ib i l ity of Digital Equipment in 
Power Plants, Vols . 1 and 2 
TR-102400-Vl , TR- 102400-V2 Fina l  Repor1 
(RP3406-3, -7): $25,000 for set 
Contractors · Inter ference Control Technologies, 
Inc. {Vol. 1 ): CHAR Services, I nc . (Vol .  2 )  
EPR I  Project Manager: C. L in  

Understanding Radiat ion Attenuation 
Through the Reactor Pressure Vessel Wal l 
TR-103435 Fina l  Report (RP2975-6) ; $ 1000 
Contrac tor : B&W Nuclear Technolog ies 
EPR I Project Manager · R . Car ter 

Cr it ica l F law Evaluation tor PWR Steam 
Generator Girth Welds 
TR-103557 Final Report (RP2455-25) ;  $5000 
Contractor · Structural In tegrity Associates. Inc . 
EPRI  Project Manager· R .  Carter 

Temperature L imit Determinalion for the 
Inert Dry Storage of Spent Nuclear Fuel 
TR-103949 Final Report (RP3290-3): $200 
Contractor· Brookhaven National Laboratory 
EPR I Project Manager: R. Lambert 

Susceptibi lity of Al loys 600 and 690 to 
Acidified Sulfate and Chloride Environments 
TR-104045 Final Report (RPS407-25 , -28) ; $2000 
Contractors · Materfals Engineering Associates; 
Domin ion Engineering , Inc . 
EPRI Project Manager: P, Paine 

POWER DELIVERY 

Round-Robin Test on CIGRE Water Tree 
Resistance Evaluation Methods for 
Extruded Cable Insulation, Vol . 2 : Phase 2 
EL-7432-V2 Fina l Report (RP2957- 1 ) ; $5000 
Contractor: Universily of Connect icu t  
EPRI Pro1ec1 Manager B Berns e 1n 

Smal l  Signa l  Stabi lity Analys is Program, 
Version 3. 1 .  Vols. 1-5  (Revis ion 1)  
TR-101850-V1R 1  Final  Report (RP2447-1 . 
RP1208- 1 1 ,  · 12. -13); $5000 
TR-101850-V2-V5R 1 Anal Report; l i cense 
requ i red 
Cont ractor· Ontario Hydro 
EPR I Project Manager: P. H i rsch 

Extended Transient-Midterm Stabi l ity Program 
(ETMSP) , Version 3.1, Vols. 1 -6 (Revision 1) 
TR-102004-V lR 1 Final Report (RP1208- 1 1 , - 12, - 13): 
$5000 
TR-102004-V2-V6R 1 Final Report, license requi red 
Contractor; Onta rio Hydro 
EPRI Proiect Manager: P H i rsch 

Dynamic Reduction, Version 1.1 , Vols. 1 -4 
( Revis ion 1)  
TR-102234-V1 -V4R 1 Final Report 
(RP1208· 1 1 .  -12, -13: RP2447 • 1 ) : l icense requi red 
Contractor Ontario Hydro 
EPRI Project Manager· P H i rsch 

Power System Steady-State Stabi lity 
Monitor, Vols. 1 -4 
TR-103169-V1 -V4 Final Repor t  (RP2473-43) : 
$5000 for set 
Contractor · SCS Computer Consulting 
EPRI Project  Manager ; R . Adapa 

Water Treeing, Distribution Cable 
Oxidat ion, and Diagnostics in XLPE 
TR-103170 Flna l Report (RP2957-5). $5000 
Contractor· Un iversi ty of Connecticu t  
EPR I Pro1ect Manager: B .  Bernstein 
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Proceedings: Multi-Factor Aging 
Mechanisms and Models 1992 Workshop 
TR- 1031 72 Proceedings (RP2986-6) : $500 
Contractor Moorhead State Un iversity 
EPRI Proiec l Manager ·  B. Bernstein 

Eva luat ion of Trenchless Technology 
for Instal lat ion of P ipe-Type Cable, 
Phase 1 
TR- 103219 Final Report (RP7925-1 ) : $5000 
Contractor : Sargent & Lundy 
EPRI Projec t Manager : T. Rodenbaugh 

Power System Dynamic Security Analysis 
Using Time Domain Techn iques, Phase 1 :  
Feas ib i l ity Evaluat ion 
TR-103601 Final Report (RP3103-1 ) , $5000 
Contractor : Arizona State Universi ty 
EPRI Proiect Manager: G. Cauley 

Act ive and Reactive Power Modulation of 
HVDC Transmission Systems 
TR- 103604 Final Repor t (RP1426-4) , $5000 
Contractor; Genera l Electr ic Co 
EPRI  Project Managers . S. N ilsson , A Edris 

Long-Term Stabi l i ty Program, Version 1 .0 , 
Vols. 1 -3 
TR-103632-V 1  Final Report (RP3144· 1 ) : $5000 
TR- 103632-V2-V3 Final Report, l icense required 
Cont ractor· Ontar io Hydro 
EPRI Project Manager · P. H i rsch 

Advanced Graphics for Power System 
Operation 
TR-103633 Final Report (RP4000-13) : $5000 
Contractor: University of Missoun, Rolla 
EPRI ProJect Manager. R.  Adapa 

Appl ication of Quadrat ic Interior Point 
Method to Opt imal  Power F low 
TR- 103635 Final Report (RP3788- I ) :  $5000 
Contractor Howard University  
EPRI  Projec1 Manager: R .  Adapa 

Operat ing Information Needed to Enhance 
System Planning 
TR-103638 Final Report (RP2473-66) . $5000 
Contractor. EPIC Eng ineering , I nc . 
EPRI Pro1ect Managers: J . Gra low, R . Adapa 

Flex ible AC Transmiss ion Systems (FACTS): 
Appl icat ion of Thyristor-Contro l led Ser ies 
Capacitors in New York State 
TR-103641 Flnal Report (RP3022-15) :  $5000 
Cont ractors : New York Power Authority; Power 
Technolog ies , Inc . : General Elect r ic Co . : 
Ontar io Hydro 
EPR I Pro1ect Manager: R . Adapa 

Electromagnetic Transients Program 
(EMTP) 
TR-103642 Final Report (RP2149-90) : 5000 
Contractor: Bectr ic 1 te de France 
EPA I Pro1ect Manager: R Adapa 

Interact ive Power Flow, Version 2 . 1 , 
Vols. 1-3 
TR- 1 03643-V 1 Rnal Report (RP2746-2) : $5000 
TR-103643-V2-V3 F ina l  Report .  l i cense required 
Contractor· Ontario Hydro 
EPR I  Project Manager· P Hirsch 
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Proceedings: Substat ion Equipment 
Diagnost ics Conference 
TR-103848 Proceedings (RP27 47) : $200 
EPRI Project Manager: J . Porter 

D iagnostics for the Detection and 
Measurement of Charge Motion in Water 
Trees in Polymers 
TR-103892 Rnal Report (RP2957-3): $5000 
Contractor University of Tennessee 
EPR I Project Manager: T Rodenbaugh 

Static VAR Compensat ion by Energy F low 
Routing 
TR-103903 Final Report ( RP3155-2): $5000 
Contractor University of Kentucky 
EPR I Proiect Manager : R . Adapa 

Flexible AC Transmiss ion Systems (FACTS): 
Hardware Feasibil ity Study of a Minnesota 
Power 1 50-MVA, 1 1 5-kV Thyristor-Contro l led 
Phase Angle Regulating Transformer 
TR-103904 Final Report (RP3022-2); $5000 
Cont ractors GE Industrial and Power Systems : 
Minnesota Power Company 
EPRI Pro1ect Manager· A . Edns 

EPRI Integrated Protecllon and Control 
Demonstration Program 
TR-104087 Rnal Repor t  ( RP1359-16) , $5000 
Contractor. Elect ric Research and Management, 
I nc . 
EPRt Projec Manager· S N i lsson 

Proceedings: On-Line Moni toring of 
Corrosion and Water Chemistry for the 
E lectric Power Uti l ity Industry (EPRI 
Workshop Held During the 12th 
tr,ternat lona l  Corrosion Congress) 
TR-103742 Proceedings ( RP2426-63) , $200 
Contractor: S ruc1ural In tegrity Associates 
EPA! Proiect Manager· 8 . Syrett 

Thermographlc Phosphor Stra in 
Measurements 
Tfl- 103867 Fina l  Report (RPB004-3): $200 
Contractor: Oak Ridge Nat ional Labora to ry  
EPRI Project Manager : B . Dooley 

Genetic Optimization of Neural Network 
Architecture 
TR-104074 Final Report (RP80 16-4), $200 
Contractor· Honeywell Technology Cente1 
EPRI Project Manager· M. Wi ldberger 

High-Temperature Corrosion Research in  
Progress, 1994, Vols .  1 and 2 
TR-104124 Final Repor t (RP2426-10), Vols . 1 
and 2, $200 each volume 
Contractor Univers ity ol Manchester Inst itute 
of Science and Technology 
EPRI Project Manager J . Stringer 

Permanent Magnet Materia ls :  An 
Assessment of the State ol the Art 
TR-104162 Fina l Report (RP2426-32) ; $200 
Contractor · Daedalus Associates . I nc 
EPRI Pro,ect Manager: J Stringer 

New 
Computer 
Software 
The Electr ic  Power Software Center (EPSC) pro
vides a sing le d istribution center for computer pro
grams deve loped by EPR I. The programs are d is· 
tributed under l icense to users . EPRI member uti l 
i ties , in pay ing the i r  membership fees. prepay a l l  
roya lties. Nonmember organizations llcensing EPRI  
computer programs are requ i red o pay royal
ties. For more Information about EPSC and licens
ing arrangements. EPRI member ut i l i ties should 
contact the E lectnc Power Software Center, Power 
Computing Co . 1930 Hi Line Drive . Dal las .  Texas 
75207: (214) 655-8883. Other organizations should 
contact EPRl 's Manager of Licensing, P.O. Box 
10412. Palo A l to, Ca l iforn ia 94303: (4 15)  855-2866 . 

CREAM : Composite Reliabi l ity Assessment 
by Monte Carlo 
Version 1 2 (Sun-UNIX ) 
Deve loper: Power Systems Research 
EPR I  Project Manager: Al l Vojdani 

DYNAMICS 
Version 3 .0 (RS6000-AIX. Sun-UNIX) 
Developer : Oec1s1on Focus Inc_ 
EPR I Project Manager: Robert Schainl<.er 

EGEAS: E lectric Generat ion Expansion 
Analys is System 
Version 1 .0 (PC-DOS) 
Deve loper; Science Appl ications Internat ional 
Corp . 
EPRI Project Manager: Perry Sioshans1 

EPRI Clean: Environmenta l  End-Use 
Emissions Database 
Vers ion 7 . 15 ( IBM-MVS; PC-DOS, RS6000-AIX) 
Developer . Stone & Webster 
EPRI Pro1ect Manager: Rambabu Adapa 

MADE-2: Database for the Second 
Macrodispersion Exper iment 
Vers ion 1 0 (PC-DOS) 
Developer· Tennessee Valley Authori ty 
EPR I  Project Manager· Dave McIntosh 

REEPS: The Residentia l  End-Use Energy 
Planning System 
Version 2 12 (PC-DOS) 
Developer· Regiona l  Economic Research 
EPRI Project Manager · Pau l Meagher  

TRELSS: Transmission Reliabil ity 
Evaluation for Large-Scale Systems 
Version 1.2 (Sun-UNIX) 
Developer : Southern Company Services, Inc 
EPRI ProJect Manager: A l i V0Jdan1 

UFIM : Uti l i ty Fuel Inventory Model 
Version 3 . 1 1  ( PC-DOS) 
Developer: Appl ied Decis ion Ana lysis. Inc. 
EPRI Pro1ect Manager · Charles Clark 



EPRI Events 

OCTOBER 
3-5 
International Joint Power Generation 
Conference and Exposition 
Phoenix . Arizona 
Contact: Cynthia White ,  (2 12) 705-7637 

4-6 
Pollut ion Prevention Seminar 
Scottsdale, Arizona 
Contact: Pam Turner, (4 1 5) 855-201 0  

5-7 
Flexible AC Transmission Systems (FACTS) 
Conference 
Baltimore , Maryland 
Contact: Lori Adams, (415 )  855-8763 

1 2-1 3 
Fuel OI i  Util ization Workshop 
Tampa, Florida 
Contact: Stephanie Drees, ( 7 14 )  259-9520 

17-18 
Center for Materia ls Product ion 
(CMP) Economics and Technology 
Workshop 
Pittsburgh, Pennsylvania 
Contact: John Kol lar, ( 4 12) 268-3496 

17-1 9 
Energy-Efficient Office Technology 
New York, New York 
Contact: Lori Adams, ( 4 1 5) 855-8763 

1 9-21 
1 3th Conference on Coal Gasification 
Power Plants 
San Francisco, Cal i fornia 
Contact: Linda Nelson, (4 15) 855-21 27 

1 9-21 
Fuel Supply Seminar 
Chicago, I l l inois 
Contact: Susan Bisetti, (415 ) 855-791 9 

24-27 
Power Quality Appl ications, 1 994 
Amsterdam, Netherlands 
Contact: Carrie Koetur ius, (510) 525-1205 

28 
Municipal Wastewater and Energy 
Conference 
New York , New York 
Contact: Ke i th Carns, (31 4) 935-8598 

31-November 3 
Decision Analysis for Utility Planning 
and Management 
New Or leans. Louisiana 
Contact: Katrina Rolfes , (4 15) 926-9227 

NOVEMBER 
1-3 
Substation Equipment Diagnostics 
Conference 
New Orleans,  Lou is iana 
Contact : Kathleen Lyons, (4 1 5) 855-2656 

9-1 0 
Water Heating Training Seminar 
Dal las , Texas 
Contact : Carl H i l ler, (4 1 5) 855-8950 
1 0-1 2 
3d International Workshop on Rough Sets 
and Solt Computing 
San Jose, California 
Contact :  T. Y. Lin ,  (408) 924-5 1 2 1  
14 
Occupat iona l EMF Studies 
Video Teleconference 
(from Washington, D.C. )  
Contact: Sharon Kiley, ( 5 10) 838-2654 
1 4-1 5 
Power Transfer Capabi l ity Evaluation 
St. Louis . Missouri 
Contact : Linda Nelson , (41 5) 855-2 1 27 
1 5-1 7 
Primary Water Stress Corrosion Cracking 
in Al loy 600 PWRs 
Tampa, Florida 
Contact: Linda Nelson, (4 1 5) 855-21 27 
1 5-1 8 
Market Research Symposium 
Marina del Rey, Cal iforn ia 
Contact: Susan Bisett i ,  (41 5) 855-791 9 
28-0ecember 1 
Fuel Cel l Seminar 
San Diego, Cal iforn ia 
Contact: John O'Su l l ivan, ( 4 1 5) 855-2292 

DECEMBER 
5-7 
12th International Electric Vehicle 
Symposium 
Anahe im ,  Cal i fornia 
Contact: Pam Turner, (4 1 5) 855-201 0  

FEBRUARY 1 995 
8-9 
Energy Efficiency and the Global 
Env ironment 
Newport Beach, Californ ia 
Contact: June Appe l ,  (61 0) 667-21 60 

MARCH 
1 3-1 6  
5th NMAC Annual Conference 
Amelia Is land, Florida 
Contact: Linda Suddreth , (704) 54 7-6 1 4 1  
22-24 
Verification and Val idation of Dig ital Systems 
Nashvil le , Tennessee 
Contact: Linda Nelson ,  (4 1 5) 855-2 1 27 
28-31 
1 995 S0

2 Control Symposium 
Miami ,  Florida 
Contact: Pam Turner, (4 1 5) 855-2010 

MAY 
3-5 
Continuous Emissions Monitoring 
Users Group Meeting 
Atlanta , Georgia 
Contact : Linda Nelson , (41 5) 855-2 1 27 

8-10 
13th International Conference on Flu id ized· 
Bed Combustion 
Orlando. Florida 
Contact: Shelton Ehr l ich ,  (41 5) 855-2444 
1 5-19 
Joint Symposium on Stationary Combust ion 
NO, Control 
Kansas City, Missour i 
Contact: Lori Adams. (4 1 5) 855-8763 

JUNE 
19-21 
ISA POWID/EPRI Contro ls and 
Instrumentation Conference 
San Diego, Cal ifornia 
Contact: Lor i  Adams, (415 )  855-8763 
28-30 
7th Nationa l Demand-Side Management 
Conference 
Dal las , Texas 
Contact: Pam Turner, ( 4 1 5) 855-8900 

JULY 
10-1 2  
Low-Level-Waste Conference 
Orlando, Florida 
Contact: Linda Nelson , (4 1 5) 855-2 1 27 
1 2-14 
EPRI/ASME Radwaste Workshop 
Or lando, F lorida 
Contact : Linda Nelson, (41 5) 855-2 1 27 

AUGUST 
1 5-1 8 
Particulate Control/Managing Hazardous 
Air Pollutants 
Toronto, Canada 
Contact: Lori Adams, (4 15 )  855-8763 
29-31 
PCB Seminar 
Boston ,  Massachusetts 
Contact: Linda Nelson , (4 1 5) 855-2 1 27 

SEPTEMBER 
13-1 5 
1995 Heat Rate Improvement Conference 
Dallas, Texas 
Contact: Susan B isetti, (4 15 )  855-791 9 

OCTOBER 
4-6 

Biodiversity and Ecosystem Health 
Jackson Hole, Wyoming 
Contact: Pam Turner, (4 1 5) 855-20 1 0  
1 8-20 
1 995 Fuel Supply Seminar 
New Orleans ,  Louis iana 
Contact: Susan Bisetti ,  (4 1 5) 855-79 1 9  
25-27 
Gasif ication Power Plants Conference 
San Francisco, Cal i fornia 
Contact: Linda Nelson, ( 4 1 5) 855-2 1 27 

NOVEMBER 
28-30 
Predict ive Maintenance and Refurbishment 
Or lando, Florida 
Contact: Susan B isetti ,  (41 5) 855-791 9 
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