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Security is a problem at any size school. To help 
you k ep control, Medeco offers a key control plan 
that's a standard in the industry. 

Whether you want convenient 
duplication or the ultimate in pro
tection, Medeco lets you select 
exactly the right amount of con
trol for each application. And 
now all Medeco locks are available 
in new BlAXIAI.'.M versions for 
even more key combinations and 
improved masterkeying. 

Key control isn't the only Medeco advantage. 
Medeco high security locks are virtually impossible 
to pick or force open. Removable cores allow you 

to change a lock instantly And Medeco makes 
replacement cylinders to fit most existing hardware, 
so you can bring any lock, rn any building, up to a 

high security standard - at about a third 
of the cost of replacing the entire lock 

We manufacture a full line of 
UL-listed high security locks 
for school applications. Write or 
call today for more information. 

Medeco High Security 
Locks, .-,~ 

PO. Box 3075, 
Salem, Virginia 
24153. (703) HIGH SECURITY LOCKS 
380-5000. A HILLENBRA D l DUSTRY 

UL-t.rs.tea MA<Wt in U.SA '11987 Medeco 
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NOTENl"ER. 

/,)J\f'IC}\':. ~ 
PCB TRANSfORfl~ 

.LANDFILL ~~ 

Bury a transformer contaminated with PCB's in 
a landfill and it will come back to haunt you. 

The fact is, landfills can't eliminate PCB liability. 
But we can. 

We can remove your PCB's without removing 
your transformer. With minimum downtime. 

And with a performance guarantee. We're 
already taking care of hundreds of transformers, 
located in hospitals, universities, industrial compa-

nies, commercial buildings and government instal
lations. Some of these have been reclassified for 
over a year. 

To get your transformer redassified to non
PCB status, call us at 1-800-544-0030 On Ohio, 
1-800-544-0029). Or write to us at UNISON, 1338 
Hundred Oaks Drive, Charlotte, •►~~'"= 
N.C. 28210. UlltDN 

And rest in peace. P 
Copyroght C 1986 UNISON nnslonne, SeM:es. Inc 
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HEFT, APPA, and You 
by Walter A. Schaw 

A n inspiration in my life. Dr. Herman B. Wells. president of In
diana University for many years. followed a credo that "big 
dreams are easier to achieve than little ones." 

The Higher Education Facilities Trust (HEFT) is a big dream. It ad
dresses what APPA ought to become and the challenges we foresee. It 
consolidates the programs we want to develop. yet cannot currently 
afford to do. It is "big" not only in its multi-million dollar drive for ex
ternal support but more importantly. we believe. in its concepts. 

ln this issue of Facilities Manager we will explain what HEFT is and 
describe the initial proposal of programs. Some projects. such as the 
Executive Development Institute, are already in progress. APPA's com
mittees. officers. and Board of Directors are at work to see the ideas 
created by them take final shape. 

Will it succeed? The key is whether HEFT truly reflects the needs 
and priorities of APPA' membership. With your support. and the reali
zation that HEFT belo cgs to you, we have no doubts about its eventual 
success. 

While the HEFT program was aeated by APPA's committees and 
Board of Directors. what APPA "ought to become" through HEFT is a 
question for all APPA members. That is why President Val Peterson 
has called for a round-table exchange of ideas and opinions at the Pres
ident's Breakfast at the 74th Annual Meeting in New Orleans this July. 
The fourteen-point HEFT program is seen as a beginning- not a con
clusion-to what APPA can become. 

Recently proposed changes in accounting practice--requiring depre
dation of buildings at replacement. not historic cost-hold substantial 
implications for how the facilities resource is viewed. and how we are 
measured at our institutions. 

The Higher Education Facilities Trust initiati.ve may be viewed some 
years from now as what we needed when we needed it. We invite you 
to review the specifics about HEFT in the pages to follow, consider your 
own needs, and come to New Orleans prepared to tell us what you think! 

Walter Seba w ts executive director of APPA. 

We welcome your comments. opinions. and clarifications to the articles and columns in thls issue. All letters should be typed. 
double-spaced, and no longer than 250 words; letters may be edited for clarity or brevity. Shorter letters have the best chance of 
being published. Send your comments to Letters. FACILITIES MANAGER. 1446 Duke Street, Alexandria, VA 22314-3492. 
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Dennis Palmer, 
University of Wisconsin : 
"We 've never had a 
Kenai/ unit fail. " 

CUARA TEE: 

''Peace of Mind." 
The university uses Kenall exit lighting, exterior lights afong-sicfewallcf 

and building entrances, and interior lights in dormitory hallways and rooms. 
The university's first Kenall fixtures were installed in 1975, and performed 
exceedingly well. 

As Palmer says, "We've never had a Kenall unit fail. We like their 
durability. reliability and low maintenance. When you put them up, you 
know they're going to last. It saves us the cost of sending someone out 
to repai r or replace them. Our Kena II units have paid for themselves many 
times over. " 

For more information or a free condensed catalog call or write to Kenai!. 

Kenall high abu e lumina ires are designed and built lo take exc plional phy ical 
punishment When inslalled according lo our in lruclions, Kenall will repair or 
replace any fixlure rendered inoperable due lo physical abuse wilhin three years ol 
purchase. Thereafler, Kena II will replace any refractor/diffuser broken during lhe life 
of lhe fixture free, ubject to a handling charge equal lo 25% of the published list price. 

Kenall Manufac1Uring Co. • 4140 W. Victoria St. • Chicago, IL 60646 • 312/463-8500 • Telex 721481 • FAX 31 2/463-1833 
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by Steve Howard 

The Challenge of the 
Higher Education Facilities Trust 

The quality of the physical envi
ronment at our colleges and 
universities has a direct impact 

on the institution's capacity to attract 
students. retain faculty. conduct re
search. and teach. At the same time. 
campus facilities managers are the 
guardians of a large portion of the 
American economic structure. These 
are not earth-shattering statements. yet 
many in the higher education commu
nity are just beginning to realize the 
importance played by their campus· 
physical plant department. 

With an estimated value of $200 
billion. campus physical facilities repre
sent more than half of all capital assets 
ln higher education. The investment 
already made is tremendous indeed, 
but there is a responsibility now to 
manage these complex systems in an 
effictent. professional manner that 
places the campus facilities manager in 
the forefront of the administration's 
planning and operations team. 

Since 1914. the role of the Association 
of Physical Plant Administrators of 
Universities and Colleges (APPA) has 
been to promote excellence and develop 
the professionals responsible for the 
administration. care. operation. plan
ning. and development of facilities in 
higher education. The effective use of 
computers. complex new mechanical 

Steve Howard is editor of Facilities Manager 
and APPA ·s director of publications. 
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and electrical systems. new building 
materials and methods. energy conser
vation programs and expensive utility 
distribution systems, the problems of 
capital renewaVdeferred mainte
nance-in addition to rising costs and 
reduced budgets-all must be ad
dressed to meet successfully the support 
needs of colleges and universities. The 
need for enhanced managerial and 
technical skills. increased leadership 
ability. easily accessible information. 
and expanded research initiatives grows 
more urgent every year. 

In order to provide the vitality and 
financial resources necessary to expand 
the critical educational. research. and 
support services to its members and to 
all of higher education. APPA has an• 
nounced the establishment of the 
Higher Education Facilities Trust 
(HEFT). 

"The most important ingredient in 
HEFT is Its ability to address the pro
fessional development and level of 
education of the people charged with 
physical plant management." says H. 
Val Peterson. APPA president and di
rector of physical plant at Utah State 
University. "HEFT will not only uplift 
the profession through development 
and educational programs. but will 
also uplift the members in terms of 
salary and title-the career path itself." 

Charles R. Fazio, president of Fazio 
International Ltd .. is serving as de
velopment counsel to APPA on the 
HEFT project. He describes the Higher 
Education Facilities Trust as a perma
nent. multi-million dollar endowment 
that will contain enough funds In its 
"investment corpus" to be able to pay 
out income to APPA to fund its ex
panded educational programs and 
professional services and make them 
available to APPA members. 

"Think of the amazing investment 
that foundations and corporations have 
made in the physical plants of higher 
education in this country ," says Fazio. 
"Billions of dollars! I would want to 
protect that investment. If we were to 
make better the people who are re-

H. Val Peterson 

sponsible for running that plant. we'll 
be saving the country a lot of money. 
and you're going to make it a lot better 
for the students at the institution. 
HEFT is probably one of the few pro
grams I've ever seen that has such an 
enormous Impact potential_" 

Through the creation of HEFT. APPA 
will be positioned to provide programs 
and services critical to the future of 
higher education. The trust's priorities 
are in five fundamental areas. Taken 
together. the programs funded by the 
Higher Education Facilities Trust are 
the most comprehensive of their kind 
ever developed. 

1) Faci/Jties Management Policy and 
Program Development identifies exter
nal policies and influences that have an 
impact on physical plant administra
tion. and seeks to moderate or modify 
negative effects and factors. 

2) Professional Development provides 

FACJL!TIES MANAGER 

a structured educational program of 
training and development for physical 
plant directors and their staffs. 

3) Facilities Management Consulting/ 
Evaluation Services offers assistance to 
physical plant managers as they assess 
the efficacy of their physical plant 
operations and implement new and 
improved programs for physical plant 
management. 

4) Fac.iltties Management Support 
Services furnish state-of-the-art re
search and information to assist phys
ical plant managers In upgrading their 
maintenance programs and solving 
problems as they arise. 

5) Facilities Management Research 
Projects address critical research issues 
and projects. particularly in the area of 
capital renewal and deferred mainte
nance. 

Three major projects are currently 
underway or awaiting funding as pilot 
HEFT programs: a week-long executive 
development program, a capital re
newaVdeferred maintenance survey 
and report. and F ACNET. an on-Line 
data base and electronic communication 
service. Even while HEFT begins to 
solicit funding to build its multi-million 
dollar endowment. APPA bas nonethe
less moved aggressively forward on all 
three projects. 

"APPA has a strong commitment to 
these programs," says Walter A. Schaw. 
APPA executive director. 'We're going 
ahead with these and not let a lack of 
funding hold us back. For example. 
we're proceeding with the Executive 
Development Institute this summer 
without an endowment. We'll simply 
charge fees that fully support the pro
gram on a break-even basis. Donor 
support will allow us to reduce the fees 
and broaden participation among our 
members. Our willingness to proceed 
will considerably add to our credibility 
in securing future funding." 

Executive Development Institute 
The March 1987 issue of APPA 

Newsletter announced that the Univer
sity of Notre Dame has been selected 
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to develop and implement APPA's first 
Executive Development Institute for 
Facilities Managers. The program, a 
high-level training course designed for 
the top executives in college and uni
versity facilities management. will 
make its debut August 16-21. 1987 on 
the otre Dame campus in South Bend, 
Indiana. 

Faculty for the institute will be pro
vided by the Notre Dame College of 
Business Administration. The cur
riculum will address the special man
agement needs of senior physical plant 
administrators, including decision 
making. accounting and finance , leader
ship and motivation. making effective 
presentations, organizational culture. 
strategic planning. and the marketing 
of services. 

The Executive Development Institute 
will provide a more focused version of 
APPA's semi-annual Institute for Facili
ties Management. according to Schaw. 
"We have long been aware of these 
broader training needs of the top facili
ties managers that go beyond the level 
of programming provided by the Insti
tute for Facilities Management. We 
need to respond to the increasing em
phasis on overall facilities management 
skills." The program is an outgrowth of 
APPA's Educational Programs Commit· 
tee under the leadership of William D. 
Middleton of the University of Virginia. 

An application for admission to the 
Executive Development Institute is 
being sent to all institutional represen
tatives of APPA. Participation will be 
limited to thirty to forty individuals 
and will be by invitation only. The cost 
per participant is $1.600 and includes 
all meals. housing. and educational 
materials. APPA will eventually be able 
to subsidize lower cost registration fees 
through corporate and foundation 
funding of the Higher Education Facili
ties Trust. 

Capital Renewal/Deferred 
Maintenance Survey 

Recent estimates of the capital re
newal/deferred maintenance (CRDM) 

Walter A. SchiJw 

problem suggest that as much as $50 
billion, or one-fourth. of higher educa
tion's physical plant assets may be at 
risk. APPA has recently reprinted Har
vey H. Kaiser's Fac.ilities Audit Work
book: A Self.Evaluation Process for 
Higher Education. a means for an In· 
stitution to determine the level of Its 
own deferred maintenance problem. 
But this enormous mortgage on the 
future of higher education requires a 
national effort as well. 

As the premier research project to be 
fu nded by the Higher Education Facili
ties Trust. APPA will research the di
mensions of the CRDM problem. offer 
its findings in publications and presen
tations. and recommend solutions. Dr. 
John Minter. a nationally-recognized 
education researcher and president of 
John Minter Associates. has been re
tained by APPA and. in tandem with 
APPA's Research and Survey Commit· 
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tee. has developed a research instru
ment by which APPA will survey the 
entire universe of higher education and 
gather important data on the follow
ing-

• inventory of planned statistical re
sults. 

• average current dollar value of 
annual set-asides for capital renewal by 
sector and by type and size (GSF) of in· 
st itution. 

• estimate total higher education 
requirement for annual capital renewal 
funding. 

• capital renewal requirements as a 
percent of plant operating and mainte
nance. total current expenditure, and 
estimated replacement costs. 

• average deferred maintenance 
amount by sector and by type and size 
(GSF) of institution. 

• estimated total higher education 
requirement for funding audited and 
backlog lists of deferred maintenance. 

• deferred maintenance requirements 
as percent of plant operating and 
maintenance. total current expenditure. 
and estimated replacement costs. 

• estimated optimal maintenance 
amounts by sector and by type and size 
(GSF) of institutions. 

• estimated optimal maintenance 
amounts as percent of plant operating 
and maintenance. total current expen
diture. and estimated replacement 
costs. 

HEFT is soliciting at least $50.000 to 
underwrite the CRDM project. which 
does not include the cost of producing 
a videotape to dramatize Its findings. 
As an outgrowth of the research activity, 
a standing Com.mission on capital 
Renewal may be established to combine 
the efforts of APPA members with 
boards of trustees. college presidents. 
and business officers to recommend. 
promote. and promulgate policies for 
higher education to solve the problem 
and prevent it from recurring. 

On-Line Data Base 
APPA seeks to create an electronic 

7 
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communication network that will offer 
the physical plant and financial admin
istrators of North America's colleges 
and universities the opportunity to 
enhance their technical knowledge and 
administrative capabilities through the 
exchange of information with other 
institutions and major companies that 
provide essential services to higher 
education. 

APPA's facilities network. or FAC
NET. will utilize the rapidly advancing 
computer communication technology 
of a major computer manufacturer to 
provide members with state-of-the-art 
computer equipment. software. and 
technical support to develop an inter
national network of institutions of 
higher education and major financial. 
service, and industrial corporations. 
F ACNET would be developed to include 
the following spectrum of on-line ser
vices and resources. 

Institutional/Corporate Directory. A 
comprehensive listing of all schools 
and companies that hold APPA mem
bership. later to be extended to include 
National Association of College and 
University Business Officers. Society of 
College and University Planners. Council 
for Educational Facilities Planners. and 
others. 

Project Library. A reference listing. 
created by network members. of past 
and present projects that members 
have constructed or conducted. with 
descriptive statements of scope and 
essential details. 

Product Library. A reference listing. 
created by network members. of prod
ucts available for application In specific 
areas of facility or management services. 
Each listing could be initiated by either 
a manufacturer or an institution and 
could include software. training mate
rial. equipment. and other products. 

Peer Profiles Data Bank. A data file of 
each member institution that provides 
a profile of their physical plant and/or 
administrative organization and scope 
of services provided. 

Special Issues Library. A reference 
Bsting and resource library established 

exclusively for the purpose of address
Ing emerging issues vital to higher 
education administrators. such as reg
ulatory and legislative alerts. position 
statements on issues of concern. and 
advice on how to address problems. 

Communication Services. This would 
include such services as electronic mail 
among network members. conferendng 
on various topics. information ex
changes. brief institutional surveys. 
and a member newsletter. which would 
Include member alerts and position 
announcements. among other news. 

The F ACNET proposal. prepared by 
Craig Roloff, director of administration 
at Montana State University. calls for 
$1 million for long-term funding and is 
currently under review by a major 
computer equipment manufacturer. 
This investment would provide de
velopment costs as well as additional 
funding for low- or no-cost equipment 
for members and ongoing updates of 
the system. 

The HEFT proposal-a project in
volving APPA's Board. officers. commit· 
tees. staff, and outside counsel-was 
approved by the Board of Directors in 
November 1986. Other projects. pro
grams. and services awaiting funding 
from corporations and foundations in· 
elude policy forums on major concerns 
of the moment. special project fellows 
who may serve a period of time at the 
APPA office on a particular project, 
endowed faculty chairs for the Institute 
for Facilities Management. intern 
scholarship programs. first-line super
visory training. campus evaluation 
teams and consulting services. preven
tive maintenance guidelines. hazardous 
materials training. and a permanent 
research fund for unaddressed prob
lems. 

FACJ[.,JT/ES MANAGER 

"The Higher Education Facilities 
Trust presents many opportunities for 
APPA to better serve its member in
stitutions." says H.C. Lott Jr .. APPA 
president-elect and assistant vice presi
dent for plant management and con
struction at the 0niversity of Texas at 
Austin. "The priority projects presented 
in the HEFT prospectus are not the 
entire program. just the beginning. As 
these programs become developed. 
funded. and implemented. other pro
grams. based upon a continual needs 
assessment of the APPA membership, 
will be in the planning stages. 

"APPA is definitely on the move as 
reflected by its growth ln all areas 
within the last five years. Due to the 
attitudes and volunteer efforts of our 
members. APPA will continue to grow 
with or without HEFT. However. there 
are many services that APPA cannot 
provide its members due to financial 
constraints. HEFT will provide the 
financial resources to expand present 
activities and develop new and innova
tive programs that will enhance the 
professional growth of APPA members. 
HEFT should not become APPA's driv
ing force, but should be accepted as 
another program to help us reach our 
long-term goals of service to higher 
education." 

The status of all three current HEFT 
projects. in addition to any new de
velopments. will be announced July 19· 
22 at APPA's 74th Annual Meeting in 
New Orleans. Louisiana. 

The HEFT Board of Trustees 
The Higher Education Facilities Trust 

is established as the endowment arm 
of the APPA Board of Directors and is 
fully accountable to that body ofleaders. 
The APPA Board recently appointed 
five individuals [see sidebar] to serve 
on the HEFT Board of Trustees to serve 
as managers of the trust. They may be 
appointed annually for terms of up to 
five years each by the APPA president. 

Chaired by William W. Whitman. 
associate vice president for facilities at 

Condnued on page JO 
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William S. Gardiner 

William R. Dickson 
Dickson Is senior vice president at the 
Massachusetts lnstitute of Technology in 
Cambridge. Massachusetts. He was a mem
ber of APPA for many years and was the 
closing keynote speaker at APPA's 73rd 
Annual Meeting in 1986. He is a 1980 
reclplent of APPA's Meritorious Service 
Award. 

Wllltam S. Gardiner 
Gardiner is vice president for facilities and 
property management at the Colonial Wil
liamsburg Foundation in Williamsburg. 
Vlrgtnta. He Is a long-time member and 
supporter of APPA and is a 1980 redpieat 
of APPA's Meritorious Service Award. 

The HEFT Board of Trustees 

Wil.liam W Whitman 

FAOLIT/ES MANAGER 

Joe F. Evans 

WlllJam W. Whitman, Clutir 
WhJtman Is associate vice president for 
facllltles at lowa State Unlversity ln Ames. 
Iowa. He was president of APPA In 1985-86 
and is a 1983 redpient of APPA's hlghest 
honor. the Meritorious Service Award. 

Ted B. Simon 
Simon ls a member emeritus who retired 
from Michigan State University In 1984. He 
served a major role la the establishment of 
the APPA office and was president in 1972-
73. He is a 1970 recipient of APPA's Meri
torious Service Award. 

Joe F. Evans 

Evans Is associate vice chancellor for busi
ness affairs at Washington Unlverslty In St. 
Louis. Missouri. Be is a past president of 
the National Assodation of College and 
University Buslness Officers. 

9 
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H.C. Lott Jr. 

Continued from page 8 

Iowa State University and past APPA 
president. the HEFT Board of Trustees 
will be responsible for the investments 
poll.cy of endowed HEFT funds and 
ensure both the stability of such funds 
and an annual return of investments 
sufficient to support HEFT programs as 
specifically endowed by the trust's be
nefactors. 

The HEFT Board will function within 
the authority of the APPA Bylaws. and 
its policies and activities are subject to 
the review of the APP A Board of 
Directors. HEFT's fiscal year will coin
cide with APPA's. April 1 through March 
31. and the HEFT Board will submit an 
annual report on investments and an 
audit of such funds at the close of its 
fiscal. year. 

The Role of Fundraising Counsel 
Charles Fazio has been in the fund

raising profession since 1964. when 
he was asked by Georgetown Univer
sity. his alma mater, to raise funds for 
its alumni development office. Since 
then he has raised funds for colleges 
and universities. major symphony 
orchestras, ballet companies. and resi
dent theatres (including the Guthrie in 
Minneapolis). For the past decade Fazio 
has specialized in associations, profes
sional societies. and their foundations. 

Fazio's role with HEFT is as the 
project director who put together the 
strategy for its creation and implemen-

tation. Including the creation of the 
HEFT Board and fundraising team. He 
compares his work with HEFT to the 
efforts of a Broadway producer. "I think 
the critics will love it." says Fazio. "We've 
got a great script and all the credibility 
in the world. All we need now are a 
couple of 'angels' to help us get i.t on 
the stage." 

APPA is sending its HEFT proposal 
ta numerous corporations and founda
tions that have shown a firm commit
ment ta higher education and/or facili· 
ties. APPA leaders will exercise their 
leverage with corporations that provide 
products and services to their colleges 
and universities. while Fazio will em
phasize the importance of HEFT ta 
various foundations. "Foundations are 
going ta make grants based on their 
own gu.tdelines and whether you satisfy 
them." Fazio says. "Corporate fundrais
ing is based on clout and if you're doing 
something relevant to their bottom 
line. If you have those two ingredients, 
and APPA does. you're going to raise 
money from a corporation." 

Fazto's role will diminish as HEFT 
establishes its initial endowment. "After 
the first twelve to eighteen months. I 
begin to fade into a consultant role. as 
opposed to the actiVist role I play now," 
he says. 

Selling HHFT 
One of the most meaningful ways in 

which you as an APPA member can 
support the Higher Education Facilities 
Trust is to understand the long-term 
value of the program and press your 
vendors to participate. The member's 
involvement has a double edge to it. 

Begin to ask your vendors if their 
companies have contributed to HEFT. 
If the vendors don't know about the 
trust. provide same details and contact 
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Charles R. Fazio 

the APPA office for follow-up. At the 
same time, if a vendor asks. "What's 
this I hear about HEFT?," be prepared 
to discuss some of the programs and 
show that the trust is important not 
only ta you and your institution. but to 
the entire higher education facilities 
management profession. 

Don't forget the huge sums of money 
you spend annually to dozens of ven
dors that provide products and services 
to your institution. Enhancing the 
profession through the programs of 
HEFT will only increase the dollars 
spent by highly trained professional 
facilities managers to suppl.iers of qual
ity products and services. You have a 
say in the matter. 

APPA is the only national organiza
tion to serve the needs of and furnish 
leadership for your significant section 
of higher education. The programs of 
the Higher Education Facilities Trust 
are the primary vehicles through which 
physical plant administrators. Institu
tional management. public policy mak
ers, and leaders in higher education 
will have the research. information, 
and educational services needed to 
ensure that institutions of higher edu
cation remain economically viable and 
are able to fulfill their missions of teach
ing, research. and community service. 

The challenge for the future is before 
you. Help us meet the challenge by 
supporting HEFT. ■ 



SPRING 1987 

A FOUR-PART SERIES 
ON ELECTRICAL ISSUES 

FACILITIES MANAGER 

by Mohammad H. Qayoumi. Ph.D. 

Our series began with a discussion of the problem of maintaining clean power. This article will discuss high 
voltage cables and their sizing, insulation, and testing. 

T he early electric systems at the 
tum of the century were direct 
current systems-the generation 

systems were small. the distribution 
network limited, and the voltage levels 
were low. The alternating current dis
tribution systems were utilized around 
1910. It was then realized that inter
connecting generation sites were recog
nized for economic benefits. The need 
for higher voltages became apparent as 
the size of the electric networks in· 
creased in size and power carrying 
capability. 

Presently, the transmission line 
voltage in the Onited States is 345.000. 
500.000. and 765.000 volts. For distri· 
bution systems, utilities use 13.200. 
69.000. and 138.000 volts. The primary 
voltages for medium to large customers 
are 13.200. 4.160. and 2.400 volts. It 
might be a fair question to ask why the 
higher voltages are used. The answer is 
that as the voltage of a cable is doubled. 
the power carrying capability of the 
cable is four times as much. On the 
other hand. as the network voltages 
increase. so do the amount of design, 
installation. and maintenance. 

The power cables are critical elements 
of the high voltage network because 
they are the arteries of the system. 
Traditionally, that is also one of the 
system components that receives the 
least attention. possibly because out of 

Mohammad Qayoumi Is associate executive vice 
president for facJlities development and opera• 
tlons at San Jose Stace University. San Jose. 
cahfomJa. He has a doctorate In elecrrtcal 
engineering and is a faculty member with APPAs 
Institute for FacJlitles Management. 

sight is out of mind. Because cables are 
usually In duct banks. and because 
insulation that weakens prior to fa ilure 
cannot be seen. inadequate attention is 
given to them. It is important to realize 
that the reliability of the electrical 
network can be greatly improved and 
costly down time avoided by relatively 
low attention to the cables at a minor 
annual cost. 

Cable Sizing Criteria 
A number of factors determine the 

proper sizing of electric cables: current 
capacity. voltage ratings, and physical 
strength. 

1) Current carrying capadty 
The current carrying capacity or 

ampacity of a cable is a function of the 
thermal limits of the insulation. The 
cable conductor is either copper or 
aluminum. Based on the conductor 
size. material. and the ambient temper· 
ature. the cable resistance per unit 
length can be calculated. From the 
resistance. the cable losses and temper· 
ature limit are determined. The National 
Electric Code (NEC) and the Insulated 
Power cable Engineers Association 
(IPCEA) provide tables for ampacity for 
all cable sizes. It should also be men· 
tioned that in addition to the steady 
state current carrying capacity of a 
cable, its short circuit withstand capa· 
bility is equally important. This rating 
ensures that It can withstand short 
circuit current without any thermal 
damage until the fault is removed by 
fuses or circuit breakers. 

2) Voltage rating: 
The cable also must be able to with· 

stand the electric field stress at the 
surface of the conductor. both at normal 
and faulted conditions. For a given 
voltage level. the surface field stress is 
inversely related to the radius of the 
conductor. That is why the size of the 
cable is determined in most instances 
by the surface field stress for high 
voltage systems: the current determines 
the size for low voltage systems. 

3) Physical strength: 
The electric cable must be able to 

withstand the rigors encountered dur· 
Ing handling and installation. Normally 
cables perform rather well under these 
conditions. but only to a degree. It is 
usually these limitations that cause 
most problems during installation. 
These limitations include bending 
cables around sharp bends. because the 
insulation might fail to re-telescope 
when it is restraightened. Bending radii 
should not be less than twelve times 
the outer diameter of the conductor. 
The allowable side wall pressure. which 
ls induced by pulling tension. may not 
be higher than 100 pounds per foot. 
Cables have low abrasive tolerance if 
dragged along rough surfaces such as 
gravel. wood. or metal edges. Sharp 
edged objects- nails. backhoe teeth, 
shovels. etc.--can easily puncture the 
cable jacket or insulation. It is important 
to keep in mind that cables fail at indi
vidual spots rather than over their 
entire length. Therefore. only a single 
insulation void or a damaged jacket 
and insulation may cause a cable to fail 

Cable Insulation 
Paper impregnated lead cable (PJLC) 

11 
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and varnished doth (VC) were the 
work horses of the industry since 1910. 
so there is proven empirical da.ta for 
these types of cables. PILC has com
pound migration problems if used on 
vertical rtsers. Termination and splicing 
also are more difficult and time con
suming and require more skilled per
sonnel. VC cables are relatively more 
expensive for the quality of the dielec
tric but do not have the compound 
migration problems. The combination 
of VC cables for vertical risers and PILC 
for horizontal runs has been used suc
cessfully. 

During the past two decades the 
petrochemical industry has introduced 
a variety of polyethylene compounds as 
insulation materials that have good 
insulating characteristics: i.e .. high 
moisture resistance. low temperature 
characteristics. high ozone resistance. 
and more abrasion resistance. These 
cables are lighter in weight compared 
to PILC. and terminations and splicing 
are relatively easier. 

Two types of insulation. ethylene
propylene rubber (EPR) and cross-linked 
polyethylene (XLPE), have gained wide 
acceptance. EPR cable has better corona 
resistance than XLPE; it has high heat 
resistance and requires less insulation 
material. This results in lighter-weight 
cable. XLPE cable has high mechanical 
strength. high resistance to moisture. 
sunlight. heat. and electrical tracking. 
Both EPR and XLPE have very good 
characteristics. but preferring one over 
the other has been a subject of con
troversy among design engineers. It 
should also be mentioned that EPR and 
XLPE have some undesirable character
istics such as high coefficient of vol
umetric expansion. susceptibility to 
ionization. and will melt down at over 
100°C. Even with these shortcomings. 
they are preferred over PILC and VC 
cables in most instances. 

Cable Shielding 
In addition to the Insulation material 

over the cable conductor, there are a 
number of additional layers over the 
insulation to protect it against physical 
and environmental damage. If the line 
voltage is over 2.000 volts in most 

cases, and all cases over 8.000 volts and 
below 35.000 volts. there will be a 
metal shielding layer between the 
outer jacket and insulation. Shielding is 
either a thin (0.005 inch) copper tape or 
concentrically wrapped copper wires. 

If the electric field is intense for 
unshielded cables. surface discharges 
will take place and cause ionization of 
air particles. This will generate ozone. 
which wlll deteriorate cable insulation 
or jackets. and leakage current will be 
induced if cable surface is moist or 
covered with soot. salt. or dirt. Thus, 
for operating volt.ages of over 2.000 
volts . shielding is required if the cable 
is in damp conduit. the environment is 
dirty (containing soot. salt, or grease). 
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termination materials available for 
different types of cable insulation. PILC 
cable splices use lead splices. while EPR 
and XLPE cables use certain tapes or 
heat-shrink jackets. The terminal ends 
of a cable undergo a higher electrical 
stress concentration at the end of cable 
shielding. This stress can be reli.eved by 
installing a stress cone. It is a field 
assembled insulation. built up in the 
shape of an inverted "V" all around the 
cable wi.th shielding braid. The stress 
cone can either be preshaped insulation 
kit or built up by wrapped insulation 
tape. For PILC cable and all outdoor 
installations, the cable has to be termi
nated with a pothead that consists of a 
housing filled with dielectric fluid 

SEMICONDUCTING LAYER 
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Figure 1- TypiGJ1. SecNon of High Voltage c.able 

or radio and TV interference Is ex
pected. 

The metallic shieldings create uni
form capacitance between the conduc
tor and ground. thus eliminating surge 
potential buildup within a cable. It also 
reduces incoming surge potential on 
insulation. confines dielectric field to 
the inside of cables. provides increased 
safety to human Ufe. reduces the haz
ards of shocks. and eliminates radio 
and TV interference. It is important to 
make sure that the shielding is always 
at or near ground potential by having 
adequate connection between shield 
and ground. An ungrounded floating 
shield can be more hazardous from a 
safety standpoint than unshielded 
cable; and .if the shield punctures the 
outer jacket. the resultant discharge 
may cause heating and burning. 

Termination and Splicing 
There are different splicing and 

where cable is terminated. Potheads 
seal cables against moisture and 
mechanical damage. 

There are different splieing kits 
available. and manufacturers have a 
wide variety of techniques for splicing. 
Therefore, it Is important to first make 
sure that the proper size and type of 
splice is used for every situation. that 
the manufacturer's recommendations 
are followed. and the work is perfonoed 
by skilled personnel. Cable splices and 
terminations are usually the weakest 
points in a cable system, so adequate 
attention has to be devoted during 
installation and subsequent mainte
nance. 

Cable Failures 
The major cause of electrical failure 

is the breakdown of insulation due to 
absorption of moisture. dirt. grease. 
excessive heat, overvoltage. and aging. 
Moisture and dirt can cause leakage. 
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which in turn results in tracking and 
eventual flashover. Any insulation 
deformities during manufacturing can 
create air pockets and insulation voids 
that will result In a p.remature failure. 

High electrical field stresses cause 
insulation failure. The high electric 
stress ionizes air particles around the 
conductor and corona will result. 
Corona will beat up the insulation and 
produce ozone. The cable insulation 
will deteriorate and flashover will 
occur. 

If a cable energi.Zes an unloaded delta 

l 'ermlntttor 
8ody 

{,____ __ __, 

Figure 2---Cross Section of a Pothead 
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transformer. the inductance of the 
transformer and capacitance of the 
cable may experience ferro -resonance. 
Ferro-resonance causes overvoltages of 
four to six times normal voltage. which 
can cause a cable flashover. 

Locating Cable Fault 
Whenever a cable insulation breaks 

down. it will result in a low or high 
resistance fault. The difference is 
whether the conductor and outer shield 
are touching or if there is some resis
tance between the two. A thumper is 
used to locate the fault. The principle 
of operation behind a thumper is charg
ing a capacitor to a predetermined DC 
voltage and connecting in series with 
the cable through an adjustable sphere 
gap. The sphere gap determines the 
preset voltage value. 

When the capacitor reaches the 
preset voltage. the capacitor is Instan
taneously discharged and voltage pulse 
is sent along the cable to bombard the 
fault. If the pulse has sufficient mag
nitude. it wilJ break through the insula
tion across the fault. As the energy 
pulse flashes across the fault. there will 
be a loud noise. and the fault location 
can be determined. If the cable ls damp. 
deeply buried. or fully shorted. it might 
be difficult to hear the audible noise. A 
thumper detector then can be used to 
pick up the signal radiated along the 
cable. 

Cable Maintenance 
It is a common saying that a chain is 

as strong as its weakest li nk. In electrical 

PERFORATED STRIP 

ONE HALF-LAPPED LAYER SHIELDING BRAID 

systems the weakest link is usually the 
power cable. Even at normal conditions 
an electrical cable experiences stress 
that gradually weakens it and eventu
ally leads to failure. Other factors that 
can speed up the insulation deteriora
tion are moisture and dirt. grease. sun
ligh t. heat. presence of ozone. vibration. 
and power surges. Therefore. the am
bient conditions have major impact on 
the rate at which the cable progressively 
weakens. 

Under normal conditions. an extra 
l0°-l5°C temperature rise can reduce 
the average life of insulation by half. 
The type of load that it serves also 
has an impact. For instance. if the load 
ls constant with infrequent low-level 
switching surges. the average life of the 
cable will be longer than the identical 
cable serving large motors with across
the-line starters with intermittent 
loads. or if the cable is subject to a 
higher level of lightning surges. 

Insulation is a measure of opposing 
electrical current by insulating material. 
The unit for measuring resistance is 
ohms. which is the resistance of a ma
terial if an applied voltage of one volt 
can lnduce a. current of one ampere. If a 
small insulation crack is caused by one 
of the previously mentioned causes, a 
low resistance path to ground is created. 
This will increase the leakage current 
and overheat the insulation. resulting 
in a further reduction in resistance to 
ground. 

This cascading effect will continue 
until cable lnsula.tion failure . Testing 
cables in most cases can anticipate 
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cable failures: if historical test data is 
kept over a period of time. it ls easy to 
see lf the drop cable insulation value is 
due to normal aging or is at the brink 
of failure. 

There are three common insulati.on 
tests: insulation resistance. dielectric 
absorption, and high potential. 

Insulation Resistance Test 
This test will determine the insula

tion resistance between the conductor 
and ground. A megohmmeter is used to 
measure the resistance. It ls basically a 
high voltage ohmmeter that consists of 
a small DC generator and a milliampere 
meter. The generator is hand cranked 
or driven by an electric motor, the 
latter being preferred for consistency of 
rotor speed. Usually megohmmeters 
have ranges from 100 V-5000 V. 

A good insulation is indicated by an 
Initial dip of the milliampere meter 
pointer toward zero. followed by a 
steady rise. The initial dip Is due to the 
capacitive effect of the cable: however. 
If the pointer makes slight twitches 
down scale. it implies leakage of current 
along the surface of dirty insulation. lo 
order to compare the insulation with 
historical record. a spot test .is per
formed. In other words. the megohm-

Figure 4A- Megohmmeter 
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INSULATION RESISTANCE MEGOHMS 
Figure 5-Resistance vs. Time 

decline means an insulation failure can 
be around the corner. 

Dielectric Absorption Test 
A dielectric absorption test provides 

better information than the insulation 
resistance spot test and is considerably 
longer than the .insulation resistance 
test. Since the current is inversely re
lated with time, insulation resistance 
will rise gradually for a good cable. but 
lf lt flattens rapidly will indicate other
wise. The insulation resistance is plot
ted against time on a log-log paper as 
shown in Figure 5. 

The ratio of ten minutes to one mi
nute resistance Is known as polarization 
index. A polarization index of two or 
higher reflects good insulation. 

meter is applied for sixty seconds and High Potential Test 
the reading Is recorded at the end of The above two tests cannot deter-
this time. According to IEEE 43. the mine the dielectric strength of cable 
minimum acceptable value of insulation insulation under high voltage stress. A 
resistance Is one megohm per 1000 high potential test---or "hypot test" for 
volts of rated operating voltage. For short-applies stress beyond what a 
instance. in a 15V cable the minimum cable encounters under normal use. A 
acceptable resistance is 15 megohm. All hypot test is the only way to obtain 
spot test readings should be corrected positive proof that the cable insulation 
to a base temperature (i.e .. 40°C) using has the strength to withstand overvol-
the manufacturer's correction factor tages caused by normal system surges. 
curve. A gradual decline of resistance There are two types of hypot tests. AC 
with age is normal: however. a sudden and DC. 

EXAMPLES OF CABLE TESTING EQUIPMENT 
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aua,h._.,. ••ui u t .. . ,,.4 llo4al u10• ,,rura lc O< ■oor 

Figure 48-Portable DC Hypot Figure 4C---Cable Th umper 



AC Test 
The AC hypot test has a longer his · 

tory and is more universally accepted. 
One reason for th.is is that the AC test 
is almost exclusively used for insulation 
breakdown. AC hypot Is basically a go/ 
no go test. It determines if the leakage 
current is below a certain limit or not 
but cannot determine quantitatively 
how good or bad the insulation is. The 
time required to perform an AC test is 
much shorter than the DC test. because 
unlike the DC test. the voltage does not 
have to be applied gradually. The insu
lation stress is applied in both polarities 
and the cable does not have to be dis
charged after the test. 

On the other hand, due to cable 
capadtance. the reactive current is 
usually hJgher than the leakage current 
which is the concern. In addition, if the 
test is extended for a period of time. it 
can damage good cable. Thus the AC 
test is viewed as being a destructive 
test. One application in which the AC 
hypot test ts used almost exclusively is 
the factory test by the cable manufac
turer before it is shipped &om the 
factory. The main reason for this test 
is to determlne If the cable insulation 
has any discontinuities. voids. or air 
pockets. 

DC Test 
Unlike the AC test. the DC test can 

provide more quantitative information 
on cable insulation. Since much lower 
power levels are needed, the risk of 
shock hazard to the operator is less. 
This test will not damage the cable 
insulation due to dielectric heating. 
corona cutting, or reversing action of 
insulation stress. 

On the other hand. the DC test re
quires more time to perform because 
the voltage bas to be increased gradually 
to the maximum level in about ten 
equal increments. In each step one also 
bas to wait long enough until the trans
ient charging current drops to a steady 
state and one Is convinced that the 

Figure 6-Equivalent Circuit of a Cable 

Insulation has not broken down. The 
DC test is used after cable installation 
and as a periodic maintenance test. 
The equivalent of a cable is shown in 
Figure 6. 

According to Figure 6. total current 
has the following five components: 

l. The capacitance charging current 
le= §e r /RC where 

R 
E = applied voltage 
R = test clrcul.t resistance 
C = cable capadtance 
t = time elapsed since the voltage 
charge 
Therefore. this current component is 
an exponentially decaying function . 

2. Absorption current is 
Ia = k1 vcr - K2where 

V = incremental change of voltage 
K 1• K2 = cable constants 
t = time elapsed since the voltage 
change 
This is also an exponentially decaying 
function , which normally has a higher 
time constant. 

3. Leakage current is I., = E/R. where 
E is the applied voltage and R is the 
cable resistance plus the test circuit re
sistance. 

4. The ionization current 11 Is due to 
Ionizing air around the cable which 
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constitutes a discharge or spark and 
flow of corona current. The magnitude 
of 11 depends on ambient temperature. 
humidity. and pressure. 

5. The surface leakage current l5 is 
due to surface resistivity. 

Therefore. the total current measured 
by hypot test is the summation of the 
above five currents as shown below 
graphically: 

l1 = lc+ la + le+ l1 + ls 
The current of interest in the test is 

the leakage current. That is why steps 
have to be taken to segregate thJs com
ponent from the other four. Therefore, 
tf one waits a few minutes. le and Ia 
decay with time. The surface and ioni
zation currents are smaller than the 
leakage current. They can be bypassed 
by installing corona guarding 

FlgUie 7-Time vs. Current Characteristic 
fCables 
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and surf.ace leakage guard circuit as 
shown below. According to NETA. the 
maximum allowable leakage current 
for new cable is: 

le= E where 
K logd, ld2 

E = test voltage 
K = specific Insulation resistance 
d1 & d2 = outer and inner diameter of 
cable insulation 



Testing Procedure 
I-Before the test equipment is 

connected, disconnect both ends of a 
cable from the rest of circuit. 

2-Clean cable termination bushing 
surfaces and cover bare conductor sur
faces. 

3-Set corona guard and surface 
leakage circuit. 

4-Connect the test leads to one 
cable phase. 

5-Apply grounds to all compo
nents of the circuit. 

6-Apply the first voltage step. 
7-Wait at least five minutes and 

record the current at the end of five mi
nutes. 

&-Plot the voltage against current. 
9-Increase the voltage one step. 

IO-Repeat steps six. seven. and 
eight. 

11-Stop the test if there is an indi
cation of insulation breakdown as 
shown in the graph below. 

12- Maintain the highest voltage 
step for at least fifteen minutes. 

13-De-energize and discharge the 
cable before disconnecting the test 
equipment. 

Test Frequency and Voltages 
IPCEA (Insulated Power Cable En

gineers Association) generally sets up 

HYPOT 

Figure 9A--CUITent vs. Voltage for DC 
Hypot Test 
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cable test voltages based on insulation 
thickness. This is because for a given 
insulation material the AC voltage 
permit Is constant. This determines the 
voltage level that the manufacturers 
use for testing the cable before shipping. 
For field installation test. a maximum 
value of 80 percent of the factory voltage 
test is used. The subsequent mainte
nance tests require 60 percent of factory 
voltage test. which Is about 160 to 170 
percent of operating voltage. There is 
no general agreement on conversion 
factor from AC to DC test voltage. but a 
factor of 1.7 to 3 is used in the litera
ture. 

As far as test frequency is concerned. 
empirical data indicates that cables 
have a higher fa ilure rate during the 
first two years of service. generally due 
to cable weak spots and defects during 
manufacturing. The DC test is not very 
effective at installation because it fails 
to detect moderate cable imperfection 
for a new cable. But after the cable is 
energized with AC power for a few 
months. the DC test can provide ex
tremely valuable data. It is recom
mended that new cables be tested 
yearly for the first two or three years 
and then tested every five or six years. 
A typical graph of cable test failure vs. 
cable age is shown in Figure 10. 

3 4 5 6 7 8 9 10 
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20 

Figure 8--Typical DC Hypot Connection with Surface and Corona Ring Figure 10-Probabillty of Cable Failure vs. Service Life 
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During the past few years there has 
been controversy and debate about test 
frequency and test voltage. Some people 
believe that frequent testing will put 
undue stress on cable insulation and 
will result in premature failure. The 
fact remains. however, that a systematic 
cable testing program can. on the aver· 
age, reduce in-service failures by a 
factor of nine to one as opposed to no 
test program at all. For more up-to-date 
information on cable testing, refer to 
"IEEE Guide for Making High-Direct
Voltage Tests on Power Cable Systems 
in the Field." 
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The Cogeneration Project 
at Cornell University 

T his paper describes the Cornell 
University central heating plant 
(CHP) operation, provides a brief 

summary of the evaluation of the vari
ous options for cogeneration. and de
scribes the cogeneration project under 
construction. 

Cornell University CampUB 
Cornell University is a private. non

sectarian university and is the land
grant institution of New York State. 
The main campus is in Ithaca. a city of 
29.000 in the Finger Lakes region of 
upstate New York. The campus covers 
740 acres on a hill overlooking Cayuga 
Lake. There are more than 400 buildings 
on the main campus. 

The total student population at the 
main campus has grown from 16.300 in 
1973 to 17,400 in 1983: 5.800 students 
are housed in dormitories on campus. 
While there may be an increase in the 
number of students housed in dor
mitories in the future, there are no 
plans to stgni£icantly increase the total 
student population. The faculty and 
staff personnel total 7.450. 

Central campus buildings are served 
by steam from the central heating 
plant . . For air conditioning some build
ings have individual systems. but there 
ls a central chill.ed water system that 
serves more than seventy buildings. 
Wlth the exception of a 1 MW hydro
plant. all electricity iS purchased from 
the local utility. 

Load Served 
Export steam from the CHP is used 

for space heating in approximately 218 
buildings on campus. with a total floor 
area of about 8.7 million gross square 
feet (M GSF). The steam. at reduced 
pressures. ls used directly in radiators 
and air handling coils. or it iS used 
indirectly In hot water radiation sys-

Robert Bland Is senior engineer in the FadlJtles 
Engineering Department of Cornell University. 
Ithaca. New York. This art!de was presented 
at APPA's 7Jrd Annu.al Meeting In July 1986 
but was not lnduded In the Proceedings of the 
Annual Meeting. 

terns. Other uses for the steam include 
domestic hot water production. dining 
uses. and some research process equip
ment. 

Steam Distribution System 
Steam is distributed to campus build

ings through approximately ten miles 
of main steam lines. In most cases. the 
pipe is direct buried underground. 
Several types of pipe and insulation 
have been used since the original steam 
lines were installed in 1922. The most 
recent standard for steam lines specifies 
steel pipe. a composite insulation. and 
plttwrap covering. Insulation standards 
are R-11 for pipes six inches in diameter 
and larger. and R-8 for pipes smaller 
than six inches. 

The current standard for condensate 
return lines calls for fiberglass-rein
forced plastic (FRP) pipe. ureafoam 
insulation. and PVC covering. 

History of the Central Heating Plant 
The central heating plant consists of 

a primary structure. constructed in 
1922. and several support operations. 
The original facility had five Babcock & 
Wilcox (B&W) Sterling boilers and one 
stack (west ). They were Coxe traveling 
grate boilers burning anthradte coal, 
operating at 200 psig and rated at 28 
kpph each. In 1930 an east stack and 
two B&W boilers were added (Boilers 6 
and 7) rated at 35 kpph each. These 
boilers were also Coxe traveling grate 
boilers for anthracite coal 

In 1949 Boiler 8 (eXisting). with a 
Riley-Harrington traveling grate, was 
added (see Table 2- Surnmary of Exist
ing Boilers). Boiler 8 was originally 
designed for anthracite coal and steam 
production at 900 ps.lg. 825°F. although 
it has never been operated to produce 
steam above 200 psig. 

In 1960 two of the original B&W 
boilers were removed (Boilers 1 and 2) 
and replaced with B&W boilers with 
American Engineering Company Vib
ragrate stokers (now Detroit Stoker 
Company) for bituminous coal firing. 
These units were some of the first 
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by Robert R. Bland 

water cooled Vibragrate stokers. 
During the period 1967 to 1970. 

several boiler additions were made 
because of the availability of inexpen
sive oil and gas. Boiler 5 (existing gas 
boiler) replaced the old Boiler 5. and 
Boilers 6 and 7 (existing package gas/oil 
boilers) replaced the older coal boilers. 
Boilers 3 and 4 were removed and not 
replaced. In addition, Boiler 2 was con
verted to oil firing in 1976. because the 
boiler had operation and air pollution 
control equipment deftclendes and 
could no longer bum coal. 

In 1975-76. several changes were 
made to upgrade the operation. Boiler 8 
was converted for firing bituminous 
coal and auxiliary systems were up
graded. A new coal storage area was 
built. Electric circuits and water treat
ment were also upgraded, 

Finally, in 1981. the B&W Boiler 1 
was replaced with a new 90 kpph Zurn 
boiler spreader stoker for firing 
bituminous coal. 

Boiler 1. Boiler 1 ls a Zurn (1981 ) 
coal-fired. spreader stoker. continuous 
ash discharge unit with an economizer 
rated to generate 90.000 kpph of 
superheated steam at 400 psig and 
550°F. It is presently being operated at 
200 pslg and 480°F. It does not have a 
combustion air heater. Controls are 
analog electronic. The economizer was 
replaced In 1985 with an extended 
surface economizer. 

Boiler 8. Boiler 8 iS a. Riley Stoker 
( 1949) coal-fired , traveling grate with 
air preheater and economizer. rated to 
generate 190 kpph of superheated 
steam at 900 psig and 825°F. It is pre
sently being operated at 200 psig and 
500°F. Controls are the original 
pneumatic. 
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In 1976 the ignition arches were 
reworked to permit bituminous coal 
firing. and a secondary mechanical 
collector was added. In addition, the 
lower side wall headers. the super
heater. some convection tubes. the 
economizer (due to erosion from im
proper soot blowing operations). the air 
heater. and the LD. fan were all replaced. 
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Table l 
REQL.nRED EXPORT STEAM PRESSURES (BY MONTH) 

Month 
J an 
Feb 
March 
April 
May 
J une 

18.00 
M 
I 16.00 
L 14.00 
L 
I 12.00 
0 
N 10.00 

T 
8.00 

H 6.00 
E 4.00 
R 
M 2.00 
s 

0.00 
1969 

Boiler Year 

1 

2 

5 

6 

7 

8 

$ 

p 

• 
r 

T 
h 
I 

r 
m 

1981 

1960 

1966 

197□ 

1970 

1949 

0.6 

0.5 

0 .◄ 

0 .3 

0.2 

0.1 

0 
1966 

Pressure (esig) Month Pressure (esi g) 

100 July 60 
100 August 60 
90 Sept. 60 
85 Oct. 80 
80 Nov . 135 
70 l)ec. 90 

FIGURE 1 
CHP USE OF FUELS 

1971 1973 1975 19n 1979 1981 1983 1985 
FISCAL YEAR 

Table 2 
SUviMARY OF EXISTING BOILERS 

Make 

Zurn 

B&W 

8&W 

Er ie C. 

Er ie c. 

Riley 

1971 

Type Fuel 

spreader coal 80 
stoker 

conve rted oil BO 
vibragrate 
package gas 100 

package oil/gas 100 

package oil/gas llJ0 

traveling coal 190 
qrate 

FIGURE 2 
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History of Electric Generation 
Hydroelectric generation at Cornell 

began in 1905 with the installation of 
the Fall Creek Hydroplant with an 
Installed capadty of 125 kW. A 450 kW 
synchronous generator was added in 
1913. 

This hydroplant carried the complete 
load of the endowed campus until 
1928. when the campus was connected 
to the electric lines of the Associated 
Gas and Electric Company. The AG&E 
Company provided peak and standby 
power. when required, for the endowed 
campus. AG&E bought power from the 
Cornell plant the rest of the time. 

Two 300 kW synchronous back
pressure steam turbine generators. 
operating at 200 psig throttle. were 
installed in the central heating plant in 
1940 for power generation. 

Due to the decreasing cost of elec
tricity, and utility penalty clauses for 
generation, the Ithaca Falls plant was 
shut down in 1955. the Fall Creek hydro
plant was shut down in 1969, and the 
central heating plant generators were 
disconnected in 1970 and later sold. 

Campus Distribution of 
Electric Power 

Electric power is supplied by NYSE&G 
at 13.2 kV at separate substations for 
the endowed and state campus. Power 
Is distributed in underground duct 
banks at 13.2 kV and 2.4 kV. 

Fuel Use: Boiler Dispatch 
Figure I shows historical fuel use. as 

measured In total annual million therms 
for coal. gas, and oil. The increase in 
coal usage after 1981 is due to the addi
tion of Boiler I and Increased duty on 
Boiler 8. 

Figure 3 shows an approximation of 
actual boiler dispatch in the CHP when 
both coal boilers are available. Boilers 
are dispatched according to the load 
range. 

During the summer months, when 
loads are below 65 kpph. Boiler 1 can 
meet all steam Loads and demand 
swings. 

Between loads of 65 kpph and 100 
kpph. an additional boiler must be on
line. The load Is still too small to have 
both Boilers 1 and 8 on because of the 
minimum continuous capacity of about 
75 kpph preferred for Boiler 8. A gas 
boiler is kept running at an average 25 
kpph to respond to steam demand. 

Between steam loads of 100 and 145 
kpph, Boilers 1 and 8 can handle all 
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Table J 

SINGLE AUTOMATIC EXTRACTION CONDENSING TURBltES-GENERATORS 
100 PSIG EXTRACTION 

At Ma xi mum At Zero 
Extraction, Extraction, 

Full Throttle Full Throttle 
Max. 

Throttle Thrott le Condenser Flow Power Extraction 
Flow Press. (kpph) (kW) Steam Te mp 

( kpph) ( psig) Max./Min. (OF) 

240 400 240/12 4020 340 
245 800 245/18 9130 445 
155 800 155/12 5810 445 

(a) Turbines wi th small e r condensing sections were analyzed. 
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steam loads and swings. Above 145 
kpph, the two coal boilers cannot 
adequately respond to load swings. so 
that a gas boiler is on-line at an average 
25 kpph. Between loads of 225 kpph 
and 345 kpph. it is necessary to have at 
least four boilers on-line. and above 
345 kpph five boilers are kept on-line. 

Cogeneration Alternatives 
The following major alternatives 

were studied for steam generation: 
1) A new coal-fired plant operating at 

800 psig: included were four coal-fired 
spreader stoker boilers with dry-gas 
scrubbers, and one gas/oil boiler for 
standby. 

2) Existing boilers in the central 
heating plant. 

3) A new coal-fired boiler added to 
existing boilers in the central heating 
plant. 

This study was somewhat compli
cated by the fact that Boiler 8 is rated 
at 800 psig. Boiler 1 is rated at 400 psig. 
and all the remaining boilers are rated 
at 200 psig. A new boiler could be rated 
at either 800, 400. or 200 psig. This 
increases the number of cases that are 
possible for cogeneration. In addition, 
all existing boilers have different 
lifetimes and projected maintenance re
g uirements. 

Two ma.in types of turbine generators 
are considered: 

• Straight non-condensing (SNC) 
turbine generator. Th.is is also known 
as topping or backpressure turbine. 
The different inlet conditions evaluated 
are: 

1) 200 psig. 475°F 
2) 400 psig, 550°F 
3) 800 psig, 825°F 
The outlet pressure is 100 psig (nom

inal) for export to campus. 
• Single automatic extraction con

densing (SAC) steam turbine generator, 
The inlet steam cond.itions are either 
400 psig. 550°F or 800 psig. 825°F. 
depend.ing on the case. Steam is ex
tracted at 100 psig for export to campus 
and feedwater heating. The condenser 
flow has an average backpressure of 4" 
Hg. 

Several sizes of each SNC turbine 
type were evaluated. The sizes of SAC 
turbines evaluated are listed in Table 3. 
Table 4 lists the cogeneration case 
stud.ies without the addition of new 
boiler capacity. 

Economic Evaluation 
Cornell University is a nonprofit 

21 
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educational institution and as such 
pays no taxes. Therefore. taxes and tax 
shields from tax credits and depreda
tion were not considered in the 
economic evaluation. 

Io addition. the university is able to 
borrow money for investment in build
ing projects (including boilers and 
turbine-generators) at tax·exempt rates. 
At the time of the evaluation in 1983. 
long-term (twenty- to thirty-year) tax
exempt bonds were available at 9.5 to 
10 percent. This is the effective cost of 
money for outside debt. 

An annual rate of 11 percent was 
chosen as the cost of money to reflect 
the uncertainty in funding sources and 
the uncertainty of the return on invest
ment funds. The sensitivity of the 
Investments to different discount rates 
was checked. 

Discounting & Cost 
Escalation Parameters 

• General Inflation: 5 percent annual 
rate over all twenty years. 

• Discount Rate: 11 percent annual 
rate over all twenty years. 

• Construction Costs: escalate 
at general inflation rate of 5 percent 
annually. 

• Variable & Fixed O&M: escalate 
at general inflation rate of 5 percent 
annually. 

• Escalation Rate for Price of Fuels 
and Electricity: for all twenty years. the 
price of electricity and the price of all 
fuels (oil. gas and coal) were assumed 
to have a real price escalation of 2 per
cent annually. or a nominal annual 
escalation rate of 7.1 percent. 

Value of Fuels (1983-84 $) 
Since 1984 the prices for gas and oil 

have declined. lo addition. the price for 
coal has increased because lower sulfur 
coal (less than 1.0 lb S/MBtu) has been 
specified to comply with site specific 
ambient air quality constraints. The 
average values of the three fuels deli
vered to the CHP in fiscal year 1983-84 
(84 $) were: 

• gas $5.50/MBtu 
• oil $4.70/MBtu 
• coal (depending on sulfur concen-

tration) 

0.6 lb S/MBtu $2.52/MBtu 
1.1 lb S/MBtu $2.28/MBtu 
1.9 lb S/MBtu $1.90/MBtu 

The low price for coal was used for 
backpressure (SNC) cases and the higher 
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price for all condensing cases (SAC). 
The high price was used to reflect site 
specific constraints that were antici
pated if the amount of coal fired was 
significantly increased. As shown in 
Figure 2. gas and oil prices have declined 
significantly. 

Calculation of Life Cycle Economics 
A simple computer model was de

veloped on a personal computer to 
determine the annual fuel use and 
electric production for each case. This 
model was based on the dispatch shown 
in Figure 3. 

The internal rate of return and net 
present value were calculated based on 
present and projected fuel costs and 
electric costs. combined with the calcu· 
lated annual fuel use and electric pro
duction. and the capital cost for each 
case. 

Cogeneration With Additional 
Coal Capacity 

The existing coal boilers (Boilers 1 
and 8) provide about 80 percent of the 
steam requirements of the university. 
The projected life of these boilers is 
about twenty years. Additional coal 
boilers, whether added at the existing 
CHP or as part of a new CHP to replace 
the existing CHP, would only be jus
tified by their higher operating pres
sures for cogeneration. and by displac
ing the remaining 20 percent of the 
gas/oil fuel. 

The study found that new coal boiler 
options were not economically justified. 
Increases in cogenerated electridty and 
displacement of gas/oil did not justify 
the extra capital cost. when compared 
to continued use of existing coal boil· 
ers. 

Cogeneration Without Additional 
Coal Capacity 

Figure 4 shows the electric produc
tion and the internal rate of return 
(IRR) as a function of the total project 
cost. Figure 5 shows the net present 
value (NPV) as a function of the capital 
cost. 

As shown. the project (Case 1.11) 
with the smallest capital cost and smal
lest electric production has the largest 
IRR. but it also has the smallest NPV of 
the SNC cases. Case 2.20. which involves 
increasing the pressure on Boiler 8 to 
800 psig, has the highest NPV. The 
largest NPV at 400 psig is Case 2.10. 
and the largest NPV at 200 psig is Case 
1.10. 
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FIGURE 4 
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The cases with SAC (condensing) 
turbines had low NPV and IRR values. 

70 

ANNUAL ELECTR I C PRODUCTION 
AND INTERNAL RATE OF RETURN 

1 • ~ The heat rate (Btu/kW-hr) more than 
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40 backpressure cases, and the additional 
cogeneration did not justify the extra 
fuel costs and capital costs. 

30 Project Implementation 
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Case 2.10 was chosen as the best 
case because it did not have the risk 
associated with increasing the pressure 
from a thirty-five-year-old boiler (Boiler 
8 ). 200 psig to 800 psig on. 
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The project has a budget of $5.4 
million. Start-up is scheduled for spring 
1987. Figure 6 is a schematic diagram 
of the cogeneration project. 
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Table 4 
DEFINITION OF CASES 

12 14 

COGENERATION CASES WITHOUT ADDITIONAL COAL CAPACITY 

DESCR IP TION TUR RINE - GENERA TOR SETS 
TUR81NE A TURBINE Fl 

Case 
Number 

Type Flow Press Type Flow Press 
( kpph) ( ps ig) ( kpph) ( psig) 

All Boilers ~ 200 psig 

l . 0 8ase Case 
l. l SNC( ss) 55 
1.11 
l. 12 
1.13 Two Each of Turbine A " 
l . 14 SNC( ms) 100 
1 .15 130 
1.16 160 
1 . 17 190 

Bl & BB ~ 400 psig 

SI\IC (ss) 2. 1 
2. 11 
2 . 12 
2 . l3 
2. 14 
2. 15 
2 . 16 
2 . 17 
2 . 18 
2 .19 
2 . 3 

Two Each of Turbine A " 
SNC(ms) 

BB ;al 800, 81 ~ 400 psig 

2. 2 
2. 4 

Key to Abbreviations: 

SNC(ms) 
SAC 

SNC(ss) 

55 
80 
80 
80 

100 
130 
160 
190 
100 
130 
240 

55 
55 

SAC: Single automatic extraction condensing 
SNC: Straight non-condensing 
ss: Single Stage 
ms: Mul ti Stage 

200 

400 

" 

" 

400 

SNC ( ms) 160 200 

SNC(ss) 55 200 
SNC(ss) 55 200 

SNC(ms) 160 400 

SNC (ss) BO 400 
SNC(ss) 55 400 

SNC ( ms) 100 
SNC(ms) 130 

SNC(ms) 160 800 
SAC 155 800 

o 

The key parts of the project are: 

1. Two SNC backpressure turbine 
generators (400 psig throttle. nominal 
100 psig backpressure). 

a. Single state turbine. 2 MWe 
asynchronous generator at 
2.400 volts. 

b. Multistage turbine. 5 MWe 
synchronous generator at 
13.200 volts. 

2. Steam pressure upgrade from 200 
psig to 400 psig for Boilers I and 8. 

a. Boiler 8: This involves new 
steam drum internals and a 
new superheater. 

b. Boiler l : New trim. 

3. Steam and Feedwater System. 
New feedwater pumps. feedwater lines, 
and steam lines are required. Included 
are, 

a. Spray desuperheaters to pre· 
vent thermal shock to down
stream lines with a turbine 
trip. 

b. Pressure reducing valve 
stations. 

4. Condensate Polisher. A new zeol· 
ite softener is added to polish conden
sate return. 

5. Steam Distribution System Mod
ifications. To modify the steam distri· 
bution system from superheated steam 
to saturated steam. additional traps 
and drip legs were required. In addition, 
a study was done to determine the 
need for new loops or lines to reduce 
the pressure drop in the system. 

6. Structural/Civil Costs. A garage in 
an adjacent building was converted to a 

23 
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FIGURE 5 
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turbine-generator room. An intercon
necting walkway is being constructed 
to allow access from the CHP. 

Other associated projects for CHP 
upgrade at the present time include: 

1. Controls, A controls project with 
a $1 million budget to replace the CHP 
controls with a new distributed digital 
control (DDC) system. The control 
system will include economic dispatch 
of boilers, pressure reducing valve 
stations, and turbine-generators. 

2. Boiler Fabric Filter. A new fabric 
filter will be erected for particulate and 
opacity control for Boiler 1. Since 1981. 
Boiler 1 has not been fully permitted by 
the NYS DEC because of opacity viola
tion. 

3. Coal Procurement. Because of site 
specific dispersion problems. the coal 
sulfur specification was reduced from 
1.9 lbS!MBtu (state-wide average limit) 
to 1.0 lbS!MBtu. The Free Swell Index 
was reduced to less than 5.0 to achieve 
better combustion on Boiler 8. As a 
result. fuel prices have increased. At 
present. all coal is supplied from eastern 
Kentucky coal fields. 

4. Electric System, A new 750 kW 
diesel generator is being installed for 
emergency power. The medium voltage 
system is being converted from 240 kV 
to 480 kV. 

5. Performance Uprates for Boilers 1 
and 8. An aggressive effort to increase 
boiler efficiency and combustion per
formance has resulted in increased coal 
boiler duty. Efforts included improve
ments in control response, reductions 
in excess air levels. and increases in 
overfire air velocities and amounts. 

Cornell's cogeneration project was 
funded by a $50.000 grant from the 
New York State Research and Develop
ment Authority and two grants from 
the New York State Energy Office: 
$300,000 for the turbine generator and 
$200,000 for controls. The rest of the 
facility was financed through a public 
debt issue. 

Copies of Cornell's complete cogener
ation study are available from the NYS 
Energy Research and Development 
Authority, Two Rockefeller Plaza, Al
bany, NY 12223: 518/465-6251. Ask for 
"Feasibility of Industrial Coal Conver· 
sion at Cornell University." ■ 
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Computer Applications 
The D.S. Army complex at Ft. Irwin. 

California recently began using a computer· 
based facilities Information system: the 
results have been a dramatic Increase in 
efficiency and savings. Ft. Irwin. located ln 
the Mojave Desert 150 miles east of Los 
Angeles. had been mothballed several times 
slnce its establishment in 1940. most re
cently for ten years. before the army reacti
vated it as a national training center. ln all 
the transfers and transitions. records were 
lost and maintenance became a management 
nightmare. Before installing the new system. 
a complete inventory and deferred mainte
nance survey was made that was then 
entered in a data base. ··Before th.ls. our 
records were ln such bad shape that the 
new inventory turned up about twenty 
buildings that we didn't even know ex.is• 
ted," reports Captain Vance C. Johnson. 
chief of the project management branch. 
With the new system In place. any feature 
of the physical plant can be instantly tabu
lated. Maintenance needs can be anticipated 
and planned for. more precise budget fore· 
casting is possible. and projects can be 
prioritized and monitored with ease. 

Examining Building Flaws 
Detailed case studies of structural failures 

and building flaws are being collected by 
the University of Maryland's ArchJtectural 
and Engineering Performance Information 
Center. Under a grant Erom the National 
Bureau of Standards. the school is collecting 
500 detailed case histories of buildings 
throughout the United States that have 
demonstrated some sort of structural failure. 
I nduded in the collection are the 198 l 
Kansas Oty Hyatt Regency skywalk disaster 
and the 1978 Wlllow Island concrete cooling 
tower collapse in West Virginia. Information 
is being gathered on a computerized data 
base that will have a variety of applications. 
Architects, for example, will be able to 
look for any history of structural failure In a 
particular type of building that they may be 
designing. Regulatory offidals will be able 
to look at trends in codes and standards. 
Developers and building owners will be 
able to examine the performance of heating. 
roofing. ventilation. or wall systems. Even 
Insurance companies may be able to use the 
information as a source for developing rate 
structures. Eventually the data base is 
Intended to be accessible by computer over 
telephone lines. 

Publlc Relations 
The folks in the University of Virginia's 

alumni office like Bill MJdclleton-espe
dally when he leaves town. Midclleton. the 
school's assistant vice president for physical 
plant. has given the alumni office a standJng 
offer to give presentations on behalf of the 
school whenever he's traveling on physical 

J. Roger Kurtz 

If your department bas developed an 
Innovative program or utilized unique 
resources. please share them with us. 
Send a short description to Management 
Resources, FACILITIES MANAGER. 
1446 Duke Street. Alexandria. VA 
22314-3492. 

plant business. They took him up on It 
when he went to Denver recently. where he 
took some time to give a slide show and 
presentation about UVA happenings to a 
group of local alumni "There are all sorts of 
opportunities for this." says MJddleton. ·we 
have alumni all over the place." It's a good 
idea for the school. and a great way to get 
on the good side of the alumni office! 

Solar Energy 
A half-acre solar pond that will be used 

to heip heat a hog research building ts ln 
the works at the University of Illinois/ 
Urbana-Champaign. The pond uses salt to 
store heat energy-2.000 tons of it. As it 
sinks. the brine at the bottom stores the 
energy. while the fresher water on top 
serves as an insulating layer. The salt will 
be recycled. and the bottom and sides of 
the pond lined to prevent salt loss and 
groundwater contamination. About 25 
percent of the winter heat needed to warm 
a building housing 240 Chinese hogs will 
be generated by the system. The energy 
will also be used to dry com. Funding for 
the $362.000 project is being provided by 
the university. International Salt Company. 
and Gunclle Lining Systems. Inc. The pond 
ls scheduled to be completed and ln opera
tion by the summer of 1988. 
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Nott Memorial 

Too Marvelous to Demolish 
Union College in Schenectady. New York 

ls deciding what to do with Nott Memorial. 
the domed. 16-sided. Victorian Gothic 
buJlding lo the center of their campus that 
after 112 years has fallen into a se.rlous 
state of disrepalr. It began in 1875 as a 
"Graduate's Hall." in which ceremonies and 
banquets could be held. At the turn of the 
century it was transformed into a library 
but later. as the books outgrew the building 
a.od the structure began to weaken. It was 
used as a makeshift theater. Today there is 
a theater In the round on the first floor and 
a bookstore in the lower section of the 
building. The upper floors and the dome 
have been closed for structural reasons. In 
the early 1970s an architectural firm 
examined the building and warned that 
Immediate repair of the slate roofs was 
necessary for the building to avoid "demoli
tion by neglect." Part of the problem. the 
architects noted. was the awkwardness of 
the building. Too marvelous to demolish. 
an 80-foot round room 100 feet high with 
two encircling galleries is nevertheless 
impractical for many uses. Renovation 
would also be quite costly: $2 million for 
the exterior and possibly $4 million for the 
inside. Jack Rill Union's director of campus 
operations. said plans are to completely 
rehabilitate the building by 1995, the 
school's centennial year. The question is 
how to use it. "We've had lots of ideas." 
says Hill. "indudJng things like a computer 
center. a museum. or a full theater." Tearing 
it down is out of the question since the 
buJlding is an integral centerpiece for the 
campus. But just what the Nott Memorial 
wlll hold in its second century remains to 
be seen. 

Blrdprooflng 
What problem can alr conditioning sys

tems and orchards have in common? Blrds
as the Unlversity of lllinois/Urbana-C.ham-

25 
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palgn has discovered. The university has 
forty large tonnage. induced draft. redwood 
cooling towers that transfer heat from Its 
al.r conditioning system to the atmosphere. 
The system worked flne until the birds
mostly pigeons-took a liking to the towers. 
Bird droppings. nesting debris. mottled 
feathers. and dead birds would plug sump 
screens and spray headers. slowing the 
wate.r flow rate and redudng the efftdency 
of the towers. according to James Black. 
foreman for refrigeration at the university. 
In additton. bacteri.a would form. causing 
the wood to rot and posing a health hazard 

for workers. Since removing or disposing of 
birds Is expensive and usually ineffective. 
the university decided to construct large 
screens around the towers. At first they 
used hardware doth on wood frames. but 
this proved expensive and deteriorated 
quickly. Copper screening was tried next, 
which lasted a Httle longer but was also 
expensive and labor intensive to remove 
and replace when doing routine mainte
nance. Finally. reports Black. they discovered 
a polypropolene netting used by growers to 
protect fruit on trees and bushes from 
birds. The 7/8" square mesh can withstand 

fGiliGEORGE·INGRAHAM§ 
The Underbridge, Underground and Flber Optic Specialists 

P.O. Box 1889, Stone Mou.ntaln, GA 30086-1889 • 404/296-0804 
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sunlight. is lightweight. and resists mtldew. 
adds. alkalis. and other chemicals. It can 
also be stapled directly onto the framing of 
the towers and removed and refastened 
quickly. 

Master Planning 
Ohio State University is planning ahead. 

The January 1987 Issue of Atbletlc Business 
reported that last year OSU completed a 
comprehensive facility construction master 
plan that outlines the unive.rslty's construc
tion and renovation projects for the next 
twenty-five years. The study took one a.nd a 
half years and $200.000 to complete. but 
that bill represents less than half of one 
percent of the cost of implementing the 
first phase of the master plan Itself. Called 
the "scarlet phase." it will feature between 
$40 million and $45 million worth of reno
vation and new construction by 1990. Ohio 
State has not undertaken a major fadllty 
project In twenty years. and Athletic Dlrec
tor Rick Bay believes that improving the 
facilities is necessary for maintaining success 
on the playing field . "Schools that have 
made great strides in their competitive 
abillties in recent years .. . have done so 
after making strong commitments to their 
athletic facilities," he said. The scarlet phase 
calls for a multi-purpose athletic facility. a 
weight tralnlng center, a sports pavilion. 
and the development of a site for a sports 
park that would include softball and baseball 
fields. practice fields. a cross country course. 
and tennis courts. Also included ln the first 
phase is facilities renovation of the Ohio 
Stadium. the St. John Arena. Flnch Field 
House. the golf course. and the Ice arena. In 
1991 the second. or gray. phase would 
begin. It calls for completion of the sports 
park stadiums and completed renovation of 
the main stadium and other facilities. Assis
tant Athletic Director Dan Meinert has 
emphasized that the plan is not a fixed 
timetable: he sees It rather as a list of 
priorities. Funding for the master plan will 
come from contributions to the university's 
capital campaign. which has the goal of 
ra ising $350 million for a variety of 
academic. athletic. and extracurricular ac
tivities. 

Reactor Shutdown 
The University of California/Berkeley ls 

planning to shut down and decommission 
[ts nuclear research reactor. acc.ordlng to a 
recent report In The Chrontde of Higher 
Education. The higher education weekly 
quoted. Roderic Park. vice-chancellor of the 
university. as saytng that the reactor was 
being closed due to declining research use 
and poHtical opposition. The reactor has 
been a target of criticism ever since it was 
opened twenty yea.rs ago. Nuclear research 
will continue at the school. but only with 
accelerators that do not produce radiation. 
Dismantling the reactor could take up to 
four years to complete. 
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Labor Critiques Management 

Chaos oo the Shop Floor, A Workers' View of 
Quality, Productivity, and Management, by 
Tom Juravlch. Philadelphia: Temple University 
Press. 1985. 224 pp. $19.95. hardcover. 

Tom Juravich's book Chaos on the Shop 
Floor is a case history but reads like a novel 
Having spent six months ·on the shop 
floor:· he is knowledgeable and battle-scar• 
red from his repeated encounters with the 
high-speed production machinery and. 
more frustratingly. hls encounters with 
management. 

The main theme of Chaos is carried 
consistently throughout the book and is 
illustrated again and again through actual 
experiences with the machines a od the 
operators with whom Juravich worked. He 
struggles with the frustrated machlne
operators who know their machines from 
years of operating experience and who try 
to lmprove the operation and thereby the 
company profit picture by suggesting better 
ways to do things. The operators are not 
ever listened to by management. 

Contemporary literature has numerous 
examples of the "deskilling of labor In the 
twentieth century," as Juravlch calls it. The 
plant where the author worked could be 
cited as a perfect example of the deskilled 
jobs about which so much has been written. 
"One comes away [from reading the con· 
ventlonal wisdom) convinced that little skill 
Is necessary to perform most factory jobs 
... yet these 'simple' tasks often look quite 
different from the shop floor." 

The author proves bis point. at I.east to 
his own satisfaction. when he attempts to 
do a "simple" sewing operation. "I asked her 
to show me how to sew. It took me five 
minutes to sew a single assembly and it 
came out completely wrong. It was clear to 
me that a worker could not walk in off the 
street. sit down at the machine. and make 
her rate." To the usual argument that manual 
dexterity is all that i.s required. the a.uthor 
d tes cases where workers perfect "ingenious 
technique" to accomplish their Job. As time 
went on the author "began to see the 
women's work from the Inside. I noticed a 
host of skJlls that facilitated production. In 
fact. I was surprised how fundamental this 
'craft knowledge· was to the operation. 

Extremely interesting Is the discussion 
of "The Forgotten Insight or Taylor." Fred• 
dertck W. Taylor published his classlc. The 
Principles of Sdentiftc Ma(J,lgement in 1911 
and changed the face of the industrial 
world forevermore. But Taylor's ideas were 
complex and tedious and were never im• 
plemented. in the great majority of small 
localized manufacturing plants. Some large 
flrms adopted the ideas proposed by Taylor. 
but the bulk of industry. as represented by 
the smaller plants. was essentially 1.eft un
affected. 

The dramatic success of Japanese industry 
yields many interesting points. but the 

chief reason for this success. lo Juravlch's 
opinion. Is based on techniques of produc· 
t!on proposed by Taylor rather than the 
product of Eastern ethic. These Tayloresque 
techniques Involve a meticulous attention 
to detail that Taylor espoused and the 
applJcatioo of these principles can be said 
to be the root reason for the new Japanese 
manufacturing skill. 

Juravlch takes a critical look at a fairly 
recent industrial phenomenon known as 
"quality control" 

The coocloul11g decllne of basic Industry 
a 11d the I ntruslon of foreign products into 
our markets have st1mulated much 
discussion about the quali ty of American 
products .. .. The tone of contemporary 
advertising would seem to Indicate that 
American lndusrry agrees wltb Its critics. 
The emphasis on quality in company 
slogans Is indicative perhaps of a corporate 
gullt•complex. Where quality ls job one:' 
'we really sweat the details .' 

One must wonder if som thing lse is 
behind the stress on quality. ff p rhaps a 
dlfferent kind of flaw Is being concealed. 

Many times a qualJty Improvement 
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program is tied to improving productivity. 
In many ways high volume and high quality 
are a contradJction In terms: quality pro· 
grams often tie them together. Because of 
this the focus Is on workma,nshJp rathe.r 
than on qualJty. A more apropos description 
would be to call them "productivity circles." 
This thesis Is supported by the author's 
experiences with quality control on the 
shop £1.oor. A corollary to the quality program 
is. in many cases. the cost to the workers of 
thelr precious craft pride. Workers are being 
checked- and judged-by someone who 
does not know or understand the Job as 
well as they do. Their "craft knowledge" of 
the job Is Ignored or downplayed as not 
important to the operation. 

In his final analysis the author used the 
word "Irrational" as a synonym for manage
ment mentality and their attitude towards 
workers on the production line. Juravich 
found that much of the irrationality where 
he worked was due to a management style 
insisting on full control of all floor activities 
and seeing workers· craft knowledge as 
unlmportant. Management embraced the 
ironhaoded side of Taylor while lgnortng 
the Importan ce he granted to craft know!• 
edge. 

The author sees a tread here in American 
industry that bodes ill for our national 
ability to compete with other nations that 
are becoming more and more proficient at 
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produdng quality products and that are 
daily sharpening even further their collective 
skills to outperform thls nation. 

This nation is at a crisis state in manufac
turing processes. In one way or another this 
crisis touches all Americans, but obviously 
affects some more than others. We can 
come through this time of trial if we realize 
that the skills and expertise we need are 
even now available to use. These skills are 
hidden i.n the production line workers. who 
are now considered for their hours on the 
job rather than for what they know. 

Juravich concludes. "The managers in this 
country. at present blinded by their own 
schemes, possess a source of tremendous 
potential stie.ngth in the workers they 
choose to ignore. It is a source they must 
learn to tap before it is too late." 

Chaos on the Shop Floor is available from 
Temple University Press, Broad & Oxford 
Streets, Philadelphia, PA 19122. 

-Walter H. Holm 
Director of Physical Plant 

Eastern New Mexico State University 
Roswell. New Mexico 

Managing in the Real World 

The Realworld Management Deskbook, by 
Auren Uris. New York: Van Nostrand Reinhold 
Company, Inc .. 1983. 312 pp. $24.95. hardcover. 

Duties a.nd responslbLIJtles of physical 
plant directors are often categorized slini· 
larly to th.ose of managers In industry. The 
Realworld Management Deskbook offers 
modem strategies to help fulfill these as
signed functions. But before developing 
strategi.es. the author emphasizes the need 
to understand the subtle yet ever-present 
undercurrents within a working environ• 
ment. Uris suggests that in business, things 
are not as they seem on the surface. The 
realworld of management can be "one of big 
and small injustices, of favoritism. sexual 
harassment. of pretense and politics." Cer
tainly, the unlque setting of higher educa
tional institutions offers a blend of these 
lngredJents that are usually hidden from 
the pubUc. And given a plant director's 
relationships with the many and varied 
aspects of campus life, reality dictates an 
awareness oE the workplace. A plant director 
must have the ability to s parate fact from 
Elctton. 

Few can argue w1th the author's conten• 
tlon that the business world ls changlng. 
"American business· no longer equates with 
"unqualified leadership.· The technological 
revolution continues. And even within 
plant operations. automation and com
puterization has affected the office. the 
boiler room, energy management. security. 
storeroom activities- the list goes on. 
Perhaps. most importantly. relating to and 
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dealing with people problems call.s for ever· 
lncreaslng skills. individuality means mana· 
gers/directors cannot evoke a common cure 
for aU ills. Employees are more demanding 
and at the sa me time indifferent. 'Why" has 
become the constant challenge on the 
minds of workers. 

Thus. Uris sets the premise for another 
"how to" book. Having read many such 
presentations over the last several years. I 
have found few management theories that 
have actually been applicable to physical 
plant op rations. Yet books such as The 
Realworld Management Deskbook may 
offer ideas or thoughts relevant to day-to
day happenings. An Idea's value may not be 
evident until weeks or months after reading 
but indeed eventually proves useful 

Within the framework of a. changing 
realworld. managers must prepare them· 
selves or be left behind. ProfesslonaUzi.ng is 
Uris' prerequisite to managerial success: he 
belteves managers should constantly pursue 
higher standards of performance. Self-image, 
ethics, and emotions are esped.ally influen· 
tial in a manager's reactions to professional 
responsibilities. Uris contends that self
image and ethics can be refined. molded. 
and thus, professionalized. Such emotions 
as a consistent positive outlook create a 
"u nity of mind and behavior that optimizes 
managerial capabilities." All attributes 
Interface to create the "professional" 
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Also stressed ls the manager's need to 
update his or her upabilities. especially 
future-oriented ones. For example. the 
impact of the technological revolution 
cannot be ignored. Some managers will 
only be peripherally changed but most will 
be directly affected. Successful manage1s 
create an awareness of change; negating 
shortcomings affects future benefits. 
Those who try to Just "get by'' for an ex
tended period of time undoubtedly will be 
passed by. Failure to adjust and readjust 
depicts a lack of foresight that ts Inexcusa
ble. 

Later chapters emphasize human relations 
in the workplace. Noteworthy points in
clude: 

1) The need to motlvate employees. 
Traditional techniques appear outmoded. 
Uris thinks new strategies lead to a more 
realistic approach in motivating employees. 
One discussion centers on the positive 
aspects and pitfalls of praise. Interestingly. 
one pitfall comm.only seen on college cam
puses Is pralsing everyone alike, which Is 
the equivalent of pralslng no one. A blanket, 
unmeaning praise of tbe group by a plant 
director or a president negates the efforts of 
the truly deserving. The use of prai.se must 
be precise. more directional. 

2) The relationship to peers. Plant direc
tors need good lateral .relations to overcome 
daily problems as well as major crises. 
Joining forces with peers develops In.formal 
contacts necessary for workplace sanity if 
not survival. 

3) The boss-subordinate relatJonship. 
Uris points out that middle managers such 
as plant directors aie themselves sometimes 
the boss and sometimes the subordtnate. 
What the ma.nager expects of his boss 
likely applies equally to hlmself in the eyes 
of subordinates. From this vantage point 
managers can reap double rewaids by the 
development of good boss-subordinate rela
tions. 

A particularly sensitive issue stems &om 
sex-motivated behavior. As women assume 
roles traditionally held by men. sexual 
overtones become commonplace. Managers 
must ensure fair and equal treatment of all 
employees. The potential charges of sexual 
harassment only compound the problem of 
doing so. Obviously. the subject Is contro
versial The knowing manager must "be 
prepared to deal with it in a systematic and 
reasoned way so that injustice and destruc
tive consequences can be prevented." ac
cording to the author. 

In his presentation Uris covers topical 
and relevant issues to plant operations. And 
although many ideas are not particularly 
original. they are laden with a common 
sense approach to everyday problems. The 
book reads easily; the content is often 
simplistic. U rts spends a great part of the 
book discussing realworld applications of 
hls thoughts, but they are often one-dimen
sional The reader must understand that 

ideas presented in various chapters are 
a.ctually Intertwined Into a complicated 
maze of Interpersonal feelings and human 
relations. 

The .Realworld Management Deskbook is 
available from Van Nostrand Reinhold 
Company Inc .. 115 Fifth Avenue. New York. 
NY 10003. 

-Larry Nokes 
Director of Physical Plant 
Pittsburg State University 

Pittsburg. Kansas 

Dealing with an Adverse Economy 

Opportunity .In Adversity: How Colleges Can 
Succeed in Hard Times, by Janice S. Green. 
Arthur Levine. & Associates. San Francisco: 
Jossey-Bass Inc. . Publishers. 1985. 317 pp. $21.95. 
hardcover. 

This book is about dealing with adversity 
lo higher education today. The chapters 
were written by different authors. all with 
dlfferent writing styles, tending to make 
reading somewhat disjointed. There are 
extremely well written portions of the 
book. and many of the points brought out 
can be applied to management situations 
anywhere. All in all the book ls worth 
wading through to gala the insights offered. 

One of the graphic comments lo the book 
is. "Adversity ls of no use to the uninspired 
and absolutely devastating to the timid." 
Adversity actually gives managers .lo any 
field an opportunity to exercise their own 
brand of leadership and initiative, and 
should be viewed positively rather tha n 
negatively. 

The multitude of problems facing 
colleges a.ad universities today is well 
documented. but also with some redun
dancy. These problems are identified to 
loclude: a deteriorating level of preparation 
by those students entering higher eduution; 
an emphasis by institutions on competition 
rather than cooperation: the temptation to 
set standards and measurements: Institu
tions competing with business training: 
institutions trying to attain curri.culaT 
panaceas; detllning enrollment: the popula
tion growing older: and the demand by 
stude.nts for job preparation. 

The highlight of the book was Chapter 5. 
which was written by the president of a 
small college and delightful to read. He 
writes a great deal like Peter Townsend in 
Up the Organi2ation and leaves the reader 
with a good feeling about the writer. He 
includes ten lessons from his experiences 
that are clear. concise. and appear to be 
usable. 

Various college or university presidents 
a.re quoted throughout the book. and three 
of the phrases struck me as particularly 
interesting. The first alludes to the average 
stay of institution presidents being seven 
years, "Eventually one manages to make at 
least one decision against the conviction of 
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virtually every member of the faculty." The 
second phrase describes one of the reasons 
a particular college president was replaced: 
"He faced extraordinarily difficult decisions, 
consulted widely. and then postponed." 
The third phrase is: "A president must be 
prepared to accept a defeat engineered by 
others without exposing those who are 
actually at fault." These three phrases can 
be applied to and by managers everywhere. 

A major adverse factor affecting higher 
education Is when the Image of an institu
tion as perceived by prospective students is 
different than the institution desires. One 
college bl.red a consultant to find out bow 
they were being perceived by prospective 
students: what they found was not to their 
liking. That college was perceived as "tradi
tional. unexciting. socially limited, and 
restricted to a few st10ng academic areas." 

This points out that the public Image of 
an institution often does not match the self
perceived mission. or direction, of that 
institution. Once a public Image has been 
established. It tends to remain set unless 
there is an ambitious. self-conscious cam
paign to change it. 

The difference between the perceived 
image by outsiders and the institution's 
mission statement is often quite great. 
A good statement of mission, or of direction. 
is important to an institution as well as 
Just good management. The statement of 
mission should parallel the perceived Image 
of outsiders. Well written statements of 
mission establish priorities. definitions. 
standards. and guidelines. Ways to prepare 
mission statements are described well in 
the book. but are difficult and time 
consuming. 

My overall impression of the material is 
that leaders make the difference, and they 
can alter the trends by encouraging innova
tion and critical thinking. Leaders are 
cautioned not to talk of serious matters In 
vague generalities or platitudes. Institutions 
should be more than merely weather vanes, 
by planning with rather than for. a.ad then 
establish priorities. It would help to apply 
coping-with-stress techniques to Institu
tional si.tuatlons as opposed to individual 
situations. 

A consensus emerged that a key issue in 
higher learning ls not what students should 
be exposed to and asked to reproduce. but 
what students should be able to do wtth 
their lives as a result of having gone to 
college. There are times to join the chorus 
and times to take the lead. The book stresses 
that now is the time to take the lead and 
make opportunities out of adversity. 

Opportunities in Adversity is available 
from Jossey-Bass lnc .. Publishers. 433 
California Street. San Francisco, CA 94104. 
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-Da.n R. Pilkington 
Director. Departme.ot of General Services 

City of Las Vegas 
Las Vegas. Nevada 
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Classifieds 
Available Listings 
Job Openings. Positions Wanted. Infor
mation Exchange. Equipment for Sale. 
Seminars and Workshops. Publications. 
Software. Products/Services. and Mis
cellaneous. Other listings available 
upon request. 

Rates 
Classified line advertisements.- Line ads 
are set in 7-point type at the rate of $5 
per line or fraction thereof (5-line 
minimum charge): includes heading. 
address. and telephone number. 
Cl.assified boxed or display advertise
ments: Boxed ads are set in 8-point 
type with IO-point heads. Classified 
display ads must be camera-ready. 
black-and-white. and not longer than 3 
inches. The column width is 2-1/4 
inches. The rate for boxed or display 
ads is $40 per column inch. measured 

,. to the nearest quarter-inch (2-inch 
minimum charge). 
Discounts.- Discounts and agency com
missions are not allowed for any classi
fied advertising. 
Closing dates: May 29 for the Summer 
issue: August 28 for the Fall issue. 

-

Address.- Send all classified advertise
ments or requests for further Informa
tion to- dassifieds 

FACJLlTIES MANAGER 
1446 Duke Street 
Alexandria. Virginia 

22314-3492 

Videotapes 
lnstltudon..J Cleaning Tech.nlques Serles. Order all 
seven tapes currently avall.ible In the series and receive a 
10%dlscoun 

• Onentatlon lo Institutional deaning 
• Dally Carpel Maintenance 
• Periodic Carpel Maintenance 
• Resillem Floor: Dally Care (Part I) 
• ResJlient Floor· Dally Care (Part II ) 

• Resilient Floor, Periodic Restoration (Strip & Refinish) 
• Restroom Sanltatlon 

Regul.irly priced at $ 195 per tape ($ 170/APPA members). 
your price. when you buy the enctre series. ts only 
$ 1.228.50 ($ 1.071/APPA members}, Specify ei ther 112" 
VHS or 3/4" O•maUc format. Add $7 shipping/handling, 
nonmembers must prepay Order from APPA. I 446 Duke 
Street. Alexandria VA 22314. 

Grounds M.linteoaoce Serles. Order both tapes In th is 
serles-Prunmg of Woody Plan es and Seoolng and Sod
ding-and receive a JO% discount. 1r purchased sepa• 
mely. your cost would be $330 ($285/APPA members). 
With the discount you pay only $297 ($25650/APPA 
members}. Specify either vr VHS or 4• U•matlc format. 
Add $7 shlpping,handllng, nonmembers must prepay 
Order from APPA 1446 Duke Street. Alexandria. VA 
223 14-3492. 

Managemeot/Supervislon Serles. Order all four rapes 
In the series-Fundamental Skills of Managing People. 
Fundamental Skills of Communicating Wtr.h People. 
Usfag Positive Dlsc,phne. and Glvtng Orders and Inscruc-

fOf'tOGH 
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FACILITIES AUDIT WORKBOOK 
A Self-Evaluation Process for Higher Education By Harvey H. Kaiser 

Publtshed by the Assooaoon of Physical Plant Administrators of UniverStties and Colleges 

A step-by-slep approach ro assessmg the quality of your physlcal plant and establ1Siw1g 
pno1ities for ongoing p,ograms Included are sample rating lonns lhat can be modified 
lo any facility. 

$35 ($25 APPA members) + S5 shipping/handling ($7 lo, Olders of $100 Ol ll10l8). 
Nonmembers mus I prepay; members may use purchase Older. 

Send orders to Publications, APPA, 1446 Duke Street. Alexandria, VA 22314-3492 
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tlons-and receive 10% discount. Regularly SJ.050 each 
($895/APPA members}. the entire series may be pur
chased for $3.780 ($3.222/APPA members}. 3/4' U-matic 
format only. Add $7 sh1pplng/handUng, non members 
must prepay. Order from PubUcations. APPA, 1446 Duke 
StreeL Alexandria. VA 22314-3492. 

Publications 
Facilities Aud it Workbook. by Harvey H. Kaiser Newly 
reprimed with updated reference section. Step-by-step 
approach helps you assess the quality of your physical 
pl.int and establish maintenance priorities. includes sam· 
pie rating forms that can be modified to any faclliry. S35 
($25/APPA members) + $5 shipping/handling. nonmem
bers must prepay. Order fro m Publications. APPA. 1446 
Duke Street. Alexandria. VA 223 14-3492. 

Chemlrn Baza:rds, OSHA's Hazard Commurucation 
St.lndard . This lnformatlon-packed program manager's 
guide has everything you need to develop your own 
Right-to-Know rraJmng program. Includes a summary of 
the OSHA standard. forma ts for mal.ntalning hazardous 
chemicals Inventories. explanation and samples of the 
Materla.l Safety Data Sheet . lessons. overhead uaosparen
cles, and posters fo r the workplace. $aO ($60/ APPA mem
bers) + $5 shlpplng/ha ndling. Order from PubUcat1oos. 
APPA. 1446 Duke Street. Aiex:andria. VA 223143492. 

1984-85 Co mparative Costs .and s1 .. fflng Report for 
College .aod Oniverslty FacWties. Includes energy cost 
and consumption data .. $50 ($25/APPA members) + $5 
shipping/handling. Supplementary Ooppy d isk also avaU
able Request data either on ASCII or DataEase format. 
$ I 5 each. Order book and/or disk from Pubhcat,oos. 
APPA, 1446 Duke Street. Alexandria. VA 22314-3492 

Proceedings of the 73rd Aonu..J Meeting of APPA Um· 
proving Management Through New Technologies). $21 
$1 5/APPA members) $5 shipping/handling. Order 

from APPA. 1446 Duke Street. Alexa ndrta. VA 223 14. 

Fin;rncing CA1Dpus Energy Cooserv.atioo Projects. Col
lection of eJght papers covering alternative ftaanctog. 
shared savings. municipal lease financing. bond fund 
pools for small institutions. and other strategies. $27 
($ 15/ APPA members) + $5 shipping/handling. nonmem
bers must prepay. Order from APPA. 1446 Duke Street. 
Alexandria. VA 223 14-3492. 

Manual of Roof ~lnteo.ance and Roof Repair. Con
tains In-depth information pertinent to roof Inspection. 
maintenance. repalr. reroofiag. and the causes of prob
lems la built -up roofing and flashing materials $17 (SI 
APPA members} + $5 shipping/ha ndling: nonmembers 
must prepay, Order from PubUcatlons. APPA. 1446 Duke 
Street Alexaadrta. VA 223 14-3492. 
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Okoguard® EPR insulation possesses a unique balance of 
electrical and physical properties unequaled in other solid 
dielectrics. Okoguard is acknowledged as the premium insu
lation for critical applications from 5 kV through 69 kV. Okonite 
has been commercially producing EPR cables since 1963 -
longer than any other cable manufacturer - and our distinctive 
red Okoguard cables are approaching a billion foot-years of 
trouble-free service. _ _, 

Okoguard's superior resistance to discharge and treeing, its 
exceptional resistance to heat and oxidation, coupled with 
its excellent stability in water and during the rigors of load 
cycling make Okoguard the preferred and specified insulation 
for power cable applications where reliability is essential 
Okoguard cables are guaranteed for problem free service. 

To find out more about Okoguard and its premium character-
istics, please write for our Bulletin 781. 

THE 
~OKONITE 

COMPANY 
Ramsey, New Jersey 07446 
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FACILITY CONDITION STUDY 

The PROVEN Solution to Deferred Maintenance Action Planning 

This CUSTOMER ENGINEERING SERVICE provides you with facility specifics 
and effective management information. 

• Detailed Technical Analysis of Existing Facility Conditions 

• Project Requirements by Facility and Facility Component 

• Project Details including Labor, Material, Contractor and Professional Fee Costs 

• Current Code Applications 

• Immediate, Short & Long Term Budgets 

• Computer Database & Software System for Deferred Maintenance Project Management 

• Program Implementation Services and On-Going Support 

For information, please call 1-800-331-1590 or write to: 
ITEX CORPORATION • Facility Engineering Division 

2704 Highway 120, Suite B, Duluth, Georgia 30136 
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