


Minnesota
Environmental Quality Board

100 Capitol Square Building
550 Cedar Street

St. Paul, Minnesota 55101
Phone 612/296-2641

MEMORANDUM
FROM: Allen Jaisle, Manager CZ A<
Power Plant Siting Program
SUBJECT: Technical Study Progranm
DATE: May 14, 1980

Attached for your information is a brief description of the 1980-
81 program of technical studies being conducted by the Power
Plant Siting Program. Also available for review is a report con-
taining detailed work statements for these studies.

This information is being provided to inform vou of the ongoing
work of the Power Plant Siting Program and to solicit your com-
ments and input to the studies. Your contibution to making this
series of studies accurate and useful would be appreciated. The
studies will constitute a significant portion of the information
base that will be used to assist the Board in future decisions.

In both the design and conduct of the studies attention is being
given to coordination with other study efforts. Relevant agency
staff and other interested persons will be given the opportunity
to attend contractor progress briefings, to review draft reports
and to benefit from final study results. Please contact George

Durfee, Assistant Manager for Technical Analysis, (612/296-2878)
or me if you have any comments or if you wish any further infor-
mation.

AJ/t]

AN EQUAL OPPORTUNITY EMPLOYER
<FEE)




The second area of study relates to transmission line design and
operation. Specifically the 1977 report on health and safety
effects of transmission lines will be updated with special empha-
sis on current research on the biological effects of air ions - a
subject of continuing controversy along the CU dc line. A second
study considers the possible use of existing rights of way and
upgrading of existing lines to limit new right of way require-
ments. This will provide support for proposed legislation and
also will allow better evaluation of transmission alternatives in
southern Minnesota. Two transmission studies, undergrounding and
application of the DNR heritage program are essentially suppor-
tive of the NSP King/Prairie Island project and will also provide
useful general reports. Another study considers transmission
line electric and magnetic fields.

The third program area involves original research in the develop-
ment of a biological air quality assessment system and in the
characterization of pollution which is regional in nature and
that which is attributable to a point source. To complement this
work an international symposium on the assessment of losses which
constrain agricultural and forest crop production sponsored by
the Board will be held in August 1980.

The final program area consists of studies and audio-visuals to
be used in our public information programs, the inventory of
power plant sites and the permit compliance program.

In summary the individual studies are responsive to issues raised
by the public and in total provide the information essential for
effective policy development and advance planning as well as sup-
port for specific project issues and information programs. The
following section provides brief summaries of each study that has
been undertaken or will be undertaken in fiscal year 1980 and
1981. ‘



HIGH VOLTAGE TRANSMISSION LINES

Public Health and Safety Effects of High Voltage'’ransmission
Lines. ‘

This is an addendum and update to the earlier "Health and
Safety" report prepared by the Minnesota Department of Health.
This report will make use of the substantial quantity of
scientific and medical information that has become available
since the release of the earlier report. Particular emphasis
will be placed on the biological effects of air ions.

Right of Way Compatibility Analysis.

The study will address the technical, economic, environmental
and institutional issues associated with the use or paralleling
of existing rights of way —-transmission, highway, railroad,
pipeline, communication - and upgrading existing transmission
facilities in conformance with the principle of
"nonproliferation.”

Evaluation of Underground High Voltage Electric Transmission
Systems,

The study will include a generic assessment of high voltage
transmission line undergrounding practices and technology and
an assessment of undergrounding options at river crossings pro-
posed by NSP for a single circuit 345 kV overhead transmission
line. This project will be funded by both the general con-
sultant budget and the NSP-TR-2 budget.

DNR Heritage Memorandum of Agreement:

This study would review rare plant and animal occurrences and
note worthy natural features and natural areas (proposed or
designated) in both the general study area and within the boun-
daries of the NSP-TR-2 routes. ‘

Transmission Line Electric and Magnetic Fields.

This study develops a characterization of electric and magnetic
fields around power lines that will be used to establish permit
conditions relating to the electric field effects of high
voltage transmission lines (HVTLs). It provides both
background information and a computer-based model to compute
field strengths of HVTL's at various heights above ground.

ENVIRONMENTAL MONITORING

Biological Air Quality Indiées.

This project will develop and evaluate a system to quantify the
impact of air pollution using biological indicators of pollu-
tion stress. It will review and critically appraise existing
literature to provide information necessary to the development
of a valid biological air quality assessment system appropriate
for use 1in Minnesota.
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ATTACHMENT A

Environmental Quality Board
Power Plant Siting Program

STATEMENT OF WORK

April 4, 1980

"Variation of Electricity Cost As Determined By the Size of

Electric Power Generating Plants"

Purpose

The purpose of this study is to enable the citizens of
Minnesota to assess the effect of various alternatives in
electric power generating unit and plant design on the
cost of electricity. Citizens of Minnesota have
expressed a desire to see electrical power generating
plants built in smaller sizes, at more dispersed loca-
tions closer to the electrical load rather than in

larger sizes, and located at some distance from the
electrical loads.

Several studies of hypothetical utility systems have
shown that, when considering the total reliability of
the generating system and the uncertainty of future load
growths, a program of building several smaller power
plants may be more economical than building fewer but
larger plants. Conversely, larger power plants may
offer some definite economiegs of large scale production,
The purpose of this project is to study the effect of
the size of future power plants on the cost of electri-
city for some specific utility systems in Minnesota, and
to allow interested citizens to evaluate how alternative
decisions regarding future power plants will affect
their cost of electricity.

Consideration will be limited to coal-fired electric
plants rated 50 megawatts or greater. "“Cost of
electricity" is defined as the cost in dollars per
kilowatt—hour at the high voltage bushings of the
generating unit main transformer. All non site-gspecific

costs associated with the generating system such as
design, license, construccion, operation and malntenance
of regserve - shall be included except where otherwige
gspecified for analytical purposes. ‘the t isgion

gystem shall not be included. Using apprepric Costs
of coal, capital recovery, and operation aund el
tenance, as gpecified later in thig documnent, snow the
cost of electricity,

6]
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Scope of the Project

This study will be divided into three parts. Part I
shall consist of brief description of: major computer
models currently being used to plant for future electri-
cal generation needs and their relative advantages and
disadvantages; two or three recent studies similar to
this one with comments on their relative adequacy; uti-
lity operating procedures, including a discussion of how
generating unit size affects those procedures. As
discribed later, a report shall also be prepared for
part I. Part II of the study shall consist of data
collection and computer analysis of the Southern
Minnesota Municipal Power Agency system and the prepara-
tion of a report. Part IITI shall consist of data
collection and computer analysis of the Northern States
Power system, and the preparation of a report.

A documented copy of computer programs used in this pro-
ject shall be furnished at the completion of the
project.

Specific Tasks of the Project

Specific Tasks of Part I of the Study

Part I of the study shall consist of the preparation of
a brief report addressing the following:

a. Describe the major computer models currently being
used to plan for future electrical generation needs
and their relative advantages and disadvantagbes.

b. Describe two or three recently completed studies
similar to this one., Comment upon their relative
adequacy.

c¢. Describe utility operating practices, including a
discussion of how generating unit size affects those
practices.



The objective of this discussion is to allow citizens to
comprehend, in deneval, how various utility decisions
affect the cost of electricity and to prepare them for
understanding the Part II and Part III reports. The
discussion should avoid the use of complex formulas or
technical language that would be unfamiliar to interested
citizens. The Contractor shall assume the reader will be
reasonably well-~educated but lacking in formal economic
or engineering training. Additional or necessary highly
technical discussion shall be included appendices.

A preliminary draft of the Part I Report shall be sub-
mitted in three copies for review. Following return of
the preliminary draft, the Contractor shall submit a
revised draft, also in three copies, for review.
Following return of the revised draft, the Contractor
shall submit three copies of the final Part I Report.

To minimize the changes in draft vreports, personnel from
the Power Plant Siting Staff will work closely with the
Contractor as the work for this, and subsequent parts,
progresses.

Specific Tasks of Part II of the Study

Select and document a computer model to assist in eva-
luation of gsize and reliability effects. The model
should incorporate features to permit flexibility and
convenience of use. Key assumptions should be
accessible for modification to permit easy and extensive
sensitivity analysies. Also collect data as required.

Determine the cost of electricity for generation addi-
tions for the Southern Minnesota Municipal Power Agency
which is forecasting the addition of 400 megawatts of
generation within the next 15 vyears. Assume single-
unit power plants using low sulfur Western coal (0.9% S;
11.0% ash; and a higher heating value of 8300 BYTU/lb)
Economic parameters and costs of variously sized
electrical generating units as given in the Burng and
Roe Definition of Model Coal-l'ired Electric Generating
Stations in the 50 MW to 2400 MW Range shall be used

where appropriate.

Cost of electricity shall be shown graphicdl
cogts of the wvarious dlt“”ﬂdleeS shall b 3
game graph. Costs shall inclogde capital coveaery, fized
and variable operavion and maintenance cosce plus pro-
jected fuel cousts. The objective 1is to allow oitizens
with little formal cconcmic training to cowpare future
cogts of electricity due co the differenc alcernatives,
The determination of the eiffec. oi viant size on the
2ogt of electricity shall be nade SLULTY
percent load growth and exd i
several comnbinaziong of dif
then be construachad to satis

and the
o on the
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For example, the load growth curve may suggest an addi-
tional 400 megawatts of load will exist at some future date,
That load could be satisfied by a single 400 megawatt unit or
by constructing a sequence of small units of 50 MW, 100

MW, 200 MW capacity.

Prior to selecting the computer model, Contractor shall
determine the costs and adequacy of using the University
of Minnesota computer in accordance with the PPSS letter
of March 12, 1980 to SAI.

Contractor shall perform the calculations under the
following sets of conditions:

1. Include the costs of maintaining adequate system
reserve, but neglect costs or penalties associated
with differences in reliability of differently
sizes units. In addition and where appropriate,
identify and quantify major cost differentiating
design features such as steam conditions, condenser
cooling methods, the use of precipitators or
baghouse filters, and wet or dry scrubbers. Data
furnished in the Burns and Roe report shall be used
where appropriate. Discuss how differential lead
time of the differently sized units and the accumu-
lation of interest during construction affect
the cost of electricity.

2. Repeat Task 1 except include the effects of
differential lead time and differences in
reliability for differently sized units.

Discuss how the system reserve requirement might
vary with differently sized units. Discuss
system reliability as defined by a percentage
reserve reguirement and by a given loss-of-load-
probability. Does such a different definition
of reliability affect overall required capacity
and cost of electricity?

3. Calculate the cost of electricity using the
assumptions of Task 2 except assume multi-unit
power stations. Discuss and quantify the

savings that can be realized by constructing
more than one generating unit at a plant.
4, Discuss how unit thermal efficiency and air

pollution control egulipment energy reguirements
and collection yates vary with wnit loading,
cyeling versus base-load operation, and frequency
of start-up and shutdown operation. Derermine
how loading, cyeling versus baseload operation,
rate of regponse two changes in load, and fre-
gquency of start up and shutdown might vary with
unit siza,
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5. Determine and compare the efficiencies of
various systems in differently sized units. For
example, compare the efficiencies of the stean
and cooling water cycles, air pollution control
equipment, etc, for differently sized units
using commercially available equipment. Discuss
the cause of differences in efficiencies. Are
those differences due to size per se oOr are more
efficient technologies commercially available
only for larger sized units? If economic con-
siderations limit availability of more efficient
technologies to larger units, might those tech-
nologies be economically feasible on smaller
units if design and manufacturing procedures
were more standardized or if more but smaller
plants were built?

6. Perform sensitivity analysis for the major
variables of the above tasks.

7. Responder may propose additional or alternate
tasks if they will substantially improve the
results of the project.

Written reports for Part II of the Study shall be sub-
mitted in the same manner as for Part I.

Specific Tasks of Part III of the Study

Part IITI of the Study shall consist of the analyses as
stated for Part II of the various alternatives for the
system of Northern States Power. The calculations
shall be performed for three percent load growth rate.
Unit sizes to be considered shall be 100 MW, 200 MW,
400 MW and 800 MW. Written reports for Part III shall
be submitted in the same manner as for Part I,

Department Contacts

Contractor shall address questions and all correspon-
dence to:

Dennis Rothenmaier - Project Manager
Power Plant Siting = Environmental Quality Roard
State Planning Agency

15 Capitol Square Building
550 Cedar Street

S5t. Paul, Minnesota 55101
512/296-2169



Attachments

The following documents are attached and form a part of
the contract.

A, 1979 Inventory of Power Plant Study Areas. This
document contains maps of the state, showing broad
regions (called "study areas") where variously sized
plants might be located. A plant or unit is
constrained by the requirements that the unit be
located within the utility's service region and
within an appropriate Inventory Study area.

B. 1978 Advance Forecast Report to the Minnesota
Environmental Quality Board. This document includes
data on current electric system capacity, forecasted
load, and planned generation.

C. 1979 Update of the 1978 Advance Forecasting Report to
the Minnesota Environmental Quality Roard - July
1979. This document is a revision of the previously
Tisted forecast.

D. Burns and Roe Definition of Model Coal-Fired
Generating Stations in the 50 MW to 2400 MW Range.
This report describes conventional, coal-fired power
plants of 200, 400, and 800 megawatts. It also describes
50 MW, 200 MW and 400 MW district heating power plants.
Numerous cost and technical data are given including
capital, fixed, and wvariable costs for each size
plant and for various systems of the plants. Dated
June 1979 (Revised January, 1980).

Schedule of Work

Weeks After Award

Activity of Contract
Preliminary draft of Part I Report due 8
PPSS returns Part I Report 14
Revised Part I Report due 20
PPSS returns revised Part I Report 26
Final Part I Report due 52
Preliminary draft of Part II Report due 16
PPSS returns Part II preliminary draft 22
Revised Part II Report due 30
PPSS returns revised Part II Report 36
Final Part II Report due 52
Preliminary draft of Part III Report due 26
PPSS returns Part II[ Report 32
Revised Part IIL Report due 40

PPSS returns revised Part 111 Report &6
Final Part III Report due ' 57






"LOCAL TAXING OF BLECTRIC UTILITY PROPERTY: MATCHING

BENEFITS WITH BURDENS

Overview

Electric utility property can provide significant tax benefits to
local taxing jurisdictions such as school districts, municipali-
ties and counties. These tax revenues can offset possible
increased local expenditures made necessary by the construction
and operation of these facilities and may allow local officials to
lower mill rates, expand services and/or inaugurate capital impro-
vement projects,

These tax benefits are not without cost, however. Utility property
imposes a variety of burdens on localities including direct bur-
dens for local services as well as soclal and environmental bur-
dens. The latter include the social costs of absorbing locally
the large numbers of temporary construction personnel, and
environmental costs such as obscurred landscapes, local air and
water pollution and coal transportation-related burdens.

In the case of direct local services burdens, the incidence of the
burdens is fairly well matched to the location where the tax reve-
nues are collected and a dollar figure can be placed on those
additional burdens. However, the incidence of the indirect
environmental and social burdens is not limited to the boundaries
of local taxing districts. Futhermore, it is difficult to come up
with acceptable measures that can be used to allocate such bur-
dens. Together, these factors make it very difficult to match
overall burdens with tax benefits.



ATTACHMENT A

The contractor shall provide information concerning the location
specific burdens imposed by electric utility property, describe
electric utility taxing concepts and evaluate how effective these
concepts are in associating the burdens of the utility property
with receipt of tax revenues, describe how electric utilities are
taxed in Minnesota and in other states and provide the State of
Minnesota with a simply written, comprehensive, illustrative
report synthesizing the above efforts.

Specific Tasks

TASK 1.

TASK 3.

Describe the

location-specific burdens imposed by

electrical facilities.

Subtask la -

Subtask 1lb -

Subtask lc -

Subtask 1d -

Subtask le -

Describe these burdens, their areal inci-
dence, and factors that affect their areal
incidence.

Discuss how well the burdens can be
measured and attributed to localities where
they fall.

Discuss how the level of burdens may be
affected by differences in siting and size
of plant.

Discuss means of mitigating burdens that
can have locally attributable costs.

Prepare a draft report addressing the sub-
jects included in Task 1.

Discuss utility taxing concepts and the association of

burdens with

tax revenues.

Subtask 2a - Conduct literature searches on taxing cor-
cepts and utility taxing policies of other
states, in general.

Subtask 2b - Prepare discussions to be used as introduc-
tory matter for the Task 3 Draft Report.

Survey the local property taxing policies of ®innestoa

and other states.



Subtask 3a - Obtain basic information on taxing policies
for each of the 50 states.

i Contact relevant agencies in each
state to obtain summary descriptions
of tax policies, adminstrative rules
and the laws themselves,

ii, Extend the literature search in sub-
task 2a to include the taxing policies
of other states.

Subtask 3b - Review the policies for each of the 50 states
for promising states for an in-depth
survey.

Subtask 3¢ -~ Establish a subset of states including
Minnesota, Wisconsin, Iowa, South Dakota
and North Dakota and others, for an in-
depth survey.

Subtask 34 - Conduct the in-depth survey, obtaining tax
laws, summary descriptions, and discussions
with state, utility, and local experts.

Subtask 3e - Tabulate, organize, and assess the infor-
mation obtained for presentation.

Subtask 3f - Prepare a Draft Report addressing the sub-
jects covered in Tasks 2 and 3. Draft
report will not choose among the researched
taxing methods nor recommend changes in the
state's utility taxing policies.

TASK 4 Prepare a Final Report based on Tasks 1 and 3 Draft
Reports and comments received. Final report will not
choose among the researched taxing methods nor recommend
changes in the state's utility taxing policies.

Deliverables

The contractor shall provide in a timely manner:

1. Task 1 Draft Report.

2. Task 3 Draft Report.

3. All information obtained in Task 3a(i.) organized in a reaso-

nable manner,

4. Final report based on Task 1 and 3 Draft Repoerts and comments

received.



The Contractor shall provide the MEQB with a reproduceable master
copy of the final draft and two copies within the scheduled time.

Schedulei

The contractor shall initiate work on this project upon receipt
of the contract and shall complete the project according to the
work schedule on p. 16 of their proposal and according to the
following schedule:

Report Schedule

Task 1 Draft Report: June 10, 1980

Task 3 Draft Report: June 24, 1980
Final Report 3 September 1, 1980

Interim Project Reports

#1 - May 1, 1980
#2 - June 1, 1980
#3 - July 1, 1980






ATTACHMENT A

ENVIRONMENTAL QUALITY BOARD
POWER PLANT SITING PROGRAM

April 3, 1980

WORK STATEMENT

Methods by which Conventional Coal-Fited Power Plants can be
Constructed to Facilitate Future Conversion to District Heating
Plants.

I.

II.

ITI.

Purpose

The purpose of this study is to investigate the economic
feasibility of several alternative methods of constructing
coal-fired electric power plants such that future conver-
sion to district heating can be readily accomplished.

Power plants constructed today will be in operation for
approximately the next forty years. It seems likely that
sometime during the life of the plant, the utilization of
reject heat will become attractive. Our objective here is
to compare the costs of alternate power plant designs that
allow the option of future cogeneration or district heating
development.

Scope of the Project

This project shall be an elaboration of a previous Burns &
Roe = State of Minnesota contract: Definition of Model
Plants; SPA-9036; Burns & Roe W.O. 3458-01. The final pro-
duct shall be a report which can be issued as an addendum
to the Definition of Model Plants final report.

Specific Tasks

The underlying assumption for this study is that a utility
plans to construct a conventional power plant with a nominal
electrical output of 50 MW, 200 MW or 400 MW. The

following alternatives shall be evaluated to provide a
district heating capability at a future date:



A. The initial power plant design is modified to accom-
modate a future district heating load. A district
heating turbine is installed and space is allocated to
install all other required district heating plant
equipment at a later date.

B. The conventional power plant is not designed to accom-
modate a future district heating load. At a later date
the power plant is modified to provide a district

heating capability. Design options to be considered
are:

1. Bypass one or more feedwater heaters to supply
steam to district heating heat exchangers.

2. Tap into the turbine crossover pipe to supply steam
to district heating heat exchangers.

For option A, the following information shall be supplied for 50
MW, 200 MW, and 400 MW power plants:

a. An estimate of the incremental costs incurred
at the time of original plant construction,
above those costs for a conventional power plant
with the same net electrical output. Costs for
plants supplying 15% and 100% of the maximum
district heating load will be provided.

b. The cost to install all the necessary equipment
to provide a district heating capability at
some time in the future. Included in this esti-
mate will be costs for extraction piping, large
district heating heat exchangers, control
systems, pumps and makeup water systems.

For Option B, the following information shall be supplied for 50
MW, 200 MW, and 400 MW power plants.

a. A typical plant heat balance for each size
plant will be reviewed to identify the steam
gquantities that can be extracted for district
heating by bypassing feedwater heaters or
tapping into the turbine crossover pipe. The
maximum district heating load, reduction in
electrical output and impact on overall plant
efficiency will be quantified.

b. The costs for nmodifyving the conventiocnal power
plant to accommodate a district heating load
will be identified for plants supplying 15% and
100% of the wmaxium district heating load.



SCHEDULE

The problem of physical space restrictions
associated with retrofitting large district
heating heat exchangers and steam piping will
be described. A conceptual layout drawing will
be developed for a typical turbine building.

A technical discussion shall be provided to
identify the design problems associated with
retrofitting a steam turbine to accommodate a
large district heating load. Items such as
turbine casing redesign, blade design and
loading limitations, control systems and impact
on plant performance are examples of areas that
will be discussed.

The work described above shall be completed to the draft report

stage by June 30,

1980, provided authorization to proceed is

received no later than April 15, 1980. A final report shall bhe
provided in reproducible form two (2) weeks after receipt of com-
ments from the Power Plant Siting staff.

IV. Department Contracts

All correspondance with the State of Minnesota shall be
addressed to:

bennis Rothenmaier, Project Managervr
Power Plant Siting Program

550 Cedar Street, Room 15

Paul, Minnesota 55101
612/296-2169

St.



ATTACHMENT B

Environmental Quality Board April 3, 1980
Power Plant Siting Program

COMPENSATION:

@
Compensation for the services detailed on Attachment A shall be on
the basis of actual payroll cost (including the straight time
portion of overtime and holiday compensation) for all personnel
directly engaged in the work in accordance with generally
accepted accounting procedures and Burns and Roe, Inc.
established personnel practices; plus 100% of this amount to
cover overheads and profits; plus out-of-pocket expenses at
actual cost for payroll taxes, insurance and pension
contributions, lodging, overtime premiums and allowances,
communicatinos, reproductions, publications and other authorized
items necessary or desirable to carry out the work. Personnel
compensation, and out-of-pocket expenses shall be itemized and
verified where possible by receipts, etc.






II.

"An Assessment of Cogeneration Potential"
PURPOSE

The purpose of this study is to enable the citizens of
Minnesota to assess the potential for cogeneration vhen
siting future electric power generating units. The citi-
zens of Minnesota have expressed a desire to reduce both
the operating inefficiencies and the environmental
effects of future generating units by productively uti-
lizing thermal energy. An existing siting rule provides
for consideration of cogeneration potential when siting
generating units by specifying that "... preferred sites
permit significant conservation of energy or utilization
of by-products" (6 MCAR § 3.074 H.1l.j.).

The citizens of Minnesota have also expressed an interest
small, localized electric power generating units that
could be sited near load centers and could minimize local
effects on land, air, and water. Smnaller units also
could be more suitable for cogeneration applications.
Fewer siting constraints may enhance siting that is com-
patible with user, as well as utility, needs. In addi-
tion, user concentrations sufficient to economically
utilize the available thermal energy from smaller coge-
neration units may be easler to assemnble.

Prior research studies and existing programs have
denonstrated the advantages of cogeneration as a means of
maximizing fuel efficiency and minimizing waste heat
disposal into surface waters or into the atmosphere.
Cogeneration is now viewed as a state-of-the-art tech-
nology. 1If viable opportunities for cogeneration can be
identified, efforts can be directed toward the develop-
ment of suitable applications.

SCOPE OF THE STUDY

This assessment ¢f cogeneration potential will consist of
three phases. Phase I will include a preliminary litera-
ture review, generic analyses of various legal, finan-
cial, and technical factors, and a general assessment of
cogeneration potential in Minnesota. Phase I will focus
on the identification of notential users of thermal enerqy
in southern Minnesota. “The final reports and an execu-
tive summary will be completed during Phase 1I1.

in
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STATEMENT OF WORK

Synergic Resources Corporation (SRC) shall perform the
following specific tasks and subtasks.

PHASE I - GENERAL ASSESSMINT

TASK 1 -~ LITERATURE REVIEW

@

Subtask 1.1 = Orientation Meeting

The Project Director and Project Manager shall meet with
the Minnesota Environmental Quality - Power Plant Siting
Program (MEQB-PPSP) to obtain the literature and other
information to be provided by ME(QB-PPSP and to review the
objectives and purposes of the study, outlines of the
Phase I and II Reports, and the format and potential use
of the final report.

Subtask 1.2 ~ Compile Information

SRC shall make use of existing information already on-
hand from current project work pertaining to tooping-and
bottoming-cycle cogeneration and end-use thermal enerqgy
requirements; documents obtained from MREQOB-PPSP and other
State agencies; and information obtained by contacting
manufacturers, design organizations, and representative
end-users, to prepare an annotated bibliography. Emphasis
will be placed on those manufacturing industries that pre-
dominate in Minnesota (i.e., grain and livestock
processing, sugar, wood products, and paper production) and
other enterprises and operations that utilize, or

could utilize, significant amounts of energy (e.g., mining
and ore beneficiation, agriculture and aquaculture, and
large educational and health care facilities). 1In addi-
tion to the annotated bibliography, SRC shall submit a
list of organizations and individuals contacted and a
complete reference document set with author and organiza-
tional indexes.

TASK 2 - REGULATORY AND LECGAL ASPECTS

o

Subtask 2.1 - Federal-Originated

SRC shall contact the appropriate federal agencies (e.q.,
FERC) and obtain the latest informatioun on existing and
proposed regulations affecting cogeneration installations.,

Subtask 2.2 - Minnesota-Originated

SRC shall contact the cognizant rvegulatory authorities in

the state (e.g., Department of Public Service, Minnesota

Energy Agency) to determine their current policy positions

and obtain existing and proposed regulations concerning cogenera-



tion installations. SRC also shall examine the reqgulatory
and legal aspects of rights-—-of-way acquisition for
installation of thermal energy conveyance lines between
power plant and user(s) in the event they are not on con-
tiguous properties.

Subtask 2.3 - Environmental Aspects

SRC shall obtain information from federal and Minnesota
authorities regarding regulations affecting diccharges to
land, air, and water by cogeneration facilities of the type
and size contemplated, as well as by the end-use
facilities., For example, diversion of water for warm-water
irrigation of farmland, fish-produced wastes in
aquaculture, thermal emissions from the power plant when
the end-users cannot utilize this output, and discharge of
condensate from the end-users (when high-grade enerqy is
used) are environmental issues that shall be discussed.

TASK 3 - FINANCIAL INCENTIVES

e

Subtask 3.1 = Federal Programs

SRC shall investigate and obtain information related to
federal tax incentives and other financial assistance
sulitable for cogeneration projects, such as programs spon-

sored by DOE and EDA.

@ Subtask 3.2 -~ Minnesota Agency Programs

SRC shall contact the Minnesota Department of Economic
Development, the Minnesota Energy Agency, and other State
Agencies to obtain information regarding cogeneration pro-
ject eligibility for existing and proposed financial
incentive programs (e.qg., state-backed loans or grants).

TASK 4 - GENERIC FEASIBILITY

e

Subtask 4.1 - Technical Feasibility

SRC shall prepare revort material describing how cogenera-
tion systems are typically configured to provide (a) low-
grade (i.e., "waste heat") and (b) high-grade (i.e.,
"by-product heat") thermal energy. While it is understood
that this study shall emphasize the topping-cycle con-
figuration, with a coal-using electric plant
(steam/Rankine cycle) also supplying the low- or high-
grade thermal energy to one of more end-users (e.q.,
industrial plant, hospital, greenhouse, crop drying, or ore
pelletizing), potential bottoming cycle configurations
also shall be described.



This discussion shall include the current status of the
various technologies; examples of presently available
technologies and equipment; advantages, disadvantages and
limitations of each technology and configuration
(including data and a discussion of environmental impli-
cations, reliability/redundancy issues, and thermal
conveyance); and the cogneration implications of other
future electrical generation technologies (e.g., fuel
cells). ’

Subtask 4.2 = Economic/Institutional Feasibility

SRC shall prepare report material describing the finan-
cial, institutional, and regulatory aspects of topping-
cycle cogeneration systems. This material shall include
(but shall not be limited to) the following special
considerations:

- Temporal variations in demand for both products; load
factors and relative phasing of one demand to the other

- Allocation of capital, fuel, and © & M costs among
electric and thermal outputs

~ Contractural arrangements for long-term purchase of
thermal output

- Siting and rights-of-way issues

~ Financing

- Interfaces

~ Pricing of thermal output

SRC also shall briefly describe the financial, institu;

tional and regulatory aspects of bottoming-cycle coge-
neration systems.

TASK 5 - GENERAL STATEWIDE ASSSESSMENT

®

Subtask 5.1 - Identify End-Users

SRC shall obtain information on end-users from the
Minnesota Directory of Manufacturers, Census of
Manufacturers data, lists of agricultural and mining
enterprises, and other state-level information available
form the Minnesota Department of Economic Development and
other sources.,

Subtask 5.2 = Define Energy Requirements of End-Users

SRC shall analyze the energy requirements of the various
end--users, defining quantities and qualities (i.e., tem-



perature level, purity, preferred form), temporal
variations, present source and future availability and
price of energy from this source, and other technical and
economic factors such as future markets and demand for
energy considering changes produced by conservation
neasures, technological changes, and growth in demand for
the product or service produced.

Subtask 5.3 - Establish Screening Criteria

In collaboration with MEQB-PPSP, SRC shall develop a set
of screening criteria to be applied to the inventory of
all potential end-users identified in Subtask 5.1. The
screening criteria will enable the potential end-users to
be identified and located within specific development
areas.,

Subtask 5.4 - Identify Potential End-Users

SRC shall apply the screening criteria developed in
Subtask 5.3 and shall identify the potential end-users
within each of the 13 Minnesota Development Regions. This
identification shall be largely by type (i.e., 4-digit

SIC manufacturing industry, specific type of agricultural
enterprise, or ore processing operation), but some specific
organizations shall be identified in the health care and
eduational fields where the identity is obvious. Maps
showing the locations of the largest individual end-users,
and clusters of smaller users, shall be prepared.

Subtask 5.5 - Assess Cogeneration Potential

SRC shall prepare an assessment of the potential for
topping~cycle cogeneration in the state, considering the
potential end users and their generic energy requirements
and economic factors identified in Subtask 5.2, the tech-
nical and economic feasibility aspects of cogenerated
thermal energy developed in Task 4, and the likely econom-
nics of alternative technologies for providing thermal
energy. SRC also shall assess bottoming-cycle potential
and possible applications.

TASK 6 - DRAFT PHASLE I REPORT

Subtask 6.1 - Prepare Report

SRC shall prepare a written report which summarizes the
work performed and information obtained during Phase I of
the program. This report shall be written in non-
technical language to the maximum extent possible, and all
technical terms will be defined. Graphical and pictorial
material shall be used to illustrate the data and tech-
nical information.



© Subtask 6.2 - Presentation to MEQB-PPSP

SRC shall meet with MEOR-PPSP representatives to make an
oral presentation of the Phase I activities and results,
and to amplify on the information in the report.

PHASE fI - SPRECIFIC ASSESSMENT

TASK 7 - COGENERATION IN SOUTHERN MINNESOTA

® Subtask 7.1 - Identify All Potential End-Users

Based on the information developed in Task 5, SRC shall
identify both organizations with existing facilities that

can use thermal energy from cogeneration plants, and orga-

nizations that may construct such facilities (including
"new" technologies such as "gasohol", aquaculture and

enclosed-space farming) 1in Minnesota Develobment Regions 9
and 10. '

@ Subtask 7.2 - Develop Questionnaire

A guestionnaire shall be devleoped by SRC to identify

site-specific data (primary data) relevant to the applica-

tion of cogeneration-produced thermal energy, and to

determine the willingness of the facility manager/operator

to cooperate. The questionnaire shall be reviewed with
MEQB-PPSP,. ’

® Subtask 7.3 - Send Questionnaire

The questionnaire shall be sent to the potential end-users

identified in Subtask 7.1. It is proposed that this be
accompanied by a cover letter on MEOB letterhead, and
signed by the MEQB/PPSP Project Manager., Completed
follow—-up telephone interviews will be where question-
naire response 1is lacking or unsatisfactory.

@ Subtask 7.4 - Preliminary Selection of Representative End-

-Users for Case Studies

Based on an analysis of questionnaire responses, about 15
to 20 representative end-users shall be identified. This
gsubtask shall be a cooperative effort between the SRC
project team and MEQB-PPSP staff.

® Subtask 7.5 - Contacts with End-User Case Study
Candidates

. Telephone discussions will be conducted with officials at
the identified facilities to determine any additional
relevant factors, degree of cooperation, degree to which
certain information shall be confidential, etc,
Arrangements will be nade for site visits.



Subtask 7.6 -~ Site Visits

Members of the SRC project team with significant
experience in site~specific energy audits and conser-
vation studies shall visit the representative end-user
sites. Specific team menbers shall be selected based on
the type of end-use facility to be visited. Data needed
to make site-specific cogeneration assessments shall be
collected.

Subtask 7.7 - Cogeneration Potential

SRC shall analyze the data obtained from the mail question-
naires and the site visits and, from these, together with
the generic information developed in Phase I, shall pre-
pare a ratlonal assessment of the potential for cogenera-
tion in Soutehrn Minnesota (Development Regions 9 and 10).
This assessment also shall include an estimate of the po-
tential for new industrial facilities or technologies,
(e.g., aquaculture, "gasohol"), that shall be based

upon technological, feedstock, labor suply, transportation
and market considerations. The maps developed in Task 5
shall be refined to identify the locations of the various
types of end-~use facilities, based on the infrastructure
elements discussed above,

TASK 8 - PROCESS REQUIREMENTS

SRC shall summarize, in narrative, tabular and graphical
formats, the thermal process enerqgy supply requirements of
each type of end-use facility. This shall include, but
not be limited to, factors such as temperature and
pressure levels, flow rates, purity or other quality
aspects, daily weekly and seasonal temporal variations of
each of the foregoing parameters, and scheduled and
unscheduled downtime.

TASK 9 - VALUE ANALYSIS

[~}

Subtask 9.1 - Systems Analysis

Using information developed in Tasks 4, 7 and 8, SRC shall
determine the most rational location, type, and size (e.qg.,
thermal and electrical capacities) of cogeneration plants
for each large end-user facility or cluster of facilties.
This analysis shall, in particular, consider the environ-
mental aspects and fuel suply and electrical interface
requirements of the cogeneration plant. (Environmental
aspects include waste heat rejection as well as air, water,
and solid waste discharges).

Subtask 9.2 - Economic Analysis for End-User Facilities

SRC shall prepare an economic analysis in which the value
of the thermal energy to be potentially provided by the



cogeneration plant is determined, hased upon: (a) the
quality, quantity, and time variations of the energy
required by the processes at the facility; () the pro-
bable future cost of the alternate form(s) of energy or

fuel that would be used (i.e., the fuel now used or the

one most likely to be used in the future for inplant pro-
duction of the required thermal enerqgy); (c) the effi-
ciency and remaining life of existing in-plant equipment
used to produce the process energy (e.g., a boiler furnace
or electrical resistance heater); (d) the capital cost of
replacement of new in-plant equipment to produce the process
enerqgy (for facilities mnot yet constructed), and (e)

the users expected return on investment. To the extent that
plant-specific data is not obtained from the mail survey,
representative values will he assumed.

TASK 10 - DRAFT PHASE II REPORT

@ Subtask 10.1 - Prepare Report

SRC shall prepare a written report that summarizes the
work performed and information obtained during Phase II of
the program. This report shall be written in non-technical
language to the maximum extent possible, and all technical
terms shall be defined. Graphical and pictorial material
shall be used to illustrate the data and technical
information.

@ Subtask 10.2 - Presentation to MEQB-PPSP

SRC shall meet with MEQB-PPSP representatives to make an
oral presentation of the Phase II activities and results,
and to amplify on the information in the report.

PHASE III - FINAL REPORT

TASK 11 - PREPARE FINAL REPORT

© Subtask 11.1 - Assemble Draft Final Report

SRC shall carefully review all written comments submitted
by MEQOB-PPSP regarding the Phase I and II draft reports
and shall, to the extent considered feasible, incorporate
them into a draft Final Report. At the time of the Phase
II presentation (or earlier), SRC shall consult with MEQB-
PPSP to establish the format and structure of the Final
Report and Executive Summary. SRC shall then modify the
draft reports, as appropriate, and assemble the naterial
into a single coherent document. In addition, SRC shall
prepare a draft Executive Summary.



Subtask 11.2 - Submission of the Final Report and
Executive Summary

SRC will submit the draft Final Report and Executive

Summary to MEQB-PPSP for review. Any further MEQB-PPSP com-
ments shall be addressed by SRC and camera-ready copies of
the documents shall be submitted.



DELIVERABLES

SRC will deliver to the Minnesota Environmental Quality Board
the following reports under this contract:

@

Phase I Draft Report - to be delivered 8 weeks after pro-

ject initiation. The report will summarize the results of
work performed under Tasks 1 through 6.

Phase II Draft Report - to be delivered 18 weeks after
project initiation. The report will summarize the results
of work performed under Tasks 7 through 10.

Draft Final Report and Executive Summary - to be

delivered 22 weeks after project initiation., The

final report will incorporate MEQB-PPSP comments on

Phase I and II. The draft Executive Summary will be a con-
cise summary of project activities and results, written in
nontechnical language for public distribution,.

Final Report and Executive Summary - to be delivered 2
weeks after receipt of comments on the draft Final Report
and draft Executive Summary. The documents shall be
camera-~ready and suitable for reproduction.

Monthly Letter Progress Reports - to be delivered on the
first of each month. The reports summarize the past
month's activities and review work scheduled for the sub-
sequent month.




SCHEDULE

Figure 1 presents the project schedule for tasks and deli-
verables.
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II.

"POTENTIAL JOINT-USE OF WASTE DISPOSAL
AND ELECTRIC POWER GENERATING FACILITIES"

PURPOSE

The purpose of this study is to enable the citizens of
Minnesota to assess the potential for joint waste dispo-
sal and electric generating unit facilities. Both acti-
vities involve some similar or complementary processes
that, when combined, may reduce operating costs and
environmental effects and increase fuel efficiency.

Recent difficulties encountered in establishing new
waste disposal sites and new Federal and State legisla-
tion governing landfill practices have contributed to
greater public interest in resource recovery and alter-
native disposal practices. Although various innovative
waste disposal procedures have been developed (e.qg.,
fluff and dust refuse derived fuels, pyrolosis, etc.),
incineration presently appears to be the most reliable
and proven means of processing waste. In addition to
reducing the volume of material that must finally be
disposed of, incineration can generate useable thermal
energy. However, incineration also produces air
emissions and the residue or ash must still be land-
filled. ~

The study will assess the potential for new joint-use
facilities that integrate waste disposal and electric
pover generation. These facilities could enable the
electric generating unit to utilize the incineration
waste heat in the steam design cycle; enable the waste
disposal unit to utilize the generating unit's exhaust
stack, pollution control equipment, and ash disposal
site; and confine the impacts associated with the two
processes to a single location.

SCOPE

The study will be comprised of three phases. Phase I
will focus on the technical feasibility of joint waste
disposal and electric generating unit facilities.
Economic and geographic considerations will be examined
in Phase II, and a final report and executive summary
will be completed during Phase I1II.



STATEMENT OF WORK

Sanders and Thomas, Inc., 1n association with Foster Uhecler
Development Corporation (hereafter referred to as the
'contractor'), shall perform the following specific tasks
and subtasks.

PHASE I -~ TECHMNICAL ANALYSIS

TASK 1 - LITERATURE REVIEW

@ Subtask 1.1 - Orientation Meeting

The Project Manager f£for each of the contracting firms

shall meet with the Minnesota Environmental Quality Board -
Power Plant Siting Program (PPSP) staff to obtain
literature and other pertinent information provided by the
PPSP and to review the objectives and purpose of the

study, outlines of the Phase I and Phase II reports, and
the format and potential use of the final report.

® Subtask 1.2 - Compile Information

The contractor shall review existing literature pertinent
to the study and shall be thoroughly familiar with the
current technology and operations associated with coal-
fired electric generating. units and waste incineration
systems. Upon completion of Task 1, the contractor shall
document sources that were consulted (manufacturers,
designs organizations, operators, state agencies, etc.) by
submitting to the PPSP a list of contacts and an annotated
bibliography. In addition, the contractor shall select
specific literature (printed material, slides, etc.),
suitable for general reference use and/or pertinent to
Minnesota, and shall deliver this literature to the PPSP
with an accompanying index.

TASK 2 - DESCRIPTION OF ENERGY RECOVERY INCINERATION SYSTEMS

» Subtask 2.1 - Selection of Systems

Utilizing the information gathered in Task 1, the contrac~
tors shall select and examine various energy recovery
incineration systems that range in size, technology and
configuration (e.g., modular incinerators, waterwall fur-
naces, rotary kilns, etc.)

® Subtask 2.2 - System Design Factors

The contractor shall utilize both narrative and tabular
format to comparatively illustrate the critical design
factors for each energy recovery incineration system,
including:




Waste quantities

Waste flows

Front—-end processing requirements

Fossil fuel requirements for waste-drying and/or incineration
Steam quality (temperature and pressure)

Discharge water quality and quantity

Residual materials (back-end) recovery capability
Residue/ash output

Emission characteristics and pollution control eguipment
Reliability

Adaptability to alternative fuels

Maintenance characteristics

Odor/noise/detonation impacts

Land requirements

Other significant factors
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TASK 3 - INTEGRATION OF THERMAL ENERGY

@ Subtask 3.1 -~ Assess Integration Potential

Utilizing the data developed in Task 2, the contractor
shall assess the technical potential for integrating the
thermal energy, generated by the enerqgy recovery incinera-
tion systems, in an electric generating unit steam design
cycle., The contractor shall use the information and tech-
nical data presented in the "Considerations of Electric
Power Plant Siting," prepared by Burns and Roe for the
PPSP. 2aAnalysis shall be limited to 50 MW, 200 M, and 400
MW reference units. Technical factors that may affect
integration (e.q., seasonal and waste load variations,
reliability, back-~up system requirements, etc.) shall be
examined.

® Subtask 3.2 - Screen Alternatives

In consultation with PPSP, the contractor shall select
those confiqgurations that exhibit technical merit and
shall complete further analysis and development of concen-—
tual designs.

TASK 4 - WASTE STEAM INTEGRATION

e Subtask 4.1 - Assess Integration Potential

Based on the configurations selected in Subtask 3.2, the
contractor shall assess the technical feasibility of
integrating incineration waste streams with generating
unit waste streams. In addition to integration of solid
liquid, and gaseous waste streams, the contractor also
shall examine any other opportunities for joint or comple-
mentary use (e.g., common fuel supplies, water supply
etc.) that would improve operating efficiencies and/or
lessen environmental impacts,



@ Subtask 4.2 - Screen Alternativeg

In consultation with PPSP, the contractor shall select
those configurations that exhibit technical merit and
shall complete further analysis and development of concep-
tual desiqgns.

TASK 5 - DRAFT PHASE I REPORT

Upon completion of Task 4, the contractor shall prepare a
written report that summarizes the work performed and infor-
mation obtained during Phase I. The report shall he written
in clear, non-technical language, to the maximum extent
possible, and all technical terms will be defined. The
report shall be accompanied by graphics, wherever possible,
that illustrate or supplement the written material.

PHASE II - ECONOMIC AND GEOGRAPHIC ANALYSIS

TASK 6 - ECONOMIC ANALYSIS

@ Subtask 6.1 - Develop Reference Unit Capital and Operating
Costs

The contractor shall develop amortized capital costs for
the three reference coal-fired generating units (50 MW,
200 MW, and 400 MW). These costs shall be based on the
Burns and Roe report and shall be adjusted, as
appropriate, to account for escalation, minor differences
in scope or system design, or incomplete data. The
contractor also shall develop annual operating costs for
the reference units.

e Subtask 6.2 - Develop Integrated Facilities Capital and
Operating Costs

The contractor shall develop amortized capital costs for
the selected integrated generating unit/waste incineration
facilities utilizing the costs developed in Subtask 6.1,
the costs associated with the model energy recovery inci-
neration systems, and the costs for modification and
alteration of the reference generating unit components and
structures. The contractor also shall develop annual
operating costs for the integrated facilities that include
changes in fuel consumption, operating efficiency, and
maintenance and staffing requirements.

® Subtask 6.3 - Calculation of Differential Costs

The contractor shall compare the amortized capital costs
and operating costs of the stand-alone reference units
(Subtask 6.1) with the costs of the integrated facilities
(Subtask 6.2). The differential costs shall be divided by
the amount of waste incinerated to determine the waste
disposal cost per ton.



e Subtask 6.4 - Calculation of Enerqy Balance

The contractor shall develop an enerqgy balance as a
measure of the efficiency of the integrated facilities,

The Btu difference in fossil fuel consumption between the
stand-alone and inteqrated facilities shall be computed

and compared with the Btu content of the incinerated waste.

TASK 7 - APPLICATION 70 SOUTHEASTERIT MINNESOTA

©

Subtask 7.1 - Delineation of Service Areas

The contractor shall utilize existing literature and docu-
ments supplied by PPSP to identify municipalities and/or
large wastesheds (solid and sludge) in southeastern
Minnesota (Minnesota Development Regions 9 and 10) with
projected flows sufficient for the operation of integrated
generating unit/waste disposal facilities. :

® Subtask 7.2 -~ Service Area Assessment

The contractor shall summarize persent waste disposal
operations in the identified service areas (Subtask 7.1),
including disposal practices, facility operating life-
times, and projected disposal costs.

TASK 8 - APPLICATION TO TWIN CITIES METROPOLITAN AREA

The contractor shall repeat Task 7 for the Twin Cities
Metropolitan Area (Minnesota Development Region 11).

TASK 9 - DRAFT PHASE II REPORT

@ Subtask 9.1 - Assemble Phase II Report

Upon completion of Task 8, the contractor shall furnish
PPSP with a draft report that summarizes the work per-
formed and information obtained during Phase II of the
study. The report shall be written in clear, non-
technical language, to the maximum extent possible, and
all technical terms will be defined. The report shall be
accompanied by graphics, wherever possible, that
illustrate or supplement the written material.

@ Subtask 9.2 - Establish Format for Final Report and
Executive Summary

Upon receipt of the PPSP comments on the Phase II draft
report, the contractor shall consult with PPSP to
establish the format and structure of the Final Report and
the Executive Sunmmary.



PHASE III - FINAL REPORT

TASK 10 - PREPARE FINAL REPORT

@

Subtask 10.1 - Assemble Draft Final Report

The contractor shall review and evaluate the written com-
ments submitted by the PPSP on the Phase I and Phase II
draft reports and, to the extent considered feasible,
incorporate them into the draft Final Report. In addi-
tion, the contractor shall prepare a draft Executive
Sumnary.

Subtask 10.2 -~ Submission of the Final Report and
Executive Summary

The contractor shall submit the draft Final Report and
Executive Summary to PPSP for review. Any further PPSP
comments shall be addressed by the contractor and camera-
ready copiles of the documents shall be submitted.



DELIVERABLES

The contractor shall deliver to the PPSP the following
reports under this contract:

@

Phase I Draft Report - to be delivered 8 weeks after pro-

ject initiation. The report will summarize the results of
work performed under Tasks 1 through 4.

Phase II Draft Report - to be delivered 12 weeks after
project initiation. The report will summarize the results
of work performed under Tasks 6 through 8.

Draft Final Report and Executive Summary - to be delivered
16 weeks after project initiation. The draft Final Report
will incorporate PPSP comments on the Phase I and Phase II
reports. The draft Executive Summary will be a concise
summary of project activities and results, wrltten in non-
technical language for public distribution.

Final Report and Executive Summary - to be delivered 2
veeks after receipt of PPSP comments on the draft Final
Report and draft Executive Summary. The documents shall
be camera-ready and suitable for reproduction,

Monthly Letter Progress Reports - to be delivered on the
first of each month. The reports shall summarize the past.
month's activities and review work scheduled for the sub-
sequent month,




C. SCHEDULE

Figure 1 presents the project schedule for tasks and
deliverables,
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ATTACHMENT A

The consultant shall prepare an addendum to the report "Public
Health and Safety EBffects of High Voltage Overhead Transmission
Lines" released by the Minnesota Environmental Quality Board in
October, 1977. The addendum shall include:

A. Relevant scientific and medical information that has since
become available on:

1. Ac and dc electric shock thresholds.

2. Relationship between “worst case” and "realistic case"
shock exposure. -

3. New laboratory and field research and epidemiological
findings concerning biological effects of 60 Hz electri-
cal fields.

4. New laboratory and field research and epidemiological
findings on the biological effects of dc electrostatic
fields.

B. A thorough description of the biological effects of air ions
with particular attention given to:

1. 1Yon density, species, size, charge and characteristics of
the field in which they occur.:

2. Biological effects of air ions at the organismic, cellular,
and subcellular levels. '

3. Implication of air ion effects on enzymic
oxidation processes.

4. Relevance of known effects of air ions to the electrical
environment associated with high voltage direct current
transmission lines.

The final report shall contain a complete bibliography of all
sources used, including references to personal communications
about recent, as-yet-unpublished research.. Copies of all signi-
ficant documents used in the project shall be supplied to the
MEQB.

A draft report shall be submitted to the project manager within
10 weeks of execution of contract for review and comment and a

reproducible master (camera ready) of the final report by June

30, 1980.

Key personnel shall be as identified in the proposal submitted by
Dow Associated dated March 17, 1980 with the addition of Dr. A.P.
Kﬁeger as consultant on air ions. Allocation of consultants time
may be adjusted by Dow Associates.






"Right of Way Compatibility Analysis"

Overview

The Minnesota Environmental Quality Board (MEQB) has the
authority under the Power Plant Siting Act Minn. Stat. 116C.51
et. seq. to designate the route for all transmission lines
capable of operating at over 200 kV constructed within Minnesota.
In considering transmission line routes, there has been con-
siderable public interest in minimizing the number of new
transmisison line rights of way, a view reinforced by a recent

. Minnesota Supreme Court ruling (PEER v. MEQB) which established
the principle of "nonproliferation" by requiring that new )
transmission lines be placed along existing rights of way unless
there are extremely strong reasons for not doing so. For these
reasons it is necessary for the MEQB, when routing a new
transmission line, to consider the suitability of all existing
rights of way which may be available to accommodate any new line.

To specifically address the issue of right of way compatibility
the Power Plant Siting (PPS) staff of the MEOB requests proposals
and bids to perform a "Right of Way Compatibility Znalysis."

This analysis will address the technical, economic, environmental
and institutional issues associated with the use or paralleling
of existing rights of way (transmission, highway, railroad, pipe-
line, communication) and of upgrading existing transmission faci-
lities.

Purpose

The primary objectives shall require:

1. A description of the components and the desiqn charac-
teristics associated with the individual, single system right

of way requirements for transmission lines, roadwvays,
railroads, pipelines and communication lines,

o

. An analysis of how placement of transmission facilities would
interact with and influence the use of other rights of way in
Minnesota when paralleling immediately adjacent to or
sharing. Techniques and costs for nitigating said impacts
shall also be discussed.

3. An analysis of how greater use can he nade of existing
transmission line rights of way in !Minnesota by modifying
existing structures, upgrading existing transmission cir-
cuits, by adding circuits, identifying structure types and
designs most suitable for and capable of expansion, and other
applicable techniques.



4.

A discussion of reliability.

Preparation of a comprehensive bibliography and recommen-
dations for reference materials.

The preparation of a Report for Tasks I, II, III and IV which
presents both technical and non-technical information in a
form which will allow the Report to be used as an evaluation
guide or manual by professional planners, technicians, citi-
zens advisory committees and members of the public in eva-
luating routes that comply with the principle of
nonproliferation. All -technical data and analysis shall be .
included as Appendices to the Report. The final Report and
Appendices shall be sumitted as a camera ready copy. The
contractor will also prepare a series of draft brochures and .
slides for public information purposes. All technical terms
and jargon used in report preparation shall be defined .in a

glossary.
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ATTACHMENT A

"RIGHT OF WAY COMPATIBLITY ANALYSISY

STATEMENT OF WORK

Task I - Linear Facility Description

PTI will provide a discussion and overview detailing the com-
ponents, considerations and characteristics associated with the
design, construction, operation, maintenance, safety (public and
employee) and reliability factors of separate rights-of-way for
the following: , '

A. Transmission Lines - ac
1. 69 kv
2. 115 kv
3. 138 kv
4, 161 kv
5. 230 kvV
6. 345 kv
7. 500 kv
B. fTransmission Lines - de

1. + 250 kv
2. T 400 kV

C. Double Circuit Transmission Lines

1. 69 kv

2. 69/115 kv
3. 115 kv

4. 115/230 kv
5. 230 kv

6. 230/345 kV
7. 345 kv

8. 500 kv

D. Highways

Interstate

U.S. routes

Trunk or State

County state-aid highvay
County roads

Township roads

Municipal roads

°

.
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E. yailrmaﬂs

1. U.S. Department of Transportation Classification for A
and B main lines and A and B branch lines.

2. Federal Railroad Administration classification system for
class 1, 2, 3 and 4 tracks.

F. Pipelines
1. G@Gas
2. 0il

3. 0Oil products

G. Communication

1. Telephone

a. Local
b. Long Distance

2.  Rallroad communications

3. Other

Items A through G in Task 1, in addition to a written discussion,
will be complemented by illustrations, charts and tables as
necessary where they will contribute to an understanding of the
components, considerations, and characteristics associated with
the individual rights—of-way. PTI will assume typical or stan-
dard designs based upon current practice in Minnesota. This task
will provide a data base for the analytical portion of the study
.and also provide a comprehensive perspective on transmission line
right-of-way use in Minnesota. This and other tasks will empha-
size the efficient use of the electrical properties of the ROW,
Thus, discussion of highways, railroads, pipelines, and com-
rmunication systems will be limited to their interaction with
electric power transmission lines. The components, design,
construction, operation, maintenance, safety, and reliability of’
transmission lines will be described with emphasis on those fac-
tors affecting efficient use of the ROW. Because of the large
number of designs, appropriate generalizations will be nade.
Typical characteristics of the various classes of transmission
will be presented such as: audible noise, radio interference and
electric field effects: loading capabilities; performance and
operating characteristics.



It 18 assumed that MEQB statfi will provide all of the input data
through local contacts. This data will be defined through preli-
minary meectings at the start of the study. It will be institu-
tional constraints, drawings, specifications and maps of the
transmission facilities described above and presently existing in
Minnesota.

Task II - Nonproliferation Techniques of Paralleling and Sharing
Rights-of-way

PTI will provide a thorough and comprehensive analysis of the
non-proliferation techniques of paralleling and sharing of
rights-of-way and how they would interact with, and influence the

-rights—-of-way listed in Task I. The analysis of the technical
factors will be structured to interface with and address the
following evaluation criteria: (1) human impacts, (2) environ-

mental impacts, (3) efficient use of resources, (4) reliability,
(5) technical constraints, (6) institutional constraints.

Factors cited in the examples above will include but not be
limited to the following: RI, TVI, AN, pacemaker, ozone; ROV vs
line design trade-offs; constraints on paralleling; current
rules, regulations, laws and practice; insulation desiqn; powver
line fault current; electromagnetic field induction, electrosta-
tic field effects; corona, reliability, public and employee
safety. Note that "efficient use of resources" includes con-
siderations of natural and other resources as well as economic
ones., PTI will also provide an analysis of mitigation techniques
when existing rights-of-wvay are utilized or paralleled. The
effect as a function of the length of parallel use will also be
described. The costs associated with mitigation techniques will
also be described, in addition to the trade-offs associated with
true costs; i.e., minimizing transmission losses by using larger
conductors.  Where mitigation techniques are not applicable a
presentation of data or minimum separation requirements will be
provided. Illustrations, charts, matrices and tables, where
appropriate will be used as a supplement to the text., PTrI will
submit a detailed study methodology and this task will be con-
ducted according to the written guidance of the contractee in
response to the proposed methodology.

Task III - Nonproliferation Strategies of Upgrading and Modifying
Existing Transmission Facilities.

PTI will provide a thorough and comprehensive analysis of the
nonproliferation strategies of upgrading and modifying existing
transmission faclities. The analysis will be structured to
interface with and address the following evaluation criteria:



(1) human impacts: (2) environmental impacts; (3) efficient use
of resources; (4) reliability; (5) technical constraints; and
(6) institutional constraints. PTI will submit a detailed study
methodology and report outline at the bheginning of this task.
The analysis for this task will be conducted according to the
written guidance of the contractee in repsonse to the proposed
methodology and outline. The analysis will include but not be
limited to the following:

A. Upgrading existing transmission circuits by increasing
voltage or current carrying capacity. The contractor will
identify the voltages and situations where the greatest poten-
tial for upgrading exists and how this relates to structure
type, insulators, conductors and substation components.
Particular emphadsis will bhe placed on voltages in Minnesota
between 69 kV and 200 kV that can be upgraded to 115 kV
through 345 kV.

B. The addition of transmission circuits to existing structures.

C. Identification of what transmission voltages are compatible or
incompatible on shared, paralleled, and double circuit
rights—-of-way.

D. Identification of the tover types and designs in Minnesota
capable of being expanded to accommodate additional circuits
and upgrading. See items A, B, C of Task 1 for range of
alternatives to be considered.

E. Identification of structure types and desiqgns in the 69 kV to
345 kV range suitable for future use- in Minnesota that can
provide for additional circuits and upgrading. This should

. include a discussion of recent design developments, i.e. pre-
stressed concrete, fiberglass etc.

F. Provide summary matrix and tables of structures, materials
and cost requirements for transmission lines in the 69 kV to
345 kV range. Contractor and contractee shall agree on the
scope of this sub-task at a meeting or before initiation of
the subtask.

Illustrations, charts, matrices and tables, vhere appropriate
will be used as a supplement to the text.

Task IV - Reliability

A discusison of reliability is alsoc necessary as a component of
the analysis. The relibility discussion will be related specifi~
cally as possible to the nonproliferation strategiles analyzed in
Tasks II and III. The discussion will include but not be limited
to the following:



The concept of reliavility.

Power system reliability.

Reliability of transmission system components.
Transmission system reliability.

Bulk power system reliability

Area supply system reliability.

Interconnected system reliability.
Distribution system reliability.

Reliability should also be discussed in teims of the standards
used by the Mid-Continent Area Power Pool and Mid-Continent Area
Reliability Council. The consequences and significance of
reduced reliablity should also be discussed in general terms.

Task V - Bibliography and Reference Material

A.

B.

C.

Prepare or recommend an existing, comprehensive bibliography
for Tasks I, II, III and 1IV.

Determine what literature is appropriate to place in a MEOB
special subject reference collection; collect same and
deliver with shelf list and author index to the PPS staff.

Recommend methods and resources for annual updates.

Task VI - Final Report

The prepvaration of a technical report which presents both tech-
nical and nontechnical information in a form which will allow the
report to be used as an evaluation guide or manual for informed
parties such as professional planners, technicians, citizens
advisory committees and members of the public in evaluating
routes that comply with the principle of nonproliferation. PTI
will also provide a series of slides which can be used for public
and citizen committee meetings to facilitieate the understanding
of Tasks I, II, III and IV. Drafts of each task report will be
submitted upon completion for review purposes.
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"BEvaluation Of Underground High Voltage
Electric Transmission Systems"

The Power Plant Siting staff of the iinnesota Environmental
Quality Board requests proposals and bids to perform a study of
underground electric transmission applications and environmental
compatipbility in Minnesota. Results of the study will be used to
respond to the interests of the general public and state and
federal agencies in considering the placement of high voltage
transmission and extra high voltage transmission underground as
an alternative to overhead design.

The primary objectives of the study are:

1. Preparation of a site specific analysis of the underqground
alternative for river crossings proposed by Northern
States Power as potential crossings for a single-circuit
345,000 volt overhead transmission line between Minnesota
and Wisconsin: and

2. Development of an independent, generic summary of
underground electric transmission technology, cost, extent
of present and near future use, and environmental impacts.

The contract performance period will be six months. Unless spe-
cific target dates are noted in the following task descriptions,
delivery dates for comnpleted work will be determined in final
contract agreements.

Proposals should be in response to the following phase and task
sequence and description:



ATTACHMENT A

3.0 SCOPE OF WORK

3.1 PHASE |

"Assessment of Undergrounding Cptions ot River Crossings Proposed by

Northern States Power Company for a Single Circuit 345 kY Overhecd Transmission
Line"

3.1 Task |
"The contractor shell prepare and present a comprehensive overview of
underground transmission lines to the Citizens Route Evaluation Committee at one

of its April or May 1980 meetings."”

Task 1 will be executed in such a way as to set the tone for the entire study.
That is, areas of public concern and information required for decisionmaking will
be emphasized, and these will be the areas of focus for the site-specific and

generic assessments fo follow.

Information to be presented at the meeting will be selected from existing
reports of the U.S. Deparitment of Energy (DOE), the Electric Power Research
Institute (EPRY), manufacturers of underground cables, and from Dames & Moore
project files. We will also be able ToAmqke use ‘of information currently being

prepared by Dames & Moore for a DOE project still in progress.

An outline of the presentation will be prepared with exhibits to be shown by
slide projector. The meeting will be held soon after the project commences on a
date to be arranged with MEQB. Both the presentation outline and the input for
the slides will be provided to MEQB in advance of the meeting so that a preview of
the scope of presentation (and the focus of subsequent studies) can be carried out
in St. Paul. (We understand the urgency of the citizens' need for im‘o.rmaﬂon, and
if fime does not permit a preview, Dames & Moore will prepare the slide exhibits

directly.)
At the meeting, the following information will be presented:

® Motivation for going underground, and the present extent of under-
ground installations (qualitative only)

6 Types of cable technologies, and sketches of what they look like

° Methods of installation in various underground, underwater, and at-

grade situations



2 Suitable cable installation combinations for typical scenarios (land use
or physical settings) |

® Construction procedures, with sketches of unfamiliar activities

® Operation and maintenance procedures, including routine maintenance
and repairs

e Cost factors and trends

® Environmental impacts and other public issues.

The general approach at the meeting will be similar to that of a technology
assessment. We will not make decisions or advocate any particular technology or
direction, as this would ultimately prove counterproductive. Instead we will
attempt to present and focus on the relevant information, answer questions, and

identify the imporﬁn‘r issues for the Committee.

Since this proposed work is in response to an application for an overhead
crossing, we will address the pros and cons of underground and overhead, and
indicate in what ways each is desirable, particularly for river crossings. -However,

at this meeting no specific site assessments will be made or judgements presented.

We recognize that the Citizens Committee is participating in a decisionmak-
ing process, so ‘rhémihformoﬂon will be presented cs input fto that process. The
preéenTc‘rion will be geared so that the members will become aware of what areas
they need to be concerned about, and what questions to ask. In this way, any
decision will be an informed one, and any additional studies will be limited to those

that are necessary and meaningful.

3.1.2 Task 2 ‘
"Conduct a preliminary engineering assessment of underground routing op-

tions, which include St. Croix River and Mississippi River crossings... (speci-
fied)."

Task 2 will be initiated as soon as possible foér the project is authorized and
will be executed simultaneously with Task . A visit to the King Station site {and
the area south to 1-94) and to the Prairie Island-Red Wing area will be made as
soon as a dafe can be agreed upon by the attending parties. The crossings
considered by NSP and MEQB and ofher potenticl crossings will be observed on site
by the Dames & Moore Project Manager, a specialist knowledgeable in cable
installation options; a cable consfruction engineer/cost specialist familiar with the
North Central United States; and a member of the MEQB staff (see Section 4.0 for

key personnel data).



The purpose of the site visit will be to select cppropriate 345 kV cable types
and methods of installation for various crossing locations. A determination of the
most appropriate cable, installation, and location cen best be made if a range of
experience and judgement is brought 1o bear. Potential combinations with obvious
shoricomings or disqualifying fcectors will be noted, so thai ihe opfions can be
narrowed fo realistic alternatives. We will at least consider the buried HPOF
option cited by NSP and the sharing of the [-94 bridge, even if they do not pass the
"first cut,” since these are illustrative of a number of underground cable issues.
With MEQB concurrence, the crossing options identified as realistic will then be

costed in a general way.

Cost categories for planning and design, material and equipment, right-of-
way acquisition, and construction will be developed in order to make comparisons
between crossings. In addition, to the extent possible, cost of annual operation and
maintenance, cost of losses per load factor ‘and ceriain types of accident repair
events will be figured. In these cases, comparison in the same sense as before will
be less meaningful. The units do not lend themselves to a "common denominator.”
The factors may vary considerably from year to year and from site to site; the
factors may depend on the network or be unpredictable in other ways. Neverthe-
less, estimates have been made based on certain ossumbﬂons and averages, and the

same approach will be used for this study.

Material and equipment will include cable components and accessories as
r-equired by the different systems (irifurcations, terminations, reactors, monitoring
devices, pressurizing equipment, and perhaps pumps and heat exchangers). Infor-
mation on material and equipment procurement fimes will be provided if the times
are so long as to be a factor in selecting a transmission line option. Land area and
equipment housing, if reqoired, will be included. Also, where applicable, the

expected life of the equipment will be incorporated.

Construction costs will include survey and stakeout, clearing and grading,
excavation, cable installation, corrosion protection, backfill, station support acces-

sories, cable fluid charge, and system testing.

A report will be submitted with text and tables. The process of selecting the
crossing options will be documented and the rationale will be explained clearly.
The sources of the cost data will also be documented. In this way, MEQB can make
maximum use of the methodology in the future,’cs input data changes or public
concerns shift. The results of the cost studies will be presented in tabular form

and key summaries will be put info matrices for comparing the crossing options.



3.1.3 Task 3 ;
"Based on the preliminary enginsering assessment developed in Task 2, the
contractor shall conduct an environmental impact assessment of each underground

crossing.”

The environmental impacts of the cable crossings identified above will be
assessed. In the event that a parficular option involves some cost factor of
disqualifying proportion, we will recommend to MEQB that that option be elimi-

nated from the environmental assessment.

The assessment will include impccts from construction, operation and main-
tenance, cable failure, and repair procedures. We will define those system
compdnen’rs and events that are sources of impact, and the elements of the
environment that are affected. The impacts will be described in terms of
magnitude, duration, and extent. The relative probability of different types of
failures will be determined for each particular installation and site. In addition,

typical repair times will be given for various failure modes.

The impact assessment will be oriented toward specific issues of concern--
cable system emissions of noise, heat, and chemicals. Particular attention will be
paid to the land use, gesthetics, and water quality. We emphasize that no site-
specific biological field studies or water quality field data collection will be
undertaken in this project. Available data and site visits will be used for

evaluation of alternatives.

Calculations of the electric and magnetic effects of the subject crossings are
not included in the ‘proposed assessment. Nevertheless, we recognize that the
subject of electric and magnetic effects (E/M) is a public issue. Since MEQB is
involved with the issue and is knowledgeable of the magnitude of fields for 345 kV
overhead cables; we assume that MEQB (but not necessarily the Citizens Commit-
tee) realize that underground cables are either coaxial or shielded and grounded by
design. Since this design significantly reduces external effects during normal
opéraﬂng condifions,.cnd since the effects depend on the details of each system’s
operation, specific calculations for the crossing options are not proposed. If this is
requested as the work progresses, we will provide upper limits (based on plenning
level data) of the electric field, magnetic field, step potential, inferference
effects, and other hazards. The proposed assessment will include a qualitative
discussion ohd explanaiion of the low levels of E/M effects. This discussion will
also be developed in the generic gssessmerit fo be conducted during Phase i of the

roject, when underground and overhead lines are compared.
J ) g



A report will be prepared summarizing the impacts of the crossing options.
This will be a discussion of critical issues. There will be a grophic presentation of
the crossing options, i.e., skefches to illustrate key aspects ot the system on site.
The impacts outlined will be specific to the crossings studied, to the resident
populations, species and land use, end will describe what will happen at these sitas.
A more comprehensive matrix exhibiting all areas of impact, including those of less
significance or not considered critical to decisionmaking, will be given in the

generic assessment in Phase 1.

3.2 PHASE 1l
"Generic Assessment of. High Voltage Transmission Line Undergrounding

Practices and Technology”

3.2.1 Task |
"Tabulate and summarize existing installations of }15/138 kV and larger

underground transmission in the United States."

Available data on existing underground cable will be compiled for the general
categories of installation and performance. The cable installation data are to
include summary totals of instclled length for cable type, voliage level and
location (region, state or service areaq, if readily available). For voltage levels of
230 kV and above, data will be more‘specific: utility name, line location, scenario
or environmental sefting. The cable performance data are to include the type of
service, length of time in service, record of faults, and any data of environmental

or cost significance that are available.

The primary data sources will be the National Electric Reliability Council
(NERC), the Federal Energy Regulatory Commission (FERC), and the Economic
Regulatory Administration (ERA) of DOE. All of the FERC-regulated utilities (and
this includes most utilities) report fransmission line data Are‘gulorly on "383's" or
similar forms. Moreover, since NERC has access to FERC and ERA data, the
systems are rather well defined with respect to the above data, and most of the

data are consolidated.

Secondary data sources that will be consulted are EPRI, the cable manufac-
turers, and the utilities with the most experience using underground lines. EPRI
maintains an active program in underground transmission R&D. Some of the cable
manufacturers make lists available of all instaliations sold; the lists give the utility
location, voltage, und use. Selected utilities will be contacted for inforrmation on
lengths installed underground, underwcater and at-grade; scenarios; costs; and

history of faults.



Fault data should also be available from the results of a NERC study soon to
be compleied. Several reliability studies have recently been conducted for EPRI,
and some data have been reported prior to publication. The emphasis of the EPRI
studies is on the sources of faulis, alihough the statistics behind them are

available.

Since this task could in principle continue indefinitely, as greater definition is
sought and data in forms or categories that are inconvenient or complicated must
be extracted and analyzed, the proposed search effort will be limited 1o 80 hours.
We anticipate this will be adequate to provide a very good perspective on the
current situation. Following compilation, an indication will be given to MEQB of
what kind of meaningful information might reasonably be expected to result from

er’rher work.

Note that the causes of faulis can be grouped in different ways, e.qg., by
components, by function, etc. Although the categorization cannot be determined
until the data are gathered, one method is to group according to electric supply
modes, mechanical modes, and line modes. If this method can be followed, it will
lend itself readily to a comparison with overhead lines. The line modes for
underground cables are both in’remdf and external. Internal causes of cable failure
are a result of the cable type or design. This is both fechnology- and voltage-
dependent; it is rapidly changing and cannot be extrapolated. Causes of cable
failure in all other categories can be extrapolated. We will also compare reliability
results with European and Japanese experience. Some information on this is

available in different forms, and the totals are inferesting.

The study results will be presented in tabular form. The fext will be limited
to explanation and qualification of the tables. Data sources will be referred to in

footnotes.

3.2.2 Task 2

"Review and summarize underground fransmission state of the art.”

Task 2 will comprise literature identification and a report on the status of
underground cable technology. The work will be conducted in four parts, not

necessarily in sequence.

3.2.2.1 Bibliograchy. A comprehensive bibliography will be prepared, drawn from

the following sources available to Dames & Moore:



oy

© Books
o DOE and EPRI reports

© Other government agency publications, both Federal and state
® Journal articles

® IEEE publications and proceedings

o Sales material from cable mcnufacturers.

Maximum use will be made of items already familiar to us and used in connection
with our work for DOE. To complete this work, a computer search of the National

Technical Information Service (NTIS) files will be made.

3.2.2.2 Literature File. Working in conjunction with MEQB, we will select

literature for a file appropriate to MEQB needs. The list agreed to will be
collected by writing to DOE, EPRI, and the utilities; by sending a messenger to
NTIS near Washington, D.C.; and by telephoning the cable manufacturers. The
Dames & Moore librarian will index the collection by subject, title, and author; if
requested, the Dewey Decimal System can be used. A catalog will be prepared on
~a sheet or on cards, as desired. The publications and catalog will be delivered by

United Parcel Service, unless requested otherwise.

3.2.2.3 Information Location File. In order that MEQB can maintain awareness of

the rapidly-developing field of underground Trcn.smission, we will idenﬂfy for
MEQB journal subscriptions, research report reference documents, and mailing
tists, if any, for press releases, advertisements, and meeting announcements. We
will also include personne!l to contact--a kind of "who's who" in the field.
Obviously this-cannot be complete but will serve to start an information location
file for MEQB, i.e., where to look for information on specific subjects. The file
will indicate utility éngineers, DOE and EPRI program managers, university groups, |

and industrial research groups.

3.2.2.4 State-of-the-Art Repér‘r. A report will be prepared to apprise MEQB of

the present state of underground technology, and trends in the United States and
foreign countries toward technical improvement. The state of present technology
will be explained in light of the rationale behind the development of the different
c'oble types.  The raticnale includes the relative technical advantages and
disadvantages of the different cable types vis-a-vis the power needs of and

perceived impacts on society.

Starting with the information presented at the Citizens Commiftee meeting,

the report will indicate what technical innovation can be expected and will frack



the different cables through RD&D to comrnercialization. We will identify what
problems still require research for each system. We will discuss the future of
various technologies as reviewed in the United Sfates and in foreign countries, and
the reasons. The trends toward high voltage and dc will be presented, and the
problems associated with these ifrends of which the cecisionmaker should be aware.
No forecasts on market peneiration will be given; this depends on utility demand-
response sfrategy as well as commercial availability, and is not considered part of

the scope of work.

3.2.3 Task 3

"Analyze various factors of underground fransmission systems . . .
a. a generic, comparative analysis of underground and overhead costs . . .
b. a generic, comparative analysis of underground . .. technical and envi-

ronmental factors."

3.2.3.1 Costs. Costs of underground and overhead transmission will be developed
~which represent averages of "typical" cable installations in a range of scenarios.
The cost breakdown will be in categories similar to those used for the si’ré—specific
estimates in Phase |, i.e., planning and design, matericl and equipment, right-of-
way, construction, operation and maintenance, and repair. Since the studies in this
case will be generic, more freedom will be exercised in combining cost data from
sources with varying applicability or purpose. "Typical" cost studies for various
Jimited scenarios have been developed by DOE and by' cable manufacturers. One
considers a 100-km link between a rural energy park and an inner-city substation.
Another considers urban applications. The results of these "typical" or "scenario”

studies must be taken as only approximate if one is to generalize from them.

The units of this cost study (e.g., S/MVA-mile) will be selected in concur-
rence with MEQB, since they involve significant assumptions about installation
parameters, load factor, etc. Anticipaied changes.in cost may be available from
projections of om-gding EPRI studies. Where quantitative data are unavailable,
areas of cost improvement will be identified, us will indicators to monitor the
improvement. Reports contained in the literature file delivered o MEQB which
address transmission line costs will be cited. Where possible, cost differences for

different scenarios will be approximated.

A report on transmission costs will be presented in texiual form, with fables
to show compariseons of cable types and, where meaningful results are possible, of

scenarios or methods of installation.
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3.2.3.2 Technical and Environmental Faciors. The technical and environmental

factors associated with underground cables will be analyzed to provide a generic
comparison of the different cable types. Since decisionmaking is complicated by
the many planes on which the factors interact, a series of matrices will be
presented fo clarify the most suitable environmental cpplications for each cable

technology. The matrices will include:

e Cable type vs. transmission length

© Cable type vs. scenario

) Cable type vs. method of installation
® Method of installation vs. scenario.

The scenarios, or environmental settings, are:

&) Urban
- Inner-city

- Residential/built-up

® Agricultural
- Cultivated
- Open and pasture
) Fores’rﬁ@dodlo’rs
o Wetlands
e  Water crossings

- Riverine - level to moderate terrain
- Riverine - steep terrain

- Open water - lakes.
~ The general methods of installation are:

e Undergréund

- Direct burial

~ Tunnel

- Duct bank
® Aboveground

- At-grade

- Bridges and viaducts
® Underwater

- Cut and cover

- Tunnel

- Uncovered.



Information in the matrices will have been introduced at the Citizens
Committee meeting in Phase . Much of the material to be presented here will be
derived from unpublished work performed for DOE, which with DOE's approval, can

be provided MEQB with minimal cdditional work.

The concept of utility sharing will be addressed to indicate what the points of
interaction or mutual impact would be, rather than to recommend whether to
share. A study of the concept of consolidated corridors can easily lead beyond the
scope of this study, and we do not intend to pre-empt the decision process. We
recognize that MEQB is currenily in the process of procuring a "Right-of-Way
Compatibility Analysis." We will discuss why the concept is attractive to some but
not to everyone. An indication of the institutional and other barriers may serve as
an input to fhe decisionmaker on whether or how fo go about encouraging sharing.
Our discussion will be limited to a brief identification of the issues and the
opposing interests. ' |
3.2.4 Task &4

"Develop a matrix or other relatively simple means of comparing underground

and overhead transmission line environmental impacts."”

Matrices will be developed to exhibit the environmental impacts of under- |
ground lines and a comparison with overhead lines. The matrices will be more
comprehensive than the site-specific study, and the analysis will not be quantita-
“tive. We will briefly discuss the present and future coble"rypes‘ and the technical
-~ factors which have environmental implications. The sources of impact ‘will be
juxtaposed wn‘h the env1ronmem‘a| factors in @ matrix format for both underground

and overhead sysTems

Since the impacts of overhead lines have been studied madny times, both
generically and for specific installations (voltage ratings and scenorfos), the
explanation accompanying the matrices will concentrate on the differences be-
tween overhead and underground, and with emphasis on long-term rather than
temporary impacts.. To a degree, these differences may be scenario-dependent
since the very choice of underground vs. overhead is offen made on the basis of
scenario without regard to other environmental factors. Furthermore, some of the
scenarios are of regulatory significance (e.g., ambient noise, navigable waters,

etc.).

The presentation will be consistent with the issue identification made at the
Citizens Committee meeting. We will identify the generic issues and state which

are "critical."
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One area of public concern is that of electric and magnetic effects, which
differ greatly between overhead and underground systems. Although little is
known, much is said. We will put this issue into perspective and show why and how
underground ccble effects cre controlled. We will indicate qualitatively what the
trade-offs are for control of overhead effects regardless of the magnitude of the
impact. As mentioned in Phase |, quantitative calculations of electric and
magnetic effects will be performed (as additional work) if MEQB determines a

need.

We will also cover the topics of system security and system relicbility,
although these factors will not fit into @ mairix. We will discuss which cable
design parameters can and cannot be altered to accommodate the environment, and

which planning strategies can and cannot offset environmental impacts.

The report will include considerable textual qualification and expansion of

the matrices. As with other tasks, we expect that much of the information to be

presented here may be previewed earlier if there is a vigorous pursuit of the issues

at the Citizens Committee meeting.

3.2.5 Task 5 )
"Develop -a draft brochure/handout describing underground transmission,
which can be distributed to the general public by MEQB."

A brochure will be prepared to promulgate the information presented at the

"Citizens Commitftee meeting. The rationale for undergrounding will be presented.

Sketches of the cables and installations will be shown with a brief description. A
discussion will cover typical cost multipliers for underground systems vs. overhead
lines, and the environmental/social advantages and disadvantages of most concern

to Minnesotans will be outlined.

The size and format will be determined in conjunction with MEQB. (This is
not a significant cost factor. If MEQB chooses, for convenience of distribution,

arrangements can be made locally in St. Paul for the graphic and printing work.}

If requested, we can incorporate cifizen or NSP input on the customers' neads

for and uses of information.

3.2.6 Task 6 .
"Prepare a set of slides with brief fext depicting the summary results of

Task 3 above."



Slides will be selected from the presentation used at the Citizens Committee
meeting, from sketches used in the brochure and froem tables and mairices prepared
under Tasks 3 and 4. At the suggestion of the Dames & Moore and MEQB siaff,
additional topics can be incorporatad into visucl displays and prepared as slides.

The selection will be made in conjunction with MEQB.

A brief text or outline will be prepared to explain the slides and qualify the
use of tables and matrices. The latter is important because when data are taken
out of context, comparisons or inferences are often made by the audience which
are either unintended or incorrect. This is particularly true in the case of cost
data. |

The input for the slides and occompcnying text will be submitted to MEQB

for review. Asbefore, arrangements for cudio-visual material can be made locally
in St. Paul.

3.3 ADDITIONAL SUPPORT SERVICES

Dames & Moore is prepared to present the findings of the Phase | studies (or

any of the other studies) at public hearings. We will provide testimony, work with
the staff of MEQB or NSP to prepare testimony or provide other suppor‘r services

~on an as-needed basis. These services may involve:

e Research on special topics ,
° Performance of detailed calculations of environmental emissions under

specific conditions

e  Cost of specific options
® - Sensitivity studies
o Models

e Regulatory information/analysis.



4.0 PROJECT ORGANIZATION

4.1 PROJECT MANAGEMENT STRUCTURE

The Dames & Moore project organization for the proposed study is shown in

Figure 4~1. This illustrates the structure of the project organization, its relation-
ship to MEQB, and the composition of the key personnel within the task team. As
can be seen, the Dames & Moore Principal-in-Charge (PIC) is the focal point for all
activities on the project. The project organization proposed for this pro-ject is
consistent with that typically used. That is, a small management team brings

together a technical staff specifically organized for the project.

The Dames & Moore PIC has immediate access to the Managing Partner of

" the Washington office and to the Executive Partner of the firm. He has

contracting authority for the firm, assuring MEQB the support of Dames & Moore's
management and the availability of the firm's total resources for the successful

complefion of the proposed tasks.

Day-to-day responsibility for the project is dé!egofed to the Project Manager,

who coordma’res ’rhe technical and financial activities of each task. Technical

ﬁ respon51b|h’ry for ecch task will be execu’red by key ’rechmccxl specxohsfs

4.2 KEY PERSONNEL

In anticipation of the work requirements for the proposed project, Dames &

Moore has identified key personnel whose area of specialty and experience are best
suited for the tasks involved. These key personnel and their functions are

described below.

Principal-in-Charge--Richard C. Tucker, M.S., Civil Engineering.

Richard Tucker will have overall responsibility for this project. Mr. Tucker
has approximately |5 years experience in the environmental/engineering/utility
field and in natural resources matters. He has served in government with the U.S.
Army Corps of Engineers and as the Staff Water Resources Engineer for fhe
National Water Commission. He is presently serving as President of American
Water Resources Association. Mr. Tucker has directed and is currently directing
the preparation of environmenfal impact statements for government agencies; he
has recently been involved in transmission line and powerplant site selection and
site studies. He is familiar with policy, planning, and technical studies and has
strong experience with management of interdisciplinary and technical projects. He
is currently the Principal-in-Charge of a study for DOE entitled "Environmental

Assessment of Underground Electric Power Transmission Systems."
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Project Manager--M. David Maloney, Ph.D., Physics.

Dr. Maloney will be responsible for managing the execution of the proposed
tasks, and for the performance of the technical investigations. Dr. Maloney has
considerable experience in project management for a variety of projects, including
an underground fransmission fechnology assessment; water resources studies,
mathematical modeling, and environmental assessments. Dr. Maloney has experi- |
ence with the cable technologies o be investigated in this study, is familiar with
the critical environmental issues, and has a strong technical background in diverse
fields of application. He has a working Knowledge of the literature in power
fransmission and in all disciplines that will be brought to bear in providing the
proposed services to MEQB. For three years Dr. Maloney served the Federal
Insurance Administration, as ‘rechnfcal advisor in the formulvaﬂon of policy, and as
a coordinator of FlA's flood program at the State and local levels. He is
experienced at community participation and 