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I. INTRODUCTION

b, DOE Powerplant Productivity Improvement Program

Electric utilities in the United States are major consumers of o0il
and natural gas used in the generation of electrical energy. Over
the past several years, this consumption has averaged approximately
three million barrels per day of oil and gas equivalent. The National
Electric Reliability Council's projections of fuel use for electric
power generation show oil and gas consumption continuing at current
levels through I9%85., Even modest improvements in the productivity
of generating unitg using coal or uraniom are likely to yield sub-
stantial o0il and gas savings nationally. In 1974, the Federal Energy
Administration (FEA) led an interagency Task Group which investigated
the then current status of powerplant productivity. Through that
study, it was determined that large coal fired and nuclear generating
units were operating below expectation and that substantizal improve-
ments in performance were possible, The 0.5, Department of Energy
initiated a Powerplant Productivity Improvement Program to encourage
a reduction ir the use of 0il and gas by the electric utility sector.

Somae of the significant elements of that program were:

0 A study which identified some underlying causes of lost

productivity and defined possible corrective actions.




a Development by Mechanics Research, Inc. (MRI} of
analytic methods for the routine systematic analysis
of the cost-effectiveness of specific plant improve-

ment programs.

o Estimates by the General Electric Company Center for
Energy Systems cof the benefits of improved powerplant
productivity in terms of deferred additicns of new.
capacity, reduced scarce fuel consumption, reduced
capital requirements, and reduced energy costs to

cConsumers.,

s Cooperative projects with state public utility
commissions demonstrating the DOE methodelogies and
directed toward exploring mechanisms by which productivity

improvements might be encouraged.

The systematic methodology developed for the analysis of the cost
effectiveness of productivity improvement projects is based on
standard reliability engineering principles. I£ employs a reliability
model tailored to each generating unit together with component per-
formance data and translates expected changes in component reliability
resuiting from component improvements or equipment configuraticon into
expected changes in unit reljability. These unit reliability changes
are expressed in terms of Egquivalent Availability (EA), a standard
industry measure of performance. The cost of achieving changes in
unit EA can then be evaluated, together with the benefits to the

utility system, to provide estimates of an improvement project's cost
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effectiveness. Use of these analytical technigues is supported by
detailed procedures which were developed by MRI for the determination
of roct causes of lost productivity to assist utility personnel in
identifying candidate improvemeant projects. The development of this
methodology by MRI was done with the participation of Duke Power,
Florida Power & Light, and Tennessee Valley Authority and was sub-
stantiated through application to specific improvemsnt projects at

one coal fired and one nnclear unit,

Potaentizal benefits from improved powerplant productivity were found

by the General Electric Company to be substantial. Assuming a five
percentage point improvement both in planned and forced cutage rates
of 400 MW and larger coal and nuclear units, GE performed an in-depth
assessment of the potential savings in utility cil consumption, genex-
ation rcosts, and capacity expansion for Detroit Edison Company, the
New England Power Poecl, and the Neortheast Utilities Company taking
into account all of the practical constraints to which aperation aof
these systems are subject. For the Northeast and East Central Regions
{representing approximately 25% of the U5 utility industry capacity)
potential anhual savings by 1985 of 54 million barrels per vear of oil
and approximately one billion dollars per year fuel costs were
reporfed. Subsequently a‘rEgianalizeﬁ study by GE indicated economic
benefits (1975%8) of 1.40 to 1.64 dollars per year per Kw of capacity
improved for each percentage point improvement in forced and planned
outage rates for the MAIN and MARCA National Electrical Reliability
Council (NERC) regions. These are potential gross benefits and do

not consider the costs of achieving the improved performance.
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In order to demonstrate and further wvalidate the methodologies and

to encourage state efforts toward increased powerplant productivity,
in 1977 the 0.5. Department of Fnergy sponsored cooperative study
projects with the Ohio Public Utilities Commission and the Illinois
Commerce Commission (ICC). A key DOE objective of both projects is
to demonstrate approaches for assessing costs and benefits of power=-
plant performance improvements. This objective has involved demon-
stration of the MRI and GE methodologies by application to specific
probklem areas at a humber of powerplants in sach state. In addition,
an examination was conducted of methodologies currently in use by
Illinois utilities to provide a comparison with the MRI and GE
methodologies for the purpose of identifyving strengths and weaknesses
in each, 2nd for identifying the essential steps in any systematic
approach to the problem. A secand DOE objective has been to obtain

a detailed assessment of the past performance of nuclear and large
coal~fired units in each state in order to gain a perspective of the
opportunities for performance improvements. A third DDE objective
has been to identify potential regulatory and incentives policies
that would give utilities added motivation to undertake plant perform=

ance improvements.

B. scope of Thig Report

This report provides a brief description of each of the individual
taske followed by a summary of the task reports. It also includes

an analysis of overall rasults, a list of key findings and conclusions,
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and recommendations and rescource needs based on information obktained

in the conduct of the individual task reports.

. Scope of DOE/ICC Cooperative Effort

This effort consisted of two projects divided into six tasks. Indiv-
iduval reports were prepared for each of the tasks as they were com-
pleted, A brief description of esach task together with the task
report references are given below in their project/task or numerical
sequence. In the next section these tasks are described in more
detail and in a sequence that relates to the key DOE cbhjectives

previously described.

PROJECT I

Task 1 {P1Tl) Current Practices in Illinois Utilities Towards
Powerplant Productivity

Identification and deocumentation of approaches and
practices of Illincis electric utilities in improving
plant productivity. Management philosophy toward pro-
ductivity, performance measures, analytical tools and
procedures, internal organization for productivity, and
representafive case studies were examined for the four

largest investor-owned electric utilities in Iilineis.
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Task 2 {(P1T2) Demonstration of DOE Methodology

Task

-

The systematic methodology developed by DOE was applied

to the analysis of eight plapt improvement projects at the
I1linois Power Wood River 5 coal unit and the Commonwealth -
Edison Quad Cities 1 and 2 nuclear units. Estimates of *
improved unit equivalent availability were calculated for

sach project.

3 (P1T3} Analysis of Costs and Benefits for Eight Power

Task

plant Productivity Improvement Projects

Estimated improvements in unit eguivalent availability
from Task 2 above were translated into economic benefits
resulting from reduced replacement pewer costs. Project
costs were estimated and benefiti-to-cost ratios and net

present values were calculated for each project.

FROJECT II

1 {(P2T1l} Historical Performance of Illirnois Investor—-Owned

Electrical Generating Powerplants Over 200 MW

Equivalent availability of large generating units in
Illinois was reported and compared with national performance -

data.
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Task 2 (P2T2) Benefits of Improved Reliability

The procedures developed by General Electric for estimating
the potential benefits of improved productivity were applied
to the Commonwealth Edison and Illinois Power systems., Four
scenarics of improvements in planned and forced cutage rates
were examined to determine benefits {exclusive of costs} in

texms of savings in generation costs and oil consumption.

Task 3 (P2T3) Policy Apalysis and Incentive Assessment

Current regulatory practice in Illincis was examined to
identify any existing incentives or disincentives to the
undertaking of plant improvement projects by electric
utilities, Other state public utility commissions were
contacted to determine their experiences with productivity
improvement incentives, and candidate incentive mechanisms
were discussed and presented for consideration by the

I1linois Commerce Commlission.

Project I Task 2, Demonstration of DOE Methodology, was performed by
Trident Engineering Associates, Inc. (Trident} under subcontract to
the Illinois Commerce Commission. Technical assistance was provided
to the Commission in this study by the Energy Resources Center,
University of Illinois at Chicago Circle. The four investor=owned

electric utilities which participated in this copperative study were:




Commonwealth BEdison Company
Illinois Power Company
Central Illinois Light Company

Central Illinois Public Service Company

The main involvement of Central Tllingis Light Company and Central
Illineis Public Service Company was in P1-Tl1 and P2-Tl1 with comments
also being submitted on other task reports. Only Illinois Powex
Company and Commonwealth Edison Company participated in P1-T2 and

these utilities provided the data upon which P2-T2 i2 based.
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11, SUMMARY OF TASKS

A. Demonstration of the DOE/MRI Methodology {P1T2)

The systematic methodology developed for DOE by MRI for tha analysis

of productivity improvement projects consists of the following phases:

Phase A - Tdentification of root causes of lost productivity
and development of effective corrective actions to

eliminate or mitigate the problem.

Phase B ~ Prediction of the changes in unit equivalent availe
ability due to changes in equipment reliability and

maintenance practices.

Phase C - Determination of the cost effectiveness of gpecific

improvement projects,

Phase D - Tracking the costs and resulting productivity

improvements of specific improvement projects.

Due to time and resonrce limitations, this study focused on demon-
strations of Phaszes B and C. Demonstration of Phase B was done by
Trident Engineering Associates under contract to the Illinois Commerce

Commission.
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Objectives & Approach Taken

The objectives of the Trident study were:

Trident's

following

Apply the methodology to two different improvement

projects at each of three units in Illinois.

Simplify the method where possible.

Develop reliability models of the three units.

Demonocnstrate the validity of the models.

Estimate changes in equivalent availability resulting

from 2ach improvement project.

Critique the methodology.

approach to meeting these objectives coneisted of the

steps:

Selection of units and problems to be studied.

Collection of necessary unit deszign information, operation

and maintenance procedures and cutage data.

Development of functional diagrams for each unit at the
generic function, sub-functicon, and equipment function

levels,
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0 Analysis of each unit using the DOE/MRI Phase B methodology.

o analysis of each of the improvement projects.

Unit and Problem Selection

Unit selecticon was determined in part by DOE's powerplant productivity
program being focused on nuclear and cgal units, 400 Mwe and larger,
Selection was narrowed further by the availakility of untility parti-
cipation which turned ocut to be Commonwealth Fdison and Illinois Power.
Units having less than 3 years commercial operation were excluded

to avolid unit immaturity effacts., A total of nine ccal and five
nuclear units met these selection criteria. Because all five nuclear
units belong to CECO, and becauze of the DOE/ICC desire that the two
mnite to be studied include one ccal and one nuclear, the selection
list was narrowed to 3 coal and 5 nuclear units. Selection from

this list of the units to be studied was done by Trident based upon

a detailed analysis of unit performance over the five year period
1973-1977 measured against seven factors related to the DDE/HMRI

methodology.

1. HNumber of loss-of~-function ocutages.

2. Total hours per year of loss-of-function cutage.

3. HNumber of systems or components experiencing loss-of~-function

outages,
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4. Average number of loss-of=-function cutages per system.

5. Statistical distribution eof loss-of-function outages

among systems,

6. HNumber of loss-of-function outages exceeding two weeks
duration.
7. Contribution of loss=-of-function ocutages to total unit

unavailability,

Using this appreach, Trident selected the following units for a

demonstration of the DOE/MRI methodology:

Unit Utility Unit Size Unit Type
Wood River 5 IPp 398 MW Coal
Ouad Cities 1 CE 509 MW Huclear
Cuad Cities 2 CE 509 MW Huclear

Due to project reascurce and time constraints, selection of the improve-
ment projects wasg not based upon the type of detailed root cause
invegtigation described in Phase A& of the DOE/MRI methodology. Instead

the projects were chosen by listing potential improvement projects
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identified by the utility and selecting those which best met criteria
developed by ICC, Trident, and the Energy Resources Center (ERC).

These criteria are reproduced helow.

-

IMPROVEMENT PROJECT

SELECTION CRITERIA

Essential Criteria Desirable Criteria*
1. Hardware problem l. B8ignificant to plant operaticn
2. Repetitive proklem 2. Undertaken or about to be under-

taken by utility

3. Suitable to Department of 3. Dutage caunse well understood
Energy methodology

4. Technically and economically 4. Availability of outage cost data
feasible

5. Studied or recommended by utility

6. Analyzed by a utility improvement
project method

*Not necessarily in order of priarity.
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A total of ten potential projects was identified for Wood River 5
¢f which four met the selection criteria. 8Six projects were identi-
fied for Quad Cities 1 of which three met the criteria. Thus, a
total of eight improvement projects were selected for application

of the DOE/MRI methodology.

Unit Improvement Project

Wood River 5 1. Add sixth pulverizer coal system

2. Install new tube bundles in all
high pressure heaters

3. Use three shift maintenance to
repair pulverizer cutages

uad Cities 1 l, Modification of Electromatic
relief valve

2. Construct Cooling Towers

3. Mcdify Moisture Separator
Drain Tank

Quad Cities 2 1. Install Amertap System

2. Modify Feedwater Regulating
valve,

on the following pages a brief description of each improvement
project studied by Trident is presented along with results of the

Benefit Cost analyses.
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Addition of Sixth Pulverizer

YWood River 5

Froject Description:

Wood River 3 currently uses five pulverizers to attain its

maximum dependable capacity of 30 MW, Haximum wnit outpot

falls to approximately 340 MW if any of the pulverizers fails.
Although environmental restrictions now limit output to 360 MW,
addition of & sixth pulberizer would remove an historical source of
unit load curtailments and increase unit eguivalent availability if
and when environmeatal censtraints are lifted, This project involves
adding a sixth pulverizer which would supply coal to the boiler in a
dense phasze (ten to one coal/ air ratia) and thus require only a small
diameter pipe with tittle boiler modification. Technical feasibility
#f this project is claimed by Combustion Engineering, although there
appear to be some uncertainties associzted with it.  Assuming ao
failures of the sizth pulverizer, Trident Engineering Associated Inc.
has estimated a maximum improvement in equivalent availability (AEA)
for the project of 0.0234,

Estimated Project Costs {(Present Worth): 54,004,000

Estimated Project Benefits {Present Worth):

Due to AEA: $1,082,000

Benefit/Cost Comparison:

Net Present Value of Project (HPV): §2,922,000

Benefit to Cost Ratio (B/C): . (.27
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Thres Shift Maintenance of Mills

Wood River 5

Project Description:

Current practice at Wood River 5 is to use one or two shift main-
tenance for the repair of mill ocutapes. This causes greater than
minimum outage duration. When repairs are pestponed over holidays and
weekends, outape durations are further extended. This project in-
valves continuous repair of mills, extending intd three shifts and
vweekends and hoelidays when necessary. Trident Engineering Associates,
Inc. has estimsted an improvement in unit equivalent availability
{AEA) of 0.0194 for this project.

Estimated Proiect Cost (Pregent Worth}): 42,423,406

Estimated Froject Benefits (Present Worth):

Due to AFA: 51,210,000

Benefit /Cost Comparison:

Net Present Value of Project (NPV): 51,213,000

Benefit te Cost Ratio (B/C): 0.5
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Installation of New Tube Bundles in High Pressure Heaters

Wood River &

Froject Description:

High pressure feedwater heater tube leaks have degraded unit
performance and have resulted in outages for repairs. This
project consists of installing new tobe bundles in the high
pressure heaters. Assuming an equivalent meantime-to-outage
equal to the expected tube lifetime, Trident Engineering
Associates, Inc. has estimated a maxiouwn improvement in unit
equivalent availability (AEA) of 1.00106. This preject is
currently under serious consideration by Illineis Power
Company. Analysis assumes replacement after 14 years.

Estimated Project Cost (Present worth): 5464, 000

Estimated Project Benefits (Present Worth}:

Due To AEA: $209,000
Due to Improved
Heat Rate: 458,000

Total $667 ,000

Benefit/Cost Comparison:

Het Present Value of Project (KPV}: 5203,600

Benefit to Cost Ratio (BSC): 1.44
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Moisture Separator Drain Tank Modification

Quad Cities 1

Project Description

Instrumentation currently mounted on the moisture separator
drain tank is subject to intense vibration and has on pre=-
vious occasions fallen off, resulting in faulty level signals
being given to drain valves, causing them to clese. This ye-
sults im water backing wp into the moisture separator itself,
causing a turhine trip. The improvement project involves
locating the transmitters elsewhere and installing new, faster
acting valves. The upper limit on equivalent availability
improvement (AEA) was estimated by Trident Engineering Asscciates,
In¢. to be 0.00131, for the case in which no further outages
octur in <onnecticn with the meisture separator drain tank
instrumenataticn.

Estimated Project Cost {Fresent Worth): § 25,568

Estimated Project Benefits {Prezent Worth):

Due to AEA 41,180,769

Benefit/Cost Comparison:

Het Present Value of Preject {(NPV): 51,155,201
Benefit to Cost Ratio (B/C): 46
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Modification of Electromatic Relief Valves

Chad Cities 1

Project Description:

The electromatic rvelief valves are components of the main steam
line piping and suffer from two degcign problems. On some of the
valves, the locking arm has broken off ox fallen off. Alsc, the
disc retainer threads have shown minor indications of fretting,
which may have caused noncperstion of the valves. This project
differs from the others examined in that although severail
engineering fixes have been identified, none is certain co
correct the problem. As a result, analysis of this project is
limited to estimation of potential EA benefits in doliar terms.
Knowing the potential economic payoff will assist plant personnel
in searching for a fix which does not exceed the wvalue of the
benefits. Assuming that electromatic relieaf valve related
sutages can be elimipated by the fix, a unit improvement in
equivalent availability (AEA) of 0.0108 was estimated by

Trident Engineering Associates, Inc.

Estimated Project Cost (Present Worth):

Unknown. Technical fix for problem has not yet been identified.

Estimated Project Benefits (Present Worth):

Gross benefits only, due to AEA: 59,734,580

Benefit/Cost Comparison:

N/&
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Modification of Feedwater Regulating Valves

Quad Cities 2

Project Description:

Each Quad Cities unit has two feedwater regulating valves to -
maintain reactor vessel water levels within prescribed limits.
The original valves have & short (2") stroke and produce high
turbulance with poor flow regulation. This problem has re-
sulted in reactor scrams at both upits. One of the shore-

stroke valves has been replaced with a drag valve at each

unit. Drag wvalves, copnsisting of a series of discs and orifices,
produce smooth flow characteristics. This project involves re-
placement of the remaining short-stroke valve at Quad Cities 2
with a drag valve. The maximum potential improvement in unit
equivalent availability (AEA) from this project was estimated

by Trident Engineering Associates, Inc. ta be 0.0155. That
estimate assumes a very large equivalent meantime-to-cutage

for the drap valve, which is confirmed by experience at {Juad
{ities. Plant personnel are currently evaluating performance

of hydraulic and poeumatic actuated drag valves before changing
the short-stroke valves.

Estimated Project Cost (Present Worth): & 351,979

Estimated Project Bepefits (Present Worth}:

Due to AEA: 5 970,925

Benefit/Cost Comparison

Net Present Value of Froject (NPV): 513,618,946 .

Benefit to Cost Ratic (B/L): 40
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Install Amertap System

Quad Cities 2

Project Description:

Scale build-up fouling of condenser tubes has resulted in
numerous unit dersting at Quad Cities 2. The Amertap system
reduces condenser fouling with the continmouws circulation of
sponge balls through the condenser tubes. This improvement
project consists of instslling a commercial Amertap system.
The improvement in unit equivalent availability egtimated by
Trident Engineering Associates for the Amertap system is
1.00374. This estimate astumes no outage hours or deratings
due to the Amertap installation, since the Amertap equipment
can be gerviced with the wunit on line without any deratings
of the unit. It is noted that the Anertap system must be
installed below all condenser laines and a wmajor component of
its cost is excavation and concrete work in an area dense with
underground lines. Plant persomnel are currently examining a

chemical water treatment approach to the reduction of condenser

tiebe fouling as an alternative to the Amertap system.

Estimated Project Cost (Preseat Worth): § 371,232

Estimated Project Benefits (Present Worth):

Due to AEA: 53,371,049
[ue to Reduced
G&M Costs: 130,650
Tokal 53,471,690

Benefit/Cost Comparison:

Net Present Value of Project (HFV): $3,100,467

Benefit te Cost Ratio (B/C): q9.4



Installation of Cooling Towers

Quad Cities 2

Project Description:

Currently, the Quad Cities plant is ¢ooled through a spray
canal. As & result of non-emergency environmental restrice
tions on direct Mississippi River water cooling, Quad Cities

2 has suffered pumerows deratings due to poor performance of
the spray canal. This project invelves installatiom of cool-
ing towers to provide additional cooling. Assuming that no
unit deratings accur due to the rooling towers (2 reasonable
aggumption given the spray canal and river as backup), Trident
Engineering Associated In¢, estimated a maximum improvement in
equivalent availability (AEA} ef 1.0317. It may be poted that
an in-depth examination of the option of installing ceoling
towers at Quad Cities is currently underway by Commenwealth

Edison.
Estimated Project Cost {Fresent Wnrth): §119,740,580
Estimated Project Benefits (Present Worth): §11%,740,580

Estimated Project Benefits (Present Worth):

Due to AEA: 5 28,572,795

Benefit/Cost Comparison:

Net Present Value of Project (NPV): -591,167,785

Benefit to Cost Ratio (BfC): 0. 24




Reliability Model Development & Verification

Raliability models were developed for the Wood River and guad Cities
units. Because af design similarities, a single model sufficed for
the Quad Cities 1 and 2 ynits, The generic functional diagram for
both units was identified, consisting of five principal functions;
i.e., power conversion, steam condensation, feedwaler, steam gengr-
ation, and shared systems. At the sub-functional level, the Wood
River and Quad Cities units were modeled by 16 functions and 23
functions respectively. At the equipment function level, the Wood
River and Quad Cities units were modeled by 35 and 45 functions
together with the number and arrangement (i.e., parallel/series)

of each eguipment item within a function.

Failure mode and effects analyses were conducted on each unit to
establish the degrese to which a loss=-of=-function outage at the

equipment level resuited in a unit derating or complete outage.

Detailed compilations of equipment loss-of=function were prepared.
Due to the inadequacy and unavailability of the data reaported by
the utilities to EEI, it was necessary to glean the data by a
search of unit oparating logs and maintenance records to obtain
the basic component performance data needed as an input to the

reliakility model,
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Verification of the model validity waes done by using the model and

the individual component performence data to "simulate" an overall

equivalent availability for the unit and comparing this "simulated™
value with the actual measured value. FExcellent agreement was

obtained for both Wood River and Quad Cities units.

Reliability Model Application

Application of the DOE/MRI methodology is dependent upon the loss-—
of-function outages as being in a “steady-gtate® condition, i.e.,
gccurring at random., The methodelogy can handle unsteady state
conditions provided there is an accurate record of all external
events that could be changing the outage experience, e.g9., changes
in maintenance or operating procedures, equipment changes, etc.

To test the degree to which the Wood River and Quad Cities units
were in steady-state, Trident used the experience of a prior year
(or years) to predict unit performance for a subsequent prior year.
Although good agreement was found for some years, in some years

the predicted and actual equipment availabilities differed sub-
stantially. No attempt was made in this proiject to find an explana-

tion for these differences.

Using the reliability models and the equipment performance data,
Trident then used the methodology to make estimates of the improve-
ment in unit eguivalent availakility that would ke expected to
result if the improvement projects were implemented. At this step
in the methodology, application, a key input is required which

cannot be cbtained by the methodology, i.e., the expected improvement




in eguipment reliability resulting from the improvement.
very important conslderation.

provide this key input.
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Experience and judgement alone can

Yor this project,; this input was obtained

in close consultation with the utility plant and engineering

personnel. The following tabulation lists the predicted improve-
ment in unit equivalent availability (AEA} for each of the improve-

ment projects, expressed as a decimal; =,g9., AEA = 0.0234 corresponds

to a 2,34 percentage point change in EA -- not a 2.34% change.

This i5 a

MAXIMUM CHANGE IN EQUIVALENT AVAILABILITY

FOR IMPROVEMENT PROJECTS LVALUATED

: N A LA
Unit Improvement Project (Maximurn)
Wood River & Install sixth pulverizer L0234
Continuous pulverizar mainlenance . 0194
Addition of new tube bundles » 00105
Ouad Cities | Moislure draino tank modification L0131
Ele{ih:om:ra.tlc relief valves . 0108
rmodification
Quad Cities 2 Install drag valve . D155
Install Ammertap systemn . 00374
Instail cooling tower 317
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To put these values in perspective it iz noted that the average
equivalent availability of all nuclear a2nd 400 Mw and larger coal
units is about 0.45. Thus the range of improvements is from a low
aof 0.1 to a high of 3.2 percentage points. Trident points cut that
there are significant uncertainties in some of these values due to
the statistically small number of outages from which scme of the

model input coefficients are derived.

Critique of Methodology

Based on the experience gained in thig project, Trident made the

following observations about the methodolagy:
s It is a valid methodology.

o Estimates of unit performance improvement have a high

statistical uncertainty.

0 Some of the statistical uncertainty can bhe eliminated

through further development of the methodology.

o There are many limitations and deficiencies which could

be eliminated through further development.
] It iz unnecessarily complex.

O Hand calculations are tedious and time consuming.

Automation would help greatly.
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o The DCE report is too lengthy to be used as a manual.
It is extremely difficult to use by individwals without

a bhackground in reliability, statistics, and powerplants.
Q The methodology focuses only on equipment functicnal
outages whereas a significant frac¢ticon of outage time

iz due to other causes.

o The existing industry data bases are inadequate to supply

the generic cutage data in a usable format.

Qo The manpower resources reguired to implement the methodology

on this project compared favorably with the 3 to & man

months per unit suggested in the DOE report.,

Trident recommended the following acticns to improve the methodology:

(v} Modification of the methodelogy to handle multiple failures:

a) Modification of the methodology to handle non-identical

parallel components;

e Modification of the methodology to handle compohents

noct repairabkle with the unit on line;

e} Modification of the methodology to incorporate details

of outage duration:



Modification of methodology to incorporate simplifications

in Up calculations;

Refinement of methedelogy to gquantitatively define pro—
cedures to handle such areas az the statistical analysis
and meantime-to-outage and meantime-to-restore trend

projections;

Development of a handbook type format for presentation of
methodology which concisely describes the equations and

procedures to he followed in a step-by-step manner;

Development of procedures for implementation of the DOE

methedology into a computer-based system;

Modification of methodology to model administrative and

conditicnal outages.
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B. Analysis of Costs and Benefits for Eight Powerplant Productivity
Improvement  Projects

The determination of the cost effactiveness of specific improvement
projects (Phase C of the DOE/MRI Methodology) is essential to any
program of powerplant productivity improvemants, Projects to improve
the productivity of a generating unit by increassing either its
reliability or some other performance measure are attractive only if

the value of improved performance sxceeds the cost of the project.

Obiectives and Approach Taken

The objectives of this tasck were to determine the cost of nndertaking
esach of the eight projects studied by Trident and the economic value
of the unit performance improvements predicted by Trident for each

project.

Project cost estimates were developed largely by utility engineering
persconnal familiar with the problems, the units, and prevailing rates
for making engineering medifications. In many cases, estimates were
preliminary since utilities had not previously examined some projects.
For sevaral projects, however, benefits so greatly exceeded estimated
costs that even large errors in cost estimation would not alter the

attractiveness of the project.

In order to translate improved plant availability benefits into dellar
benefits it was necessary to make assumptions and projections <on-

cerning future unit loading and other wvariables, such as fuel costs
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and labor escalation rates., This is usually done through a production

cogt gimulation model, which was used to estimate benefits for the

Illinois Power Company Weood River 5 unit. For Commonwealth Edison's

Quad Cities units, a straightforward estimate of replacement power

costs {based on cost of power from the system's fossil units) was made.

Results

The estimates of cummlative benefits per percentage point improvement

in unit equivalent availability are provided bhelow in Table Bl.

Unit

Table Bl

Comulative Present Worth of

Project a2 1% Point Improvement in
Bquivalent Availability (1978%)*

Cuad Cities 1
Quad Cities 2
Wood River 5
Wood River 5

Wood River b

All £9,013,500

All 9,013,500

Heater Bundle $1,971,968
83ixth Pulverizer § 462,392
Three Shift Maintenance $ B23,711

*Exclusive of cost of achieving the improvement.




Project
{linit)

Moisture Separator

Drain Tank
Hodification
(Quad Cities 1)

Electromatic Valve

Modification
(Quad Cities 1)

Cooling Towers
{(Quad Cities 2)

Amertap System
{Juad Cities 2)

Feedvater Regulating
Valve Modification

{Quad Cities 2)

Add Sixth
Pulverizer
{(Weod River 5)

Replace Heater
Tube

Bundle

(Wood River 5)

Shift Pulverizer

Maintenance
{Wood River 5)

Key:
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Table B2
Summary of Benefit/Cost Analyses
Performance Economie Project Net Benefitf
Impacts Benefits Cost Present Cost
{Pres. Worth) {Fres. Worth) Value Ratio
AEA = 0.00131 $ 1,180,769 & 25,568  § 1,155,201 46
{maximum)
AFA = 0.0108 $ 9,734,580 Unknown Unknown Unknown
{maximam)
AEA = 0.0317 $28,572,795 $119,740,580 -$91,167,785 0.24
(maximum)
AEA = 0.00374 § 3,371,049
{ az 1mum )
AGHC= $6,700/yr § 100,650 3 371,232 § 3,100,467 9.4
(typical) 5 3,471,699
AEA = 0.0155 §13,970,925 § 351,919 513,618,946 &
(maximom)
AEA = (.0234 § 1,082,000 5 4,004,000 -5 2,922,000 0.27
{maximum)
AEA = 0.00106 $ 209,000
(typical) ’
AR = 0.1% 3 458,000 3 464 000 5§ 203,000 1. 44
(minimum} 3 7,000
AEA = 0.01%4 $ 1,210,000 $ 2,423,000 -§ 1,213,000 .5
(typical)
AEA = Change in Unit Equivalent Availability
AHR = Change in Unit Heat ERate
AOMC =  Change in Unit € & M Costs



The analyses yielded benefit to cost ratios ranging from 46 to 0.24,
reflecting the influence of project selection criteria as well as
opportunities for cost justifiable improved productivity. 24 summary

of the results of the analysis is presented in Table 2.

In the case of the Electromatic Relief Valve Modification, a technical
"fix" for the problem was not identified during the course of the
study. Therefore, potential ben=sfits only were calculated for that
project. Such information is ngeful to plant engineering personnel

by providing them with an upper limit on the justifiable cost of

a solution.

Standard engineering economic practices were employed in the calcu=-

lation of net present values and benefit/cost ratios for the projects.
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C. Current Practices in Jllinois Utilities Towards Powerplant
Proguctivity (P1T1)

Sharply rising fuel and new plant construction costs have made the
izsue of powerplant productivity improvement a pressing one for-
Tilinois electric utilities, Current practices of these utilities
are of interest to determine whether adegquate tools exist fo ceffect-

ively exploit opportunities for improved productivity.

Objectives and Approach Taken

The objective of this task was to identify and document the various
approaches and practices currently in use in Illinois electric
utilities for the analysis of powerplant productivity related guestions,
These gquestions include evaluating current levels of productivity as
well as estimating future levels, The productivity aspects of only
base load (large) coal and nuclear generating units were considered.
Four of the major investor—-owned utilities in the state cogperated

in this task.

Current practices towards productivity analysis were documented by

gathering data and information on:
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Measures of productivity and performance in use at

layge powerplants,

Methods of determining current levels of productivity.

Identification of causes and magnitudes of logt productivity.

Selection of projects for improving historic plant

performance.

Representative case studies of productivity analysis at

each ntility.

Internal crganizaticn and responsibilities for productivity

and performance.
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It has been recognized by the utility industry that accurate msasure-
ment of powerplant productivity is a complex task. & variety of
performance indices such as availability factor, capacity factor,
forced outage rates, etc., are in use in the industry to measure dif-
ferent aspects of powerplant productivity. Hence, the approach taken
in this task was to dacument saveral cases (i.e., projects) that
involved improvements to different productivity indices. The overall
organization for productivity analysis and improvement at each utility

was also documented.

The principal source of information was the utilities themselwves,

Generally, the contacts with the utilities consisted of the following:

o Briefing top utility management on the overall goals of

the DOE/ICC project,

o Digeussion with senior technical and managerial personnel

regarding practices towards productivity improvement.

O Study of various internal documents to establish
organization and responsibilities for productivity

stoudies,

o Vvigits to powerplants to discuss site procedures with

cperating personnel.
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The identification and documentation was not pursued to the same
level of detail at each utility., Two of the utilities participated
in other tasks of this project and as a result, it was possible to
present procedures used by them in greater detail. The other two
utilities were alsc preoccupied with the coal sirike problems during
the early parts of 1978 and were able to devote less time to this

task.

Results

Respongibility for productivity improvement is diffuse in all four
utilities. HNone has a centrally focused responsibility at a high
level, such as vice-president for productivity improvement, or an
equivalent corporate level position. Most such responsibilities

rest with power production personnel who focus more on maintaining

powerplant performance than on improving it. The distinction is

between a reactive rather than an active approach to improvements.

Utilities in Illinois use industry-wide measures of performance, such
as capacity factor, availability factor, forced and planned cutage
rates, etc, Egquivalent availability as a measure of preoductivity is
not generally used at any of the four utilities, even though it is
one of the four key performance indices adopted by the utility
industry through the Equipment Availability Task Force of the EEX
Prime Movers Committee. Recently, however, Commonwealth Edison
developed a procedure for utilizing Edison Electric Institute outage
data in éhe analysis of productivity related guestions at nuclear

plants. This procedure employs unit non=operating hours as'a
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performance measure, Causes of outages are ranked by the company in
terms of their contribution to non-operating hours. This provides
engineering personnel with a candidate list of improvement opportunities,
hut has not been used thus far to produce estimates of economic benefits

which would flow from elimination of the cause of non-operating hours.

Tha identification of immedizte causes of lost productivity is rela-
tively straightforward and is done routinely, That is, if an ocutage
is due +0 a broken seal, that fact will be gquickly determined. The
determination of root causes, however, is not done routinely. In

the case of the broken seal, for example, the root cause of the outage
might have been faulty installation, maintenance, design, or manu-
facture of the seal. Engineering personnel sometimes address the
gquastion of root causes quantitatively. Commonwealth Edison has

on one ogcasion employed formal fault tree analysis as an aid to the

identification of root causes of cutages.

The selection of improvement projects for analysis, as well as the
evaluation of future performance improvement, is generally based

on operating experience and engineering judgement. Currently, no
utilities employ formal analytical or statistical reliability models
to analyze improvement projects. Project costs and benefits are

subjected to traditional engineering economic analyses.

No attempt was made in this task to directly evaluate the adequacy
of internal organization, performance measures, procedures, or
analytical tools currently applied by utilities in the analysis of

candidate performance improvement projects.
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D. Historical Performance of Illinois Investor-Owned Electric
Generating Powerplants Qvexr 200 MW (P2TL}

An essential prerequisite to the improvement of powerplant productivity
in Illinois is an analysis ¢f historical performance including a

comparison with national trends.

Obiectives and Approach Taken

The objectivez of this task, which analyzes the historical performance
of electrical powerplants in Illinois, are threefold: 1) Evaluate

the strengths and weaknesses of the various powerplant performance
indices presently used by the electrical industry and select a
comparative index for this study; 2) Characterize the historical
performance of both large and small electyical generating units in
Illincis; and, 3} Determine the potential for improvements in pro-
ductivity by examining the performance of Illinois units relative

te national trends.

The common electric utility powerplant performance indices are defined
by the Equipment Availability Task Force of the Prime Movers Committee
of the Bdizon Electric Institute (BEI). This group is comprised
primarily of utility representatives and seeks to provide nationally

accepted definitions for powerplant productivity indices. Weverthe-
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iess, many utilities have found it necessary to modify the EEI
definitions for thier own in-hcouse use. 1In this study, hoth the
EEI definitions and the utility's version of the definitions were
reviewed, with the equivalent availakility being deemed the most

suitable comparative index for the purposes of this study.

The mast uniform data base for national powerplant productivity is
that provided by the BEdison Electric Institute. However, there
remaing a long lag time between the actual submission of data by
utilities and the publication of the information by the Edison
Electric Institute, As a consequence, the Edison Electric Institute
data available for this study extend only to the end of calendar

year 19276. Although information for 1977 and 1978 has been submitted
by the utilities to the Ediscn Electric Institute, there has heen no

comprehensive compilation of that data.

For electrical generating wnits in Illinois, the productivity using
equivalent availability was compared to that of the historic per=-
formance of similar units throughout the naticen, For units 400
megawatts and larger the national data base included 40 nuclear units
cand 109 primarily coal fired units. For the primarily coal fired
units in the range of 10 to 399 megawatts nameplate capacity, 1246
units comprised the natiocnal data base, while for the primarily

cpal fired units in the range of 200 to 299 megawatts nameplate rating,

169 units were utilized in the national data base.

i
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For the larger units, the performance of the Illinois units on a 1ife
year basis was compared to that of comparable national averages. For
the smaller size units the productivity of these plants was compared

to the ten year average as published by the BEdison Electric Institute.
Only one of the smaller units sampled had data for leas than ten vears

of operation.

Besults

The major findings of this task are:

o Por the purposes of evaluating the historical
performance of 1llincvis electricity generating units,
the egquivalent availzbility was judged o5 be the most

appropriate measure.

0 in terms of powerplant productivity oné Illinois
investor-owned utility, Illincois Power, is among the
best in the nation, and in terms of productivity from
large coal units it ranks in the top five nationally,

This illustrates that high powerplant performance is

achievabhle in Illinois.
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in general, the performance of coal-fired units of
Central Illincis Public Sexrvice Company and Common-—
wealth Edison Company hawve been below national averages
and in some cases significantly below the national

averages.

A review of the trends in powarplant production of
all Illincis wnits reveals that £llinois units as a
group have been generally below the national averages
for the respective powerplant unit classes. {See

Figure DL).

Az noted in this and other studies, the productivity

of the nuclear plants in Illinocis has been below the

L

national average for all comparable nuclear plants.

(See Figure D2}.

This analysis should be unpdated when national 1977 and
1978 Edison Electric Institute data becomes publicly

available.
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Figure D1

Equivalent Availability of Illincis
coal-fired units 400 MW &and above
and the national &EEI] average for
coal-fired units 400 MW and above

for the years lG70 through 1976.

m pa3tional EEI average

awmwmw Tllinois utilities
average

19740

year of cperaticn

1974 1975 15976
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Firure D2

Equivzlent Availability of Illincis
nuclear units and the national (EET)
average for nuclear wnits for the
years 1973 through 1976.

——— National EEY average

ravars Jllipnecis ywtillities
average

1974 1975 1976
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E. Benefits of Improved Powerplant Reliability (P2T2)

Under this tazk, estimates were made 0f the potential benefits of
improved base loaded unit reliability for the Illinoiz Power and
Commonwealth Ediscon systems. These companies are the two largest
investor-owned eslectric utilities in the state and together accocunt

for approximately 80% of total electrical generation within Illinois.

Objectives and Approach Taken

Tha objective of this task was to provide ah order of magnitude
estimate of the potential benefits which would result from modest
improvements in the planned and foreed outage rates of large base
loaded coal and nuclear units in the Commonwealth Edison and Illinois
Power systems. Pour hypothetical improvement scenarios were exaﬁined
over the period 1979-199¢ to determine effects on consumption of

variocus fuels.

The selection of forced and planned ocutage rate improvement scenarios
for this study was accomplished through discussions with utility
representatives. A simultanecous improvement in both cutage rates

of 5 percentage points as used in the General Electric Study was
considered to be unlikely for the Commonwealth Edison and Illinois
Powey systems., Instead, a maximom improvemsnt of 2 percentage

points in both planned and forced outage rates was seclected.

Although there is no analytical basis for this éssumption, it was
judged by both utilities to be close to the upper limit of attainable

improvement. The scenarios examined were az follows:
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cCase A-

Base case analysis using currently projected planned and

forced outage rates.

Case B-

1 percentage point improvement in forced outade rates for

base loaded units. Improvement implemented over a two year

period.

Case C=-

1 percentage point improvement in planned outage rates for

base loaded units. Improvement implemented over twe years.

cCase D=

1 percentage point improvemeant in both planned and forced
oiktage rates for base loaded units. Improvement implemented

over a two year pericd.

Case E-

2 percentage point improvement in both plannhed and forced

cutage rates for base loaded units. Improvement implemented

over a two year period.
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In all cases, the study horizon for benefits calcoulation was 1990,
Some departures were made from the methedology employed by General
Electric in their study of benefits of improved reliability and
productivity for FEA. GE used an coptimal generation planning model
in conjunction with a financial simulation model to perform their
analysis, However, neither of the two participating utilities
currently has an optimizing generation planning model on line.
Instead, proprietary production cost simulation models were used by
the utilities to examine the differential production costs for each
of the four improvement scenaric cases. The primary output of these
models is fuel consumption by fuel type and fuel costs. General
Electric found that, assuming an improvement in outage rates,

a utility could either (1) accept a reduced (i.e., improved) lass of
lcad probalility {(LOLP) and hold the acheduling of future base load
generation additions fixed, or (2) hold LOLP constant énd defer future
base locad generation additions. The use of a production cost sima-
lation model to explore such alternatives, however, is unwieldy., For
this study, each utility manually examined the possible deferral of
future base load generation additions and found that none existed.
This finding may be the result of using a 2 percentage point improve-
ment scenaric instead of 5 percentage points as assumed by General

Electric.

The approach followed in this task was to estimate henefits of
improved productivity only. The cost of projectz and plant improve-
ments required to bring about the four scenarios was not considered
in the results presented. Although the costs of seven candidate

projects were estimated in a separate part of the ICC/DOE study, it

is not feasible to extrapolate those estimates. Since it has not
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vet been determined that the improvement scenarios themselves are
realizeable, no information can he provideﬂ-nn the magnitude of
net benefits (gross benefits minus costs). Estimates of gross
benefits are nevertheless useful in demonstrating the relationship
between small, realistic improvements in the planned and forced
coutage rates of base leaded units and total system generation costs.
Such information could assist utility persconnel in better structuring

internal programs to improve unit reliability.

Results

In terms of reduced scarce fuel consumption, results were greatest
under scenario E (2 percentage point improvement in FOR and POR} as
was expected, For the Commonwealth Edison system, a reduction in
peaking fuel consumption of 42% over the base case was reported.

In addition, #6 0il consumption was reduced by 25% over the base case

level. These percentages refer to total consunmption over the period

1979-1990. The peaking and $#6 0il fuels were displaced by coal

and nuclear generaticn in the Edison system.

Under scenario E the Illincis Power system achieved a cumalative
{through 19%0) reducticn in peaking fuel consumption of more than
17% over the base case. Consumption of #6 oil was reduced by almost
8% over the base case level. Eecause the Clinton nuclear unit has
not been completed, it was not improved in the scenario runs. The
coal units in the Illinois Power system which were improved are sub-
ject to minimum lvading constraints. Operation below these minima
is technically undesirable. A= a result, improvements in the avail-

ability cof the coal units preduce more frequent invoking of minimum
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loading constraints. When such constraints are encountered, the
effect is to increase coal unit loading and decrease nuclear unit
loading, even though average nuclear generation costa may be lower.
This effect iz also partially due to the fact that the nuclear unit

availability was not improved in the scenario runs,

For hoth utilities combined, the estimated value of the scarce fuels
gaved is approximately $346 million in 1978 dollars for the 2 per-
centage point FOR and POR improvement scenarieo., Of this tetal,
approximately 5308 million is attributable to the Commonwealth
Edison system and $37 million to the Illinois Power system., The
results obtained under this tagk are remarkably cleose to those

estimated for the MAIN/MARCA ERegion by General Electric.

These are presented below for the Commonwealth Edison system for

the year 1990.

Bazse Case (1990)

t6 0il Consumed = 3,253 x 103 BBL

#2 0il Consumed [(in #6 eguivalent)

43.929 {5,8} x 103 = 978 x 103 BBL

4,231 x 103 BBL
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Case "E" (1990)

26 0i1 Consumed = 2,116 % 103 BBL

#2 0il Consumed (in #6 equivalent)

22,732 (5.8
33 {5,5; L x 103 = 500 x 103 BBL

2,616 x 103 BBL

I total of 10,894,000 KW were improved by 4 percentage points,

. : _ (4,231 - 2,616) x 103 BBL/yr
01l Savings Rate (43} (10,894, 000RW) = 0.37 BBL
Yr — KW - %

GE result for MAIN/MARCA Region in 1990 = 0.5 BBL
yr = KW — %

Improvement scenario results are summarized fer each company in

Tahles E-1 through E-5.
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Table EL

Baseload Unit Fuel Consumption

Cumulative Differences through 1990*

{1,000"s)
Case Nuclear HS 1S $6 OilL Peaking
Coal Coal {BBLS) (Gals)
(BT ) {tons) {tong)
B
1% FOR
Improvement 65,577 117 (1,218} (4,174} (49,804)
C
1% POR
Improvement 59,442 95 {1,073) {4,016} {36,858)
D
1% FOR +
1l POR
Improvement 124,712 216 {2,341) (8,154} {81,.869)
E
2% POR +
2% POR
Inprovement 248,950 359 {4,997} {15,191} {139,912)

*Parenthesas indicate decreages.
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Table E2

Commonwealth Ediscon Company

System Fuel Costs

($ x 1,000)

Syztem Fuel pifference from
Cost Base Case*

% Change from
Pase Case*

E
1% FOR
Improvement

C
1% POR
Improvement

D

13 FOR +

l% POR
Improvement

E

2% FOR +

2% POR
Improvement

Hote:

11,595,156 { 589,546)

11,60%,774¢ { 74,972}

11,522,960 { 161,782)

11,276,230 {( 380,512)

(0.8%)

(0.6%)

{1.4%)

(2.6%)

above costs represent cumulative estimated fuel costs for the period

1979-1990.

Admounts are in 19%78%5.

*Parentheses indicate decreases.
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Table E3J

Illinois Power Company

Baseload Unit Fuel Consumption

Cumulative Differences Through 1990*

{l,000%s)
Case Nuclear HS LS #6 0il Peaking
{ BT} Coal Coal {BBLS) {Gals.)
(tons} {tons)
B
1% FOR
Improvement {(3,762) 407 {(475) {682) {125, 262)
L
13 FOR
Improvement {3,614) a93 {545) {817) { 14,549)
D
1% FOR and
1% POR
Improvement (4,723) 1,587 (1,265} (1,547} ( 39,333}
E
2% FOR and
2% FOR
Improvement (4,021} {380) (796} {943} ( 23,545)

*Parentheses indicate decreases.
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Table EA4

Illincis Power Company

System Fuel Costs

{$ x 1,000)

System Puel Difference from
Cost Base Case¥

t Change from
Base Case®

B
1% FOR
Inprovement

c
1% POR
Improvement

D

12 FOR +

1% POR
Improvement

E

2% FOR +

2% POR
Improvement

Hote:

2,198,070 ($10,500)

2,199,800 { &,770)

2,188,880 { 19,690)

2,169,050 { 39,520

{0.5%)

{D.4%)

{0.B%)

(1.8%}

ahove costs represent cumulative estimated fuel costs for the period

1979-19540.

Amounts are in 19785.

*pParentheses indicate decreases.
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F. Poliecy Analysis and Incentive Assassment (P2T3)

The improvement of powerplant productivity by regulatory pelicies

and incentives may be a viable option for some state publie utility

commissions.

Objective and Approach Taken

The objective of this task was to identify and analyze policy coptions
which the Illinois Commerce Commission might adopt in order to promote
improved powerplant productivity for existing unitg in Illinois,

These policy options would generally involve either removing existing

disincentives and/for adding firect incentives through the regulatory

process,

The approach followed in this task consisted of the following

activities:

] In-depth review of existing theoretical and empirical
literature in the areas of powerplant reliability, regulated
utility efficiency and performance incentives, and impacts of
various regulatory mechanisms such as the Fuel adjustment
Clauses on productivity. Results of this literature
gsearch have been incorporated into an annotated biblio-

graphy as a part of the task report.
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O Contacts with other state publie utility commissions
known to be investigating or implementing productivity

improvement incentive mechanisms.

-

o Documentaticon and analysis of incentive mechanisms

adopted or under consideration in other states.

o analysis of current regulatory practice in Illinois
as it relates to powerplant productivity incentives

and disincentives.

O Identification of candidate incentive mechanisms for

congideration by the Illinois Commerce Commission.

o Analysis and evaluation of these candidates.

Rasznlts

Because of tha exploratcry nature of this task, definitive results
and recommendations were not developed. The following observations

summarize the findings of this task.

The current regulatory environment in Illinois iz such that
clear-cut statements about existing incentives and dis-
incentives to the undertaking by utilities of productivity

improvement projects cannot be made. HNormal regulatory lag,
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whether or not the allowed rate of return is being earned,
and whether a project is expensed or capitalized, all affect
the economic incentive structure in complex, case-dependent
ways.

Because of the above, there is reason to believe that utilities
generally respond to indirect rather than direct incentives
when they undertake plant improvement prejects. Under an
indirect incentive, the utility usvally cannot make a direct
link between project costs and benefits and earnings. This
arrangement is considered by the authors to be less desirable
than one invelving direct incentives, in which earnings are

directly related to the net improvement as seen by consumers.

Although several state public utility commissions are currently
experimenting with various incentive mechanisms directed at
improving productivity, none of thede has been in operation long
encuch to permit an empirical assessment of effectiveness. All
such mechanisms brought to the attention of the Illincis study
team appear to have the Eotential for improving powerplant
performance in some specific area (such as capacity factor)

at the cost of cost-effective improvements in other areas of
performance, It should be made clear that this is a “thecretical”
concern at this time and no empirical evidence is yvet available
which would provide a basis for a conclusion on the overall

effectiveness of single measure incentives.
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There appears to be little evidence at the present time on

how effectively the single measure incentive mechanisms being
implemented in other states will achieve the desired objective
of improving performance in that measure. This is due entirely
to the fact that most such mechanisms have been implemented
fairly recently; empirical data should become more abundant

with time.

Currently, the most desirable incentive mechanism appears to
ke one which is direct, as discussed above, and which provides
an incentive for the utility to undertake {and to search out
cpportunities for) productivity improvement projects in all
areas. This would include such areas as availability, capacity
factor, and heat rate. Although other elements of this project
have confirmed that improvement in unit equivalent availability
appears to be the most effective approach to the improvement

of overall powerplant productivity, it should probably not be
pursued in such a manner as to discourage cost-effective

improvements in other areas.

The following specific mechanisms were suggested for consider-

ation by the Illinois Commerce Commission:
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Improve Information Flows Regarding Potential Productivity
Improvements

The Commigsion could foeus utility attention on productivity
issues not only by publicly proclaiming their importance

but also by facilitating the dispersal of information to
utilities reqarding possible productivity improvements such
as technical RiD supported by the Department of Energy and

trade associations such as EPRI.

Institution of Efficiency Incentives Tied to Rate of Return

A mechanism by which the allowed rate of return would be
adjusted in accordance with overall productivity may be
implemented with changes in the Public Utilities Act. Rate
of return would be partially based on changes in a utility's
performance as measured against itz own historical perform-
ance or national averages. This would require consehsus

ch the choice of an overall productivity measure, which may
constitute a substantial obstacle. But many of the potential
adverse side effects of single measure incentives would be

avoided.

Modification of the Fuel Adjustment Clause

any fuel adjustment ¢lause carries with it a potential for
inefficient operation which could act as a disincentive to

certain productivity improvement projects. Although no
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empirical data are available which support this concern, it
may be possible to counter disincentive effects., One
mechanism for doing so is a Cost and Efficiency Adjustment
clavse which guarantees recovery of only a portion of
increased costs {such as fuel co=ts). The balance of
increased costs would have to be recovered through improved

productivity.

Except for A, considerably more analysis appears to be needed to
thoroughly evaluate these mechanisms. Substantial changes in regu-
lation can only be achiewved through legiglation or formal hearings.
Mechanisms B and C require further study before they c¢an be subjected

to this process.




ITI. ANALYSIS OF HESULTS

A. Patential for Improved Productivity in Illinois

Taken as a whole, large powerplants in Jlilinois have been performing |
below national averages in terms of equivalent availability. Some

units, howewver, are performing abowve the national average and nuclear

units appear to be close to the national average at the present time.
Agsuming that there is no reason to consider Illinois units as

different from other units naticnhnally, it would seem reasonable to

expect the improvement potential to be on the order of two to five
parcentage points. Some units may bhe improved by more than this

amount and some by less. But in general, I1lipnois units would then

be performing closer to naticnal average performance.

Opportunities for improved eguivalent availability appear to exist

in the following general areas:

+

0 standardization of generic components
0 Improved inventory methods for stocking spares
Q Modificationg to existing plant, including the

addition of redundant components and systems .
o Upgrading of component reliability
o Reduction of outage hours through streamlined

maintenance operations
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These oppoertunities will certainly increase in number as the
alternatives to improved productivity, such as new plant construction

and scarce fuel consumption, become more costly,

There is little ¢uestion that utilities in Illincis are currently
pursuing produgtivity improvement projects, and many projects will

be implemented in the course of time even in the absence of additional
external pressures, In view of the consistency of bhelow-average per-
formance in the pericd 1970-76, the gquestion of whether improvement
projects will be pursued with sufficient vigor must be raised, It
may be noted that the expected potential improvement in equivalent
availability of 2 to 5 percentage peints does not assume the use of
sophisticated tools and procedures since these are not yet in general
use in the industry. It was not possible to estimate the additional

improvement which could result from the application of such toels.

Although there are ample opportunities for productivity improvements,
there are numercus obstacles as well, Poor coal guality, environ=-
mental constraints, inherent limitations in the design of existing
plants, and the uncertainty of ultimate performance of many projects
all contribute to the prohlem. Yet, it is difficult to argue that

Illincois has been disproporticnately afflicted with these abstacles.

B, Benefits of Improved Productiwvity

Cumizlative benefits from a two percentage point improvement in both

planned and forced outage rates were estimated to be approximately




$346 million in constant dollars through 1290. This estimate is
based on Commonwealth Edison and Illinois Power data only, and would

be greater if the other Illinois utilities were included.

However, it is exclusive of the costs of achieving the improvement.
If the actual improvement were as high as 5 percentage points, total
gross benefits for the state could approach $1 billion (cumulative).,
Because of project risk and competing uses of funds, it ig reasonable
to expect that only projects with henefit-~to-cost ratios in excess

of two would be viewed by utilities as attractive. If so, net benefits

{cumulative through 19%0) c¢ould be on the order of $500 million (1978%).
When spread among all ratepavers in the state, over 12 years, the net
effect on electricity bills would be small but not unworthy of con-

sideration.

In addition to direct monetary benefits to Illinois ratepayers, con-
siderable quantities of oil and natural gas would be releasad for
other usaes. This would total approximately 40 million barrels of oil
{cumulative through 1930) for a 5 percentage point improvement in
planned and forced outage rates, roughly equivalent tc the total

petroleum consumption in Illinois in 1974,

The magnitudes of these potential benefits justify commitments by
the Tllincis Commerce Commission and the utilities in Illinois

that they will be pursued. Since only cost-effective projects
would be considered, these benefits do not reqguire the expenditures

of public monies or financial sacrifices by the requlated utilities.
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C. Enhancement of Utility Practices

Current utility approaches to the improvement of powerplant pro-
ductivity were documented in P1lT1l, but no formal assessment of the
adequacy of those practices was made. One measure of adequacy is
actual unit performance, which has generally been below national
average performance. It must be recognized, however, that utilities
in Illinois have recently strengthened their efforts in productivity

improvement, and recent performance has concomitantly improved.

The basic productivity improvement process involves the following

general steps:

1. Aggressive pursuit of opportunities for improved

productivity.

2. hnalysis of candidate sclutions to include projection

of costs and improved unit performance.

3. Managemsnht decision and implementation.

4. Performance monitoring.




Regardless of the adequacy of current analyvtical tools and procedures,
many cpportuhities will not be identified unless they are aggressively
sought. Commonwealth Edison has recently put into operation a com=
puterized system for the routine analysis of nueclear unit non=operating
hours. This approach concentrates attention on the most serious immed-
iate zauses of lost productivity, which are subsequently examined
individually by engineaering personnel. This appears to be the type

of approach which must be systematically applied to all large units

in the state on a regular bkasis. Once immediate causes of non-operating
hours have been identified, they can be subjected to furthar analysis to
determine root causes and appropriate corrective actionz., Although
Commonwealth Bdison envizsions extension of their system to fossil units
in the future, this systematic pursuit cf productivity improvement
opportunities is not currently standard practice in Illinois. Outages
are universally recorded, decumented, and analyzed to ke sure. But

more aggressive management approaches are likely to yield greater
opportunities for cost-effective improvements. Thisz view is

consistent with, if not confirmed by, the improvements in Commonwealth

BEdison's nuclear unit performance in the last three years.

In discussing analytical tools and procedures, it iz useful to separate
engineering economic analysis from that employed in the pradiction of
foture ugnit performance. The internal analyseszs of costs and beansfits
axamined in this stedy were found to follow generally accepted industry
practices. However, there appear to be opportunities for improving

the quality of such analyses at all four utilities. A standard format

is not employed and a reader has no way of knowing, for examnple,
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whether the omiszsicn of some cost or benefit category was dus to
error or insignificant estimates. Industrial trade associations have
developed numerous standard formz for such analyses, of which that
published by the Machinery and Allied Products Institute (MAPL) id
an excellent and widely adopted example. Adopticn of such a "standard"
would help ensure that all relevant costs and benefits have been con-—
sidered and would promote better capital budgeting decisions by
management since all projects would be presented in comparable for-
mat. These comments are not motivated by a desire for standardization
for its own sake. Nor is it known how significant these considexr-
ationg will be in terms of effecting greater improvements in powerplant
productivity, For clear—-cut projects which involve returning a unit
to operational status or which involve benefits which greatly exceed
costs, more detailed analyses are probably not justified., The thrust
of this study, however, is toward the consideration of more projects
requiring a higher level of analysis and in such cases, more

thorough engineering economic analyses may be inevitable.

Whereas utilities can and will upgrade engineering economic analyses
when necessary, the adeguacy of current appreoaches to the predicticn
of project effects on unit performance is much less certain. For a
large number of projects, nc sophisticated tools are required. 2
combination of engineering judgement and operating experience will
provide entirely adequate estimates of how these projects will
influence future unit performance. There appears to be no reason

to consider the replacement of this process with one that is less
direct and more complex for projects in that category. There is

reason to believe, however, that many projects cannot be addressed
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quantitatively when exclusive reliance is placed on judgement and
experience. One utility indicated, for example, that it was con-
sidering the addition of a redundant component to a unit but that it
simply did not know how to estimate the effect of that addition on
unit availability. The PITL survey of four utilities produced no
evidence that any utility currently applies formal reliability
engineering principles to the analysis of unit performance, By
reliabkility engineering is meant the use of statistics and probability
theory in describing and predicting the failure distributions of com-
ponents, systems, and units. There is, of course, growilng interest in
the applicaticon of such principles to the electric utility industry

as 15 evidenced by research activities conducted by EPRI and DOE.

It is indeed true that'a large powerplant, and in particular one

which is custom designed, is & less appropriate candidate for
reliability engineering than MASA and aerospace applications involwving
large numbers of identical electronic components. A wore realistic
comparison might be with the production lines in large manufacturing
operations. These tend to be more analcgous to a powerplant and

vet have accommodated reliability engineering analyses for many years.
There are certainly some real difficulties associated with the
reliability engineering analysis of powerplamts. In particular,
failure modes are numerous and each tends to have a different and
often unknown probability distribution. Movecover data guality at
present is inadequate to support mdch formal analysis. On the

aother hand, all andlysis benefits from high data guality, and improve-—

ment is certainly possible.




It appears likely that electric utilities in Illinois will look

toward more scphistication in the analysis of candidate improvement
projects as more experience and information concerning available
toocls are obtained. It is conceivable that substantial improvements
in eguivalent availability will not be achieved if current practices

are not complemented by reliability engineering tools,

D. Evaluation of the DOE Methodology

In two tasks of thies study {P1T2 and P1T2}, the essential elements
of the DOE systematic methodology were applied to the analysis of
eight projects at Commonwealth Edison Quad Cities Nuclear units

and Illinois Power Wood River 5 coal unit. The most important
conclusion from that demonstration wazs that the methodology can be
uged to generate estimates of improved unit performance for various
projects. HNo attempt was made to estimate the accuracy of the
predictions, but several observations can be made concerning its

usefulness.

1., One of the first steps in applying the DOE method is
development of a reliability model of each unit
{powerplant). This is undeubtedly a useful exercise
for plant personnel even if no further formal relia-
bility analysis is contemplated. It would appear diffi-
cult to seriously discuss the overall relizbility of a
powerplant without access to an analytical or schematic

model of this type.
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Existing data banks proved inadequate for the application
of the DOE method. However, it was possible to apgrade
data by reference to operating logs and other documents
and by interviewing plant personnel. Sinece previously,
little use was made of data such as that supplied to EEI,
there was no motivation to taileor it to specific appli-
cations. Poor existing data guality does nof appear to
be a2 permanent obstacle o the use of formal analytical

models.

Numerous occasions arose in which it was necessary te
make key assumptions zbout variahles for which no data
existed. In some cases, these assumptions concerned
future events, It has heen suggested that this is a
deficiency of the DOE method which renders it unuseful,.
idmittedly, it would be preferable if the DOE method
were a black box which yieslded unambiguouns results and
replaced all human judgement. On the other hand, the
method provides the uvser with an explicit statement of
all key assumptions. As with any formal model, fuzzy
thinking and uncertainties are laid bare in simple
analytical form. The more substantive response to such
an argument, however, is that the DOE methed enables
the user to periorm sensitivity analyses to identify
those assumptions which are critical to the results

and thoss which are less important.




DDE appears to have developed their methodology as a
*zookbook" approach to modeling and analysis. While

it is true that many of the activities required in
applying the metheod dc not require special training
ibeyond that needed to master the method), the Illinois
study team is reluctant to endorse its application without
agzistance from an individual well wverszed in reliahility
engineering practices. In particular, professional
guidance seems warranted in the fitting of unit and
component outage histories to an appropriate failure
distribution, This d¢es not suggest, however, that

only a team of experts cah routinely apply the method.

The entire DOE Phase B activity required approximately
2,000 professional person hours to model eight projects
at three units, two of which were "sister" units,

ideptically configured, It is difficult to extrapolate

such information. KNonetheless, it should ke

mentioned that a considerable portion of that

time was devoted to unit modeling which iz a

cne-time exercise., Analysis of additional prﬂaects
would reguire far less time once unit modeling had
been completed, It would he more realistic to view
the unit model as analegous to an econometric model
used in load forecasting in the sense that it is

more or lezss continually being refined, improved, and
updated. The overall cost of applying the DOE method

does not appear to be excessive,
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6. It was not possible to compare the results of the DOE
method with utility esztimates of unit performance
chahges due to the eight projects, Altheugh the
utilities indicated some disagreement with results,

neither an alternative answer nor a preferred

analytical approach was provided.

Taken as a whole, the DOE methodology appears to offer considerable

advantages over current utility practice for certain types of projects.

The Illinois study team does not feel it appropriate to endorse

or recommend any specific methodology, and the DOE methodoleogy is
viewed only as a representative model. Other systematic approaches
exist which also rely on reliability engineering principles, The
application of such approaches complements the wealth of operating

experience which vtilities can bring to bear on productivity problems,

E. Regulator Options for the Improvement of Powerplant Productivity

The incentive structure faced by electric utilities in Illinois is
complex and uncertain. In general, utilities evaluate projects in
texms of their effect on réevenue requirements rather than on earnings.
Since the effect of a reduction in revenue requirements on earnings

is uvsually unknown, this incentive mechanism may ke inadegquate to

ensure an aggressive management approach te productivity improvements.

Other state public utility commissions have recently begun experi~

mentation with various "formula"™ incentive mechanisms in which a
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relatively clear and identifiable reward is provided in exchange
for the achievement of some predetermined performance level. Others
are considering penalties when some pevformance measure falls below
a pre-established limit. Both of these mechanisms appear to have
the potential for distorting a utility's allocation of rescurces

in such a4 way as to increass rates. Careful monitoring of these
approaches over the next several years will permit an accurate
asgessment of their viability.

Ideally, however, an incentive mechanism should provide a reward
which is related in magnitude %o the ultimate savings secured for
consumers. Because actual savings over the lifetime of a preoject
can never really be known in advance, thiz ideal may be un-

attainable in practice.

There are numerous options which the Illinois Commerce Commiszsicon

may consider which do not invelve such "formula" incentive mechanisms.
For example, recent powerplant productivity relative to the company's
historical performance as well as natiopal average performance can

be a consideration in normal rate case hearings. It could alsc be

a consideration in the hearing process for certification of new unit
construction, These ad hoe approaches to the provision of incentives
would be more effective if they were implemented through a formal
policy statement by the Commission. Their advantage over formula
mechanisms is that they are flexible and better able to take into
account any special circumstances which may arise. Moreover, to

the extent that the Fuel Adjustment Clause provides any disincentives




to improved productivity, the suggested mechanism would provide a
cost~effective stimulus to avoid such lost productivity. The com-
bination of the Fuel Adjustment Clause and a productivity incentive
policy would result in fairness to utilities through recogniticn

of rising fuel prices, and would also ensure fairness to ratepayers
through maonitoring of powerplant performance teo avoid any abuse

of the FACL.

2s a further step, the Commissicn might institute an investigation
intc the reascnableness and approprizteness of methods used by
Illinois utilities in attempting to improve powerplant productivity.
As noted previously, PITL addregssed the problem of documenting and
identifying utility practices. No attempt was made at evaluation

or in-depth analysis. This may be 2z fruitful area for further pursuit.

The potentizl of cost-effective improvements in productivity, the
potential benefits which would stem from those improvements, and
the availability of tools and analytical procedures all confirm the

merits of a Commizsion Productivity Incentive Pelicy.
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IV. ¥EY FINDINGE AND CONCLUSIONS

The historic performance (equivalent availability) of large
generating units in Illinois is below national average performance.
Some units and scme companies perform above national averages,

however.

Cost-cffective oppertunities to improve performance exist, and

utilities pursue many of these.

There are no strong regulatory disincentives to the undertaking
of productivity inprovement projects, but no strong incentives

cither.

Current utility practices, procedures, and management philosophy

toward improved productivity are being strengthened.

Areas in which immediate attention is warranted include application
of reliability engineering tools to the analysis of powerplant
availability and more vigorous pursuit of opportunities for

performance improvements.
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The U.5. Department of Energy systematic methodology for the
analysis of productivity improvement projects was demonstrated

at three units in Illinois and found to be a useful approach.

The potential for improved preductivity was estimated by
Commonwealth Edison and Illinois Power to be on the order of
2 percentage points in planned and forced cutage rates. If
Illinois utitities attained natiocnal average perfofmance, the

potential would be cloger to 5 percentage points.

1f a five percentage point improvement is attained, cumulative
{through 1990) constant dollar benefits would be approximately
5500 million. Cumulative oil savings could egual the total
consumption of ©il in Tllineis in 1974. Benefits for a two

percentage point improvement would be proportionally less.

Based an a survey of gtate public utility commissions, it was
determined that "formula" regulatory incentive mechanisms are
presently in a developmental or experimental phase. Results

of these activities should be monitored closely, but adoption

by the State of Illincis does not appear warranted at this time.

The Illincis Commaerce Commission can encourage improved power-
plant productivity by ekplicitly considering recent unit

performance during normal rate case proceedings.
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V. RECOMMENDATIONS AND RESQURCE NEEDS

Recommendations

The Illinois Commerce Commission staff should begin £0 collect
powerplant performance data from utilitiesz on a regular basis.
It is recommended that unit equivalent availability as defined
by Edison Electric Institute be the primary performance

measure monhitored.

The Illinois Commerce Commission should adopt a formal pelicy
of encouraging improved powerplant productivity. Major elements

of this policy would include:

a, Written communication to each utility urging the adoption
of aggressive management policies toward the identification
of improvement opportunities, the consideration of
appropriate new analytical tools and procedures, and the
development of realistic target performance levels for

each large generating unit.

b. Monitoring by staff of powerplant performance on a regular

hasis,




¢. Consideration of recent productivity levels during normzal

rate case proceedings as a significant factor.

d. Investigation of the reasonableness and appropriateness
of methods used by Illinois utilities in attempting

to improve powerplant productivity.

3., The Illincis Commerce Commission staff should continue to keep
abreast of developments in the field of powerplant productivity.
These include studies undertaken by other state public utility
commissions, the Department of Energy, HARUC, HRRE, EPRI, and

major utilities.

B. HResource Heeds

Total time commitments by staff for these recommendations is estimated
to be two ta four person months per year. HNo further significant

resources can be identified.
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