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ABSTRACT

For industriaes that make uaze of hazardous materials, the direct
ecanamic sonseguences of alternative courses of action are often the most
important factors In decisians about how to manage risks, but may be
difficult to predick. Thne analysis of alternatives can be very complex,
and uncerkainty about actual and perceived risks may impede company
efforts to manage risks. B makthematical model designed to assist
electric utility personnel in the financial analysis of management
optiona for PCB-contalning equipment has heen developed and implemented
as an Interactive software ktool. Based on the methods of declsion
analysis and utlility [lnance, this specific applicatlon allocws the user ,
to reprasent uncertainty about posalble PCB incidents (fires or spilla),
including frequency of cceurrence, lncident severity, and the egacs of
cleanup, plant shucdawn, and legal liabilities. Prediction= of total
life-oyele equlpment and ineident costs can be tcompared for utility
ratepayers and shareholders. in order to facllitate risk managemenc
dectsions. Whilé Lthe approach is general encugh to be useful for many
types of hezardous materials, this paper presenta a PCB transformer risk
management ¢ase study using this tool.

KEY WORDZ:  HRisk management, Risk analysis, PC2, Software, Utility,
Decision, Model, Transfarmer

The PCE Economie Risk Management Model {&SX} and the Contaminated Oil
Economic Hisk Management Mcodel {COIL) are decision support tools deaigned
to help utility personnel manage equipment containing or contaminated with
PCB3. Based cn the mathodology of decision analysis, the models provide
technigues for comparing altermaklve strategies in terms of equipment
costs and the coste of pokential incidents such as firez and spills.

INTRODUCTION

Eleetric utilities typically have a variety of equipment comtaining
or contaminated with PCHs. Accidents or failures inwalving sueh equlpment
may lead to wary large economic costs for the ukility., These costs can
include cleanup of the faocllity and the surrounding area, repalr or
replacement of utillty and third-party equipment, and possible legal
liabilities. The possibility of incurrimg such lesses may exist even when
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the PCB contamination is very low. The need to weigh these highly
uneertain but potentially large losses against the costs of various
management alternatives prompted the development of the two decision
support tools discussed in this paper. The development of ASK was
motivated by the need to manage askarel transformers and PCE capacitors in
the face of the potential for large Financial impacts due to incidents
such as fires. COIL was developed to help utilities choose management
alternatives for potentially contaminated mineral oil egquipment, Both
tools focus on economic risks, which include direct equipment and cleanup
costs, and costs that may be incurred due to real or perceived hezlth or
environmental effects from releases of PCBs.

Management Alternatives

Utilities have a variety of options available to manage equipment
containing PCBs, including replacing existing equipment with one or more
alterrative types of equipment, isolating the equipment or installing
eleetrical protection devices to reduce risks, retrofilling to reduce PCB
levels, or retaining the existing equipment as is. Replacement may
involve significant costs for a new unit and for installation, but may
improve the operating efficiency and will eliminate the possibility of a
PCB incident. Incidents invelving substitute equipment may occur with
greater frequency and with greater risk of conventional damage, but
probably will not lead to the larger costs sometimes associated with PCB
incidents.

There is often considerable uncertainty regarding the degree of PCB
contamination of mineral oil transformers. Testing the equipment can help
guide the choice of a management strategy and may help a utility aveid the
costs associated with an incident involving PCBs. If the likelihcod of
severe contaminatien is low and ineidents are rare, however, the cost of
testing may exceed the value of the informaticn gained.

Balancing Equipment Costs Against Economic Risks

Choosing the best management strategy requires careful weighing of
uncertain losses against known cost and performance consideraticns. Is an
investment in risk reduction measures or new equipment merited to remove
the possibility of a potentially very expensive but relatively unlikely
incident? Management questions such as these are challenging due to the
large uncertainties in the likelihood, severity, and cost of incidents, as
well as the complexity of the cost, performance, and financial
considerations.

For ezxample, consider the case of a utility that has a number of
askarel transformers in its generating stations. There is a small chance
that a fault in one of the transformers could lead to a major fire, one in
which PCBs and combustion by-products would be distributed widely through
the plant in the form of smoke and soot. How large would the probability
of a major fire need to be, and how great would the likely costs of an
incident need to be, before the company should decide to remave its
askarel transformers and replace them with non-PCB equipment? The cost of
installing new equipment is relatively easy to determine, but the
potential incident costs are not. Utility personnel may find it difficult
to estimate the costs since incidents are unlikely and the costs could be
quite large. The challenges posed by decisions such as this have
mativated the development of the risk management models and decision
suppert tools described in this paper.
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ASK AND COIL: AIDS TO DECISION MAKING

ASK and COIL are designed to help utility personnel make the
difficult management decisions regarding PCB and contaminated mineral oil
equipment. Both ASK and COIL incorporate equipment cost and performance
caleulations, a financial model to account for costs to ratepayers and
snareholders, and explicit representation of uncertainties in the
occeurrence, severity, and cest of incidents. These features are combined
in interactive software packages that implement the risk management
models. The software implementations have been designed to facilitate and
guide anaiyses performed by relatively inexperienced computer users, yet
remain convenient and efficient for experienced users. They provide
complete capabilities for the user to enter, display, edit, save, and
retrieve data, to run the models, and to display and save both sumary and
detailed results.

Decision Trees

The management decisions and key uncertainties are represented in ASK
and COIL using decision trees. The tree for ASK, shown in Figure 1, can
be used to caleulate expected costs and the range of uncertainty over a
large number of scenarios. The tree in this figure is a shorthand
representation of the complete tree, in which specific deeision
alternatives and unecertain events are defined, and each node is conhected
to every branch of the previous node. The decision tree for COIL is
similar, but includes explicit representation of the sample/no sample
choice prior to the equipment management alternative.

If each of five uncertainty nodes shown in the ASK decision tree had
thres possible outcomes, there would be a total of 243 scenarios,
represented as distinet paths through the tree., The likelihood, or
probability, of each scenaric is simply the product of each likelihood
associated with the branches aleng its path through the tree.

Mcdels

For each scenario defined by the tree, the calculations in ASK and
COIL are carried out using the models shown in Figure 2. The equipment
model calculates all costs associated with existing and replacement
equipment. - It can take into account different operating and maintenance
costs and efficiencies for different types of equipment, The incident
oceurrence model calculates the likelihood, potential timing, and likely
severity of an incident using values for the uncertain parameters, such as

Management Iacident Incident Cleanup Planc Shut- Liakility
Alternative Freguency Severity Costs Down Coscs Costs
Figure 1

Key Uncertainties Are Represented as a Decision Tree in ASK
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Figure 2

A Set of Medels Are Used to Calculate Costs in ASK and COIL

the rate of occurrence of incidents, from the decision tree.

The incident cost model calculates all costs of an inecident, given
that one occurs. Cost elements can include eguipment replacement costs,
cleanup and repair costs, costs of legal liabilities, and costs due to the
shutdown of a generating plant during the cleanup and repair peried. The
frequency and cost prebabilities and estimates will depend on the specific
scenario or path through the tree. The model incorporates utility cost-
of-service calculations, distinguishes between capitalized and expensed
costs, and calculates costs to both ratepayers and shareholders.

AN EXAMPLE USING ASK

As an example of a PCE equipment management decisien problem,
consider the question of whether an askarel transformer in a generating
station should be replaced with a mineral oil transformer. Suppose the
total capital cost of replacement is $75,000 for a 1000 XVA mineral oil
transformer. Assume that the existing askarel would be replaced in about
14 years if no incident oceours, and the useful life of the slightly more
efficient new transformer would be about 30 years. Also, assume that
ratepayers will pay all of the costs associated with new equipment, but
shareholders will pay a portion of the costs of an incident involving
PCBs.

Utility personnel are typically uncertain about how likely an
incident might be and what one would cost. Most utilities have not had
major fires invelving their askarel equipment, and thus have no historical
data to draw upon teo estimate fire frequencies or potential PCB fire
costs. Using the decision tree structure in ASK, the uncertainty can be
represented as twe or more possible scenarios and industry data and
subjective judgment can be used to assign likelihcods to each
representative seenario [1,2). Figure 3 shows the decision tree for this
example and ceontains estimates for the uncertain parameters. For example,
it has been assumed that the freguemncy of fires ranges from once every
1000 to 10,000 transformer-years and that fires in mineral cil equipment
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are twice as likely as fires in askarels, but less expensive to clean up.

Rolling back this decision tree using ASK, it becomes apparent that
the total expected life cycle cost of replacing the equipment is only
slightly less than the expected cost of doing nothing and risking a
fire, Figure 4 summarizes the expected equipment and incident costs by
category. The nonincident costs are significantly higher when the
equipment is replaced, but they are more than offset by the lower incident
costs when no PCBs are present. Also, the decision tree generates a
cumilative distribution that can be used to compare the range of possible
costs for the management alternatives. Using the cumulative distribution,
we find that for this example there is approximately a one in one thousand
chance that the cost of choosing to replace the transformer will be
$250,000 or more, which may be compared to the same chance that the cost
of doing nothing will be $11 million or more. A utility may be unwilling
to accept the chance of the higher cost.

What if fires in mineral oil transformers are ten times more likely
than in askarels, rather than twice as likely? Figure 5 shows that
changing this assumption about mineral oil fire frequency increases the
cost of the option of replacing the askarel, but would probably not lead
cne to switech the choice of opticns, since the total expected cost of
replacement is still lower. When should the decision change? Figure &
shows the results of a sensitivity aznalysis performed using ASK.
Assumptions about askarel incident frequency are compared with assumptions
about the liability costs of majer PCB incidents, and the curve indicates
the points where the decision switches. For a wide range of expected
liability costs, the frequency of ineidents need not be very high before
replacement beccmes the preferred option. This figure demonstrates the
advantages offered by a tool that can be used to quickly analyze the
implications of differing judgments about the uncertain factors in this
decision problem.

5141200
_$142.800 Liabitity e 5400

$17.200 |« i
Shutdown_/}
AR R~ Cinanup I
Nonincident |
i / \ if $140.7
Tln.b'oo ’ !’ I

i
|
il

Liability EI
$8.600 I \ %0
EEGH| sl
Ratepayers Sharegholders HAalepayers Shareholders
RETAIN REPLACE
5151,400 $141,200
Figure U4

Fresent Value of Expected Equipment and Incident Costs

40



_&152.&0_0_/ Ligbilly
‘_/————"Shuldown

[ Cloanup

il
|

.
i

sse00 o 'i||f‘| 50
[saga_1 -iIH\H |
Ratepayers Shareholuers Satepaysrs Shareheiders
HETAIN REPLAGE
§151.400 5145200
figure 5

Expected Costs When Minerzl 011 Fires are i0 Times as Likely

AN EXAMPLE USING COIL

COIL provides the same capabilities for analysis as ASK, but adds the
ability to axamine the value of testing, 3ince the PCB content of a
potentially contaminated Lransformer may be uncertain. Corsider a 100¢
EVA mineral oil transfeormer that might contain PCRB5.  Shawsld it be
retrofilled with clean insulating fluid to remowe ths =isk of PCB spread
n a 3pill incldent? HRetrofilling will not change the Likelihood of a
spill, but could substantially reduce the opats to the utility should an
incident occur.

fissume that there is an 80 percent chance that the transiormer
contzing less than 50 ppm PCR, a 1% pereent chance of moderate
contamination in the 50-500 ppx range, and a five percent chance that it
contains 900 ppr or more. Retrofilling costs §5.000 and testing for FCE
leval coste 3UD0. Assume that cleanup and liability costs will depend on
the severity of an incident, which Zm turn will depend on the egftent «f
FCB contaminatien in thke transiortier. Suppose that cleanun costs may
range from £3,000 to $25,000 for an oil spill, and from $40,000 to
$400,C00 for & PCB spill. Assume that ne liability costs are incurred in
an oil spill, but that Liabilities may range from $200,000 to $50,000,004
when PCBs are apilled.

Table 1 presents the a summary of the COIL results from an analysis
a7 this example. The value of sampling 13 found te exceed the cost of
sampling for PCBs, and Lhe contamination level where actiom shoulcd be
taken to reduec risks -is identified as azbove %D ppm PCB.  In gercral,
testirg is weorthwnile 1f it ean change the choice of equlpment management
optlons. For this example, there 13 a significant chance that the
transformer will centaln less than 50 ppm, and testing has the potential
to save the utility from the cost of retrofilling such a unit.
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SUMMARY

100
Expected 90
Liability
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Figure &
Whnen the Decision 3hould Change
Table 1
Summary of Results in Coil Example
Sampling Alternative Expected Cost
92,987
DON'T 93,769
The Value of Sampiing Is: 1182
The Cost Cf Sampling Is: 400
Contamination Level Response Alternative Expected Cost
Less than S0ppm * NO ACTION 51881
RETROFILL 93359
50 to 500 ppm NQ ACTION 99154
* RETROFILL 94761
More than S00ppm NO ACTION 108801
* RETROFILL 97364
Ungertain MO ACTION 93818
* RETROFILL 93769

A2K and COIL are decision support tools that allow utility personnel
to evaluate PCB equipment management options for a wide range of
situations. Comprehensive analyses can be carried out quickly and
efficiently, comparing different management options in terms of direct
costs and costs due to inecidents. Uncertainties in incident occurrence,
severity, and cost may be accounted for explicitly, and a wide variety of
"what if?" questions can be answered rapidly.

In addition to serving as a useful analytical aid, ASK and COIL ean
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help utility peragonnel communicate with top management, regulators, and
public groups about the complex nature of PCE and contaminated mineral oil
problems, as well as provide key ingights from the analyses, The tables
produced by ASK and COIL show both the assumptions and the results
vlearly. The implications of alternative viewpolhts and apinions can be
tested and dispisy=ad quickly and easily, thus facilitating discugsion and
sonsensus building on diffieult PCEB management issues.
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