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ABSTRACT

Nuclear Power Plants require continuous investment in many areas to maintain high levels of
safety and performance. The supply of economic resources through revenues, bond markets,
and share holders has considerable impact on almost every measure of performance and safety.
How a utility budgets these resources among many competing objectives has just as much
control over performance, safety and the future availability of resources. This thesis describes
a process for constructing models of the financial influences on nuclear plant performance and
safety using the System Dynamics method. This financial model incorporates effects on the
utility’s performance from 'budget allocations, Public Utility Commission rulings, Stock and
Bond Markets, and competition. Combined with the Plant, Social, Political and Information
sectors, (see Simon 1995, Eubanks 1994) this thesis demonstrates that a utility’s neglect of
such issues as perceived safety, media attention, and perceived plant performance can have
long term negative effects upon the utility’s ability to raise capital, successfully plead rate cases
and compete in a deregulated market.
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1. Introduction

Since 1957, Nuclear Power has produced electricity safely and efficiently in the United
States. It has benefited millions of people with a cheap source of power during times of
heightened concern over energy resource supplies and environmental pollution. Despite
complex technical and managerial hurdles, nuclear power plants have continued to improve
both their operational capacities and safety records.

The future safe operation of nuclear power plants (NPPs) depends heavily on utility
owners’ and investors’ continued financial support of nuclear plants and investment in new
plants as better technologies are discovered. However, investments are limited by budgets
which must also pay for the enormous costs of financing the construction of nuclear power
plants. These financing costs are then severely affected by public opinion, nuclear plant
perceived safety, regulatory controls, and other utility financial indicators. Utility owners must
consider these outside influences when budgeting nuclear plant spending to maintain their
excellent safety record and continued improvement in nuclear plant operations.

1.1 Background

A recent poll by the Nuclear Energy Institute indicated that over 57% of Americans
favor the use of nuclear energy as one of the ways to provide electricity for the U.S. The
Nuclear Regulatory Commission is in the process of licensing three new reactor designs.
Despite the current glut of electric power, many large fossil plant will have to be
decommissioned in the next ten years. Why have no new nuclear plants been
ordered?(Bisconti, 1994)

The answer lies primarily in the financial uncertainty associated with nuclear power.
The owner of a utility must take into account two factors when making any investment: the
future return on the investment and the riskiness of the investment. As nuclear plant costs
increase, the return in investment decreases relative to other investments, such as fossil plants.
Furthermore, as the risk of losing the initial investment due to changing political moods or
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another accident rises, the required return will have to increase even more to account for the
elevated probability of losing the invested money.

Since the cost of building a nuclear plant is so high compared to the cost of operation,
the utility owner must make a greater investment up front. This greater investment means more
capital is at risk before the plant is even operated and more of the cost per kW-hr produced
goes to repaying debt. Thus, a change in the riskiness of generating sufficient returns on
investment affects the operation of a nuclear utility much more than financial changes at another
business or even a non-nuclear utility.

For a nuclear plant to generate the minimum necessary return for a given change in
financial riskiness, operations and maintenance (O&M) costs must be reduced by a greater
percentage than at a fossil plant. Deregulation will affect nuclear utilities more than fossils
since they must reduce O&M costs much more to see the same percentage reduction in total
cost to the customer. Nuclear utilities may no longer be able to guarantee a return to their
investors if electric utilities are deregulated.

Prior to the 1980s, even as construction and operations costs rose, Public Utility
Commissions (PUCs) guaranteed the utility investor a return on their investment through rate
proceedings and a pre-determined “fair rate of return.” In return for this guaranteed return and
a monopoly on local power distribution, utilities pledged service to all local residents. Thus, as
long as the PUC decided that utility investments were “prudent,” meaning they could defend
new plants as being required by projected demand, the utility was reimbursed for its expenses.
Even as regulatory burdens, public delays, and lawsuits caused the cost of plants to skyrocket,
the electricity prices were adjusted so that the utility investors received satisfactory
compensation.(Hahne,1983)

After the oil embargo and the rapid inflation of the 1970s, consumers refused to accept
the rapid escalation in utility bills. Consumer activist groups gained widespread popularity as
friends of the people verses the Goliath utilities. Investors no longer considered utility stocks
as safe as Treasury Bills.

The environment has changed even more in the United States recently. Because of the
high likelihood of competition, utilities will no longer be able to guarantee the sale of nuclear
electricity. The lowest cost producer will underbid the other plants and sell it’s electricity to
consumers. Nuclear plant owners already realize that nuclear power costs must be slashed to
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compete with fossil prices primarily because debt costs are so high. The question is how to cut
costs and still maintain safe plants. (California Public Utilities Commission February, 1993)

Cutting costs has other unintended side effects. Of course, the effect on the possible
safety of the plant is constantly cited as a reason not to deregulate nuclear plants. However,
this contention is countered with the fact that the safest plants in the U.S. are also cheaper to
operate. (Sponsor Meeting, April 1994)

This relation most likely does not work the other way around. A plant manager cannot
just cut costs across the board and hope to achieve a safer plant. Side effects associated with
cutting costs must be predicted and the fat must be trimmed carefully. One way to cut costs is
to reduce preventative maintenance. The long-term side effects can possibly lead to increased
corrective maintenance, reduced profits and diminished safety. Another way to reduce costs is
to reduce manpower, training, information or goodwill spending. All of these reductions can
cause long-term increases in costs. A third way to reduce costs is to settle for less than perfect
grades on the SALP (Systematic Assessment of Licensee Performance) or INPO (Institute for
Nuclear Power Operations) inspections. However, the utility must manage the negative public
opinion and increased regulatory burden which can come from these lower scores-again
possibly leading to higher costs.

All of these methods can result in increased risks associated with investing in nuclear
utilities, or utility owner’s investing in nuclear plants. Increased risks lead to increased
financing costs. When financing costs increase, the utility has less money to spend on capital
equipment, maintenance, and safety programs. Not only does decreased safety of nuclear
reactors affect the financial outlook of nuclear investment, it can reduce the ability to make
safety improvement investments to restore public and investor confidence.

Understanding the long term impacts of short-term cost cutting requires the manager to
evaluate the connections between many variables both inside and outside the utility. Since
these relations are very complex and often non-linear, carefully constructed models of these
relations can aid the utility manager in determining the most important policy levers. He can
then quantitatively evaluate various decisions.
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1.2 Utility Financial Issues

Utilities deal with many financial issues which affect the safety and performance of
their nuclear plants. Not only are financial resources limited and need to be budgeted by the
utility managers, but outside agencies control the availability of funds needed by the utilities to
operate their nuclear plants safely. These agencies include the state Public Utility Commission,
Bond Raters, and Stock Market. Additionally, outside agencies impose costs on the utilities on
top of normal operating costs which can reduce the amount of funds available. The costs
include regulatory costs, lawsuit costs, and delay costs. The utility manager must take into
account the effects operations decisions have on these outside agencies.

1.2.1 Regulatory Costs

Regulatory Costs have risen considerably since the economic peak of nuclear power
construction in the early 1970s. Many nuclear managers attribute most of the increase in O&M
(Operations and Maintenance) costs since the 1970s to the constant need to fulfill NRC
(Nuclear Regulatory Commission) requirements. An examination of the breakdown of costs
reveals that many nuclear plants’ costs have risen many fold even in cases where the regulatory -
burden has leveled out. Thus, nuclear managers need to investigate other reasons for high
costs of building and operating.(Boston Edison 1994, Hansen et. al 1989)

We can not underestimate the burden regulations have had on the nuclear industry. The
accounting of many regulation costs do not include rework costs, or personnel costs associated
with work that would not have occurred if the regulation had not been imposed. An example is
a design change late in the construction of a nuclear power plant. The additional costs imposed
because of rework and schedule changes can be seven times the initial cost of the required
design change.(Bespolka, et al., 1994)

Additionally, utilities have been continually imposing requirements on themselves
beyond the regulations of the NRC. Just like a driver stopping his car ten feet short of a stop
sign, just to be sure, these actions have imposed additional costs on utilities.(David Morey,
1994)

1.2.2 Capital Costs

Building a nuclear plant has historically cost, in 1994 dollars, between 500 million for
the early plants to a high of over 10 billion for the TVA and Vogtle 2 plants. The huge debt
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servicing requirements to build a nuclear plant require the utility to charge rate payers from 34
times as much for loan payments than for Operations and Maintenance.

It behooves the utility to control these costs by whatever means are necessary. For
example, during the low interest rate period of 1994, Boston Edison refinanced their entire
bond and loan structure to take advantage of the lower financing rates (Boston Edison, 1995).
Although this restructuring cost millions of dollars, the savings to Boston Edison involved tens
or even hundreds of millions of dollars over the lives of these loans.

Refinancing loans is well-known practice. However, the effect of public outcry,
perceived safety by regulatory and financial institutions, and investors on bond ratings and
bond prices can also lead to costs in the tens of millions of dollars over a period of time. These
costs, instead of appearing on the balance sheet as outflows of income, are reflected in the
share price of the utility, interest rates it must pay and bond prices it can charge. Again, since
these costs are about 75% of the costs involved in running a utility, they can be more important
than the cost of labor, parts or additional regulatory requirements.

One of the major reasons for the escalating costs of nuclear power plants during
construction was the cost of interest during the delays. Each day a billion dollars sits waiting
to be paid for, over $280,000 must be paid out in interest costs with a 10% interest rate. With
a one year delay (many utilities’ projects were delayed for many years such as Seabrook and
Shoreham plants) compounded interest alone amounts to over $105 million. Since no principle
is paid on this debt, because of the delay in construction, the debt continues to accumulate. In
addition, utility interest rates continue to climb for the financing of new debt as well as debt
taken out to pay for the interest charges which the banks usually require the utility to pay
periodically.

Of course many other factors were involved in the explosive growth of nuclear plant
construction cost such as rework, labor prices, inflation, inventory problems, lawsuits and
several other production factors. Even without these factors, with just a delay alone of a few
years, a utility can end up doubling or tripling the debt servicing costs. (Bespolka et. al., 1994)

After construction was complete, the resulting price of selling electricity increased to
pay for this massive debt accumulated over greater than ten years. Since this cost controls the
price the utility must charge so heavily, the factors which change these costs over time must be
analyzed to see the their multiplicative effects.
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For example, if society perceives nuclear plants as unsafe, so will investors. If these
investors believe that their investment in nuclear utilities is more risky, the return on their
investment the utility must pay will be higher, and the bond rating institution’s rating will be
lower-which translates into higher interest rates. Even though the interest rate allegedly only
affects new debt, Boston Edison’s consolidation of debt demonstrated the amount of money
saved if the utility can lower its interest rate.

1.2.3 Equity Costs

Two additional costs, although less obvious than debt costs, is the cost of raising new
capital and maintaining share price. When the utility’s share price drops, the utility must sell
more shares to raise additional capital, thus dropping the share price even more. To counter the
drop in share price, the utility must raise dividends or raise the cash through debt instead. The
inability to raise equity translates into dividend costs, or loss of value to the utility reflected in
the stock price.(Boston Edison, 1994)

Unfortunately, since the price of a utility’s stock does not represent a direct payout by
the utility the day it occurs, this effect is often just referred to as “paper losses.” However,
these costs are real; the utility must account for them when they occur. These losses are
directly reflected in the current stock price. The potential costs to the utility of having a lower
stock price may be even larger than the change in stock price because of additional interest
charges or smoothing of dividend forecasting which investors calculate.

Utilities pay out dividends regularly to maintain a high share price in a zero or very low
growth environment. Investors perform a Net Present Value calculation of projected dividend
payments over their time horizon to determine the current value of holding this stock. The
stock price is then modified by estimated growth and relative risk of the stock compared to zero
risk investment rate or return. As public outcry, perceived risk of a reactor, regulatory burdens
or other factors which affect investment risk increase, the utility must increase dividend
payments or face a lower stock price.(Brealey and Myers, 1988)

Since dividends are governed by the amount of profit the utility makes, the problems

which affect investment risk occur utilities’ profits are also dropping. So, the utility can easily
enter into an “equity slide.” This slide is similar to the debt spiral.
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1.2.4 Control by Public Utility Commissions

In return for being a guaranteed provider, utilities are granted a local monopoly on
production and distribution of electricity and a guaranteed “fair rate of return” to its investors.
Thus, as the return to investors drops, the utility can raise the price of electricity automatically
so that they can maintain the rate of return provided by the PUC. This process is automatic in
between rate proceedings but is based on the PUC’s perceived prudence of the utility. The
return on investment they allow the utility can be changed. In fact, the same factors which
affect the riskiness of investing in a utility also affect the perceived prudence of the
utility.(Hahne and Aliff, 1983)

The reason for utilities’ continued survival even in the midst of debt crises is due to the
PUC’s guaranteed minimum return on equity. If a utility’s bond rating drops sufficiently, the
utility cries to the PUC and the PUC generally raises the allowed return on equity so that the
utility can raise the price of electricity further.

The feedback from the public when the utility raises the price of electricity causes the
PUC to reduce the allowed return on equity so this escalation must stop somewhere. In reality, |
a dynamic compromise is reached where the utility pleads, the PUC reacts, the public
complains, the PUC reacts and so on until an equitable rate is reached. It is not a harmonious

process.

One of the key problems after the inflationary period of the 1970°s was the utilities’
rapidly escalating prices The public was not willing to accept additional increases in electric
bills. Public activism resulted in Public Utility Commissions’ reducing the “fair rate of return”
to utilities.

The dynamics of the PUC, public interest groups, and utility owners are very complex.
They involve many “soft” relations-political relations related to public perceptions, the political
affiliations of the PUC members, attitudes of the utility owners towards negotiation with
hostile opponents, and the power of public activists who often distrust the utilities and PUCs.
The result of this complex system is much confusion and most often a misunderstanding of
how the process affects the ultimate rate-payer.

An excellent example is the one that occurred in many states during the 1980’s,
especially in states with more activist PUCs. Citizen activists decried the huge profits the
utilities were making in dollar figures and the huge costs associated with building new power
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plants. The activists cited surprising amounts of waste in spending by fat utilities, and multi-
million dollar expenses to contracted firms since the utilities were reimbursed automatically for
expenses related to construction.

Although the examples of waste and overspending were well known, the PUC was
powerless by law to control how the utility spent its money. Thus, a simple cut on Return or
Rate Base (which has the same effect as cutting Return on Equity) was enacted by the PUC.
The result, instead of the cuts in waste the activist groups and rate payers desired, was an
increase in borrowing by the utilities. The final result was a requirement to raise the Return on
Equity a few years later to pay the increased financing costs. While it is true that that some
utilities cut costs significantly in other areas, financing costs often increased, thus hurting the
rate payer. (CA PUC, 1994)

1.3 Method of Solution

The problems the utility manager faces are primarily relational. Most cause and effect
structures outside the utility plant are undocumented and often completely ignored by utility
managers. However, long term profitability or even survival depends on attention to these
problems.

The death of the nutlear industry, if it occurs, will not be due to technical problems. It
will be due to political, social and regulatory problems. It is these problems which the nuclear
manager is least equipped to face. System Dynamics provides the interrelation tool to measure
the impact and provide ‘what if’ scenarios for decisions he must make in light of the current
social/political problems nuclear power faces.(Hansen et. al., 1995)

A System Dynamics model of the nuclear industry’s external factors and a nuclear plant
has been developed to examine the interrelationships among these factors. The model has five
different sectors as shown in Figure 1.3-1. The model uses over 1200 variables to analyze the
complex relations involved in plant maintenance, financial planning, government, society and
information sharing among utilities.

Each of these sectors was built individually and then connected to the other sectors.
They can be run and tested individually. Once connected to the rest of the model, nonlinear
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feedbacks and delayed responses quickly make the model difficult to analyze by intuition. The
experimental method running different scenarios then provides an excellent tool to learn how
this system operates.

Public Sector Government Sector

Nuclear Utility Sector
NU)

4

Safety Information Sector
(8D

Financial Resources Sector

(FR)

Figure 1.3-1 Overview of System Dynamics model of nuclear industry environment. It includes

Utility Plarit, Financial, Social, Governmental, and Information Sectors.

Additionally, System Dynamics provides dynamic modeling. Most human thinking is
static. When reviewing the descriptions, it behooves one to think of the effects occurring over
time. Time delays and delayed feedbacks are present throughout the model. One obvious
example is spending on information. Often, this spending is viewed as wasted money. Over
the first few months, the only results of spending are negative as scarce resources are diverted.
However, over a number of years, accumulated learning improves plant performance,
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especially in the case where an accident occurs at another utility. (Forrester 1961, Simon
1995))

The model has been run to analyze many strategic decisions which nuclear plant
managers face. Several counter-intuitive results have been found, and reasons for poorly
understood processes have been examined. For example, in the case of a nuclear accident at
another utility, the model suggests that a utility might want to cut back on preventative
maintenance shortly after the accident to free up short-term resources to deal with the onslaught
of investigations and public scrutiny. This finding and other counter-intuitive results show the
power of System Dynamics to aid in management forecasting.

In the case of PUC proceedings, System Dynamics consistently models the long-term
effects of the PUC, activist, and utility dynamics. Most other components of the utility
financial picture: the balance sheet, stock pricing model, debt costs, and internal costs have
been previously modeled using other methods. The intergroup relationships of the fight for
return on equity are best represented with a system dynamics strategy. Since many of the
mental models of the rate case procedure are 20 years old or more, most financial experts
concentrate on presenting the correct utility cost requirements and cost of capital requirements
to the commission and ignore all together the long term dynamics of the social and regulatory
stakeholders. '
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2. System Dynamics

“Industrial [System] dynamics is the study of the information-feedback
characteristics of industrial activity to how organizational structure,
amplification (in policies), and time delays (in decision and actions) interact to
influence the success of the enterprise.”

Jay Forrester (1961, p. 13)
2.1 Background

Jay Forrester, an electrical engineer, was an expert in control system theory and
feedback. He and others decided to use control theory to analyze industrial systems in the late
1950’s. Since then system dynamics has been used to analyze industrial, economic, social and
environmental systems of all kinds. System dynamics has been put to use wherever there
existed complex feedback. (Eubanks 1995, Forrester 1961)

The system dynamics approach is based on the following framework taken from Jay
Forester’s book:

¢ Decisions in management and economics take place in a framework that belongs to
the general class known a information-feedback systems.

¢ Our intuitive judgment is unreliable about how these systems will change with time,
even when we have good knowledge of the individual parts of the system.

e Model experimentation...can show the ways in which the known separate system
parts can interact.

e Enough information is available for this experimental mode-building approach
without great expense and delay in further data gathering

e The “mechanistic” view of decision making implied by such model experiments is
true enough so that the main structure of controlling policies can be represented.

e Our industrial systems are constructed internally in such a way that they create for
themselves many of the troubles that are often attributed to outside and independent
causes.

¢ Policy and structure changes are feasible that will produce substantial improvement
in industrial and economic behavior...(Forrester, p. 14, 1961)

Within this framework system dynamics develops a simulation method which managers
and policy makers can use to conduct experiments with different strategic decisions. Analytic
solutions of complex, non-linear, human systems are not possible. Through model building
and experimentation, certain optimization schemes can be derived in a fraction of the time it
takes to experiment in the real world. For example, the nuclear utility model can run a ten year
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simulation comparing three different strategic decisions in less than 30 minutes on a Macintosh
Quadra 800 Computer. (Eubanks 1995, Hansen et. al 1994))

Many uses for system dynamics modeling have been found during its 30 year history.
Some famous examples include the Industrial Dynamics Model, the world economics model,
and more recently the “Boom and Bust” model. Additionally, many consulting firms and
companies use system dynamics as a primary management tool. Organizations using system
dynamics include: Pugh Reberts, Exxon, Motorola, the Department of Energy and
Ford.(Senge 1994, Sterman 1991)

One powerful use for System Dynamics is to overcome prejudices and force
consistency when trying to deal with a problem in a human organization. In the Boom and
Bust model developed during the system dynamics class, acute shortages of the product appear
as it becomes popular. Marketing personnel are often ill-prepared to enact one counter intuitive
solution to short supply: raising the price of the product. Not only do price increases reduce
demand but they supply sorely needed capital for the company to expand production. A
prejudice against hiking prices much above marginal cost prevents most business owners from
raising prices. Then, he finds himself with chronically short production output while
competitors are rapidly entering the field.(Sterman, 1991)

With respect to a nuclear utility plant, owners need a method to maximize long-term
revenues in light of social fears, regulatory burdens, changing PUCs, production pressures to
reduce scheduled maintenance, and competition. Without including all of the time delays and
feedbacks involved, a utility manager will not be effectively using all of the resources available
and operating the correct policy levers to optimize decisions. Like the inventory problem
described by Jay Forrester, the manager can become short-sighted and over react to current
problems if he does not account for time delays. In the case of the inventory model, large
cyclic inventory over-shoots occur because of production delays. If one adds to this problem a
manager’s overreacting to current events, the time delayed effects can be even larger.
(Forrester, 1961 pp. 21-29)

Essentially, utility managers need a tool to provide “what-if” scenarios to better manage
their spending in light of the long-term feedbacks which are peculiar to nuclear energy. Most
of the relations between stakeholders and effects on nuclear plants are highly non-linear and the
connections are very complex. Thinking about three or four relations at once is next to
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impossible; for a thousand variable simplified model of the a nuclear plant with the current
social/political environment, thorough mental analysis is impossible.

The building of System Dynamics models is very similar to building computer models
of physical systems. Just as one models a car as mass/spring/damper system, human systems
can be approximately modeled. Anything that accumulates over time such as paperwork,
public opinion, regulations etc., can be modeled as stocks or energy storage devices such as
the height above the ground of a car or the mass of water in a bathtub.

When feedback occurs to effect a change in a stock, this effect is modeled in System
Dynamics as an auxiliary. In physical systems auxiliaries are usually energy translational
devices such as springs. The spring imparts a force on a car which results in an acceleration.
Acceleration flows into velocity and velocity flows into car height. An example of these
auxiliaries in the utility model would be the effect of electricity price on customer satisfaction.

The damping effects, or delays in increases of stocks are modeled as flow restrictions
just as energy dissipation devices are modeled in physical systems. These dampers delay the
accumulation of stocks; they are analogous to a shock absorber reducing motion of a car or the
nozzle on a shower. The damper of a car delays the effect the road surface has on the car
height by counteracting the acceleration force of the spring. Similarly, in the model, the time to
convene PUC hearings delays the impact of needed revenue by the utility on an allowed return

on equity.

Figure 2.1-1 The simplified model of the car as a mass/spring/dashpot system.
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2.2 Model Structure

The development of a model for a social/political system is similar to the development
of the model for a physical system. However, since social/political systems are often vastly
more complex with many difficult to define variables, the effort at modeling must be more
carefully executed than physical models. However, the benefits of modeling social/political
systems is that, just as one can tune the shock absorber and spring of a car, one can also tune
social/political systems.

Understandably, since many of the variables involved in social/political systems are
poorly defined or inaccurately measured, the tuning will be much more approximate than the
tuning of a car. However, the modeling process can provide more insight into the processes of
the human system and the dynamics of the interactions than can be gained through other
investigatory processes.

Returning to the case of the car to demonstrate how System Dynamics models physical

systems, the method for developing a model will be detailed. The steps one normally follows
are(Goodman and Karash 1995, Richardson and Pugh 1981)

Define the problem

Draw graphs of behavior over time (current and desired)

Focus the issue to help determine the most important path to solution
Based on the Focusing statement develop the structure of the problem
Develop and present causal loop diagrams to the stakeholders
Develop Quantitative Relations

Connect the relations in the entire model

Present graphs over time of model dynamics to stakeholders

Validate model

A S I AT R

Define the problem. In the case of the car, this involves determining that we would like
to have a smooth ride over a bumpy road surface. We do not want to feel every bump but we
also do not want to gyrate forever after hitting a pothole.

The graph of a step input in road height followed by various car responses is shown in

Figure 2.2-1. The preferred response is the small overshoot and return to normal known as
critical damping. In order to model the system one needs to focus the development further.
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Figure 2.2-1 Behavior over time graphs for the car. The top represents overdamping, the middle

underdamping and the bottom critical damping.

The critical issue for this simple system is determining which variable can be adjusted
to achieve the critical ride. Assuming the mass of the vehicle is constant, only the
characteristics of the spring and shock absorber can be changed. Thus, it is these variables
which we will explicitly model.

The relations between the variables can now be demonstrated in a causal loop diagram
with the concerned variable, Car Height at the top of the loop. See Figure 2.2-2. Car height is
compared to Road Height. The difference from initial values determines the spring force. At
the same time Car Velocity is compared to Road Velocity. This difference translates into a
counter-force by the shock absorber which mitigates the spring force on acceleration.
Acceleration translates to car velocity and then to car height.

The negative sign in the middle of the loop shows that this system is self regulating or a
negative feed back system. It gradually decays to steady state. The time it takes to reach
steady state is obviously dependent on the damper and spring constants.

The next step is to model the system and quantitatively determine relations between the
variables. In this case, the issue is fairly easy because this system has been modeled before.
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The spring force is based on the difference in heights; damper force is based on the difference
in velocities; and the acceleration is based on the sum of the forces divided by the car’s mass.
In human based systems the modeling of these variables is much more difficult.

P

Road Surface
/ ar Height
! ——

Velocity Differential

- +
Height Djfferential

Car Velocity A -

+
Spring Force

+
Shock Absorber Counter Force

+
» Car Acceleration

NOTE: + refers to up direction.

Figure 2.2-1. System Dynamics causal loop description of a physical system. In this case, a car

with a spring and shock absorber. The desired effect is shown in the inset graphs.

Translating the causal loop diagram into a Stella® model involves taking these
quantitative relations and attaching them. Since the relations between the stocks such as

velocity and height are already known, they can easily be modeled. The entire model is shown
in Figure 2.2-3.



E@ Car Ai

Car Height

Velocity
Vertical Yelocity

car mass

Spring Force™~amper Force B dampg

rpring const Ht Diff

Figure 2.2-2 System Dynamics Model of a Car. It includes the mass of the car, spring and shock

absorber.
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Figure 2.2-3 A graph of relative road height and relative car height over time. This car needs
new shock absorbers, which would damp the vibrations more. These same effects are also evident -

in human systems.

By inspection, the car in Figure 2.2-4 is underdamped. In the case of the simplified
car example, the differential equations can easily be solved to reveal the necessary damping and
spring constants to achieve the desired ride. However, when dealing with non-linear human
systems such as a nuclear utility and the politics which surround it, the many ordered
differential equations are impossible to solve analytically. The methodical approach System
Dynamics uses in this case provides insight into the system that analytical equation solving
cannot.

Model validation also takes place by inspection for the car. In the case of management
systems several other methods of validation must be employed. The example of the car
demonstrates the compatibility of System Dynamics with physical systems.

2.3 Model Validation

The methods for model validation in System Dynamics can be very different from
physical systems. However, the essential elements of the scientific method are still used. In
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the model of the car, the experimental laboratory is a ride on a road to test whether the model
has predicted the performance of the car.

For system dynamics models, validation is much more difficult because of the
complex, non-linear, and unpredictable nature of human systems. A system dynamics model
can predict simplified performance only within the confines of the model parameters. The car
model does not attempt to predict how the car will react to an icy road; for the same reason the
inventory model does not attempt to predict inventories if the product is made illegal, or a new
product comes to market.

Several methods are currently used to validate system dynamics models. The methods
that are particular to the nuclear utility model include: Structure verification test, parameter-
verification test, boundary-adequacy test, and dimensional consistency test. Additionally, a
test which includes all of the above tests is “transferring confidence to persons not directly
involved in model construction.” (Forrester and Senge p. 209, 1980)

The structure verification test, made easier with STELLA®, is performed two ways.
The first is comparing the model relations through causal loops and STELLA® diagrams to
literature. The second is presenting the relations to policy stakeholders and experienced system
dynamics modelers. The structure test is probably the most important test since all other tests
follow from it.

The dimensional consistency test is part of turning the structure into a quantitative
model. It is performed by the model builders while developing equations to relate the variables
contained within the model.

The parameter-verification test compares the model results with historical data. This
test, the experimental validation of the model, is the test which most closely matches tests for
physical systems. However, this test must be conducted understanding the limitations of the
model.

Presenting the model to experienced managers and policy makers during each step of
model verification is crucial. Interviews with these policy makers also satisfies the boundary-
adequacy test to ensure during each step of model building the size of the model is adequate to
answer the intended policy questions.(Forrester and Senge, 1980)
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3. Nuclear Plant Model Sector

The nuclear plant model develops all of the processes inside the nuclear plant that
control the performance and safety of the nuclear plant. Nuclear power plants can be broken
into subsectors such as personnel allocation, budgeting, and maintenance. Individually these
subsectors control the flows of workers, money or materials and broken parts. When
connected, these subsectors then show the dynamic operation of a nuclear power plant with
respect to capacity, safety, and revenue generation. (Carrol et. al. 1993, Sterman et. al, 1992)

The following subsectors of a nuclear power plant are represented in the nuclear plant
sector.
: On-line capacity calculations
Equipment Flows
Defect Flows
Defect Sources
Learning & Training
6. Scheduled Work Flows
7. Unscheduled Work Flows
8. Safety and Radiation Risk
9. Planning
10. Mechanics Time Allocation
11. Maintenance Staff Hiring
12. Engineer Hiring & Allocation
13. Manager Hiring & Allocation
14. Mandatory and Discretionary Inspections
15. Materials Specifications & Stores Inventory

A

Since this model is much simpler than an actual nuclear power plant, several factors
have been aggregated in each sector. For example, engineers have been divided only into
maintenance, planning, design and information categories. The maintenance engineer
allocation system does not need to be further disaggregated to achieve the desired level of
accuracy since the primary goal of the model is to estimate overall capacity. The flows of
broken equipment through the maintenance processes are similar across functions. So, they
can be aggregated into average values.
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3.1 Description

The nuclear plant subsector was originally a model built by DuPont to determine the
reasons for low capacity factors at chemical plants. DuPont used the plant model to determine
the value of preventative maintenance (PM) and to test methods for gradually implementing a
successful preventative maintenance program (PMP) with limited resources. We have
modified the model extensively to incorporate many of the attributes particular to nuclear
plants. The subsectors are described below.(Sterman et. al, 1992)

3.1.1 Equipment flows and Capacity Calculation

The equipment flow subsector controls the total pieces of equipment either fully
functional, broken down, or taken down for PM. The equipment flows and capacity
calculation subsector is shown in figure 3.1.1-1. The flows among the three states is
controlled by the other sub-sectors within the plant such as equipment repair rate, inspection
rate, and breakdown rate.

The capacity calculation is a graphical function based on the percentage of equipment
broken down or taken down by maintenance personnel. If equipment is taken down, it is
expected that some prior planning has occurred so that it does not affect capacity as severely.
The chance that broken equipment will cause a forced outage is accomplished with a probability
function. As more equipment breaks the probability of one of those pieces causing a forced
outage increases. Periodic outages also effect capacity in this subsector.
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Figure 3.1-1A STELLA® representation of equipment flows at the nuclear plant.

Equipment is either Fully Functional, Broken down, or Tagged for PM. Flows
between these three states represent equipment breaking, being fixed, being taken down for
inspection, breaking during PM inspection, or being sent to the PM system while broken
down.

3.1.2 Defect Flows and Defect Sources

The defect flows subsector generates defects, produces breakdowns, and eliminates
defects through repair. Defects are generated several ways:

1. Normal Operation

2. Worker Repairs

3. Defective Parts

4. Breakdowns of other equipment

The defects then stay in the equipment until they are identified or cause a breakdown.

If they are not identified through inspections, a defect will cause a piece of equipment to
breakdown in an average of twelve weeks. Likewise, even after mechanics identify a defect, it
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must be repaired through scheduled maintenance. Otherwise, it will eventually cause the
equipment to breakdown as well.

Defect generation is reduced as plant operators learn how to reduce stress on
components, and wear on components declines due to break-in. As mechanics accumulate
repair hours, they make fewer mistakes. As personnel inspect more equipment, their
inspection skills improve. The model does not yet include severe end of life characteristics of
the bathtub effect since it runs for only ten years.

3.1.3 Learning Curves

Learning curves are also included which reflect the reduction in defect generation over
initial plant life. Information and training impact the plant sector most through this sub-sector.
As training hours increase, the learning curves improve. As the utility invests more in
information the learning curves also improve. Learning curves are also generated for forced
outage frequency due to operator errors, event report rate and parts inspections.

3.1.4 Flows of Unscheduled Work Orders

This sub-sector accounts for repairs of all broken equipment. Once equipment breaks.
its repair is simplified since it does not need to be inspected or scheduled first. However, since
worker productivity is lower when fixing broken equipment, equipment stays down longer.
Also, since equipment cannot be taken down at desirable time, such as during a periodic
outages and ordering parts consumes more time, each down piece of equipment has a greater
impact on plant capacity.

The flows of the sub-sector include work order creation, engineer and manager review,
material acquisition, partially functional equipment take down (a percentage of broken
equipment), and work in progress. Once, the broken equipment flows out of “Work in
Progress,” it is considered fully functional. However, new defects could have been
introduced during the repair process.

3.1.5 Flow of Scheduled Work Orders

This sub-sector controls PM repairs. Inspections determine necessary repairs. They are
then scheduled, reviewed, and performed. Meanwhile, plans are created and materials are
acquired for the job. The whole process is more efficient since the work is scheduled in
advance. Additionally, workers introduce fewer new defects into the equipment and the taken
down equipment has reduced effect on plant capacity.
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The goal of the utility is to eventually place all equipment in the PM program.
However, one of the balancing acts in the model is allocating workers and engineers between
the unscheduled and scheduled maintenance programs. If managers allocate too many people
to PM then the broken equipment will not be repaired.

3.1.6 Maintenance Staff, Hiring Allocation and Overtime

This subsector is the heart of personnel allocation. The designs of Manager and
Engineer allocations are similar; only the functions of the personnel are different. Based on the
budgeted allocation of resources, various fractions of maintenance workers either work on
maintenance, perform inspections, train or plan work orders. Other overhead type jobs are
assumed to be an equal part of all the above jobs. If there is a shortage of workers, overtime
results. As overtime increases, hiring increases. However, there are time delays and
feedbacks that affect worker productivity. As overtime increases, worker productivity drops
substantially. Alternately, if workers are under-utilized, their productivity will drop to fill the
available time. Thus, it is difficult to see the fat without layoffs and the ensuing consequences,
good or bad.

3.1.7 Mechanics’ time allocation

The division of mechanics’ time between scheduled and unscheduled maintenance is
assumed to occur automatically. The way the budget allocator controls an increase in
preventative maintenance is by increasing inspections. The mechanics react to the incoming
workload each week by assigning the required number of mechanics to the work. If there are
too few mechanics, broken equipment receives priority. However, they will attempt to do all
the required work, based on the backlog, by increasing overtime.

The number of backlogged work-orders controls the capacity of the plant. This
backlog represents the pieces of equipment that were not fixed at the end of the week. The
pieces that are still broken reduce capacity.

Training effects a reduction in time the mechanics spend on actual maintenance. Itisa
good example of a delayed benefit.
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3.1.8 Planners

The delay in performing a work order often comes down to time spent waiting for a
correct plan for the job. If a plan for a job already exists in the library, the job is expedited.
Otherwise, the worker must wait for a plan to be written and reviewed.

3.1.9 Mandatory and Discretionary Inspections

In this sub-sector the budget allocator has the greatest direct impact on plant
performance. The budget allocator can control the of discretionary inspections by assigning
more mechanics. The Nuclear Regulatory Commission (NRC) can also effect more scheduled
maintenance through mandatory inspections. As mandatory or discretionary inspections
increase, the number of defects found increases and the number of scheduled work orders

increases.
3.1.10 Materials Specifications

To work a job a mechanic needs repair parts. The budget allocator must allocate some
money to maintaining a proper inventory. They can also invest money in new capital
equipment or improve specifications of existing equipment and repair parts in this sub-sector.
Improving parts quality specifications reduces the number of defects per part. Buying all new
equipment reduces the average age of equipment in the plant, reducing operations defects in
that equipment.

3.1.11 Engineer Allocation

The model allocates engineers similarly to Mechanics. They are hired and laid-off.
They are allocated to maintenance, planning, design, operations, and information. They also
work overtime with lower productivity. The budget allocator can allocate engineers among the
different functions.

3.1.12 Management Allocation

Managers are allocated similarly to Engineers. They are also hired and laid-off. They
are just more expensive and there are fewer. Their functions are finance, maintenance,
operations, information, and other.

3.1.13 Safety

The Safety sector includes calculations of Man-Rem, Forced Outage Frequency and
Estimated Core Melt Frequency. The Man-Rem estimate is determined by multiplying the
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amount of maintenance done by an average Rem per work order. The Forced Outage
frequency is a probabilistic calculation based on the current average forced outage frequency
for nuclear plants multiplied by a ratio of broken equipment and operator astuteness. Operator
astuteness is determined primarily by training and information.

The Estimated Core Melt Frequency is determined by multiplying the current base core
melt frequency {1/(20,000 Reactor-Years)} by operator astuteness, broken equipment, and
forced outage frequency factors. This calculation is not rigorous, but it provides a consistent
simplified effect on overall core safety by the model.

3.2 Connections to Finance Model

There are numerous ways in which the financial operations of a utility impact the
nuclear operations. Among these, the most important are through:
1. Personnel Hiring and Allocation
Capital Investment
Parts and Supplies Purchases
Training Costs

L o

Inspection and Preventative Maintenance Program Costs

6. ALARA (Person-Rem Reduction Program) Costs
Each of these operations or programs require investment by the utility to perform the needed
tasks. The utility decides how much money to spend on these programs by budgeting the
available money gained through revenues to each area. Any shortfalls are made up through
incurring debt, selling equity or by possible reimbursement through a rate hike. In any case,
the utility must decide how and when to spend the available resources to best support each of
these areas.

3.3 Financial Limitations

Many financial constraints are placed on a utility. Especially as competition
approaches, wise budgeting of money is required to best use the generated revenues to
maintain a high capacity and safety rating next month as well as ten years from now. The
model prescribes the number of maintenance workers available to do corrective and
preventative maintenance based on how much of the budget is left after other required outlays.
If not enough revenues are available the model gives the user the option of cutting everything
evenly, or choosing which sectors to reduce spending on. One can hurriedly layoff a few
managers and save much money in the short run, but cause long work delays, or perhaps cut
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back on training and layoff a few maintenance workers, but cause an increased defect
generation rate.

The power of the model is in this role playing that the user can perform to see ‘what if.’
“What if I change the amount of information sharing, cut dividends, and increase inspections.”
“What if I spend more money on reducing regulations, parts quality and engineer hiring” Each
of these scenarios can be played out in about ten minutes.
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4. Social/Political Sectors

Most of the social and political model was developed by Keith Eubanks who also
connected it to the plant model. The Social and Political sectors represent much of the
environment outside the nuclear plant. Understanding these sectors is crucial to optimizing the
operation of a nuclear power plant. (Eubanks, 1994)

4.1 Social Sector

4.1.1 Overall

The Social Sector includes the local public, the national public, the media, and interest
groups. Each sub-sector provides a positive feedback on the other sectors leading to rapid
saturation during the simulated accident. The social model represents the agitation which
follows a TMI type accident and the long term attention to operations, forced outages, SALP
scores, and government feedback which the social and political stakeholders experience.

The Political Sector concerns the actions of the national government. It includes the
NRC, Congress, and SALP Ratings. The public influences the Congress to pass laws and
influence the NRC. The NRC responds by conducting investigations and developing new
regulations. These new regulations then appease the public and interest groups somewhat who
then reduce their influence on Congress.(Eubanks, 1994)

4.1.2 Local and National Public Concern

Local Public Concern represents the public in the community served by the nuclear
power plant. Local public concern is capable of being much more variable than national public
concern depending on the operation history of the reactor, local goodwill efforts, and local
politics. The local public has a direct effect on the Public Utility Commission (PUC), local
media, stock prices, and interest groups.

National Public Concern represents the public at large. Although, its concern does not
change as rapidly, its effect on the local utility can be greater financially through more
inspections, regulations, interest group lawsuits and media activity than other financial factors.
Although local concern is heavily influenced by national concern, the effect of an accident at
another plant on the local nuclear plant is not as great if the local utility has performed well.
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4.1.3 Media

The media monitor interest group activity, government reaction, utility operations and
public concern. Based on these measures, the media produce reports and follow-up stories that
influence the above groups again. This effect can cause a strong positive feedback.

4.1.4 Interest Groups

Anti-nuclear interest groups are constantly at work monitoring utility operation,
government actions and public concern. They need funding, however. As public interest
grows, more people contribute to interest groups. These contributions improve their ability to
wage lawsuits, demonstrations and lobbying efforts. These groups also have considerable
influence on some PUCs.

4.2 Political Sector

4.2.1 Nuclear Regulatory Commission

The NRC controls inspections, regulation and much of the information transmission
between utilities. After an accident the NRC steps up investigations considerably, researches
and produces regulations. The effect on the utility is increased mandatory inspections and
workload in the information sector. This sector provides regulators with an opportunity to
gauge effects of new regulations and inspections. Thus, they can determine the best path of
action to derive the intended results-increase safety and capacity.

The utility can also influence the NRC by investing in abandoning regulations,
conducting its own inspections or improving its SALP scores. The model provides a good
method for testing the return on investment in each of these areas.

4.2.2 Congress

Congress is influenced by public concern, media, interest group lobbying, utility
lobbying and NRC response. As public concern increases, the number of concerned
lawmakers increases. More concerned lawmakers then compel the NRC to conduct more
investigations and write more regulations.

The actions of the NRC work to assuage congress, the media, the public and the
interest groups. Congressional concern also has a natural decay factor as other issues enter the
political field.
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4.2.3 SALP

Systematic Assessment of Licensee Performance sub-sector represent the calculation of
the utility’s SALP score based on Engineering, Maintenance, Operations, and Support. The
engineering score is based on engineer workload, and quality design specifications achieved
for parts. The maintenance score is determined by mechanics workload and broken equipment.
Operations is based on training, forced outage frequency and operator astuteness. Support is
based on Manager workload. The model does not calculate all of the factors that enter into
SALP scores such as operator drill performance, security, or safety analysis performance.
These additional factors are assumed to average out and have the effect of reducing the range of
the SALP somewhat.

4.3 Connections tb Finance Model

The utility can spend money on the social/political models directly by enhancing local
goodwill, lobbying Congress, attempting to reduce regulation, or spending more on SALP
preparation. However, since perceived safety of the reactor and reactor operations have such a
significant impact on the social/political sectors, every dollar spent on those two factors in the
plant and information sectors improves the performance of the plant in the eyes of the public,
media, interest groups, congress and the NRC.

4.4 Financial Limitations

Again, the financial limitations to the utility in influencing the public and other social
stakeholders are strong especially with coming competition. With fewer dollars to spend, the
utility must ensure that it is maximizing the return on each investment. The model
demonstrates that some money spent on goodwill is required to maintain a low local public
concern,. However , the best way to achieve favorable public attention is through good
operations. '
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5. Information Sector

5.1 Description

5.1.1 Overall

The information sector of the model is primarily concerned with the effect of
knowledge sharing activities and associations. Essentially, the information sector helps to
reduce plant problems and breakdowns through procedure revisions, training, and plant
modifications. The information sector was developed by Loren Simon independently and then
connected to the rest of the nuclear utility model (Simon, 1995)

5.1.2 Sources of Information

Within the model, the main source of information is minor events, site alerts and
emergencies at other nuclear power plants. These alert the plant to other problems that may not
be apparent in ours. With the model the main source of problem processing is INPO, because
in our opinion is it the most influential organization for information exchange within the
industry today. Problem and research reports can also come from the NRC, WANO, EPRI
and vendors.

5.1.3 Utility Information Response

The utility screens, evaluates and performs corrective actions for the newly found
problems to reduces its own problem occurrence rate. This reduction helps to improve plant
performance significantly.

5.1.4 Interactions with NRC

One other important aspect of the information sector is the interactions with the NRC
for new regulations. The utility will screen and perform technical analyses on the regulation,
which allows quicker implementation of the required corrective actions in the regulation. In
addition to this, the utility can work with NEI to abandon regulations in development at the
NRC. This interaction uses a significant amount of engineers to create detailed analyses for
NEI and the NRC. This use of engineers can lead to short term losses in plant performance,
because other work may not be getting done. However, it can lead to long term gains because
regulations are not added to the NRC books.
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5.1.5 Information Personnel Allocation

The information sector is implemented by allocating managers and engineers to work
within it. As with the majority of the model, allocation of people for information is a key
aspect. Information is limited in its ability to improve plant performance, so the correct
allocation must be made between information usage and engineer planning and reviewing of
maintenance work in order to optimize plant performance. The model can show that correct
allocation of the professional staff can improve performance, without having to hire extra
engineers or managers.

5.2 Connections to Finance Model

The most important connections from the finance model to the information model is
through allocation of safety engineers to work on gathering, sharing, evaluating and training on
information from utilities, INPO, WANO, NEI and the NRC. If a utility budgets more money
to using information then more will be processes by the utility, more and better training will
occur and workers’ and operators’ learning curves will improve, meaning they will reduce their
defect or event production rate more quickly.
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6. Financial Model

The financial model develops the relations which lead to limiting utility resources. In
order to correctly determine how public opposition, PUC decisions, or increased regulation
affect the utility’s ability to budget spending for safety, a financial sector of utility operations is
required. The public, NRC, interest groups, and plant operations all affect a utility’s ability to
raise cash to invest in safety and performance goals.

This system dynamics model was created using the same methodology as for the car
example given in section 2. A problem statement was developed and focused using behavior
graphs. Then causal diagrams were constructed and shown to utility stakeholders to determine
if the most important relations were included. A quantitative model using STELLA® software
was built and run to reveal some results a utility manager can use to improve long-term Nuclear
Power Plant operations.

6.1 Development

The Financial model was developed using the System Dynamics procedures described
above. The model took approximately 14 months to construct, connect to the larger utility
model and test. The model is currently beginning validation, with one utility sponsor
volunteering to provide the necessary data to fit the model to an operating nuclear power plant.

6.1.1 Defining the problem

The problem statement, “How can a utility owner maximize equity while maintaining
nuclear plant safety in the face of many social, political and internal problems?” required that
the following areas of utility financial operations be modeled: Internal Accounting, Public
Utility Commission, Stock Market, Bond Rating Institutions, Safety as perceived by financial
analysts, Economy, and Budgeting. To focus this problem, our development of the utility
model focused on the how limitations of financial resources are caused by social, political and
other outside factors. The financial model was then developed to show how these limitations
affect safety and operations, and also as an interface to allow the utility manager to adjust
budgets.

42



6.1.2 Behavior over time graphs

Typical behavior over time graphs are shown in figure 6.1-1. They show expected
response by a utility’s revenues, stock price, and PUC agreeability after a poor SALP rating.
After the rating, the revenues stay constant but the stock price drops. Eventually the PUC
agreeability drops and then revenues drop making the stock price decrease again. These
behaviors were garnered from interviews with utility financial experts and plant managers.

The problem the utility owner faces in this case is how much should he spend
maximizing SALP scores to prevent the stock price from dropping, since spending too much
also causes the stock price to drop. In order to determine how much safety, or perceived safety
in this case, is economically worth while, all of the relations must be constructed and analyzed.
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Figure 6.1-1 Expected behavioral graphs of various utility financial variables to a change in
SALP rating.

To test the predictions of figure 6.1-1, one need only look at the revenues and stock
price of Boston Edison after the poor reviews by the NRC in the mid 1980s on Pilgrim 1.
Obviously, Pilgrim 1 is a severe case. However, it was mitigated by the fact that Boston
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Edison had a diverse power generation base. Even so, it’s nuclear plant had a severe effect on
the company as a whole.
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Figure 6.1-2 Boston Edison’s stock price from May 1986 to May 1994. The effect of the poor
SALP scores at Pilgrim 1 had a strong effect on Boston Edison even if other economic factors are

considered.

Looking at figure 6.1-3, one can see the effects of a nuclear accident at another utility
on this utility. Although public concern and interest groups have some effect on the stock price
of a utility shortly after the event, the real effects are seen many weeks later from increases in
regulation and revenue losses due to PUC reductions in prudence and reductions in capacity.
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Figure 6.1-3 Expected behavior graphs for a nuclear accident at another utility.

The effects in history from the accident at Three Mile Island can be seen in figure 6.14.
It is these effects that the model will attempt to capture. In the case of these utilities however, it
must be noted that they are not only nuclear. Much of their generating capacity is unaffected by
the NRC regulation increases. So, one must compare the more nuclear utilities with the less
nuclear utilities to see the effect.
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Also important is the effect the economy has on the stock market in general. The utility
stock prices must be compared to the Dow Jones Industrial Average (DJIA). For example, if
the DJIA increases rapidly and the utility stock does not, then the utility stock is actually
dropping in real terms. For this reason the DJIA is shown in comparison. Starting around
June 1980, the stock market rises considerably, but the nuclear utilities are staying constant.
The model should predict this delayed, real reduction in stock price.
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Figure 6.1-4 The stock prices from June 1978 to December 1982 of 4 nuclear utilities, including
GPU who owned TMI. The effects from TMI (March 1979) were delayed.( Standard & Poor’s
Compustat 1994, WSJ March 1995)

6.1.3 Model structure

Policy influence paths (Figure 6.1-3) were constructed and presented for structural
analysis to utility financial experts. The policy influence paths represent the most important
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relations of the model. It will aid in breaking down how the causal loops are turned into a
computer model of the financial relations a utility must confront.

Bond Raters

NRC-Saf ety

( puc Stockmarket

Competitors

Utility-Finances Utility-Plant

INPO-Safety

Figure 6.1-5 The policy influence paths of the financial model.

Numerical relations for the generic utility were based primarily on Boston Edison’s
published financial data and standard accounting and financial textbook relations. Once the
structural model was built, the predicted results of various financial relations were presented to
stakeholders at various utilities to measure overall reaction.(Hahne 1983, Brealey 1988,
Boston Edison 1994, 1995)

Although much model validation must still take place, the essential method of System
Dynamics, consultation with stakeholders, has been used to achieve a model whose structure
has been verified by many different parties. The model at this stage can be used as a template.
A utility can insert data, test it and revise it if required.

6.1.4 Causal Relationéhips

After defining the problem, the next step is to develop causal loop diagrams (Figures
6.1- 4 & 5). With stockholder’s return on equity at the top of the causal loop, the most
important relations which affect the return on equity were developed and presented to utility
stakeholders for their review.
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Figure 6.1-6 The basic loop which affects return on equity. The PUC controls the negative
feedback loop limiting the owner’s return on equity to a "fair return” in exchange for the utility’s

guaranteed delivery of electricity.

In the causal loop arrows show the direction of effect and the ‘+’ or ‘-’ signs indicated
whether the effect is positive or negative holding all other variables constant. In this case,
Stockholder’s return on equity positively affects perceived financial soundness. Under
regulation, an increase in perceived financial soundness leads to the utility’s lowering the
market price of electricity, based on the PUC’s “fair rate of return”. If the market price is
lowered, revenues must drop, which causes net income to decrease. As net income drops,
dividends and retained earnings drop. Decreasing retained earnings and dividends causes the
stock price to drop which causes the Stockholder’s return on equity to drop, thus completing
the major loop.

The relationships shown in Figure 6.1-4 are actually more complex, as shown in

Figure 6.1-5. As customer satisfaction decreases, rate cases will be determined less in the
utility’s favor, thus requiring them to lower their market price for electricity. Also, as the
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utility invests more money, it must incur more debt, or sell shares. Incurring debt decreases
net income, and selling shares reduces the stock price directly.
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Figure 6.1-7 Return on equity causal loop including utility spending on safety.

The second causal loop diagram of the utility finances includes spending on safety
represented as “Safety Costs.” Safety spending can either be self imposed, or required by
regulation or required inspections. This causal loop was developed with the assumption that
safety spending has a positive impact on safety and perceived safety, both represented as
“Safety” on the diagram.

As safety improves, capacity improves overall since less equipment is broken.
However, this relation can be negative if the utility takes down too much equipment or extends
an outage to improve estimated safety. In the U.S. the safest plants, by many measures, most
often have the highest capacities. Safety also improves customer satisfaction, as the local
public is less concerned about the utility’s operations. Finally, safety has a negative effect on
regulations and required inspections. As SALP ratings improve, the NRC requires less safety
spending by the utility.
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All three of these effects by safety and perceived safety can have the overall effect of
increasing net income by reducing costs and raising revenue. Safety spending has its own
cost, however. A utility owner must balance the spending with the return on the investment.
This problem of optimization requires the quantification of different types or safety spending
and the return on investment the utility owner can expect.

Once the causal loop diagrams were agreed upon by the utility stakeholders, a
quantitative model was developed which attempted to answer this question. The sub-sectors of
the financial model were developed to provide the necessary links to support these causal loop
diagrams and determine how much effect the variables presented have on each other.

6.2 Descriptions

The Financial Sector includes all aspects of utility monetary operations. It includes
Internal Finance Balance Sheets, the Public Utility Commission, the Stock Market, Bond
Rating Institutions, Economic Effects, Perceived Financial Safety of Nuclear Plant, Budgeting
and Allocation of resources, Capital Investment, and Debt.

This section presents a discussion of most of the variables in the financial sector of the
model. The entire model structure is presented in Appendix A, Utility Model. Quantitative
relations and detailed descriptions of each variable are located in Appendix B, Equations.
Appendix B also contains an alphabetical glossary organized by sub-sectors which describes
each variable in detail.

6.2.1 Internal Finance

Cash flows and the overall balance sheet are determined in this sub-sector. Costs are
summed each week and subtracted off of revenues to determine the gross margin. Investment,
property taxes and then income taxes are subtracted. The remaining, net income minus
dividends are forwarded to retained earnings. An asset, liability, and retained earnings
comparison is then made.

This model uses cash based accounting. Each dollar flows in and out each week for
simplicity. This format will be important when understanding Net Income representation.
Under accrual accounting which is normally used, on a quarterly basis, the utility does not
show the huge loss from an outage because costs are matched with the revenues later
generated. In the model, outages are presented as a large loss in income.
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6.2.1.1 STELLA® Structure

The Balance sheet structure is shown in figure 6.2.1.1-1. The structure follows the
Statement of Income, Balarice Sheet, and Statement of Cash Flows standard accounting
format. Revenues enter into Liquid Assets. Liquid Assets are then distributed to Costs,
Taxes, Dividends, Investment and Net Earnings in that priority. If outflow exceeds revenues,
the difference is made up with Cash Provided by Financing Activities and incorporated into
debt. Since this format is for a dynamic model, the cash flows are determined on a weekly
basis.
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Figure 6.2-1 The balance sheet portion of internal finance.
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Starting on the left side of the diagram with Revenues, a description of the Balance
Sheet portion of the Accounting Sub-sector follows. Complete details of each variable can be
found in Appendix B: Model Equations. Only the major variables and flows will be discussed
below. The first mention of a variable will be enclosed in double quotes (“”).

“Revenues” are generated based on “produced revenues” and “bought power
revenues”. “Capacity on-line,” “Rate per kWh,” and “power rating” determine produced
revenues. “Bought power,” “power rating” and “Rate per kWh” determine bought revenues.
The penalty for using bought power comes in the cost of bought power for the utility under
“costs.”

The weekly revenue stream flows into “Liquid Assets” as cash. Meanwhile, costs flow
out of Liquid Assets. “Operations and Maintenance Costs (O&M)” and “Capital Costs” are
combined to determine overall costs. Shortfalls in liquid assets and utility capital investment
are made up by “Cash Prov. By Financing Activities”. Cash Prov. By Financing Activities is
made up of debt incorporation or selling of shares. Most utilities use a 50%/40%/10% Debt,
Common Stock, Preferred Stock ratio of funding. Since this model does not include preferred
stock, a 50%/50% split between equity and debt is used.

Utility capital investments are made through “investment.” Investment by the utility can
be made by improving the quality of parts and design through “Cptl. Imp. Cash” or by buying
all new equipment (such as Steam Generators) through “Bought Eq Cap Inv$.” Investments
made by the utility, unlike costs, go into “Book Value Assets” which then depreciate into
“Accum Dep XA.”

Other flows out of Liquid Assets include “Taxes,” “Dividends,” and “Retained
Earnings” in that priority. Taxes include property taxes and income taxes. Property taxes are a
mill rate multiple of the “Book Value of Assets.” Income taxes are based on the corporate
income tax rate times “Gross Margin.” The utility’s gross margin is determined by subtracting
weekly costs from weekly revenues. Dividends are determined by multiplying “Net Income”
by the utility’s “Dividend Factor.” Net Income is just Gross Margin minus taxes and
depreciation. Retained earnings absorb the remaining cash after all other expenses are
complete. The rest of the Balance sheet calculates the “Assets,” “Liabilities,” and “Share
Holders Equity” columns which are found on the utility’s annual balance sheet
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Figure 6.2-2 The cost portion of internal finance.

Utility costs derivation is shown in figure 6.2-2. “O&M Costs” are determined by
adding all of the individual weekly costs together. The individual weekly costs are grouped
into “Ops,” “Labor Costs,” “Week fix ct,” and other costs. Operations includes “Fuel Costs,’

i
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“High Level Waste Mgt,” and “Ops Overhead.” Labor Costs include the cost of maintenance
personnel, engineers and managers. Weekly fixed costs are just the additional costs of
operating a nuclear plant such as grounds keeping, security, distribution, which are not
affected by other areas of the model.

Other costs include “NRC Insp Cost,” “Bought Pow Cost,” “Force Shutdown Cst,”
“LS cost (Lawsuit Costs),” “Max Bud Lobby (Lobbying Costs),” and “$ on Ed (Public
Education Costs).” NRC Inspection costs include only the direct expense of NRC personnel
onsite. Additional Labor costs by utility personnel are covered by labor costs. Bought power
costs are the additional cost of buying power from another utility. When the plant is
shutdown, the utility must buy all of its power. During a forced shutdown, additional costs on
top of normal labor costs are incurred which include investigation costs, rapid repair costs and
additional training costs. Lawsuits by interest groups incur large legal costs, as well as greater
administrative costs. Lobbying costs include money spent to influence lawmakers and support
industry lobbying groups such as NEI. Public Education costs work towards goodwill by
lecturing the public, taking school groups on tours, and getting involved in the community.

Also calculated in this section are new parts buying, Net Present Value of Maintenance
and Downtime, and “Debt Payments.” Investment in new parts is included in capital costs and,
divided by the average cost per new part, to determine the number of new parts bought. The
Net Present Value calculations aid in determining the dollar costs and overall value of
performing preventative maintenance. Debt Payments are calculated by determining a payment
schedule based on “Debt” and the utility’s average interest rate.

6.2.2 Public Utility Commission

The Public Utility Commission, influenced by customer satisfaction, utility
performance, interest groups and political ideas opine their view of the prudence of utility
financial decisions. This prudence translates into an allowed return on equity and an allowed
rate base. Once the allowed return on equity is determined, it is translated into a cash value and
compared with the utility’s requested return. Combined with pass through costs such as fuel
and NRC regulations, a PUC price is determined after a delay to account for the time between
rate case proceedings.

If there is competition, this price represents only a legally allowed price. The price the
utility must actually charge to maintain its customers is the competitor’s price multiplied by a
small augmentation based on proven reliable service.
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If the PUC grants an excessive price increase, customer satisfaction drops impacting
PUC prudence. If utility financial indicators drop too much, the PUC will approve rate
increases to prevent the utility from going bankrupt.

The Public Utility Commission Subsector is shown in figure 6.2-3. The “PUC
Prudence” determination is modeled by comparing the current perceptions of the PUC
members with a current indicator of how they would feel about the utility given enough time to
analyze all of the inputs into “Cur Ind of Prud.” Included is a time delay for the perceptions of
the PUC to change. Even if a member of the PUC changes creating a harsher or more
benevolent climate for the utility, the change in PUC perceived prudence takes time to evolve as
new members gain influence in the commission.

The following effects control the behavior of the PUC’s decision that the utility’s
actions are prudent: the ratio of forecasted capacity to actual capacity, “EffCaprel frcst,”
Customer Satisfaction, “EFFCSPUC,” public interest group activity, “EFFPIPUC,” Perceived
Safety of the nuclear plant, “EffPSPUC,” and the political hostility with which the PUC
perceives utilities (in the eyes of utility financial analysts), “Evilness.” In addition, the PUC
uses financial indicators to determine if the financial markets believe the utility’s actions are
prudent. These include the bond rating, “EffBRPUC,” and Stock price, “EFFSPPUC.”

The “PUC perc Prud” determines two other variables, “Rate Base,” how much of the
utility’s capital base the owners may use to determine the allowed return on equity, and the
“Allowed ROE.” If the PUC does not believe the utility’s actions on investment are prudent
based on a combination of the indicated variables, it will disallow a rate base adjustment and
the utility will have to pay for the investment with out increasing charges to rate-payers. If the
PUC believes in general that the utility is making more money than a “fare rate of return”, it
also reduces the allowed return on equity. The allowed return on equity is constantly compared
to the utility’s cost of capitél however, so that economic changes and interest rates do not
severely affect the utility.

To determine an actual average rate the utility charges rate payers, several calculations
must be made and a delay for the time between rate cases must be incorporated. During a rate
case, the utility calculates a requested rate structure, “Utility Req Total,” based on future cost
estimates. The PUC compares the request with its allowed return on equity for investment and
a “Test Yr $/Kw-hr” cost comparison to determine an allowed charge for non-pass-through
costs. Other costs, “Pass Through,” are automatically charged to the rate-payer without
dispute. These costs include fuel costs and NRC regulation costs. The final “Puc Rate” is the
maximum legal cost per kilowatt-hour that the utility may legally charge customers. Of course,
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if competition is present the utility must charge a rate consistent with maintaining customers.
After adjusting for this competition, the actual “Rate per kWh” is derived.

To determine customer satisfaction, a comparison of the utility’s rate for electricity to
customers’ perceived relative rate for electricity is also calculated in this subsector. As the price
of electricity increases above inflation, customer satisfaction drops rapidly. This drop
influences the PUC and prevents further price increases. This effect drove the hostility of rate
proceedings after the oil shock of the 1970’s and the nuclear construction costs of the 1980’s.
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6.2.3 Budgeting and Allocation

A manager using the model to analyze strategic decisions would use the Budgeting
and Allocation subsector most frequently to test spending decisions. Utility operations are
controlled through allocation of dollars. The utility manager can change spending on
inspections, capital equipment, information, personnel, goodwill or lobbying.

The subsector is shown in figure 6.2-4. The layout is similar to costs. The
subsector has only auxiliaries which calculate weekly allocations of resources. Starting
with “Test Yr Rev”, “Required Costs,” which are based on “Budgeted Taxes,” “Des
Weekly Profit,” operations, fixed, debt payment and bought power costs, are subtracted
off. The “Discretionary Budget” remains to be sliced into various spending pieces. Based
on allotment, the maximum allowed number of maintenance workers, engineers, planners,
and managers is determined. Also determined is the amount of the budget spent on
discretionary inspections, “Fr Lab bud All Disc insp.” This fraction determines how much
of the labor budget is spent on preventative maintenance. Additional spending decisions
are made in training, lobbying, layoffs, dividends, parts, and overall cutbacks.

Other computations this sector performs include a message in case the utility is
losing all of its profits, and an allocation block to allot engineers and managers to various
areas. The actual allocation takes place in the Engineer and Manager allocation subsectors.

6.2.4 Equity

The stock market is represented by a Capital Asset Pricing Model. The risk of
investing in the utility is compared to Treasury Bills and the Dow Jones index. This results
in a cost of capital, which is the required return on equity by an investor. This cost of
capital is compared to the present value of estimated future cash flows of dividends to
estimate a stock price. Combined with random variations and economic effects, this
estimated stock price is converted into daily stock price.

The derivation of share price starts with the “Anal Ut Risk,” which is derived from
the utility’s Debt to Equity Ratio, “EFFDEStRisk,” National Public Opposition,
“EFFPOStRisk,” Perceived Safety, “EFFPSStRisk,” PUC agreeability,
“EFFPUCStRisk,” and Local Public Opposition, “EFFLPOStRisk.” Then a cost of capital
factor called “Beta AST” is derived. Combined with a factor for “Beta Debt,” which is
derived from the bond rating, “EFFBRStock,” this factor becomes “Beta Eq.”
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Model Parameters chosen by Management

Budgeting Parameters
Frac Bud Mech

O )

cb switch
Laybft Kra Test Yr RevEvilness Week bjdget
‘. ' A .09 of Disc bud is profit
Budget Max Bydget Maint T Des Profit Margin Des Weekly Profit
. () () e
\o/ b/

\/

FracBudEng Max budMGT gno v 5qf

DI c¢h from base Max Mech Budget

Max budjParts Frac Part bud maint parts

O O

Max Mech Budget Frac Bud Lob Max Bud Lobby ~ $on Ed

O O O

frac Mgt info frac Mgt maint frac Mgt fin

standard hours

Overhead effect hrly cost labor
Budget Max

Desired Retum on Equity

Frac Bud Mech Total Equity

Des Weekly Profit  Bud Div

Profit MessageDes Profit Margin
Frac Div

Figure 6.2-4 The budgeting subsector includes budgeting, desired profit calculation, and

some personnel allocation.

This Beta represents the relative risk of investing in the utility. This risk is compared to the
interest rate of zero risk securities such as T-bills and relatively risky items such as the rest
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of the stock market to obtain the stock discount rate. This rate is the required interest rate
the stock should pay to compensate investors for overall riskiness.

To determine the current stock price two other factors must be considered,
“Dividends” and “Rel Growth.” If the utility pays dividends, the estimated future dividend
payout annuity is converted to present value. This value increases the current price of the
stock. If the utility is growing then the investor accounts for this growth by estimating the
future return similar to dividends. When combined in the following equation according to
the Capital Asset Pricing Model, these factors estimate the current value of the utility’s
stock (Brealey and Myers, 1988):

NPV (Dividend_Forecast)
(St. Dis Rate%-Exp Growth%)

where the numerator is the net present value of the forecasted dividend payments. The

Value of Stock=

(Eq. 6.2.3-1)

denominator includes the annual expected growth in percent and the Stock Discount Rate in
percent. This equation provides a good estimate of the current value of holding the utility’s
stock within a certain range. (Brealey and Myers, 1988 and Hahne and Gregory, 1983)

Obvious problems arise if the expected growth of the stock approaches the discount
rate, which is not a problem with most utilities, or if the dividend forecast approaches zero.
In that case a different estimate of stock value would have to be used. For utilities, since
dividends are paid reliably, at least in the past, this equation provides an excellent estimate
of stock prices. The Capital Asset Pricing Model has been used for many years to gauge
the value of many stocks. The “Ind of Market Value” is then corrected for time delays for
stockholders to analyze financial indicators and muitiplied by speculative and economic
effects to arrive at an “Actual Share Price”

In parallel to the stock price determination, the “Book Value per Share,” is
calculated. This is the total assets of the utility divided by the total number of shares. The
“Market to Book Ratio” represents the ability of the utility to raise cash by selling more
shares. If the market to book ratio is very high the utility can sell more of itself based on
investors’ belief that their payoff in the future warrants paying a price greater than their
share of the assets of the company.

As the utility sells shares, its equity builds based on the market value of the shares
when they were sold. This equity is combined with retained earnings to arrive at the total
of “Shareholders’ Equity.” This calculation completes the balance sheet equation of:
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Assets = Liabilities +Shareholders’ Equity (Eq. 6.2.3-2)
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Figure 6.2-5 The Equity Subsector represents the stock market, capital costs and the utility's

ability to raise equity through sales of shares.
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6.2.5 Bond Rating Institutions

Bond Raters constantly monitor the financial position of utilities to determine their
ability to repay long-term notes. The bond rating is on 1-12 scale from Default to AAA+.

Bond subector

Credit Agencys Perceived Fin Soundness

Bond Rating

EEFBRStock

d of Cledit PFS Time to Change BR EffBRPUC

Total Equity Puc Aggreability

System Reliability

[

PerSafByFinMark

Figure 6.2-6 The Bond Subsector determines the bond rating of the utility.

The indicated bond rating, based on current financial elements, “Ind of Credit
PFS,” is derived from several factors based on financial indicators which bond rating
institutions use to rate companies. The most important of these is the utility’s Debt to
Equity Ratio, “DE Ratio,” which is based on the total liabilities owed compared to the

market value of the utility’s stock. Additional factors included in the model include
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“System Reliability,” “PUC Agreeability,” and the perceived risk of losing the reactor plant
due to a catastrophe, “PerSafBy FinMark.”

The Bond rating is delayed by the interval between doing bond rating analysis,
unless a financial calamity strikes the utility. The “Credit Agency’s Perceived Financial
Soundness” is adjusted to fit on a 1-12 scale which represents the utility’s bond rating from
CCC to AAA. (Duff and Phelps Credit Rating Co., 1994)

6.2.6 Economic and Random Effects

This sub-sector inserts recessions, interest rate hikes, inflation and random effects
onto the utility. It is used to incorporate speculation, “Speculation Factor,” random stock
market actions, “Random Effects,” and “Economic Cycles” into the utility’s share price. It
also calculates the utility’s interest on debt from its bond rating. Inflation has been turned
off in the model for simplicity but may be reinserted.
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Figure 6.2-7 The Economic Effects Subsector adds economic cycles, speculation and

randomness to the stock market.

6.2.7 Perceived Financial Safety

This sub-sector represents an investor's perceived risk of losing investment due to a
major accident at the nuclear plant. This risk influences the total risk of investing in the
utility and affects the bond rating. It is determined by monitoring operations, SALP scores
and forced outage frequency. Risks due to the PUC and economy are determined in the
stock sector.
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Figure 6.2-8 The Safety Financial Subsector calculates a perceived risk for the investor of

losing the investment in the plant due to a core melt accident.

6.2.8 Capital Investment and Debt

The utility manages cash shortfalls and capital investments by financing 50%
through long term debt. Since so much debt is incorporated during construction of the
plant, approximately 70% of costs go to debt payments in the model. If a utility
consistently overspends, it will enter a death spiral of debt.
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Figure 6.2-9 The Debt Sector determines long term debt and debt payments.

“Debt” is incorporated when Net Cash Flow is negative, requiring the utility to
borrow money or sell equity. Based on the “Debt Factor,” the utility will raise 50% of the
shortfall by incurring more debt. Also, if the total “DE ratio” becomes too large, the utility
will stop incurring more debt, and the model will pause to prevent the manager from going
bankrupt.
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7. Financial Model Simulations

Several simulations have been performed to test the structural validity of the model
and present results to stakeholders. Important information has been gained by running the
overall model to ensure consistency of equations, and show some interesting results that
are valid even for a generic utility. These results, such as showing the value of
preventative maintenance, present the power of System Dynamics as a learning, financial
planning, and performance improvement tool.

The runs, which are shown below, test various budgeting decisions with and
without a significant accident at another utility and the value of training. Value is reflected
both in capacity rating but also in net income. Other variables such as bond rating, stock
price, or PUC perceived prudence are also important indicators of future plant
performance. However, experience running the model has shown that these variables track
capacity and net income. Historical capacity is the largest factor in perceived safety and net
income over time is the most important factor in determining the financial health of the
utility. Additionally, poor bond ratings or PUC attitudes towards the utility result in a drop
in net income, so outside changes are evident through net income anyway.

7.1 Steady State and Accident-Baseline

One of the steps to validating a model is running the model in steady state to
determine if it realistically represents the normal flow of events in the organization it is
trying to emulate. For the Nuclear Utility Model, we optimized many factors to make the
model run a smoothly as possible. All of the sectors are connect for this run and some
principle financial indicators are shown for comparison. Steady state is represented as
Case 1 in figures 7.1-1 through 7.1-6.

The next step in validating a model is to test the model’s reaction to a known
historical event. Case 2 in figures 7.1-1 through 7.1-6 represent the scenario where a
nuclear accident occurs at another nuclear plant occurs in week 156. The resulting public
outcry, congressional concern, increased regulation, financial community risk perception
and PUC reduction in perceived prudence all severely effect the performance and estimated
safety of the plant.
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Figure 7.1-1 Capacity on-line for Steady State (1) and an accident at another utility (2).
The dips every 120 weeks represent periodic outages. The sharper dips are forced outages.
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Table 7.1-1 Net Income for Steady State (1) and an accident at another utility (2).
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Table 7.1-2 Rate per kW-hr for Steady State (1) and an accident at another utility (2).
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Table 7.1-3 Actual Share Price for Steady State (1) and an accident at another utility (2).
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Table 7.1-4 Labor Costs for Steady State (1) and an accident at another utility (2).
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Table 7.1-5 Estimated Core Melt Frequency for Steady State (1) and an accident at another

utility (2).
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The results of this run show that the monetary costs of an accident at another
nuclear plant are very large. The Net Present Value of Net Income for the base case is $
698 million; the NPV of NI for the accident case is $566 million for a difference of $132
million. These dollars are very real, albeit only a rough estimate of the cost of enduring the
negative publicity, NRC regulation, and litigation involved in operating a nuclear plant after
a nuclear accident.

Since this model is based on the historical data after the Three Mile Island Accident
(TMI) accident, if the societal reaction to another accident is greater, the effects on the
utility are greater. $132 million is a large number to think about when considering if
nuclear plants in the U.S., indeed the world, are hostages of each other.

Comparing the stock price data in figure 7.1-4 to figure 6.1-3 (excluding the
random fluctuations which are not included in figure 6.1-3), one can compare the gradual
reduction in stock price which is similar to figure 6.1-3. Although the model shows
somewhat more immediate effect, the slow reduction continuing a year later is consistent
with history.

Also shown is labor costs which shows where much of the increased costs come
from that severely affect the utility’s finances. Labor costs increase significantly after the
accident to support increased requirements from the NRC.

The final graph shows the estimated core melt frequency. An interesting result of
all these additional labor costs is that reactor safety is not improved. Shortly after the
accident it is even reduced (meaning core melt frequency is increased). Because of all the
additional workload from post accident reactions, and the reduction in resources the utility
has available, training, information usage, and corrective maintenance are reduced.
Reducing these programs leads directly to reduction in safety.

7.2 The Value of a Preventative Maintenance Program

The value of preventative maintenance has long been debated in the nuclear power
industry. Detractors have complained of the extensive effort required to take down
perfectly good equipment for inspection and the possible added defects when a young
worker opens a package for the first time. Although many utilities have followed the U. S.
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Navy’s example and implemented detailed PM programs, the quantitative benefits of their
work often is poorly documented.

The model provides a tool to compare, and possibly optimize the plant’s
preventative maintenance program. Two cases are examined: steady state operation, and
post event operation. The results show that a constant inspection budget of about 10% of
the total maintenance budget optimizes net income and capacity. Since capacity represents
broken equipment for the most part and broken equipment are the main contributor to safety
of the plant, this scenario also closely optimizes safety at the same time.

The second case shows a method the plant might use to free resources after a
nuclear accident at another utility. By reducing its PM program somewhat after an
accident, the plant can actually improve its performance.

7.2.1 Without Accident

The steady state case shows a useful model function: optimizing a budgeting
parameter. Since resources available to the plant manager are necessarily limited, optimal
budgeting decisions must be made that maximize plant performance while not sacrificing
safety. In this case, the model shows a way the manager can optimize PM planning on a
limited budget.
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Figure 7.2-1 Capacity On-line for 3 different cases of spending on Preventative
Maintenance. Case 1: 0% allocation of labor budget to PM after week 100, Case 2: 10%
allocation of labor budget to PM after week 100., Case 3: 20% allocation of labor budget

to PM after week 100.
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Figure 7.2-2 Weekly Net Income for 3 different cases of spending on Preventative
Maintenance. Case 1: 0% allocation of labor budget to PM after week 100, Case 2: 10%
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allocation of labor budget to PM after week 100., Case 3: 20% allocation of labor budget
to PM after week 100.

Value of Preventative Maintenance
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Figure 7.2-3 Net Present Value of Income for 3 different cases of spending on Preventative

Maintenance. Case I1: Case 1: 0% allocation of labor budget to PM after week 100 , Case

2: 10% allocation of labor budget to PM after week 100., Case 3: 20% allocation of labor
budget to PM after week 100.

Case 1’s NPV after 10 years is $ 84 million less than the base case presented in
section 7.1. Case 2 is $86 million more than case one and $ 2 million more than the base
case. Case 3 is $ 76 million more than Case 1 but $ 6 million less than the base case. Thus
spending more on Preventative Maintenance has a positive effect at 10% but will hurt the
utility if it spends too much as in Case 3.

7.2.2 With Accident

This run of the model examines a Preventative Maintenance scheme to improve the
plant’s performance in light of an accident occurring at another plant during week 156.
Several strategies were analyzed including additional preventative maintenance before the
accident, no preventative maintenance before the accident, and a strong preventative
maintenance program which is discontinued shortly after the accident. For better clarity,
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periodic and forced outages have been removed from this scenario. Net Income is thus
adjusted upward by the same amount for every model run.

The resulting “best method” to maximize long term net income is initially counter-
intuitive. The best strategy tested was to have a strong preventative maintenance program
before the accident, but cut back the utility’s discretionary preventative maintenance
program shortly after the accident to free up valuable resources to handle the NRC imposed
workload, and because much additional required NRC inspections are taking place. The
utility preventative maintenance program merely duplicates much of the NRC effort and
only results in more equipment being taken down.

All four different strategies are compared in Net Present Value format in figure 7.2-
4. The best method is then compared to the baseline strategy of keeping PM constant
throughout the run in figures 7.2-5, 6 and 7. The cases represented are described in table
7.2-1:

Responses that Better Post-Event Performance

1 - Base Case (10% maint. Staff allocated for disc. Insp. for entire run.)
2 - 5% Increase in maintenance staff at week 160

3 - Maint. staff allocated for disc. inspection: 5% (160-389), 10%(390+)
4 - 10% eng. staff added to process information

Table 7.2-1 Description of strategies in response to accident.
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Figure 7.2-4 NPV comparison (from left to right) of cases 1-4.

From 7.2-4 it is evident that case 3 is the best strategy for preventative maintenance
for an accident occurring at another plant. To examine why case 3 provides better net
present value compared to the base case, it is necessary to look at figures 7.2-5 through
7.2-6. In figure 7.2-5, capacity on-line, the big difference between case 1 and case 3 is
about 2 months after the accident. During this time the NRC is conducting intensive
investigation, developing regulations and requiring the utility to perform many more
mandatory inspections of equipment and to process large amounts of paperwork.

Both of these activities use much manpower. If the utility frees up some workers
and reduces its own inspection program shortly after the accident, it can assign more
mechanics and engineers to unscheduled maintenance and paperwork processing than it can
in the base case. Additionally, since the NRC is requiring more inspections, the plant does
not need to do as many to maintain its PM program intact.
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Figure 7.2-5 Capacity on-line for case 1(baseline) verses case 3 (run 2).
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Figure 7.2-6 Net Income comparison for Case 1 (baseline) versus Case 3 (run 2).
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Figure 7.2-7 Rate per kWh for Case 1 (baseline) verses Case 3 (run 2).

Another reason for the improvement in net income is due to a higher allowed fair
rate of return which leads to a higher effective Rate per kW-hr allowed by the PUC. This
increase occurs because of the improved operations of the plant. Similar in effect to distinct
performance based incentives, the PUC traditionally rewards the utility for better operations
with more favorable rate cases. In this case, the utility not only makes more money for
achieving a higher capacity but also can charge its customers more.(Boston Edison
Interview, 1994)

7.3 Investing in Capital Equipment

This model run examines the practice of investing internally instead of paying a
portion of dividends to the stockholder. Several variables are presented and compared with
the base run to see if the plant can improve its performance, stock price, and net income
from this management strategy. As in the last scenario, periodic outages and forced
outages have been removed for clarity.

In this case, at week 200, the utility owner decides to reduce stockholder dividends

from 75% of profits (net income after taxes) to 35%. Although this reduction can have
severe effects on stock price, if the utility carefully invests the income, the long run net
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income will be higher and the long run stock price might actually be higher because of
growth, better performance and even a more amicable Public Utility Commission.

The results of several different variables are shown in Figures 7.3-1 through 7.3-7.
With an increase in investment in new plant parts and capital equipment from $20,000 to
$100,000 per week and smaller increases in maintenance budgeting, several results are
evident. First, capacity is only slightly improved. Since the plant is running well already,
a comparably large increase in internal investment does not improve weekly operations
considerably.

There are larger positive differences in Net Income and Rate per kWh allowed by
the PUC. There is also a large (about 10%) decrease in stock price during the reduction in
dividend payments, which was expected. However, when normal dividend payments are
resumed, the resulting stock price is actually higher that the original stock price by a small
margin. The overall result that can be gained from this run is that plant reinvestment, while
difficult to do because of the temporary negative impact on stock price it generates, can be
beneficial in the long run due to higher net income and, once the dividends are restored, a
slightly positive effect on stock price.

u 1: investment 2: investment
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Figure 7.3-1 Comparison of reinvestment strategies: Case 1-baseline, Case 2- Dividends cut
by 50% and reinvested.
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Figure 7.3-2 Share Price for comparison of reinvestment strategies: Case I-baseline, Case
2- Dividends cut by 50% and reinvested.
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Figure 7.3-3 Capacity for comparison of reinvestment strategies: Case 1-baseline, Case 2-
Dividends cut by 50% and reinvested.
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Figure 7.3-4 Net Income after Taxes for comparison of reinvestment strategies: Case 1-
baseline, Case 2- Dividends cut by 50% and reinvested.
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Figure 7.3-5 Effective Rate per kWh for comparison of reinvestment strategies: Case I-
baseline, Case 2- Dividends cut by 50% and reinvested.
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Figure 7.3-6 NPV of Reinvestment in plant for Base Case and Reinvesting 50% of dividends.

Case End of Run NPV Income
Base Case 859.81
Reinvestment of Dividends 889.10

The results of this run show that the Present Value of Net Income for the
reinvestment of dividends is greater than for the base case. It is important to note that the
reduction in stock price is reflected in net income over the long run because the reduction in
stock price increases the cost of capital to the utility. Since the cost of capital can represent
about 75% of the utility’s costs, the cost of capital significantly affects these costs, thus
driving down net income.

Considering that the reduction in stock price is at least partially reflected in the net
income, the manager can review the present value results to compare the reinvestment
strategy in this case. Of course, reduction in stock price carries some additional negative
connotations. First of all, very few executives are rewarded for lowering the stock price
for 4 years. Second, if the bond rating institutions, or PUC are not convinced that the
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utility is correctly reinvesting its money, then their downgrading on bond ratings and
perceived prudence might severely affect the utility.

For any case when a manager is using the model, he must consider all tools

including experience, other financial models and the extensive literature written about
nuclear utility policy.
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8. Policy Implications

Utility owners and regulators can use the utility model to aid in strategic decision
making, as a learning tool, or as a tool to explore the consequences of external events. As
demonstrated above, the model provides a long term quantitative comparison between
several alternative policies. Experiments require only a ten minute run time per scenario.

However, considering the limitations of the model is as important as considering
the utility of the model in planning by utility managers or regulators. A user of the model
must study the structure and boundaries of the model prior to testing policy decisions.

The limitations, demonstrated in the results section, include the exactness of the
answers the user of the model is seeking. Whenever one models soft variables (Public
Concern, Stock Analyst’s Perceived Risk, etc.) and their interactions on hard variables
(Net Income, Broken Equipment, etc.) some consideration for error must be included. In
this model, the most important results are trends. However, since all policies are operating
in a consistent environment, the relative values still provide considerable insight into the
results of policy decisions.

Another limitation is the boundary of the model. This model is only a imitation of
the environment in which nuclear plants operate. It cannot model outside changes, such as
the Russian disposition of plutonium or the nuclear waste issue, without adding complexity
to the model. If the model does not reflect reality, the model might still be valid. The
model, a simplified view of nuclear utility operations, can still be used by policy makers to
value strategic decisions and outside influences which are included in the model.

8.1 Utility

Once all of the limitations are accounted for, a utility can incorporate the model into
its strategic planning arsenal to incorporate additional factors which are not currently
considered in utility planning models. For instance, the plant manager can use the model to
optimize preventative maintenance planning in light of regulatory pressures to maximize
income while maintaining the same safety level.

The model illustrates critical variables to the nuclear plant manager such as net
income, core melt frequency, capacity on-line, and labor costs. These variables are all
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shown on every run so the utility manager can easily compare safety costs and long-term
net income results.

8.2 Regulators

Regulators need a tool to help them understand the implications to the utility of their
decisions over the long run. Once the regulators can agree on the underlying assumptions
of the model, both parties in the rate case determination or regulation case can better work
to negotiate a settlement knowing the long term implications of their point of view.

8.2.1 Public Utility Commission

The PUC’s purpose is to guarantee service to all electric customers while
maintaining reasonable electric rates. At the same time it is charged with guaranteeing a
“fair rate of return” to the utility owners for providing their pledge of service. Recently,
activist groups and changing political policies have made the PUCs assume a more active
role in utility decision making.

In their effort to reduce the fat at the utilities and reduce electric bills, PUCs have
taken some draconian measures which have caused long-term electric bills to be higher than
they otherwise would have been. PUCs have been disallowing rate base adjustments
recently creating difficult situations for the utilities as they try to recoup their investments in
new plants. If PUCs were able to see the long-term effects of their actions, which can
involve the utility incurring more debt and making its capital costs increase, then they might
be willing to investigate other methods to reduce the electric bills for the consumer.

Another method used, particularly in Massachusetts, has been performance based
incentives. These incentives allow the utility to charge the rate-payer more if their safety
and performance measures exceed certain levels. There are two problems with this policy
which can be evaluated using the model. The first is that rewarding the utility for higher
capacity factors effectively doubles its incentive for obtaining higher capacity factors.
Doubling the incentive might make the utility forego long-term planning to maximize short-
term capacity. The second is that effectively the rate-payer is punished if the utility
enhances its performance since the PUC is rewarding the utility with higher rates. Perhaps
the PUC could use the model to test several alternative policies to see which ones maximize
long-term safety while sufficiently compensating the utility and not hurting the rate-payer.
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8.2.2 Nuclear Regulatory Commission

The NRC’s purpose is to ensure the safe operation of Nuclear Power Plants for the
public. The NRC is constantly investigating ways to improve the safety of nuclear power
plants without bankrupting the utilities. Many improvements have been made since TMI in
the NRC’s method of regulating nuclear plants. However, much of the NRC’s actions at
nuclear plants divert valuable recourses from plant operations and can indeed hurt the plant
performance and even safety.

Since the NRC is interested in enhancing plant performance, a tool such as this
model can be used to improve regulatory strategies to optimize plant performance and
safety. If a plant is running well in terms of risk assessment, capacity factors, and
personnel training, then the NRC could evaluate potential methods for correctly rewarding
the utility. If it relaxes monitoring too much, the utility might slip in areas which are not
being monitored under the relaxed standard. However, reducing monitoring to the minimal
amount possible is a worthwhile goal since the model demonstrates that exaggerated
requirements can lead directly to reduced safety at the plant.

8.3 Bond and Stock Rating Institutions

Stock and Bond analysts appear to be overly concerned in the next dividend or debt
payment and less interested in safety than other parties. However, since a core melt will
prevent most investors from retrieving their investment, many analysts watch the utility’s
SALP scores and INPO reports to see if a particular reactor is at heightened risk. They
then adjust their ratings accordingly.

To understand utility actions with regard to long-term investments, preventative
maintenance programs, and PUC decisions, bond and stock analysts can use this model as
a tool to decide on the prudence of utility management decisions. The long-term analysis
aspects of the model are especially appealing for the bond analyst who must establish risk
of default over the entire lifetime of the bond.

8.4 Best Course of Action under Competition

This model can also be used as a tool to see the effects of various budget cutting
methods a utility owner might use to make nuclear plants competitive with Independent
Power Producers (IPPs). By using the model to investigate various strategies, one quickly
realizes that safety and economic performance go hand in hand. After running the model to

90



achieve the best performance, the question as to why the best running plants have also been
the cheapest to operate and also among the safest becomes much easier to answer.
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9. Summary and Conclusions

This thesis demonstrated, through the use of system dynamics, a tool that can be
used to study how the limitation of resources because of social, political, informational,
plant, or financial dynamics affect the long-term performance and safety of nuclear power
plants. The thesis also shows how resources are limited by social/political processes.
Understanding these processes is crucial for utility managers and policy makers. In
addition to advancing learning organizations, lean management, technical solutions, and
other methods which have worked so far to improve performance of nuclear plants, plant
managers and regulators must evaluate other outside factors which affect the operation of
nuclear power plants.(Hansen et. al., 1989)

This thesis demonstrated the monetary effects of a nuclear accident, various
preventative maintenance strategies, and internal reinvestment of dividends on the economic
and safety performance of a nuclear utility. In this case, system dynamics provided a
useful tool to uncover strategies for dealing with outside and internal factors in light of
many different competing stakeholders.

Even if the nuclear industry were to survive another Three Mile Island type of
accident, the costs to utilities and the public would be large. Putting a dollar value on the
post accident costs can help the utility manager and regulators make the best spending
decisions. Over a ten year period, the cost of a nuclear accident to an independent nuclear
plant would be around $130 million accerding to our model. Since a plant manager can
estimate the probability of having a nuclear accident at the other plants in the country, he
can decide how much spending is worthwhile. In the case of other plants, through INPO
and information sharing, the utility owner can just multiply the probability of another
nuclear accident by $130 million to get a rough estimate of how much should be spent on
other plants’ safety.

The model quantitatively analyzed the value of varying preventative maintenance
programs. It showed that spending 10% of the labor budget on preventative maintenance
can be worth about $86 million more than eliminating preventative maintenance not
required by the NRC. On the other hand, it showed that spending 20% of the labor budget
on preventative maintenance can be detrimental. The present value of net income for this
case is $10 million less than spending only 10% of the labor budget.
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In dealing with an accident at another nuclear plant, the utility can actively reduce its
own total cost by developing strategies in advance to deal with the onslaught of
investigations, regulations, financial perturbations, and public interest group lawsuits. One
method presented was to reduce preventative maintenance shortly after the accident. This
approach was chosen for two reasons: it would free up some necessary personnel to
respond to NRC inquiries, especially engineers and since the utility is required to perform
so many mandatory inspections after the accident, preventative maintenance is redundant.

Reducing preventative maintenance resulted in a higher capacity factor shortly after
the accident which led directly to increased net income. Additionally, since the capacity is
higher compared to the base case, the PUC is more likely to approve rate increases
allowing the utility to recoup even more cost. A third factor is the social feedback because
the utility’s performance factors are higher. Public interest groups, the media and the local
public end up protesting the utility less creating a better environment for rate cases. The
improvement in rate cases, improved performance at the plant, and reduced local public
outcry improved the utility’s perceived financial risk. This reduction in risk then led to
reduced capital cost through better bond ratings and even a higher stock price.

Finally, this model demonstrated a slight improvement in long-term economic
performance of the utility if it invests in capital improvement and maintenance while
foregoing some dividend payments.

Further work will be required including refinement of personnel allocation and
improvement of the safety sector to include more detailed Probabilistic Risk Analysis if a
better representation of safety is required. The model must then be fit to an operating utility
and tested to perform the experimental validation of the model. Once the model has been
tested on an operating utility, it can be used by utility managers as powerful strategic
planning tool.
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Finence: Stoek APPENDIX B: EQUATION GLOSSARY
] MV_per_Share_stadie(t) « MV_per_Share_stabie(t - a9 « (DT_Market_Vaiue) ° dt

INIT MV_per_Share_stable = init_stock_pr+25
INRLOWS:
? OT_Market_Vaiue « ((Ind_of_Market_Value-MV_per_Share_stabie)/Oelay_in_Adj_MV)/100

{TJ shares(t) « Shares(t - d9 + (Share_lssua_Rame) * &t

0 0000 000 00 Q0

o

o]e]

INIT Shares « init_number_of_shares

DOCUMENT: Number of shares o
Units: shares

INFLOWS:
% Share_lssus_Rats « Desired_number_of_shares_to_sel/Time_Sel_Shares

Towm_Equity() « Total_Equity(t - a9 + (Ch_Total_Eq) * ot
INIT Total_Equity = Assets-Osbt

DOCUMENT: Towl Equity
Units: {mins $'s}
This is he measure of assets-dabt 10 determing he capital he Uiy owns ouright.  These assets are claimed by the sharehaiders.
INFLOWS:
¥ Ch_Towl_Eq = Equity_Reised
Act_share_Price « MV_per_Share_stabie Market_Eflecs
OOCUMENT: Actusi Share Price
units: ($'s)
This is the actual weeidy price per share that would be lsted in the stock market R incorporates economic, fisk and random factors.

Anai_Ut_Risk « EFFDESIIsk"EFFPOSK"EFFPSSNek EFFPUCSIRICEFFLPOSIISK
DOCUMENT: Analysts Uty Rlsk

THis is the required retun by uliilly besed on risk aa percaived by anaiysts relaiive 8 S&P $00. 7 is this & messure of volatilly inshed?
Check,

Sem_D « 2°EEFOASHR

Beta_Eq « Seta_AST+((Bota AST-Seta_D)*DE_Ratio)

OOCUMENT:. Gquity Seta

{unitess)

#u-nmuummmn The equaton cames from pg. 188 aof ref 1. (Brealey-Pring of Corp Finance) 1967

Book_Vaiue_per_Share « ((Assew-DebtyShares)"1 £

Cost_ot_Cap « St_Ols_Ratest

DOCUMENT: Cantof Caphd

units: %

this is the sverage cost of chinining equily or barrowing for e ully. The PUC uses &t 9 determing & fair rate of reum

Oslay_in_AdL MV « (.2°Ind_ol_Market_Velue/MV_per_Share_stable)+.01

Oesired_number_of_shares_io_sell « (Des_New_{Eq*t ES)/Act_share_Pries

Des_New_Eq « {F(Net_cash_flow0)
THEN((ABS(NS_cash_fiowe Tanse)"Squily_Factor SFPMBADND

ELSE(0)

Oividend_Forecnst « Mnmt»-vmm

DJ_Forecast « SMTRIFORCST(DAA.£2.52..008)VDJA)-1,58)

Equity_Fecr =« 4

Equity_Raises « Ast_shas, Priee"Shave_lesus_Rate1 B9

DOCUMINT: vy Al

Unit: {mins $'s/wesl)
mbhﬂﬂl"h‘dm

Exp_CGrewlh « Allswad_ROS%
Mp“mmnnm
Ind_of_Market_Value = MAX(Oividend_Forecast(Rel_Growth),.008)
DOCUMENT: uummnnm&mmuuun:-mmmumuwu

the investmant compared ©© the reRNn on bonda. i interest ratee riee e relative e
utiity stocks are dividend stocks and not growth stacks

Market_to_Book_Ratie = Act_share_Prica/Book_Vaiue_per_Share
Rel_Growth « MAX(MIN(St_Dis_Ram-Exp_Grow, 5),.01)
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000

Stock_mit_SS « .1
St_Dis_Rate « SMTH1(T_Bill_Rate+(Beta_Eq’(Stock_mkt_SS-T_Biil_Rate)).3)

Time_Sell_Shares = 1
DOCUMENT: Time © sell Shares
Units: Weeks

T_Bill_Rate « 0838
DOCUMENT: 1 year Treasure BB Rate
(%/100)

This the one year reasure bill rate when staring he run of the model. Must be inserted by the user.

Beta_AST « GRAPH{Anal_Ut_Risk)

(0.00, 0.208), (0.2, 0.212), (0.4, 0.22), (0.8, 0.228), (0.8, 0.262), (1, 0.264), (1.20, 0.208), (1.40, 0.322), (1.80, 0.364),
(1.80. 0.422), (2.00. 0.598)

DOCUMENT: Beta is a measure of volatilty and risk reiatve 10 1he $10ck markat. if Analysisss Utity Risk is 1 and interest ram is 04 then Bea
wil be 1. Why

?

DJIA « GRAPH(TIME)

(0.00, 1000y, (1.00, 962), (2.00, 920), (3.00, 900), (4.00, 900), (S.00, 920), (6.00, 910), (7.00, 900), (8.00, 900), (9.00,
890), (10.0, 900), (11.0, 950), (12.0, 1000), (13.0, 960), (14.0, 978), (18.0, 978), (16.0, 980), (17.0, 970), (18.0, 950),
(19.0, 980), (20.0, 940), (21.0, 910), (22.0, 876), (23.0, 930), (24.0, 978), (25.0, 1000), (26.0, 900), (27.0, 860), (28.0,
830), (29.0. 320), (30.0, 820), (31.0, 910), (320, 900), (33.0, 92%), (34.0, 960), (38.0, 978), (36.0, 1000), (37.0, 978),
(38.0, 925), (39.0, 900), (40.0, 860), (41.0, 880), (42.0, 880), (43.0, 880), (44.0. §80), (46.0, 900), (48.0, 870), (47.0,
880), (48.0, 900), (49.0, 910), (50.0, 890), (51.0, 900), (52.0, 880)...

DOCUMENT: This is SAP IDtal 10 cOMpare againet usiYy.

EFFDESHRiIsk « GRAPH(DE_Ratio)

(0.00, 0.982), (0.5, 1.00), (1.00, 1.00), (1.50, 1.00), (200, 1.00y, (2.50, 1.01), (3.00, 1.01), (3.50, 1.02), (4.00, 1.02), (4.50,
1.08), (5.00, 1.13)

EFFMBRONE

= GRAPH(Mariet_o_Book _Ratio)
(0.00, 0.01), (0.5, 0.38), (1.00, 0.623), (1.50, 0.84), (2.00, 1.03), (2.50, 1.26), (3.00, 1.48), (3.50, 1.61), (4.00, 1.74), (4.50,
1.88), (5.00, 1.99)
EFFSPPUC « GRAPH(Act_share_Price/INIT(Act_share_Price))
(0.00, 1.10), (1.38, 0.97), (2.78, 0.61), (4.14, 0.328), (5.852 0.226), (6.90, 0.16), (8.28, 0.148), (9.68, 0.138), (11.0, 0.14),
(12.6, 0.138), (13.8, 0.13), (18.2, 0.128), (16.6, 0.12), (17.9, 0.12), (10.3, 0.128), (20.7, 0.138), (221, 0.115), (23.4, 0.1),
(24.0, 0.1), (28.2, 0.1), (27.6, 0.1), (20.0, 0.1), (30.3, O.1), (31.7, 0.1), (33.1, 0.1), (34.8, 0.1), (38.9, 0.1), (37.2, 0.1), (38.8,
0.1), (40.0, 0.1)
DOCUMENT: Efiact of Stock Price an PUC
It the SP of the utilly falls 180 much he PUC will look kindly on the ulilly. or ¥ it rises 1o fast, it will reduce he AOR.

Finsnee: Ascounting
O Accum_Dep_XAM = Accum_Dep_XAR - 9 + (DepXA) * &t

INIT Accum_Dep_XA = 0

DOCUMENT: Accosmuiated Depreciation XA
Units: Millons of $%
This is the Acounulated Contra-Asset of Straight Line Depreciaion of the Ullly's Capital Equipment and Property.

INFLOWS:
% Dep_XA « Daprasiation
oocu-trm
Units: (ming
wh“hndmmum

ATOI_ex_Maint() = ATOL oxt_Muiui® - &)
INIT ATOL ax_Maint o ATOS wmaint_laber_oost +annual_materials_cost

DOCUMENT: AfRar tax oparaling income enchuding maintenance cast. This includes Ausl costa. No it dosan't

Book_Vaiue_Acsotifl} = Bosk_Valus_Assen(t - d) + (iwestnent - Dep XA) ° &
INIT Book_Vaius_Assets « Socl_investment_input

DOCUMENT: Nat Pressnt Valus of dusiness in millons of dollars.
Units Millions of dollare (Mins $'9)
INFLOWS:
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9 investment « !F(Liquid_Assets)<=0 THEN(O) ELSE(Bought_Eq_Cap_InvS+Cpu_imp_Cash)
DOCUMENT: investment
Unit: (mins $'s/week)
The malions of dollars investment into plant and equipment.

OUTR.OWS:

% Oep_XA = Depreciation
DOCUMENT: Oepreciation
Units: {mins $'s/week)
Straight line reduction in worth of property pient and equipment.

T Laud_Asssts(y) « Liquid_Asseta(t - d) + (Revenuss + Cash_prov_by_Financing_Actvities - Costs - investment - Taxes - Dividends -
Ch_RE) * &
INIT Liquid_Assews = §

DOCUMENT: Liquid Assess
{mins So}

This is the amount of short Werm cash the ulilly has. |f R goes negative this represents short tarm borrowing he ulilty undertakes. Eventually
this is made up for by iong e borowing. Unforunataly intrest chargss for short 1erm Darrowing are not caiculsted yet

INFLOWS:
% Revenuss = Sougin_RevesProd_Reve
DOCUMENT: Reverums
{min $/week)

this is the cash flow ©© he Uity per weelk. Constanis:100-converts % cap ulll 19 fraction, 1000 canverts per kwhe o per  Mwhe,
168 converts hours © wesis, and 1E£6 convere $'s 1 millons of dollars.

% Cash_prov_by_Financing_Aciviles Debe_incsEquity_Ralsed
DOCUMENT: Activities

Units: (mins $'s/week)
This is e Wl cash received by 1he ulilly 1 maks up for cash shordall or for investment.

QUTROWR:
% Coss « OMMCosssCap_Cosss
DOCUMENT. Cass
Units: (Mins $'s/weeld
Total Spending by the uily.

o ivestmant « iF{Liquid_Assetjes0 THEN(O) ELSE(Bought_EQ_Cap_lrwS+Cpu_tmp_Cash)
DOCUMENT:

o Ch_AS - NeyJasmeOidends

Unit: {min Swwsel:
This is %o lsR ovar prafils whish Inorease e value of e vily.
O New_Part_Cap_iw8(§ = Now_fart_Cap_wl(t - di) + (Cpi_imp_Cash - NP_Sp_Ram) * &

INIT Now._Part_Cap i@ « Book_jnvestment®.0t

INFLOWER
Cptl_jmp_Cash « Frass__max_slioc’Ose_8_te _NP_t

* OOCUMINT: Capital improvemant Cesh i

Units: (ming $'s/weeld
This is o monsy investes In capital equipmant such & new Steam Generators.

oUTROWE:
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? NP_Sp_Rate « New_Part_Cap_Inve/4
DOCUMENT: New Part Sperding Ras
Units: {min $'s/week)
This tales Int0 ccoUNt e tme it takes 10 actually invest the Money in new PArE aNnd iMprove cperations..

] NPV_Costa(t) = NPV_Costa(t - d9 + (Chg_NPV_Costs) * dt

000

INIT NPV_Costs « 0
DOCUMENT: NPV of decreass ar increase in Mainisnance Cast above or below the inital condions

INFLOWS:
% Chg NPV_Costs « ( INIT(maint_labos_cost) +INIT(annual_maseriais_cost) -maint_labor_cost
-annual_matenals_cost)*Discount_Factor/52
NPV_Downtime(t) « NPV_Downtime(t - dt) + (Chg_NPV_Oowntime) * dt
INIT NPV_Oocwntime = 0

DOCUMENT: Net Presant Vaius Cost of Downtime above or beiow he inidel level of down tme

INFLOWS:
4 ChgNPV_Downtme « (Downtme_CF)"Discount_Fackr/s3

NPV_iNcome(t) = NPV_INcame(t - di + (Income_ch) * dt
INIT NPV_iNcoms = 0

DOCUMENT: Net Prasant Valus income

Units: (min $'s}

This is e calcuiation of he NPV income for & model . [t is used for comparing different apdons 19 1k intd account the discouning of Are
operations.

INFLOWS:
? income_ch = Net_income/((1+({.03/82))*TIME)
DOCUMENT: Nat incoms Change Calculation
Units: (min $'vweek)
This sums the nat income divided by e intarest rala. To obtain the NPV of income.

Retained_Eaminge() « Retmined_Eaminga(t - d) + (Ch_AE) ° at

INIT Retained_Samings « 1
OOCUMENT: Remined Eamings
Units: (min $'s)
Thess are $'s isk over and retained by e illly. Their use is not specified.
INFLOWS:
% Ch_RE = Ne_income-Dividends
OOCUMENT: Changs in Retined Eanings

Units: (min S'vweek)
This is 19 ek over profiis whish incresse he value of he ullly.

annual_meteriais_cost =« maint_materiaias_cost"SS

Assets « Sook_Value_AsseteLiquid_Assetd

Bought_Eq_Cap_inv8 « Max_bud_Pars®.1°Cap_jmv_ult

DOCUMENT: Sougt Squipmant Capliil investnent Dollare

{Millions of Dollass)

This is The ameunt of MEEI e Wiy withas 1 Spend Guight G NOW equiBmEnt SUight instand of fing R in 1he PMS system. In et he
mmu“.!c-*lmm“h“ulmn“lp“ﬂmﬂm

Bought_Pow_Cest « (TUEght Fower/100)"Pewer_Rating’168°1000°(Beugth,_Pow_rat/188)°1.2
DOCUMENT: Sougitt Pewey Oast

Unita: (min $'s/weeld .

This is e cont of Suying clestielly om other UElss.

Bought_Revs « (Daught_Pewer/100) Rate_per_kWh*1000°168°Fower_fating/1 §8
OOCUMENT: Sought Revenms

Units: (mine S'sAvest
Thia is the cash raised Bweugh whesiing t make up for power not ganarated by e plant.
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Bougth_Pow_rat « 07

DOCUMENT: Bougnt Power Rate

unt  ($'a/kwh)

This is the cost of buying slectricity whoisesle. it is higher than the 1ot cost of produding it

capacity_utilization « Min(Plant_Demand, 100-Downtime%)
DOCUMENT: Capecity Ulizstion

units: %

This the maximum actual capacity required by the piant

Capital_Costs = Cpt_Imp_Cash+80ougit_Eq _Cap_inve

Cap_Costs = -Debt_payments

DOCUMENT: Capaal Cos®

Units: (mins $'s/weeid

These are casta which are spent on repaying debt, maatly from building the nuciear plants.

Cap_inv_Mult » 1
Cost_Maech__Labor «
({maint_staft_avsil_mech_work+total_insp_manpower)"(standard_hours+(ave_overtime)) hriy_cast_labor*Mech_EX_Fact)*Overhead _+

tect
DOCUMENT: Cast Machanical Labor
(miflion dollara/week)

Cost_NonMech_Labor «

(an Maint*(standard_hours+ave_avertime) “hrly_cost_labor+((total_Estat/EFFE_reg_aband_tot_sng_and_man)*(cost_of_Eng_OT+(Es
g_Yr_Sal52))+(MQT_Annuai_Sai*(total_Mgt_stat/EFF_reg_aband_tot_eng_and_man)/82))) Overhead_effect

DOCUMENT: Cost Non-Mechanical Labar

[million dollars/week)

Cost_per_LS « 1
DOCUMENT: Cost per IG lawsult
Units: Milions of Dollars

CROI « PCT(investment®S2/Towl_lnvestment)
DOCUMENT: Cash Retum On investment

(perconvyear)

Cst_Owmme_per_pron =  (ATOl_ex_Maint+DegreciationsAnnual_Fixed_Costs’.08 -maint_jeber_cost
-annual_materials_cost)/(100-Expeat_Owntmen)
DOCUMENT: Downtime cost per percentage poirt of downtime

Ct_per_lnep = .02

DOCUMENT: Cast par inspeciian

Unis: (mins $'snepecion/week)
m-munmummmwn

Debt_payments « PMTIU_ING_RVE2,30°82,Debt.0)
OOCUMENT: st Paymens

Unita: (min $'s/weald)

These are 11e weeldy payments © lower dabt

Des_$_ta_NP_Cap « iP{Usuid_Asssin0) THEN(Man_bud_Pare®.1°Cap_lew_Mul) ELSE(0)
Discount_fecter =  tAS+(Discsunt_Rate/(§2°100)))*(Time))

Otvidend_Facter « .78

OOCUMENT: Dividend Fashy

Units: none

Thia is e percant of aftay W prafils whish go 1 he sharehoiders.

Oowntmath » capacily_dwn
DOCUMEINT: Percontage of capaclly down

o.--_a = P Plat_Oemanda(100-Ocwnime%) hen Cat_Owntme_per_pron*{Bxpect_Dwntme% -Downtime%) ecise 0
DOCUMENT: Cash Mow cast of downiine

{min
THis is e aliooated average salery for engineers.
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Expect_Dwnime% « 100-INiT(capacity_Oniine)
DOCUMENT: Expecisd Downtime percent

Fin_Error « Assem-(Liabilities+Sharehoiders'_Equity)
Forced_Shutdown_Cat « EFFForcOut"t -

DOCUMENT: Farosd SnaDown Cost

[Million 8}

Cost of sach shut down.

Frac_ch_RE = (Ch_RE/Retained_Eamings)*52
Fuel_Costs « {capacily_utiizason/100)°(Power_Rating*168)*(Unit_$_Fuel+HL_Waste_MGT)
DOCUMENT: Fusi Coss

Units: (min $'s/week)

The cost of fusi based on capecity.
Gross_Mrgin « Revenuse-Coss
DOCUMENT: Gross Margin

Units: (min $'s/week)
This is just Revenues minus Costs.

HL_Waste_MGT « S1ES
DOCUMENT: Waste Managemant Cast
(min  Se/MWe-hr)

Since waste MGT is caiculated based on the amount of wasts generated. It depends on amount of fusl bumed thus & SAMW-Ir figure is used
hriy_cost_laber « (30.58)/1000000

Originally Yearly Cost Mechanic {millon dollars/yaer] = 4.26/81(The Yearly labor cost a2 he ADN Area at Sgbine is 4.28 millon) Changing
1© hourly cost of maintanance personnel 30 a8 1 account for inoressing cost of overims, ots.

Laber_Coss = Cost_Mech__LaborsCast_NonMech_Laber
OOCUMENT: Laber Coss

Unis: {min $'s/week)

Ushiles « Oebt

LS_cost « (Suilt_Fiing_Rate/100)°Cost_per_LS
DOCUMENT: Lawaut Costp

Units: (min $'s/week)

This is the price of ieweulls brought by ani-nuciesr groups.

maint_cost_per_ERV « PCT{(annual_materials_cost+maing_labar_cost)/replacement_investment
maint_labor_cost = (Cast_Mech__Laber+Cast_Nanhech_Labor)°S8
Maint_NPV « NPV_OownimesNPV_Cosn

m(mm
This is cash aftar -n-..un.

Net_income = Grasn Mgin'

OOCUMENT: Nat insame afttr Tana

Units: (mins $'s/wesld

mnunuu---dmm.

NRC_insp_Cast = Ct_per_inap"NAC_investigation_in_Progress

DOCUMENT: NRC inapasiin coss

Units: (min Suseshl

Cont of NAC napestions: ssiaries of NAC personnel, matirial costs supparign the icoal ofice. It does nat inchute he Ul labar costs incurred.
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OaMCosS »

Forcad_Shutdown_Cst+Ops+Labor_Costs+LS_cost+Maint_Parts_Cost+week_tix_ct+NRC_insp_Cost+8ought_Paw, _Cost+$_on_Ed+Max_Bud_
Lobby

DOCUMENT: Operations and Msintenance Costs

Units: (ming $'s/weel

Total spending on day ©© day generation of power.

Q) Ops « (Ops_overhead"capacity_utikzation/100)+Fuel_Costs
DOCUMENT: Cperaions
Units: (min $'s/weel)
This is the total cast ot operating e 1x based on capacily.

Units: (min $'s/'week)
Thia is addittonal cos incurred in operations such as janitorial Services, SOMe paperwori.

QOverhead _effect « 1.3

Prod_Revs « (capacity_Online/100)"{Rate_per_kWh*1000°188)*Power_Rating/1E6
OOCUMENT: Produced Revenuss

Units: {mins $'s)

This is the dollars raised twough power produced at the plant.

Sharshoiders’_Equity = Retained_Eamings+ Total_Equity
Unit_$_Fuel « ((.008°1000)/1E6)

DOCUMENT: Unit Price for Fusl

(min  S/MW-hr)

(0]0)

00

This reflect .Se/kw-w *1000 10 change © MW-tvs /1E6 © change % mins of dollars.

Wesls « TMB

week_fix_ct = Annual_Fived_Cosw/82

DOCUMENT: Wesidy Fxed Cost

Units: (min $'s/weeid

This is e cost of maintaining e plant, grounds and bus equipment. R is the same whather or not he plant produces slectricity.

@ Frass__mex_sillos = GRAPH(Liquid_Assem)
(0.00, 0.114), (10.0, 1.00)
DOCUMENT: Fraction of Maximum Allooation
unitiess
This determines what percentage of MExiTWn nvesiment into capital bassd on he anount of liquid assem. if there are no liquid assets, no
investment is made.
Q@ Pant_Demand « GRAPH(Wesln)
(0.00, 100), (24.8, 100), (48.6, 100), (74.3. 100), (00.0, 100), (124, 100), (148, 100), (173, 100), (198, 100), (229, 100),
(248, 100), (272, 100), (297, 100, (328, 100), (347, 100), (37¢, 100), (306, 100), (421, 100), (448, 100), (470, 100),
(498, 100), (820, 100)
DOCUMENT: Oamared
{percent of production capecily hat could be sold]

Product demand as & per cant of capaclly

00

Finenee: Dond subestan
a &?MW Wm_m_w o+ Bod DT &
CredR_Agencya_Pumssived_fin_Seundness «

DOCUMENT: Crodi Agunsy's Parssived Finansial Soundnass
Uniss: {nonms)
This is he percsived riak of the ulilly defauliing on Rs dabt on & 0-100 scals. O is default- 100 is NO risk-squivalent 1© & AAA rating.

. 4 l‘.ﬂl - ¢m,¢_au_mm Fin_Soundness)/Time_to_Change_BR)
— in Bond rasing with tme

M
his is e changs In percaived fnanciel scoundness per wealt.
O DOE_Retio « DetwTows_Equity
OQCUMENT: Osiit ©© Equity Ratie

Unite: {none}
This is the mast common measwe of inancial soundness, used 18  determine how much relaiive debt & Wil hes.

« 7 -
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(@] ﬂmncmiﬂ -wmucwprs.MAmmmm) /Credit_Agencys_Perceived_Fin_Soundness)
DOCUMENT.: © change Aadng
{weeks)

This is e tme it takes the Bond Raters 18 change the raing of a utilty. It can change rapidly # the ulilty's finances deteriorate but normally
takes ~8 monthe.

@ Bond_Rating = GRAPH(FORCST(Credit_Agencys_Perceivad_Fin_Soundness,208,104.0))
(0.00, 0.18), (11.1, 2.8%), (222, 4.08), (33.3, 4.92), (44.4, 0.78), (55.6, 8.16), (68.7, 9.18), (77.8, 10.4), (88.9, 11.6), (100,
11.8)
DOCUMENT: This will be on & scais of 1-12 raprasentng a rating from CCC, 8-, B+, BB-, 88+, BBB-, BB+, A- A+, AA- AN+, AAA.
Unit: None

@ EEFBRSwck « GRAPH(Bond_Rating)
(0.00, 1.09), (1.20, 1.07), (2.40, 1.04), (3.80, 1.02), (4.80, 1.00), (6.00, 0.981), (7.20, 0.968), (8.40, 0.958), (9.80, 0.982),
(10.8, 0.961), (12.0. 0.981)
DOCUMENT: Effact of Bond Rating on Debt Rk
{unitiess)
This is the effect on Beta Debt that the bond rating generates.

@ EMBAPUC « GRAPH(Sond_Rating)
(0.00, 1.01), (1.20, 0.998), (2.40, 0.909), (3.60, 0.901), (4.80, 0.00%), (6.00, 0.993), (7.20, 0.998), (8.40, 0.997), (9.60,
1.00), (10.8, 1.00), (12.0, 1.01)
DOCUMENT: Efisct of Sond Rating of on the Public Uty Commission
Units: none
This he effect of a good bond rating on the PUC's deciiing the ulllly management is being prudent. Also, if the the bond rating is bad encugh it
has he effect of artficially improving the ROE so hat he willlly can maat it debit cbiigasions.

Ind_ot_Credit_PPFS «
e GRAPH((DE_Ratio)+(PerSalByFinMariv80)+Puc_Aggreability»SMTH 1 (DERIVN(Total_Equity,2),26)+System _Rellability/4)
(’1700 |s:)° (‘o:l:’, SM. (1.60, 5.00), (1.90, 8.80), (220, 16.0), (2.90, 38.5), (2.80, 54.0), (3.10, 80.5), (3.40, 34.9), (3.70,
0), (4.00, 1
DOCUMENT: indioator of Credit Agency's Percaived Financial Scundness
Unit: none
This is he current indication of what e CredRt agency will rate the ulllly ¥ here is ne delay in determination.

Finanee: Dobt
] Oetxt) = Debat - d + (Debt_ins - Debe_Reg * &t
INIT Deibt = 682.8 .
DOCUMENT: Deit
Units: (Mina of $'8)
INFLOWS:
. 4 m-.lﬂm_m-iq THEN(Des_Ush) ELSS(PAUSE)
Ouiit incerporatng
uu-.u-qu
This is the amount of dollars per week incorporated.
QUTROWR:

9 Ooit_Ret = ABB(DaI_paywann)
DOCUMINT: Oatt fathasd
Units: (Mins. Sn/wusll
munﬂ—dﬂﬂ

QO Oede_Feotr « &

O 8,_““"(‘: o IF(Ne_cash_flowet) THEN(ABS(Net_cash_flow)+Taxss) (Dede_Factrs(Equity_Factor(1-EFFMBRDNE)))

O Swook_Squily « Besk_Vehes_Asson-Osht

Finanee: Seonemy snd Rondom offests subsester
(®) m_eu..mvuzmn
OOCUMINT: Seanamy Cycis Represents $he oyciic effact he sconomy has an i stoek and Sond prices dwing espansions and recessions. 1
Mnﬂnnmtmmmnn-munuw

Q infistion_Rem « IF(TIME>168)THEN(.04)ELSE(0)
DOCUMENT: inflation Pate
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O Market_EMects = Economy_Cycies’(Random_Effects*1.3)"Speculation_Factors(U_INt_ATTIME)
DOCUMENT: Markat Effecs
unitiess muitiplier
Total of all the other effecs.

(O Random_Effecs « ABS(NORMAL{1,.03))
DOCUMENT: Random Effects
unitiess multiplier
This is the random jiters which ocour in the stock markat daily.

(O Seeculation_Factor « 1
OOCUMENT: Use this factor as an additonal factor © represent speculaions on the financial Asture of the utiity. Depending on he volatilty of
the maskat, this factor can give further unrelisbility of pradition. it wil be set to 1 at the start of this model.

(O Time_increase_in_Value = ((inflation_Rate" TIME+U_INt_Rt"TIME)/2)+1
DOCUMENT: Time increass in vaius
%/year
his is the increass in vaiue of stock, dedt and investsd asses.
O VU_INLAt o .04+((10-Bond_Rating)/200)
DOCUMENT: Uity iNwrest RAD
units: %
This is the rate the utiity must pay investors on average for i bonds.

Finanee: Medel Perameters chesen by Mansgement
O Budgewd_Taxss = Des_Waekly_Profit".36+.0008"80ok_Valus_Assets
DOCUMENT: Butigend Toms

Units: (min $'s/weeld)
This is esmamd txes Based O 1M YOREY reVienuss.

O Budget_Max = Frac_Bud_Eng+Frac_Bud_LobeFrao_Bud_Mech+Frac_Bud_MGT+Frao_ud_Pus
. Budget Madmum

Units: none
this is the oui allowed discredonary budget

(@) !ﬂﬂv-bum_’nﬂ"mﬂl

Units: IMO'M
This is e estmated weekly ouliay for sharehoiders.

O Bud_Maint_parts = Fras_Pan_bud_meint_pars"Max_bus_Parts

Maint Parts as opposed © new parss

QO b_swih < 0
DOCUMENT: Cutback Switth
unitiess
his ums on across the board Uy cubecin

(O Oessired_Rewun_on_Eqully « .08
DOCUMENT: Deabes Retum en Bqndly
unitiess
This is the ulilty's gess it rotam on Equily.

(O Des_Profit_ Margin « Dun_Weskiy_PrevOlscretionary_budget
DOCUMENT: Dusived Praf Murghe
Units: %
this is the amount of prof} pavosniags the Ulllly desires.

O Des_Weslly_Prof® « Total_Equity*Desired_Retum_on_Equity/s2
DOCUMENT: Ossired Weslly Proft
Unitiz (min $'wweeld
This Is he ullly's goal of retn in investment per weelt

(@) Dh--y_ma o (Wesk_budget-Required_cose-Des_Weskly_Profi
DOCUMENT: Discretionary budgst

Units: {min s-m
This is e ameunt of money the Manager can pisy with each weelk.

O Di_ch_from_base « 0

159



oo}

0]0)

0]0)

Frac_Bud_Eng « 178

DOCUMENT: Fracton of Budget for Engineers

unitiess

Thsi is he desired portion of the discretionary budgat for enginesering.

Frac_Bud_Lob « .01
DOCUMENT: Fraction Budgetied for Lobbying
unitiess

This 18 the poartion of the discreionary budget allocated for lobbying

Frac_Bud_Mech « 528

DOCUMENT: Frac of Budget for Mechanics
unitiess

Fraction of Budget aliocated for Mechanical Labor.

Frac_Bud_MGT « .1

Frac_Bud_Pare » .1

OOCUMENT: Fraction Budgetied for pare.

unitiess

this is the poron of the discretonary budget allocated for parts.

Frac_Bud_Tmg « .1

FM_DN .78

DOCUMENT: Fraction for Dividends

unitiess

This is he fraction of profs which go 10 dividends instead of retained eamings.

Frac_Part_bud_maint_pars « 8

OOCUMENT: Fracion of Pars budget for maintnance pare

unitiess

This is the fraction of the paris budget 1 be spent on anly MAINNENENCS Pars as opposed 0 capital pars.

Fr_Lab_bud_AN_Disc_insp « (.1-STEP(DI_ch_from_base,100)+STEP(DI_ch_from_base,390))
Insp_budget = Discretionary_budget'Frac_Bud_Mech*Fr_Lab_bud_ANl_Disc_insp
DOCUMENT: inspaciion

X Sudget
Units: (min $'s/week)
Max_Budget_Maint « (Discredonary_budget"Frac_Sud_Mech)-insp_budges Tmg_Budget
OOCUMENT: Desired Sudget Mechanics

{min Se/weei) :
This is he wesidy desired amount of money sllocsted iniially 1© mechanics.

this is the MEIMUM aMmount of MONSy 1 DS SPENt ON enginsern.
Max_Sud_Lobby = Olecreionary_budget"Fras_Bud_Lob
DOCUMENT: Maximan Budgst for Lobbying

Unis: {min $'sweel)

Units: (min $S'vvwesl§ -
This is e Mmexiwan et of mansy allswed 9 be spent on managers.

Max_bud_Parts « Olscretienary_budget"Frac_bud_Purs
DOCUMENT: Mubwsn Budgat i Purs

Units: (min $'s)

This s ' mastmusw allowed ©© be spent on pare.
MAX_lng « Max_bud_Eng/(Bng_Yr_Seal82)
OOCUMENT: Mmdmum Engineers

units: (enginesrs)
this is e MEETR number of engineers allowed 1 be hired.

Max_Meoch_Sudget « insp_budget.Max_Budget_Maints Tmg_Budget

- 10 -
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Max_Mech_Staft « Max_Maech_8udgeu(Overhead_stfect"standard_hourshriy_cast_labor‘Mech_EX_Fact)
DOCUMENT: Maximum Mechanical Staft

units: (workers)

This is the maxamun number.

Max_MGT « Max_bud_MGT/AMGT_Anrual_Sel/52)
MGT_Annusl_Sai = 100000/126

DOCUMENT: Menager Anmani Salery

Units: {Mins $'s)

Profit_Message « {-(Des_Profit_Margin+Frac_Bud_Eng+Frac_Bud_Lob+Frac_Bud_Mech«Frac_Bud_MQT.Frac_Bud_Parts)
Required_costs « (-INIT(Debt_payments)+iNIT(Ops)+INIT(wesk_fix_ct)+INIT(Budgeted_Taxes))+INIiT(Bought_Pow_Cost)
DOCUMENT: Required cos®

Units: (min $'s/week)

These are casts which the utity hes iit¥e control over in the model.

Trng_Budget « Discretionary_budget"Frac_8ud_Mech’Frac_8ud_Trng*(1-STEP(Layaft_Fraction®3,200))
DOCUMENT: Training Budgst
units: ($'sweek)

Week_budget « (Test_Yr_Rev/(82°1E6))*(1-Eviiness)
DOCUMENT: Weaidy Budgst

Units: (min $'s'weel)

This is the amount of money prediciad for the ulllly based on WSt year revenuss.

Finenee: Publie Utiiky Commission
0 Ave_U_Raw(9) « Ave_U_fat(t - o) + (Rate_Change) * &t

INIT Ave_U_Rem « 068

oocu’.mmma-
units: §'s
this is the typical ity rate in 1he ares around e consumer which he uses 18 compare his uillly bl .
INFLOWS:
? Rete_Change « COROWTH(Inflation_Rat/82)"Ave_U_Rae

[ Cust_Per_ReiRate(d - M_P.RM a9 + (Ch_CusPer_Rate) * &t

INIT Cust_Per_Reiftate «

DOCUMENT: custormar Percaived Relative Rate
nitless
unhummnmﬂdmnmumnmn

INPLOWS:

¥p Ch_CusPer_Rats = (Rel_Rate-Cust_Per_Reifate)/Delsy_Rate
Puc_pers_Prud() « Puc_pers_Prud(t - d +» (Change_Pere_Prud) * &
INIT Puc_pers_Prud « 4

DOCUMENT: PUC parcsived Prudence
{units of Prudence)

o punish 1o Uy, Seversl campetng faciors work 10 raise or lower the USiY's
R Fitis loohed at Nndly it e fnanciel markets & will also reward it respecting

However i o Uilly maes 1ae Sush mensy, 1he PUC wil realiss & is rewanding it 100 much 58 will lower e Retum of Equity. Likewise i
the utily s really atig R wS inresss he AOL.

9 Change_Pere_Prud = ueuum_m,mmn
OOCUMENT: Changs in Parceivad Prudence

Puc_Reteiy = n-_n-. @ + (Ch_Pus_Rets) * &
INT Pus_Rete «

mgmmmmmnmmumuunmmumdm
INFLOWS: '
<11 -
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#p Ch_Puc_Rate « (AN_Raw-Puc_Raw)/Puc_Deiay
DOCUMENT: Change in PUC allowed Rate
Uni: | $'s/week)

] Rate_Sase(y « Rate_Base(t - &) + (CondCap_inv - PUC_Ch_RB - Decomm) * dt

(0]0)

INIT Rate_B8ase « Boak_investment_lnput

DOCUMENT: Rams Base .
{milions ot Dollars)

Dollar Amount of Capital which the PUC decides 10 includs in detsrmining Rate of Reuum

INFLOWS:
? ConaCap_inv « investment
DOCUMENT: Construction and Capital investment
Units: (min $'s/weei)
this s the tal investmetn in the ulitly

OUTROWS:
? PUC_Ch_RS « -EfPUCRE*(Raw_Base/INIT(Rate_8ase))/RBDECdeiay
DOCUMENT: PUC change n Rate Sese
Units: (min $'s/week)
mnumu_mmwwummnmmnumm

% Oscomm « Dep_XA

DOCUMENT:

Units: (min $'s/weel)

This is how deprecistion of plant fows out of the rate bass.
Allowed_ROE = (Cost_of_Cap-1)°EFFPuUcACE"(1-Eviness)
DOCUMENT: Allowed Retum on Equity
(%)

This is the aliowed retum on ratsbase proposed as derived from the PUC's perceived prudence.

AI_Rat® =

((({Altowed_ROE/52)"Rate_Base)+(Utility_Req_Total*(1 -Eviiness)*(Test_Yr_$%kwiviist_Yr_costperkwh))+Pass_Through)®1E6)/(P¢
wer_Rating*1€3°168)

DOCUMENT: Allowed

(e/kwh)
mummupmwwnmm“ Alowed_ROE/8300+ 1

Comp_Raw « (.06+(1-Comp_switoh)®.08)+(-.001"RAMP(.08,100)+.001*RAMP{.08,300)) Comp_switch
DOCUMENT: Competitr's

\ [ _J
This is e rate & competir is charging. e LSSl must come cioss 19 Matching tis rate or i0se cusomarns. IN he model he ulily
Mmﬂhnu‘c”h

Comp_switch « 0

Curind_Prud « EFFSPPUCEFFCaprel_troat BTBRPUCEFFCUSPUC ENPSPUC EFFPIPUCT(1-Eviiness)

DOCUMENT: Current indicatir &f Prudence

units: prudes
manp—nduduummnmmmdmmnmhmmm
Current_Yr_Casts = SMITI{Costs Tanes)*$2°1 £6,13)

OOCUMENT: Cunant Yo Cold:

Units: (min Sowesll

Thet is the 0l weslly esois sveraged over e pant year.

Current_Yr_MW_Sales « SMTH1(((capacity_utiizations Bought_Power)/100) Power_Rating°52°1000°168.13)+1
DOCUMENT: Cusrant Yesr MogaiWatt Salse
Unitec

Odeguuetn)
This is he cstimatad number of megawats the ulily delleves € will seil this yew.
Cust_Sat « Syotorm_fallabity"SFFPOCussarEFFCPRCS
DOCUMENT: Custames Satisfaction
unitess
this is the product of ©ie 1es factors which INAUSNCS CUSIOMEr SaliBtacUon.

Delay_Ad_PP < MAX((Curind_Prud’EMPSPUC)/Puc_perc_Prud.82)
DOCUMENT: Delay in Adusing percaived prudence

- 12 -
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Delay_Rate « (Cust_Per_ReiRate/Reli_Rate)'4

DOCUMENT: Deisy Rate

{weeks)

This 1 the delay from enactment that a change in ratss starts to affect customer perception. Fummuismmnmhimngn
the til. For increases & gets shorter since the newspapers will invariably cover them.

Est_Yr_costperkwh « Curremt_Yr_Costs/Current_Yr_MW_Sales

OQCUMENT: Estimated Yearly cost per Kwh

Units:  ( $'s/kwie)

This is the prediciad future rate requirements B Make up for costs based on the last years performance.

Est_Yr_Rev = SMTH1(Revenuse*52°1E§,.52)+1000000

DOCUMENT: Estimated Yearty Revenuss

Units:  {min $'s'week)

This is the average wesily revenuss averaged over the last year 1 determing i the Uity belleves it will have a shortfall in which case t wii
markup i request.

Evilness = Evil_Amount®(0+STEP(Bvil_Puc_Fun,100))

DOCUMENT: Eviness

Urits: hades

This is in the utity's view. a measure of how much the PUC suddenly reduces 1he rate of relum. It is not dependent on any outside varisbies and
can change besed on PUC poliical changes.

Evil_Amount « 088
ODOCUMENT. Evil Amunt
This is the parcentage reductions in ROE the change in PUC pollioal maksup has an the utlilly.

Evil_Puc_fun « 0
OQCUMENT: Evil Puc Function
1 wms evil PUC on, 0 is a benevolent PUC (13 he uily)

For_Cap = .00
Markup « |F(Current_Yr_Costa/Bst_Yr_Rev<1) THEN(1)ELSE((Current_Yr_Coste+Bud_Div*S2)/Bet_Yr_Rev)
DOCUMENT: Marip

unitess
he Uity adds on some extra requirements for incame i k has not receives encugh sward In he past fom he PUC.

OdM = Ops

S/ wesl)
This is the ram porvon et rate payers automatically pay for.

Power_Rating « 1000

DOCUMENT: Power Raing

kwh)
(m.hnm-udmmunnmmmnmm

Puc_Aggreabillty « Puc_RamA)iiy_Reg _Towmd

DOCUMENT: PUC Agpranhily

Unita: none .

This the raie of the Uiy equesisd rate © he PUCY swarded rate. R s a messure of how financial INeluons rate whether e Uity wil
recoive futwre rete MR

Puc_Delay = ((AB_FatsPus_Rate+.0001))°2¢)+8

unite: (S/KWhH .

This is the ra in doflars per iilowait howr on average for the elsciriclly the nuciesr plant sells. 1t i, in effact, just aliowed revenuse/net
power produced:

RBOECHy = 88

OOCUMENT: Rate Sane Ducision Dulay

This is ®o tms is nonnallly Wies 0 detarming & rats base dacision.

- 13 -
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O Rei_Raw « Rate_per_kWivAve_U_ Rate
DOCUMQI"I’ Relative Rase
unitiess
this it he ratio of the utility's raie 10 the average raie in the area (o determine how angry the customersare

o System_Rellability « 996
DOCUMENT: It represants the capacily reigtive 1 demand not made up for by purchased powar.

O Test_Yr_S%kwh = Test_Yr_Rev/Test_Yr_Sales
OOCUMENT: Test year cants per iilowait howr
units:  $'s/kw-he
This is the average cost of elecyicity during an average year picked by the PUC,

QO Test_Yr_Rev = INIT(Revenues)'S2"1ES
DOCUMENT: Test Year Revenuss
Units: (min $'s/week)
this is the total average doliars eamed per week in an average year chosen by the PUC.

QO Test_yr_Sales = INIT(capacity_utilization)/100°INIT(Power_Rating)*52°1000°168
DOCUMENT: Test Yous Saiss
Units: (min $'s)
Sased on & previcus operating year, usually switched every S years or 30, he average revenuss of the Ulillly are determined 0 368 how much
money the utlity would normaily earn and 18 budget cosis.

Q utiity_Req_Totl = SMTH3(Markup®(Costs+Taxes-Ops).26)
OOCUMENT: Utilly Requested Towd
Units: (min $'s/weelk)
this is he utilly presented revenus m minus pass Through.

e EFFCaprel_frost « GRAPH(((capacity_utiiization/100)+.8°Per_Outage)/For_Cap)
(0.00, 0.971), (0.18, 0.978), (0.3, 0.908), (0.48. 0.983), (0.6, 1.00), (0.78, 1.01), (0.9, 1.01), (1.08. 1.02), (1.20, 1.03),
(1.38, 1.02), (1.50. 1.09)
OOCUMENT: Effect of Capecily Relative B Forcast
unitiees
This is the negative or positve effect on the PUC of the utily correctly predicing &8 capacily fastor.

@ EFFCPACS « GRAPH(Cust_Pur_Reiftat)
(0.00, 1.07), (0.5, 1.04), (1.00, 1.00), (1.80, 0.788), (2.00, 0.583), (2.50, 0.438), (3.00, 0.342), (3.50, 0.222), (4.00, 0.108),
(4.50, 0.038), (5.00, 0.00)
DOCUMENT: £filsct of Customer Percsived Relative Rate on Customer Satisiacion

@ EFFCUSPUC « GRAPHICUSt_Se0
(0.00, 0.214), (0.1, 0.58), (0.2, 0.084), (0.3, 0.731), (0.4, 0.749), (0.8, 0.784), (0.6, 0.767), (0.7, 0.786), (0.8, 0.83), (0.9,
0.916), (1.00, 1.00), (1.10, 1.10)

@ EPUCAS « GRAPH(Puc_pers_Prud)
(0.00, -0.194), (0.0348, -0.128), (0.080, -0.084), (0.108, -0.038), (0.138, -0.018), (0.172, -0.01), (0.207, -0.008), (0.241,
-0.004), (0.27¢, 0.00), (0.39, 0.00), (0.348, 0.00), (0.379, 0.00), (0.414, 0.00), (0.448, 0.00), (0.483, 0.00), (0.517, 0.00),
(0.582, 0.00), (0.588, 0.00), (0.621, 0.00), (0.068. 0.00), (0.69, 0.00), (0.784, 0.009, (0.788, 0.00), (0.793, 0.00), (0.828,
0.00), (0.882, 0.00), (0.897, 0.00), (0.98¢, 0.008), (0.968, 0.016), (1, 0.0800)
DOCUMENT: Eflact of the PUC's Perceived Prudance on e Rat Base.
unitess

This is how the PUC will hangs e rath base I ey don't fesl he Ul b prudent

EFFPUSROR « GRAPHIRR_ g Pred)

(0.00, on..nm. A8 @2 0000, (03 0300, (0.4 0578, (0.8 0812, (0.0, 0.000), (0.7, 1.09) (0.8, 1.23). (09,
1.33), (1, ¢ ks

DOCUMENT: Eilent of P on st o Sy

units: %/pruge

This is e efiest an B0 Felr Aai of Astem Tie PUCS sl Dward the ully .

EFFPUCSINIR « GRAPH(PuUs_Aggreshily)

(0.00, 1.30), (0.7, 1.28), (0.2, 1.20), (0.8, 1.10), (0.4, 1.11), (0.8 1.07), (0.0, 1.04), (0.7, 1.01), (0.8, 0.987), (0.9. 1.00), (1.
1.00)

DOCUMEINT: @flast of PUC Aggreabilly on Stook

{unitiess)

A graph of o eflect fram e previeus allowed AOE on Stock Price

Finanee: Selety Fia subeeeter

.14 -
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[ PersatByFinMari(t) « PerSatByFinMark(t - ¢ + (ChPerSaf) * dt
INIT PerSafByFinMark « CurindPerSet

DOCUMENT: Percaived Safety By Financial Merkes

Units: none

This is a measure of how the Financial Marksts measure the risk of lossing the reactor due to an accident. It is different than what e pubic,
ngnears, or NRC use 1 detarming the risk of 8 core meit

INFLOWS:
9 ChPerSaf » (CurindPerSat-PerSatByFinMark)/Celay_in_ad]_Saf_perc
O ENPSPUC « IF(EvE_Puc_Fun)THEN(EFFPSPUC_E)ELSE(EFFPSPUC_G)
DOCUMENT: Efect of Perceived Safety on PUC
If the plant is safe the PUC will belleve that the mansgement is prudent

O Utility_Ave_SALP = SMTH3(SALP.208.3)"Event_Efect
DOCUMENT: Utilty Average SALP
unitiess
This is the average nationwide saip rating financial pecpie Use 10 ComPare our Uity in Wwrms of performance.

@ CuindPerSat « GRAPH(EFFFOPS EFFLPOPurSarEFFOpsPS EFFPOPurSar EFFSAPS Event_Effecy)
(0.00, 0.00), (0.22, 5.00), (0.44, 30.0), (0.68, 40.0), (0.88, 58.0), (1.10, 88.0), (1.32, 80.0), (1.4, 98.0), (1.76, 98.0), (198,
99.0), (2.20, 100)
DOCUMENT: Percaived Salsty repressnts he public, financisl and PUC’s relative perospion of how sade & Ulillty is. The mods! assumes that
although the abeokste vaiue of he effecs of he safely indicators are different, helr rough relative value is 1he same. Thus i the Puc thinks that
a utiity is unaafe 30 do e fnancial markess. This “perceived safely” measures he salety of the plant an well as the rest of the industy because
it other piants are unsafe, public perception of sven salé plants is cbviously alfecied.

@ Delay_in_adi_Sef_pere = GRAPH(CurindPerSal-PerSafBlyFinMark)
(-100, 13.5), (-80.0, 15.0), (-60.0, 18.0), {-40.0, 18.0), (-20.0, 21.0), (0.00, 139.0), (200, $2.0). (40.0, 78.0), (60.0, 104),
(80.0, 117), (100, 129)

@ EFFFOPS « GRAPH(EFFFareOW
(0.00, 0.998), (0.1, 0.988), (0.2, 0.961), (0.3, 0.976), (0.4, 0.973), (0.5, 0.97), (0.8, 0.968), (0.7, 0.961), (0.8, 0.967), (0.9,
0.954), (1, 0.981)
DOCUMENT: Effect of forond Outages on Percaived Salaly
This is the eflect recent Forced Outages have on parceived safoly by the financial community.

@ FEFFOpsPS « GRAPH(capaoity_Oniine«(Per_Outage® 100))
(0.00, 0.948), (10.0, 0.983), (20.0, 0.987), (30.0, 0.98), (40.0, 0.063), (80.0, 0.908), (€0.0, 0.978), (70.0. 0.989), (80.0,
1.00), (80.0, 1.01), (100, 1.00)
DOCUMENT: Effact of Ops on Perceived Saley
unitiess
This ia the sflact of capacily rating on perosplion of reactr safety by financial comeunily.

'e EFFPSFM « GRAPH(DERIVN(ParSaiByFinMark. 1))

(-20.0, -30.0), (-16.0, -1.9), (-12.0, -18.9), (-0.00, -8.90), {-4.00, -2.58), {0.00, 0.00), (4.00, 1.88), (8.00, 2.73), (12.0.
3.42), (18.0, 4.30), (20.0, 5.000

DOCUMENT: m—-mnm.mhmmmnnwm R crentes 90 sawiooth reference mode
of the impact on financial mariets deing drastically negative when sefely drops But Riwann positve when safety improves.

Q@ EFFPSPUC_E « GRAPH(ParSalllyPinMand
(0.00, 0.2), (10.0, 0.208), (20.9, 0.208), (30.0, 0.336), (40.0, 0.43), (80.0, 0.511), (80.0, 0.001), (70.0, 0.7), (80.0. 0.8,
{90.0, 0.96), (100, 1.08)
DOCUMENT: Effest of Passaivesl Financial Sufaty of Uiy on PUC
{unidess)

This is the ofiact o Snansial pessaived safaly of he resctr has on he PUCS prudence. Ae safely drops, he prudance drops. However, at &
certain point, e saltly GNpE 90 low hat punishing the Villy monstivily will probabis cause 1am 19 g9 baniwupt with no hope of ever geting
better safeyy. n‘“.—.mmundnmumnmmnu-_mmumd
improving he

EFFPSPUC_G « GRAPH(ParGailyfinkiand

2 {0.00, 0.983), (8.00, 0.3), (10.0, 0.2). (18.0, 0.281), (20.0, 0.32%), (26.0, 0.344), (30.0, 0.387), (38.0, 0.388), (40.0, 0.4285),
(48.0, 0.443), (80.0, 0.408), (88.0, 0.90%), (€0.0, 0.58), (8.0, 0.06), (70.0, 0.7), (78.0, 0.78), (80.0, 0.9), (65.0, 0.89),
(90.0, 0.9). (“-I. Oll). ('”. 1.10)
DOCUMENT: Bast of Parcsived Financial Sefety of Ulllly on PUC
{unideas)
This is the oflact he fnancisl percaived safaty of he reactar has on he PUC's prudence. As safely drope, 1he prudence drops. However, at 8
cartain poing, e saltly drops 90 low hat punishing e Viilly monetarlly wil probedis cause them 12 go banirupt with no hope of ever gening
better sainty. 9o, assuming & densvoient PUC, when salely becomes low enough R sty giving the uilllly rals increenes under he auspicas of
improving the ulliyy.
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Q EFFPSStRisk « GRAPH(PerSafByFinMark)
{0.00, 1585), (10.0, 1.58), (20.0, 1.51), (30.0, 1.39), (40.0. 1.29), (50.0, 1.21). (80.0, 1.12), (70.0, 1.08), (80.0, 1.01), (90.0,
098), (100, 0.96)
DOCUMENT: Effact of Percaived Safety an Stock Risk
This si 1he eflect e risk of core meit has on stock price.

@) EFFSRPS « GRAPH(SALP)
(1.00. 120), (1.30, 1.17), (1.60, 1.18), (1.90, 1.11), (2.20. 1.06), (2.50, 0.98), (2.80, 0.908), (3.10, 0.888), (3.40, 0.832),
(3.70, 0.812), (4.00, 0.9)
OOCUMENT: Effect of Safety Raling on Perceived Salety
This is the combination of Saip scores 10 influsnce Perceived Safety,

@ Event_Effect « GRAPH(Event_Switch*(STEP(1,158)-SMTHI(STEP(.98,168).62)))
(0.00, 0.999), (0.1, 0.979), (0.2, 0.983), (0.3, 0.915), (0.4, 0.881), (0.5, 0.888), (0.6, 0.834). (0.7, 0.809), (0.8, 0.794), (0.9,
0.778), (1, 0.79)
DOCUMENT: Event Effect
This takas into account the me over which the events effects impact the public significantly (~10 wesks)

Government: NRC
[0 NRC_inspection_8ackiog() « NAC_inspection_Sacidog(t - d) + (Insp_Planning - Plantinapeciing) *
INIT NRC, lm_m = Saseinepfate

% inep_Planning = AdustedinepectionRate
oUTROWE:
-pm-mlw_wm_n_m
(CJ NRC_investigation_in_Progress(y « mlmmm a9 + (Investgations_|nitated - Investigations_Complend) * &t
INIT NRC_investigation_|n_Progress « Init_NAC_inviP

DOCUMENT: NAC Procsssad information
{pages/syear]

Before inifating any action e NAC performs verious investigagons and studies. MMW“MNNMM
being undaertaken

INFLOWS:
9 investigations_lnitied « (indicalsd_NRC_invest_jP-NAC_investigatian_in_Progress)/Response_Time
gocu.m inveatigations inlinted
nvestigations/weelk]
OUTROWE:

<P investigatons_Completsd = NAC_investgation_in_Progress/Ave_Res_Pro|_Duratien
[::om investigations Compistes
3 nee n-u--_m.o-u--m = NAC_fleguistions_ln_Develepmentt - d9 +
« (Iniiating_regulation - Abandoning_Reg_Efiort -
INIT NAC wm Ini_NRC_RegiD

DOCUMENT: NRC Reguistians \s Dovelopment
[peges reguistions or sindne}

NROWE:
: e,
k. 4 w.w )_Aoguintions_Sought_per_RepertReperts_Campietsd
(pages reguintiantvest§ ‘
CUTROWER

Abandoning_Reg_Rat «
4 NAC_Reguiations_in_OweiopmentAAve_Llle_ot_Unsussessiul_feg_Eflere)-reguiations_sbandoned_fram_NEi_sflort
DOCUMENT: Olscarding (Pagessmonth)

onasting_reguistion « NAC_Reguiations_in_Developmenyime_to_snact_regulation
4 Raguiaton

DOCUMENT: Enacing
(pages reguinsenarwesiq
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T NRC_Revors_in_Progress() « NRC_Reports_in_Progress(t - d) + (NRC_Reports_initated - Reports_Completsd) °
INIT NRC_Reports_in_Progress = Imt_NRC_RepiP

DOCUMENT: NRC Repors In Progress
[Reports}

INFLOWS:

? NRC_Reports_initiated = Ave_No_Reports_Per_Res_Proj*Investigations_Compieted
DOCUMENT: NRC Reports initieted

[reports/week)
QUTRLOWS:
% Reports_Compieted = NRC_Reports_in_Progress/Ave_Time_to_Publish_Report
OOCUMENT: Repars Compieted
{Reports/week]

] Reguiations_on_Books(t) « Reguiations_on_Sooks(t - df) + (enacing_reguiation - Discarding_Reguiations) * dt
INIT Regulations_on_B8coks « init_NRC_RegO8

DOCUMENT: Reguiations on Scole
{thousands pages reguistions)
INRLOWS:
% onacting_reguistion « NAC_Reguisiions_In_Developmenvime_to_snace_reguiation
DOCUMENT: Enacting Regulation
(pages reguistions/week)

CUTROWS:
@ Oiscarding_Reguistions = Reguiations_on_Books/800
DOCUMENT: Discarding Reguiastions
(pages/week)
Changed from /520 %o /800

Adjustedinapecionfats « indicatedinepectionRate”SodalEINRC EFFCLNRC
O DOCUMENT: Adjusted inspeciion Rate
[Inspections/week)

O Ave_Lite_ot_Unsuccessiul_Reg_Eflors = 2°52
DOCUMENT: Average Life of Unsuccaashl Reguiatory Efiors
{weeks)

QO Ave_No_Repors_Per_Res_Proj » 1
DOCUMENT: Average Number Reparts par Ressarch Project
[reporta/investgation]

[weoks)

O Ave_Time_to_Publish, e 1°08

* Tims 8 Publish Repart

[wooks)

O DSassimsplaie - V82
DOCUMENT: Sass inapaction Fate
[inspestiona/week}
Base level of inspections per plant per wesi
(3 per yemr)

(O Desired_NAC_Ressarch « INIT(NARC_lnvestigation_{n_Progrees)
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o0

IndicatedinspectionRate « BaseinspRate+Special_Requirement_for_Inquiry
DOCUMENT: indicated inspection Rate
{inspections/week]

Indicamd_NRC_invest_IP « EFFBAwnNRCinv’EFFBAWnNRCInv_P2_2"ENOpsNRCInv'inep_Ratio*Oesired_NRC_Research
OOCUMENT: indicated NAC investigations in Progress
[investigations]

Insp_Ratio = Plantinepecting/SaseinepRate
NRC_Eviiness » 0.0 .

DOCUMENT: .15 is nice effect |

Run with and without removal of regs within the info sectar

Reg_Ratio = Reguistions_on_BookawSMTH3(Reguiations_on_B80oks,26)
Response_Time « 3°4

OOCUMENT: Resporse Time

[woeks)

(3 months * 4 weska/month}

SociaiEfINAC « EFFMNACEFFPINARC

Special_Requirement_for_inquiry = (EFFBAwnNACIn+EFFOpeNACIn« EFFBAWNNRCIn_2+EFPsitsalandemerg_NRCins)*(1+NRC_Eviiness)
DOCUMENT: Special Requirement for inquiry

[Inspections/weei]}

Events and informants at plants hat creats added incentves 1 inepect.

time_to_snact_reguistion = 1°52
DOCUMENT: Time © Enact Reguiation
[weoks}

Time_to_{napect =« 4
DOCUMENT: Time  inepact
(wooks)

EFFBdWNNACIN « GRAPH(Ira0_equip_bdown)

(0.00, 0.00), (;l. 0.00), (0.2, 0.00), (0.3, 0.008), (0.4, 0.0178), (0.8, 0.0778), (0.8, O0.188), (0.7, 0.307), (0.8, 0.48), (0.9,
0.492), (1, 0.

DOCUMENT: Efiact of fvants an NRC

[Inspections/week)

The number of addiional inepections inllated beomme of consistent equipment breakdowns.

EFFBAWNNACEY « GRAPH(Ias_equip_bdown)

(0.00, 3%)001). (0.1, 0.987). (0.2, 1.01), (0.3, 1.08), (0.4, 1.08), (0.8, 1.1D), (0.8, 1.19), (0.7. 1.24), (0.8, 1.20), (0.9, 1.29),
(1. 1.

DOCUMENT: ENisct Sresiuiowns NIRC ivestigation

[unitiess muitiplier]

EFFBAWnNACIW_P2 « GRAPH{L bdwne_P2) ,
(‘o.::.) 1.00), (0.1, 1.00), (0.2, 1.01), (0.8, 1.08), (0.4, 1.08), (0.6, 1.13), (0.8, 1.19), (0.7. 1.24), (0.8, 1.28), (0.9, 1.29), (1.

OOCUMENT: Efest Bveahivans NRC Wwesigation
(unitess muldplier} .

EFFBOMNACIV_PR.S » SRAPHR houms_P)
(20:,, 1.00), (0.9, 1.GER BR 1.00), (0.9, 1.04), (0.4, 1.31), (0.8, 1.79), (0.6, 2.07), (0.7, 248), (0.8, 2.71), (0.9, 2.80), (!,
{unittess multiplier}

EFFBAWNACIN_2 = GRAPHI biwre_PR)

(0.00, 0.08), (:1. 0.000, (0.2, 0.00), (0.3, 0.008), (0.4, 0.0178), (0.8, 0.0778), (0.8, 0.168), (0.7. 0.307), (0.8, 0.45), (0.9,
0.492), (1. O.

DOCUMENT: @ilsct of @vants an NRC

{Inspeciiena/wesk)

The number of sddiional inspections inilated because of consistant equipment breakdowns.
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) EFFGAPO « GRAPH(Reg_Ratio"inep_Ratio)
(07. 103), (0.76, 100), (0.82. 1.00), (0.88, 1.00), (0.94, 1.00), (1.00, 1.00), (1.06, 0.988). (1.12, 0.982), (1.18. 0.979).
{124, 0.973), (1.30, 0.958)
DOCUMENT: Effect of Govemnment Action on Public Concern
{umitieas)

Government action or inaction May heighten or lessen public feers.

A EFFNACINVMGTENG « GRAPH(investigations_Initated/INIT(Investigations_Initated))
{0.00, 0.998), (0.5, 0.99€), (1.00, 0.981), (1.50, 0.948), (2.00, 0.08), (2.50, 0.848), (3.00, 0.752), (3.50, 0.692). (4.00,
0 64), (4.50, 0.818), (5.00, 0.802)
DOCUMENT: As investigations increase engineers and managers are siphoned off for working with he NRC for answering questions, etc. They are
taken from the mantanance stalf.

@ EFFNRCinvminsp « GRAPH(NRC_(nvestigation_In_Progress/INIT(NRC_investigation_in_Progress))
(1.00, 1.02), (2.00, 1.10), (3.00, 1.15), (4.00, 1.25), (5.00, 1.48), (6.00, 1.82), (7.00, 2.30), (8.00, 2.85), (9.00, 3.90), (10.0,
5.97)
EFFNACMInep = GRAPH{1*Reguiations_on_Booka/INIT(Regulations_on_Baoks))
(1.00, 1.00), (4.00, 6.00)
EFFNRCRODIMI « GRAPH(NRC_Reguiations_In_DevelopmentINIT(NRC_Reguiations_in_Oeveiopment))
(1.00, 1.00), (1.50, 1.16), (2.00, 1.33), (2.50, 1.70), (3.00, 2.00), (3.50, 2.38), (4.00, 2.70), (4.50, 3.23), (5.00, 4.00), (5.50.
4.88), (8.00, 5.90)

DOCUMENT: Effect of NRC Regulations in Development on Desired Discrelionary inspections and Mandatry inspections

@ EFFNRCrepmi « GRAPH(NRC_Reports_in_Progress/iNIT(NRC_Reporte_in_Progress))
(1.00, 1.00), (1.10, 1.03), (1.20, 1.12), (1.30, 1.29), (1.40, 1.38), (1.50, 1.43), (1.00, 1.51), (1.70, 1.57), (1.80. 1.61), (1.90,
1.66), (2.00, 1.70)
DOCUMENT: Effect ot NRC reports on Mandatory and Olscretionany inspections

This is a multiplier © increass inspections based on repars.

@ EFFOpeNACIn = GRAPH(capacity_Oniine«(100"Per_Outage))
(0.00, 0.5), {10.0, 0.138), (20.0, 0.08), (30.0, 0.0276), (40.0, 0.0128), (50.0, 0.008), (60.0, 0.00), (70.0, 0.00), (80.0, 0.00),
(90.0, 0.00), (100, 0.00)
DOCUMENT: Effect of infsrants an NAC
{Inspections/week)

The number of inapections added becauss of poor operaling performance.

@ ENOpsNACInv « GRAPH(capacity_Oniines(100°Per_Outage))
(0.00, 1.24), (10.0, 1.17), (20.0, 1.10), (30.0, 1.08), (40.0, 1.03), (80.0, 1.02), (60.0, 1.00), (70.0, 1.00), (80.0, 1.00), (90.0,
0.997), (100, 0.708)
OQCUMENT: Eflact Operations NAC kwentory
funitess multiplier]

@ Report_Ratio « GRAPH(NAC_Reports_in_Progreas/init_ NRC_Repif)
(0.00, 0.04), (0.2, 0.12), (0.4, 0.27), (0.8, 0.47), (0.8, 0.71), (1, 1.00), (1.20, 1.08), (1.40, 1.19), (1.00, 1.42), (1.80. 1.72),
(2.00, 1.98)

szm
3 Concerned_Lmiws(ty em_um @) + (Changing_Oppositien - FadingLmivConcem) * &t
nmcun-m_mn

DOCUMENT: Conssmad Lenmshes
{Congress peopie} -

The number of ievwnaliss It congress whe are significantly concemed over nuciser Power plant safely.

INFLOWS: .
#p Changing Oppositien = (C_ing_Liiv_Limits-Concemed_LmivelLinir_Ad_Time
DOCUMENT: Changing Oppositon

00

The rete &t which congressionsl opposition 1 Nuciesy power changes in he U.8. Houss and Senate.

OUTROWE: .
? FadingLmivConcerm « Concerned_Lmivs/AvelumisMemory
DOCUMENT: Fading Lawnaiwr Cancem
[lawmakers/weok)

Number of lawnakers whose fear of nuciser safety diasipasss.

T

169



[ EFFForcOutt) « EFFForeQutt - dt « (PBe_Rate - Fade_PB_eff) * dt

o]0

0]0)

INIT EFFForeOWt « 0

OOCUMENT: Effact ot Farced Outage
£t from forced outage is & S0k 1© repragsent the tMe 10 buildup of the effect on other sectors and the ¥me 0 coal off. it repressnts the tme
determine the cause of S/D and resume start up. An average iength of S/0 per forced outage is used.

INRLOWS: .
% PBeft_Raw - (Plant_Force_Out-.5)
OUTR.OWS:
% Fade_PB oit = EFFForcOuvyFads_Time
AvelmikrMemory = 20
C_ind_Lmiz_Limis = MAX(MIN(338.Indicated_Concemed_Lmirs),40)
DQCUMENT: indicated Lawmaiusr Concern Uimis
{lawmakers)

Upper and iower bounds for the number of concemed iswnalurs (0 © 538).

Fade_Time = MAX(NORMAL(1.5,.25).0)
Indicated_Concemned_Lmirs « Concerned_Lmiun*Net_Effect_on_Lmkre
DOCUMENT: indiceted Cancemed Lasmairs

(lawmakers]

Lmkr_Adi_Time « 6"Concemed_Lmira/indicated_Concemed_Lmirs
DOCUMENT: Lawmahar Adustment Tine
(weeks}

The average tme 10 shit congressional support Yom one position 1 snother. (3 monthe)

mm_n_m.mmmmmmq
OOCUMENT: Nat Eflact on Lawmalurs
{unitiess}

A variety of factors affect & cONgress person's position regerding nuciser power. This variabls caculstes !he net effest of various factors
operaling Gn CONGIess in relation 1 NUCISEr PONY.

EFFBdwniM « GRAPY(Irac_equip_hdown+EFFForcOul)

(OG:.,".I) (01, 1.00), (0.2, 1.000, (0.3, 1.00), (0.4, 1.00), (0.8, 1.01), (0.8, 1.04), (0.7, 1.07), (0.8, 1.10), (0.9, 1.13), (1.
1.1

mmmmﬂm

[unitiess mulvplier) *

EFFSduniiM_P2 « GRAPH(_bduns_P2)

(10.:.) 0.948), (0.1, 1.00), (0.2, 1.00), (0.3, 1.00), (0.4, 1.00), (0.8, 1.01), (0.8, 1.04), (0.7, 1.10), (0.8, 1.21), (0.9, 1.28), (1,
Dbu.l.ﬂ‘: et plant Breshiours on Laswnalars

{unitiess multiplier}

EFFCUM = GRAPH(Consamad_Lnin)
{0.00, 1.00), (20.0, 1.08), (SR8, 1.08) (78.0. 1.07), (100, 1.10). (126, 1.13), (100, 1.16), (178, 1.17), (200, 1.20, (228,
1.22), (280, 1.29)

« GRAPMOusamad Loten)

(‘0.2:. f:& (?.‘06 1.00% (B08 1.00), (78.0, 1.04), (108, 1.08), (128, 1.07), (180, 1.10), (178 1.18), (200, 1.21), (236,
DOCUMENT: 2ast of Cansaasad Lasmafars on NAC Conoam

(unitess muliptier}

Multiplier

EFPCLP « GRAPH(Cancamed_Lmire)

(0.08, 1.00), (26.0, 1.02), (80.0, 1.08), (78.0, 1.07), (100, 1.10), (128, 1.1, (100, 1.18), (178, 1.18), (200, 1.20), (228,
1.2%), (200, 1.28)

_LM « GRAPH(Max_Bud_Lobby)
(0.0 1.200, (1.00, 0.908), (200, 0.979), (3.00. 0.877), (4.00, 0.974), (5.00, 0.97%), (6.00, 0.97), (7.00, 0.987), (8.00,
0.968), (9.00, 0.988), (10.0, 0.96)
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(7] SALP(Y = SALP(t - d + (CHSALP) * &t
INIT SALP « 2.5

DOCUMENT: Safety Assssement and Liscensing Procedure.
this 8 he rating 1-4, 1 being best of the cperations of the nuciser plant.

INFLOWS:
‘? CHSALP « (SALPBOUNnds-SALP)/Time_to_ChSalp

CurlndSALP « (Enginesring+Maintenance-Plant_Operations+Support)/4

SALPBounds = MIN(MAX(CurindSALP. 1) 4)

Time_to_ChSaip « 52°CurindSALP/SALP

EFF_rep_analysis_ratio_SALP < GRAPH(report_analysis_ratio)

(0.00. 2.49), (0.1, 2.44), 02 2.25), (0.3, 2.02), (0.4, 1.51), (0.5, 1.23), (0.6, 1.14), (0.7, 1.08), (0.8. 1), (0.9, 0.929), (9,

0.807)

EFF_SALP_info « GRAPH(SALP)

(1.00, 0.00), (1.50, 0.00), (2.00, 0.00), (2.50, 0.00), (3.00, 0.08), (3.50. 0.1), (4.00, 0.1)

Engineering « GRAPH(IF eng_woriioad<.60 THEN 60"INIT(av_qual_specs)/av_qual_specs ELSE

ong_workicad® INIT(av_quai_specs)/av_qual_specs)

(0.2, 1.00), (0.58, 2.00), (0.96. 2.00), (1.34. 2.00), (1.72, 2.00), (2.10, 3.00), (2.48, 3.00), (2.88, 4.00), (3.2¢, 4.00), {3.62,

400), (4.00, 4.00)

@ Maintenance « GRAPH((1-frac_equip_bdown)*Running_Ave_Cap/100)
(0.00, 4.00), (0.1, 4.00), (0.2, 3.00), (0.3, 3.00), (0.4, 3.00), (0.5, 2.00), (0.8, 2.00), (0.7, 2.00), (0.8, 2.00), (0.9, 1.00), (1.
1.00)

Q@ Prant_Operstions «
GRAPH(Running_Ave_Cap“Operator_Astuteness*INIT(Bv_Rt_Op_Esr_Exp)/Bv_Rt_Op_Er_Exp INIT(Ev_Rt_Op_Misinf)/Bv_Rt_Op_Misinf)
(0.00, 4.00), (10.0, 4.00). (20.0, 4.00), (30.0, 3.00), (40.0, 3.00), (30.0, 3.00), (60.0, 2.00), (70.0, 2.00), (80.0, 2.00), (90.0,
1.00), (100, 1.00)

@ Support « GRAPH(IF mor_woridoade.é THEN .4°(EPF_rep_analysis_ratio_SALP)"MAperwi/INIT(MAperwi) ELSE
mgr_workioad*(EFF_rep_analysis_ratio_SALP)*"MRperwi/INI T(MRperwk))
(0.00, 1.00), (0.2, 2.00), (0.4, 2.00), (0.6, 3.00), (0.8, 3.00), (1. 3.00), (1.20, 3.00), (1.40, 4.00), (1.80, 4.00), (1.80, 4.00),
(2.00, 4.00)

Intormation Defest Reduetion Curve
. i] Cumulative_info_CA_Performed( = Cumuistive_info_CA_Performed(t - d9 + (infe_CA_performed) * dt
INIT Cumulative_into_CA_Performed = 30"32°8

Nelele]

(W

INFLOWE:
%4 info_CA_performed = proc_CA_validated+train_CA_velidated
DEF_RED() « DEF_REDN - d +» (det_red_rate_decreasing) * &t
INIT DEF_RED = .98
INFLOWS:
5 del_red_rate_decreasing - IF{TIME>S) THEN(-ORF_RED Tactionsl_infe_CA_complstien°modified_leaming_curve_info) ELSE (0)
fractional_inta_CA_compietion « inte_CA_performed/Cumuiative_info_CA_Performed
lc_frac_info « .03
modified_leaming_curve_inf® « -uoam-(n )_frao_jnte Training,_Hours) VLOGN(D)
DOCUMENT: Modifisd Leaming Curve

Modifies he lsaming curve fraction for uss I e leaming awve equutiens.

EFF_DEFRED_repant_reps = GRAPHOEF_RED)
(002)1(510):“’(0-"4“‘““ 1.47), (0.72, 1.44, (0.78, 138, (0.8, 1.21), (0.04 1.19). (0.88. 1.08), (0.92, 1.02), (0.96,
1.00),

Informetion Laber Nesded

T into_sng WTIH(Y = inin_eng WTBR - @9 + (cheinfe_eng WTH) * &t
INIT info_eng_WTB « &
INFLOWE:

0

GOO

Q

W ohgnle_eng WTB « infe_engs_work_des-info_eng_WTS
a m'om.m - inb.n.m - @) + (chg_info_saleyy WTE) * o

INIT infe_mgz_WTS
INFLOWE
? w WTB « info_mg_wark_des-into_mgr_WTD
o suﬂ«(a-l ca lumm _CA__in_Progresss+Reps_Waiting_for_Scresning+Eveluations_in_Progrees+SOERs_Waiting_for_Scre

ning+Train_CA_jn_Progress+Prod. wm (Reguiations_Under_Technical_Review+Reg_Eval_in_Progress)‘info_eng_per
_reg°into_rep_per_eng_per_week),2)

C info_eng_per_reg « 28

QO info_eng_unavall_retio = IF(TIME<1)ON Per_Outages1 THEN(1)ELSE(info_sng_WTI/(eng_info_rev_comps1))

.21 -
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O nto_mer_unavail_ratio « IF (TME<.S) OR Per_Outage=! THEN 1 ELSE (info_mgr_WTB/mgr_info_rev_comp1)

(O into_mgr_work_des «
SMTH'(mmqm applied_per_job’(CA_Waiting_for_AssignmentEvais_Waiting_for_Validation+Proc_CA_Waiting_for_Val+Train_CA_w
ting_for_ValeReg_Reviews_Waiting_for_Assign'mgr_per_reg°info_rep_per_mQr_per_week),2)

QO mansgers_appiied_per_job = .20

(& mgr_per_reg « 10

Information: Industry Problem Reporting and Other Agencies

[T EPRI_Research_in_Progress(t) « EPRI_Research_in_Progress(t - dt) « (EPRI_res_initation - EPRI_res_compietion) °
INIT EPR} Rm in_Progress = 0
INFLOWS:

% EPRI_res_initation = base_EPRI_res_projects’EFFidprobEPRI
OUTROWS:
7 EPRI_res_compieton = EPRI_Research_in_Progress/time_to_comp_EPRI_res
0 NRC_IN_in_Progress(y « NRC_IN_in_Progrees(t - d9) + (NRC_IN_initiation - NRC_IN_comg) * dt
INIT NRC_IN_in_Progrees = 0
INFLOWS:
% NRC_IN_initlaton « frac_probs_need_(N"ident_probs_sent_to_NRC
QUTROWS: .
™ NRC_IN_comp = NRC_IN_in_Progress/time_to_comp_IN
{Z] VEN_Research_in_Progress() « VEN_Ressarch_in_Progress(t - dt + (VEN_res_initation - VEN_res_compietion) * dt
INIT VEN_Ressarch_in_Progress « 0

DOCUMENT: Vendar Aesearch in Progress
[research programe)

INFLOWS:
9 VEN_res_initetion = base_VENDOR_res+ident_probs_sent_io_vendors
DOCUMENT: Vendor Research iniliation
[ressarch programa/week]

Toml amount of new resesrch iniisied at vendors each week. inciuded both i base raie and ressarch of new idendfied problems.

QUTROWR

% VEN_res_compietion = VEN_Ressarch_in_Progress/ime_to_comp_VEN
OOCUMENT: Vendor Aessach Compistion

[research program/weel

The number of ressach programs being compietsd per wesk at 1he vendors.  Complstien inciudes e compistion of he research and he
writing/sending of he resssch results.

Dwmon.nmmo.wmon—_pm a9 + (WANO_rep_jnit - WAND_rep_camp) * &t
. nm'rwmnmhm

? WMQH-&WMQMW
OUTRLOWE

95 WANO_rep_comp = WAND_fape_in_frogress/ime__comp_WANO_rep
bass_EPRI_res_prejests « ¥

0o

This is he base rain &t whish vendurs NGNS NOw research 1 s0ive prohiems or develope new schalona.

base_WANO_rep_produsien « 2
frac_probs_nest_ N « .8
DOCUMENT: Frustion of Probiems Need IN

Fraction of insaming probiams © e NAC that inifats he writing of INs. Thin Fracion may reduces e nuMber of problem repore hat
mmmnmmnmmmmﬂummmm—nau-muumum
industy 1 knew

00
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000

O

frac_probs_sent_to_iINPO « 10
DOCUMENT: Fraction of Problems Sertt o INPO

Fraction ot tal probieme identified that are sent 0 INPO for analysis.

frac_probs_sent_to_NRC « 1.0
DOCUMENT: Fraction of Problams Sent 1o NRC

Fraction of total identfied problems sent o NRC for analysis.

frac_probs_sent_to_vendors « .1
DOCUMENT: Fraction of Probiems Sent 10 Vendors

Fraction of towl identtifled probiems that are sent 1 vendors to initate ressarch.

ident_probs_sent_to_INPO < frac_probs_sent_to_INPO"identified_problems
DOCUMENT: Identified Problems Sent ©© INPO
(problems|

Number of problems given to INPO for analysis. WW eventually produce produce Significant Event Notfications (SEN), Significant Event
Reports (SER), and Significant Operating Experience Repors (SOER).

ident_probs_sent_to_NRC « frac_probs_semt_to_NRC‘identfied_problems
DOCUMENT: identfied Problems Sent 1o NRC
[problems)

Numer of probiems sent to NRC to be reviewed for information Nodfications (IN).

ident_probs_sent_to_vendors = frac_probs_sent_to_vendors’identified_problems
DOCUMENT: identiied Probiems sent 1 Vendors
[probiems)

Number of probiems sent ©© vendors that will inidete research on problams with heir products.

time_to_comp_EPRI_res « 12
time_to_comp_IN « 4
time_wo_comp_VEN « 26
DOCUMENT: Time 1 Campists Vendar Ressarch
(weeks}

Time it takes © compiets research and writs repart of results.
time_to_comp_WANO_rep « 4

information: Actien Preeses
0 CA_Waitng_for_Assignmeni() = CA_Waiting_jor_Assignment(t - dO + (new_CA_wailing - CA_assignment - CA_sbandon) ° dt

INIT CA_Waiting_for_Assignmant « 38
OOCUMENT: Carmectve Actons Wailing fer Assigrenant
cA '

Correcive acions waling 50 assigned © conect groups hat will perform he actions.  Some may be lost ¥ ¥me delays increase Vo much.

INFLOWS:

now_CA_waling =

L4 evais_periermed_currectly’iras_of_evais_need_CA°(1+iras_evais_nesd_muit_CA)+quick_CA_to__prob_needed+CA_from_rege
OOCUMENT: Now Conecive Actions Walling
cN)

New corrective actions coming © he managers for assignment 1o various groups that will perfonm e actions (procadure changes,
modifications, aining).

UTROWR

-9 CA_sssigrnent = CA_Waiting_for_Assignment/ad]_time_%o_sssign_CA
N

CA assignment 1 1he eomect groups.
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CA_abandon « IF (info_mgr_unavad_ratio>assign_man_unavil_iim) OR (inm_m_uwd_mmm_m.mu_m, THEN
CA_Waiting_for_Assignment*rac_CA_abandon ELSE 0

DOCUMENT: Carrective Actions Abdonded

(CA}

CA abdonded because managers are unavaiiabie 10 1D assign them or because e Manager fesls Nhat eNgnesrs are 0o busy with ather
work (from the engineer unavailibity increasing).

(J Mod_CA_in_Progress(t) « Mad_CA_in_Progress(t - d9 + (new_mod_CA - mod_CA_pianned) * dt
INIT Mod_CA_in_Progress + 80

DOCUMENT: Modification Corrective Actions in Progress
{mod CA)

Planning of modification coirrective actions in progrees.
INFLOWS:

New correctve actions 0 be performed $wough plant modifications.

UTM.OWE:
% mod_CA_pianned « Mod_CA_in_Progress/adi_time_to_pian_mod_CA

OOCUMENT: Modiication Commective Actons Planned
Compistion of plarning of modification CAs.

[C] Proc_CA_Waiting_for_Val) = Pros_CA_Walting_for_Vakt - d9 + (proc_CA__compietsd - proc_CA_validated - proc_CA_incomrect) * dt
INIT Proc_CA_Waiting_for_Vel « 28

DOCUMENT: Procedure Change Walling for Valldation
{proc CA}

Procedure changes waiting ' be validated for corractness by ssfely managers.

INFLOWS:
? proc_CA__compieted « Prooc_CA__in_Progrese/adi_tme_to_comp_proc_CA
DOCUMENT: Procsdure Change Comecive Actions Campisted
{prog CA/weeld
Procedure change CAs implamanted by s enginesrs. (Incorporated tham into procedses and Making empioyess sware of hem).

OUTROWE:
proc_CA_vailideted « frac_pros_CA_correct'Pros_CA_Walling_for_Veled]_tme_t_vel_proc_CA
k-4
OOCUMENT: aliiated

> Procsduse Change Comective Actions V
(pros CA/weslg
Procedure changs aanesive ectiers vaidated © be correct and effective for the ullly.
% proo_CA_jnsammst = pres_CA_valideted*((1-frac_proa_CA_correcy/iras_pros_CA_corect)
DOCUMENT: Pwssdae Changs Corrective Actions Incorrect
[pres CARSp”
Procedwrs Comective sctions hat were performed incarreclly.

] Proe_CA_jn_Prograse() = Pras_CA_in_Progressit - di + (pros_CA - pros_CA__compisted) * &t
INIT Pres_CA__in_Progress « 200

OOCUMENT: Procedure Changs Conediive Actons in Progress
(proc CA}

Procedure changs comective actions hat are being witten and weted.
INFLOWS:

- 24 -
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» proc_CA = CA_assignment'frac_CA_pracsproc_CA_incomect'EFF_mainOT _infa
DOCUMENT: Procadure Carrective Actions
{proc CA/week)

CA's that areid be performed thyough procedure changes. Comes from newly validated evaluations, and from incarrectly performed
changea.

OUTROWS:
% proc_CA__completed = Proc_CA__in_Progress/adi_time_to_comp_proc_CA
DOCUMENT: Procedure Change Cormecive Actions Compiletsd
[proc CA/week]
Procadure change CAs implementad by the enginesrs. (Incorporated them into procedures and making empicyess aware of them).

{T] Train_CA_in_Progrees(t) = Train_CA_in_Progress(t - d9 + (vain_CA - train_CA__compieted) * dt
INIT Train_CA_in_Progress « 200

DOCUMENT: Training Change Correctve Actions in Progress
(tain CAJ

Traiing changes being workad on by engineers.
INRLOWS:
% train_CA « CA_assignmentirac_CA_train+train_CA_incorrect"EFF_mainOT_infe
DOCUMENT: Training Change Corrective Actions
[train CA/week]
Training change corrective actions. Come om evaluted reporis and from incorect Yeining changes.

OUTROWS:
@ wain_CA__complewd « Train_CA_in_Progress/ad]_time_wo_comp_train_CA
?ocmnm Training Chnage Carreciive Actions Compisted
rain
Compietion of taining changes. Includss studying, writihg, and discussing CAs with Yaining personnel.
[0 Train_CA_Waiting_for_Val) = Train_CA_Waiting_for_Valt - d + (train_CA__compiewd - train_CA_validated - train_CA_incorrect) * -
[ ]
INIT Train_CA_Waiting_for_Val = 18

OOCUMENT: Training Change Correciive Actions Waiting for Validetion
[rain CA}

Training changes wailing 1 be vaiidaied Ky carreciness by menagers.

INFLOWS:

% vain_CA__compietsd « Train_CA_in_Progress/ad]_tme_to_comp_train_CA
OOCUMENT: Training Chnage Correciive Actions Compisted
(rain CA/wesl)

Completion of vaining changas. includas studying, wiling, and discussing CAs with veining personnel.
QUTROWR
@ train_CA_velidaind « Weo_train_CA_correct'Train_CA_Waling_for_Vel/ad)_tme_to_val_train_CA
OOCUMENT: Talaing Changs Correciive Actions Valideied
{rain CA/wesll):
Training changes vaiidated % e correct by menagern.
% train_CA_inossrest = train_CA_valideted®((1-frac_train_CA_correct)/fras_train_CA_correct)
DOCUMENT: Training Changs Carrective Actions incorrect :
(rain  CAAORld
Training changes that were performed incarrectly, as determined by Managen.
QO wdi_time_to_sesign_CA « tme_t_sssign_CA"info_mge_unavail_ratio’info_eng_unavell_ratie
OOCUMENT: Adustas Time 1 Assign Cammective Actions
(weeks) )
Time it takes for 8 Manager 1 assign CA, adjusetnd for manager svailability.

- 2% -
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adj_time_to_comp_proc_CA « time_to_comp_prov_CA‘info_eng_unavail_ratio
DOCUMENT: Adjusted Time 1 Campists Procedure Change Comrective Actions
[week)

Time it takes © implement procedure changes, adjusted for engineer avaiabillty.
ad|_time_to_comp_train_CA = time_to_comp_train_CA°info_eng_unavail_rato
DOCUMENT: Adiueted Time 1 Compiete Training Corractive Action

[woek{

Time t0 compiets training corective actions, adjusted for enignesr availability.
adj_time_to_pian_mod_CA « time_to_pian_mod_CA'info_eng_unavail_ratio
DOCUMENT: Adjusted Time ® Plan Modification CA

(weeks]

Time 1o pian modifications, adjusted for availabilly of enginsers.
ad)_time_to_val_proc_CA =« time_to_val_proc_CA’info_mgr_unavail_rato
DOCUMENT: Adjusted Time 1 Vaiidaind Procedure Correciive Actions

{weeik]

Time it takes & manager 1 vaildats correct compistion of comecive acions, adjusted for manager avallabillly.
adj_time_to_val_train_CA = tme_to_vai_train_CA‘info_mge_unavail_rasie
DOCUMENT: Time 1o Vaikdate Training Corrective Actions

[week]

Time © vaiidate vaining changes, adjstad for manager avallabilty.

assign_eng_unavail_iim » 3
DOCUMENT: Assigment Engineer Unavallabilly Limit

Maxmnimum value of enginser unavailsbilly ratio before CA's are abandoned because managars bellsve hat their enginesrs are o busy.

assign_man_unavil_im « 2
DOCUMENT: Assignement Manager Unavailabity Limit

Maximum vajus of manager unavallabllly sllowed. ¥ & becomes greatsr han his vaius, CAS are sbandoned.
frac_CA_sbandon « .2

OQCUMENT: Fraction of Corective Actions Abandaned

[CA abandaned/CA)

Fraciion of CA sbdandonsd when managese decids © begin © sbanduon CAs.

frac_CA_mod » .2

DOCUMENT: Fraciion Carreciive Acions Modiiostions

[mod CA/CA}

Fraciion of correcive aciions Sut are pelormad Svough modiications. Nots that mods dan not gut performed in his flow, hey are sent ©
sceduled wark ardars.

frac_CA_prog = @
OOCUMENT: Prastien <#Cnmetie Astne-Procetise
(pros CA/CA} -3

Fraction of correstive astans it will be pressdure chenges.
frac_CA_train « .2 :

DOCUMENT: FPrastien Comveative Actions Training

(rain CA/CA} ‘
Fraction of carnestive actens hat will be performed Ywough Yaining.
frac_ovein_need_mull_CA = .2

DOCUMIENT: Prastien of Svais That Nead Mulipie CA
[ca/evaiuations}

Fraction of evaluations fat nesd mulliple correciive acions 10 save he probiem.
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Q trac_ot_svais_need_CA o .75
DOCUMENT: Fraction of Evaiuations That Need Corrective Actions
(CA/evaluations)

Fraction of validated svalautions that require comective actions within he utliity.
{0 ftrac_proc_CA_correct = .90°eft_OT_fatique_eng

DOCUMENT: Fraction of Procedure Corrective Actions Cormect

[correct CA/prac CA}

Fraction of procedure change CAs that are correct.
QO frac_train_CA_correct = 90%eft_OT _fatigue_eng

DOCUMENT: Fraction Training Change Carractive Actons Correct
{correct CAMrain CA)

Fration of corrective actions for training that are being performed comectly.
O tme_ta_assign CA = 1

DOCUMENT: Time o Assign Corrective Actions

(weeks]

Time it takes & MaNAZEr 15 AESIN cOMective acions 10 procadure, modifications, or Yaining changes.
" tme_to_comp_prav_CA = 10 .

DOCUMENT: Tims 1 Compigte Procedure Change Cammecive Actions

[week{

Time it takes 10 implement procedure changes within he utiy.
Q time_to_comp_train CA « 28

DOCUMENT: Time © Compiete Training Carrective Actiore

[wook}

Time it thias an engineer 18 compiets e Yaining changes.
QO tme_to_pien_mod_CA = 12

DOCUMENT: Time 1o Plan Modification Comrective Actions

[weoks]

Time it talms 1 plan modifications for corective actions.
o time_to_val_proc_CA < 1

DOCUMENT: Time o Validate Procsdure Change Camective Acions

(woeoks}

Time i takse & manager © validats it & procedure changs was performed careslly.
O time_to_vel_train CA « 2

OOCUMENT: Time 1o Vaiidate Training Comecive Actions

[wooks) .

Time & wius & manager & valdaiy hat e Yaining changes.

Information: Anslyels WMatls Cealo
0 Cumuistive_Reports_Avalishin(g « Cumulstive_Reports_Availshist - d) + (new_reps) *° &
INIT Cumuiative_Reperts_Avaliahie « 1 ’

DOCUMENT: Cumndative Repars Avalabie
(reporte}

Cumuiative numbar of avallabie repors for the uillly ® isam from.

INRLOWE:

® now_reps « incoming_Repe++incoming_SOERs+new_incoming_problems
goeu.m New Repore

Increase n he number of new reporss that have come v he ulllly.

.27 -
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[T] Totsi_Report_Analyses_Abandoned(y = Total_Repor_Analyses_Abandoned(t - dy + (repart_snalyses_abandoned -
report__analyses_recpened) ° dt
INIT Totai_Report_Ansiyses_Abandoned = 0

DOCUMENT: Towl Repart Anaiysss Abandcned
[reports)

Total number of report analysss abandoned.

INFLOWS:

= report_analyses_sbandoned « CA_sbandon+evals_sbadaned+reps_abandoned
DOCUMENT: mm—m
{reports/week]

Reports sbandoned because of unavailabilly of managers and enginesrs. Comes om sbandonment during evaluation or when

COMECVe ACYONS &0 A0SigNSd.
OUTR.OWS:
@ report__analyses_recpened « a EFF_SALP_info"Towl_Repart_Analyses_Abandoned
DOCUMENT: Repart Ansiysss Recpenad
{reportaswesk]

Report analyses recpenad becsuss of preasure B IMProve performancs and safely.
o ropen_um ratis o (cummo )_Reporis_Available- Total_Repart_Analyses_Abandoned)/Cumulative_Reports_Availiable

Ratio of the number of repors anay2ed (available-abandoned) 10 he number of reports availahie.

information: Gveiuiation Precess

[ Evais_Waiing_for_Validation() « Evais_Walting_for_Validation(t - 90 + (eval_velidation_ini8 - evels_performed_correcly -
ovals_performed_incorrectly) ° @&t
INIT Evais_Walting_for_Valiiaiion « 48

OOCUMENT: Mvmnm
(eveiuations)

Validations of evaiuations perfomed by salely Managers in prograss.
INFLOWE:
Y oval_vaiidation_inid « feme_ovaluated
DOCUMENT: Evalustion Validation inidatien
{evalustiona/week)
Neow tams sent B managers © have el svalustions validated fur complstness and canreciness.

UTAONE
W ovais_performed_corestly « iras_cerreotlly_oval*Bvels_Wailing_fer_Validation/ad]_¥me_to_val_evais
DOCUMENT: Evaiuaions Perfenmed Coresit

[ovaluatons}
mun“ﬂm.mmmmnnmu

? m’-w - w&mmm-&.mmmm

= WM.W-QoM’_M-MM-“m'a
Evaluations._jn_Progress -

DOCUMENT: Bvatuations in Progrens
{ovais)

Number of evaluaiiong in progress by enginesrs.
INFLOWS:
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% new_itam_svaiuations « (app_repseconcerns_fram_app_SOER)«significant_probiems«evais_performed_incarrectly
DOCUMENT: New (tom Evaiuations

New ilams 10 bs evauted. Thess are probiems or polntal problems, appiicable reports and concems/reccomendstions from
applicable SOERa.

OUTROWS:

% items_svaluated « Evaluations_in_Progress/adj_tme_to_eval
DOCUMENT: tarms Evaiuated
[evais/week]
Compietion of correctiveacton evaiution of items.

@ ovais_sbadoned « IF (info_eng_unavail_ratic>eval_eng_unavail_lim) THEN (frac_evais_asbandoned*Evaluations_in_Progress) ELSE ¢
DOCUMENT: Evalusiions Abandonded
(evais)

Item evaiustions abandoned becuass he unavailability of enginesrs becomes o0 high.  This dynamically represents the iessesing evel
of evalualion iat GCCUIS &8 SNGINSErS DECOMS dualer.

O adi_time_to_eval = time_to_svai’info_seng_unavail_rato
DOCUMENT: Adjustad Time © Evaluae
{wesks)
Time it takes 9 evalustion events for camective actons, adiusted for availabilly of engineere.
Q adi_time_to_val_evais « tme_to_val_svaie‘info_mge_unavall_ratio
' OOCUMENT: Adjustad Time © Vaiidate Sveluations
[weeks)
Time 10 vaildate evaiutations, adjusted for the maneger availabilty.

QO wvai_eng_unavail_im « 3
DOCUMENT: Evaiugtion Engineer Unavailsbity Limit

Maximum lsvel hat he enginesr unavailabilily can be, before evaluations start becoming adbandoned.
QO 'rac_comecily_eval = .86°eN_OT_fatigue_eng

DOCUMENT: Fractian Correctlly Bvaluated

(carrect evaisnotal evale)

Fracton of svalustions that are performed (and velidated) 1 be corect.
Q frac_evais_sbendoned « .10

OOCUMENT: Fraction of Eveluations Abandoned

{ovais sbandoned/evels)

This is e fraction of evaluations et &v shandoned becauss 1he Ime delays in svaluation are becoming o long.

Time t wius  cvahuiian pars lir conecihve sclions, independant of engineer usage.
QO tme_to_vei_ovaie « 1 .

OOCUMENT: Tima To Vullia Svaldations

(weoka{

Time for & menager © valldatd ovehuations.

information: industyy GSveats

0 Cumulstive _Alerta(§ « Cumulative_Alera(t - d0) + (site_slerg * &t
INIT Cumndative_Alerss « 0

: Cusmsative Alarts
[alerts)

Total number of site slers hat have accurred.
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INFLOWS:
? ute_siert « ste_alert
DOCUMENT: Site Alert
{alorts/week)

Site alert cccurances.

Cumulative_Emergencies( = Cumulative_Emergenciesit - df) + (sits_smergencies) ° dt
INIT Cumulatve_Emergencies « 0

DOCUMENT: Cumuiative Emergencies
[emergencies)

Total number of site emergencies that have occurred.

INRLOWS:

% sits_smergenciss « 3it8_emergencies’
DOCUMENT: Sie Emergenciss
[emergencies/week)}

Sie smergency ccaurances.

Cumulative_Eventa(t) « Cumulative_Eventa(t - d9) « (new_svent_occurances) ° &t
INIT Cumuiative_Evens = 0

DOCUMENT: Currulstive Events
[events)]

Total number of events (all types) that occured.
INFLOWS:
? NOW_OVent_OCOrances « event_occurance

DOCUMENT: New Evert Ccourances
[evenw/week{

Events ocowring per weeit.

Cumulstive_Problems_Reported(t) « Cumuiative_Problems_Reparted(t - d§ + (incresse_in_probs_reported) ° dt
INIT Cumulative_Problems_Reported « 0

DOCUMENT: Cumulative Problems Reported
[problems}

Total number of problems repored.

NRLOWS:

?W_h”_m.mm
DOCUMENT: increase in Probiems Aeporud
{problems/weeld

This he number of grabiams feperted each week.

Cumuiative_Unusust_Svialifl§ » Cumiative_Unususl_Evensat - df + (unususl_svent) * &
INIT Cumuiative,_ Unusal_fvene - 0

[minor events)
The il rumber of unususl event® hat cocured.
NRLOWER:
? unusval_ovent « unusual_event
OOCUMENT: Urususl Bvent
([uueusl event/weel)

Umnusual event coasances.
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base_prob_sa = 10t
DOCUMENT: Base Probabillly for Site Alert

This is e base probabeility 1Or Site alerts 1o occur. Based on information YoM the NAC it is 1 alert svery 10 svents.(1/1010%)

base_prob_se « 25°®t
DOCUMENT: Base Probabelity of Site Emergency

Probabiity that a site emergency will cccur. Based on data from the NRC-1 emergency every 2-3 years. (1/340=.25%)
avents_per_year « 140

OOCUMENT: Evens per Yesr

[ovents{

This is the maxinum number of svents that are allowed 1 occwr each year.

identified_problems =

unusual_svent*probs_disc_per_unusual_eventssite_slert’prob_disc_per_alertssits_smergencies’prob_disc_per_smergency +probiems

from_major_svent

OQCUMENT: identfied Problems

[probiems)

Total number of identified problems from the three differsnt type of event COCUIANCER.

ident_prob_ratio = SMTH1(identifled_prabiems,2.1)/SMTH1 (identifled_problame, ime_horizon_to_comp_ind_prode, 10)

Ratio of a smooth of the iast 2 wesls probiams 10 8 smooth of the probiems aocuring in the tme horizon 1 compare problems in he indusey.
Used as input 1 effect report, ressarch end investigation iniation bassd on he rato of recent probiems 10 past histry.

problems_from_major_event = IF (TiME«188) AND Event_Switche! THEN 1000 ELSS 0
probe_disc_per_unusual_ovent = 1

DOCUMENT: Prodiems Olscoversd per Unusual Event

[probieme/unusual event

Number of problems discoversd per for each unusual event coowrencs. Set at 10°0.

Problems discovered because of & site emergency. Set at 10°2.

prob_disc_per__siert « 10

OOCUMENT: Problams Discovered per She Alart

[probiems/alert]

Number of problems discovared fom he site alart.  Set at 10°1.

rand_for_num_¢ = RANDOM(O.1.rand_ssed+1000)

OOCUMENT: Randam Numbar fir Bvantd

Generates random mumir fiut 15 Used ¢ determining e NUMBEr of Svents ooouring per week.

rand_seed « 3008
OOCUMENT: Fanim Saed -

This is the randam numbe sead for all random numbars in 1he information secitr. Each random number is genarated based on this seed pius an
arbivart constant.  This wiiy each random number is diffevent.

time_hosizen_lo_comp_ind_proks - 12
(oocu-a: Time Horiaon 8 Campare industry Problame

This is he rumber of wesis hat peopis within the inudsty rememeber problems over when comparing he number of recent problems ©
thoes that have coourved in e past.

.3 -
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@ EFFidprobEPRI « GRAPH( ident_prob_ratio)
(1.00. 1.04), (1.10, 1.10), (1.20, 1.10). (1.30, 1.10), (1.40, 1.12), (1.50, 1.18), (1.60, 1.28), (1.70, 1.62), (1.80, 2.37), (1.90,
3.32). (2.00, 5.00)
DOCUMENT: Effect of Identfisd Porblems on EPRI

As the industry identfied problem rago increases. increasingly more research is initisted by EPRI to reduce problems.

Q EFFidorobWANO = GRAPH( ident_prod_ratio)
(1.00, 1.00), (1.10, 1.01), (1.20, 1.02), (1.30, 1.02). (1.40, 1.02), (1.50, 1.03), (1.60, 1.08), (1.70, 1.09), (1.80, 1.18), (1.90,
1.30), (2.00, 1.49)
DOCUMENT: Effect of identfied Problems on WANO

As more problems are identified in the US, more become identified by WANO as signicifcant, 30 more reports will be produced. Notice that this
is less than the inspection and EPRI effect because WANO is not that lange of a contributor for prablem information.

@ EFFsitsalandemerg_NRCins « GRAPH(SMTH1(site_alerts 10°site_emergencies. 12.1))
(1.00, 0.00), (1.40, 0.00), (1.80, 0.00), (2.20, 0.002), (2.60, 0.017), (3.00, 0.034), (3.40, 0.048), (3.80, 0.072), (4.20, 0.109),
(4.60, 0.148), (5.00, 0.198)
DOCUMENT: Effact of identlied problams on NRC inspections

As the ratio of industy problams increases, the NRC intitiates mare inepections in hops that ey will be able to identify and correct more
problems twough reguiations.

@ ovent_cccurances « GRAPH(rand_for_num_svents)
(0.00, 1.00), (0.08, 1.00), (0.1, 1.00), (0.1, 1.00), (0.2, 1.00), (0.28, 1.00), (0.9, 1.00), (0.38, 2.00), (0.4, 2.00), (0.48,
2.00), (o.%.o z.:o)*)(o.u. 3.00), (0.8, 3.00), (0.88, 4.00), (0.7, 4.00), (0.78, 4.00), (0.8, 5.00), (0.85, 5.00), (0.9, 5.00), (0.9,
6.00), (1.00, 6. :
DOCUMENT. Event Ccarances
[ovenm)

Number of events per wesk ccouring. 1 10 6 events can ocowr per wesk bassd on 1he random nuMber input 1 he lookup graph.

F) CEvent_Proosssing = Event_Poal
DOCUMEIINT: EVENT PROCESEING SUB-MODEL

This sub-model produces induslrly events based on dats cbiained from the NIRC. Variabiss within R genarste random numbers 10 Wst sech event
ccourance individually for its possible ievel. The sub-model produces e lollowing:

100-140 eventa/year
10% chance of event being & site alert (prob sa)
.25% chance of being & sits emergency (1 every 2-3 years) (preb se)

9 ovent_pool_resst « PULSE(events_per_year.1,52)-PULSE({Event_Pool,52.52)
OOCUMENT: EvartPoul Resst

{ovenu/weeld

This flow ressts the even peal stuok in the sub-modal. At he eng and baginning of eash year R 20r0's cut the pocl and then ressts it he
he even® par yeur vahe. .

® unususl_ovent « waml,_svent”
DOCUMENT: Uninnl Bt
[unusust cventasalg

Unususl ovent eansansss.

?m-“_m
OOCUMENT: Sie Alet
{alerta/wenk)

S slant escusances.
9 sis_smerganciss « sits_emergenciss’

(ooeu.mam
emergancisa/wesi])

S emargency ccourancen.

.32 -
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{0 Event_Pooi(t) = Event_Poci(t - df) « (event_pooi_reset’ - sits_smergencies’ - sits_alert - unususl_svenr) ° dt
INIT Evert_Poal = 0

DOCUMENT: Evens Pood
[ovents]

Holds events that will sventually occwr.  Event occurances flow out when the probabilities dictate occursnces. Limits the total number of
venta in a year 13 e GVert per year level.

INFLOWS:
“% oevent_pooi_reset = event_pool_reset
DOCUMENT: New Events To Ocowr
{events/week]

Roils into the sub-modsl the number of events ©© occur each year. Builds up the Event Pool stock at the beginning of he year.

OUTROWS:
-3 Site_emergencies’ « s
P sil_siert = 38
? unusual_event « event_oocurance-sith_aiert-site_smergencies’
QO wvent_ccaxance = svent_ccourances
DOCUMENT: Event Qcourances
[oven)

Based on a random number this s he number of events cccuning each wesk.

rand_1 = RANDOM (0,100,rand_seeds100)

rand_2 « RANDOM (0,100.rand_seed+200)

rand_3 « RANDOM (0,100,rand_sead+300)

rand_4 « RANDOM (0,100,rand_seed+400)

rand_S = RANDOM (0,100,rand_seed+500)

rand_8 « RANDOM (0,100,rand_sees+800)

58 « (108t_1+0081_2+t00t_3+1000_s+tast_S+inet_6)
DOCUMENT: Sits Alare

[alerts{

0000000

Sums up e site alert coourances from e probabedilly proceseing of each event.

sa_prob_lim < 100-base_prob_se
DOCUMENT: Sie Alert Probaballly Limit

O

Caicuiates the valus that e rardom number must be greatir han, and lses hen 100, for a site alert 1 aocur.
O 30 « tet_1061088_114000_12+1808_7+1000_S+1000_9

DOCUMENT: Siie Emergencies

[emergencies)

Sums up he poseibiliies of site emergencies fam e probabilly processing of each event.

DOCUMINT: Sem Sammgimy Frbabally Link

cmnvu'--&_mummmmnu-am-m.

wet_! « I (ovant sommenss«t) OR (rand_1<(sa_prab_im)) THEN (0) BLSE (1)

0et_10 = I (ovant_coswrancset) OR (rand_d<(ee_prab_iim)) OR (rand_&>80) THEN (0) ELSE (1)
net 11 « IF (ovent_ccowansedl) OR (rand_S<(se_prod_llm)) OR (rand_S>00) THEN (0) ELSE (1)
et_12 = IF (ovent_coowrance<s) OR (rand_S<(se_prob_im)) OR (rand_6>80) THEN (0) ELSE (1)
et 2 « IF (evant_ocowance<?) OR (rand_2<{sa_prab_iim)) THEN 0 ELSE (1)

el S » IF (ovent_ocourance<s) AND (rand_3<(sa_prab_iim)) THEN (0) BLSE (1)

teet_é « IF (event_ccourancec<s) OR (rand_d<(sa_prob_lim)) THEN (0) ELSE (1)

wet_§ « IF (ovent_ccourance<s) OR (rand_S<{sa_prob_iim)) THEN (0) ELSE (1)

wel_§ = IF (ovent_ccurance<s) OR (rand_S<(sa_prob_lim)) THEN (0) ELSE (1)

9et_7 = IF (event_occurance<t) OR (rand_1<{ss_prab_lim)) OR (rand_1>860) THEN (0) ELSE (1)
tost_0 = IF (ovent_occourance<2) OR (rand_2<se_prob_lim)) OR (rand_2>80) THEN (0) ELSE (1)
test 9 o IF (svent_occurance<3) OR (rand_3<(se_prob_iim)) OR (rand_2>80) THEN (0) ELSE (1)

O

000000000000
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Information: INPO

(] INPO_Field_invests_in_Progress(t) « INPO_Field_nvests_in _Progress(t - dt) + (fleld_invest_pianned -
INPO_rec_fleid_invest_compieted) ° dt
INITIWMIMMM-S

DOCUMENT: INPO Figid investigations in Progress
(investigations)

Number of fleld investigations on problems/recommendations in progress.

INFLOWS:
fieid_invest_planned(l) = field_invest_planned(c) * CONVERSION MULTIPLIER
CONVERSION MULTIPUER = 0.5

DOCUMENT: Fleld investigations Plarned
[investigations)

INPO initiates fleld investigations of SOER recommendations when & fesis that e recommendations are extememaely important or can
be enhanced by further investigation.

OUTROWS:
% INPO_rec_fleid_invest_compietsd « INPO_Fieid_Invests_in_Progress/INPO_time_to_comp_R
DOCUMENT: INPO Recommendation Fisld investigation Compieted
(investigations/week)

Number of investigations compieted per week
O INPOPnlmmmo = INPO_Prob_Analysis_in_Progress(t - dt) + (INPO_prob_analysis_init -
INPO_prob_analysis_comp) ° &t
INIT INPO_Prab_Anaiysis_in_Progress =

DOCUMENT: INPO Problem Analysis in Progress
(analysis}

Number of problem analysss in progress. May become backiogged if INPO is overioaded with problems.

4P INPO_prob_snalysie_inkt « INPO_significant_problems
DOCUMENT: INPO Froblam Analysis iniSation

(anslysis/woek]
Inidation of further problam analysis. Al significant problem are analy2ed © 900 ¥ crTecive acions for comecive
actiona/recommendations.

oUTMOWE
P INPO_prob_snalysis_comp « INPO, )_Prob_Analysis_in_Progress/ad) INPO_Sme_te_snalyze_probs
(DOG.I.'O‘I“ INPO Probism Analysis Compietion

Compistion of INFO grobiam anshyess. A faciien of hese ansiysss yisld recammandations ¥ be sent out in SOBR's.
gmw-nuun-._m » Prabs_Walling_for_Screen_by_INPORt - @) + m_mmu-mpo
INIT e, Wesing o
INF )_Waling_for_Stsesn_y_NPO «

OOCUMENT: Probiams Walling fir Serssing by INFO
(probleme{

Probiems walling for an INPO enginser 1 soresn whether !he ovents are significant ©© he industry or net.  This may becoms bacidogged it
menvy probiems are being analyzed In e INPO seclr.
INFLOWE:
@ prohioms_reported_o_iNPO « idant_probs_sent_t_INPO
OOCUMINT: Problamms Reporsd © INFO
[probleme/week)

Problams discovered Fom site incidents that are reportad hat will iniate INPO repore.
UTROWE:

.34 -
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4 INPO_probs_scresned = Probs_waiting_for_Screen_by_INPO/adi_INPO_time_to_screen_event
DOCUMENT: INPQ Problems Scresnsd
{problems/week}

Problem screening by an INPO i compisted. Problem is determined to be significant or non-significant.

[ Recs_Waiting_for_Further_investigaton() « Recs_Waiting_for_Further_lnvestigation(t - d9 + (new_recs_to_inform -
quick_SOER_responses - fleid_invest_pianned) ° at
INIT Recs_Waiting_for_Further_investigation =« 5

DOCUMENT: Recommendatons Waiting for Further investigations
[recs)

Rmm‘uumm. May immediately lead to SOER production or initation of & fleid nvestigation.

INRLOWS:

W new_recs_to_inform = INPO_grob_analysis_comp‘irac_sig__probe_req_recce
DOCUMENT: New Recomynendations 1 informy
(reca required/week}

Newt recs © sppear in SOER repors.

OUTROWS:

quick_SOER_responess =
Recs_Waiting_for_Further_investigation*frac_recs_req_quick_SOEN/ad|_INPO_time_to_produce_quick_SOEN
mooam. Quick SOER Rasporass

This flow creatss SOER repors without any frther investigation.

? fleld_invest_planned(o) « ]
(1-frac_recs_req_quick_SOER)*"Recs_Waiting_for_Further_!nvestigation/ad] INPO_time_te_plan_field_invest
[qocm Flald investigations Mannsd
mmw

INPO inliaias fisld investigations of SOER recommandagons whan R fesis hat e recommendalions &re extrememely important or can
be enhanced by further investigation.

] SER_Writing_in_Progress(9 « SER_Writing_in_Progress(t - d9 + (SER_jnitation - SER_reparts) ° &t
INIT SER_Wriing_in_Progress » 20

DOCUMENT: SER Wriling in Progress
[SEN

Number of SERs being written.
INFLOWS: '
% SEA_ntiation « INPO
OOCUMENT: SER inliation
[sem
All significant grebiome iniialp e wiling of a SER.

QUTROWR:

W SER_rppurn o SER_YWWingin_Pregress/ady_time_t_produse_SER
OOCUMENT: SER A

SER (Sigintloant Svent Reperts). Raports from INFO that contain brelf descriptions of & significant event or problem and why it wes
congidered signifieant

O =d_NPO_tme_to_snalyze_probs « INPO_eng_unavell_ratic"INPO_tms_te_snalyse_probe
?om. Adhatad INFO tme  Anaiyze Problsm

INPO Gme t» snaiyae groblarms adhusted by he enginesr avallabilly.
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00

adj_INPO_time_to_pian_fiekd_invest « INPO_time_to_pian_*INPO_eng_unavai_rate
DOCUMENT: Adiusted INPO Time ©© Plan Fieid investigaions
(weeks)

Time 1t takes for INPO 10 pian a fleid investigation. adjusted by the availability of its engineers.
adi ‘NPO_time_to_produce_quick_SOER « INPO_time_to_produce_quick_SOER°INPO_eng_unavail_ratio

DCCLMENT: Adjusied INPC &me © produce quick SOER
{weoks)]

Time ‘o INPO to quickly produce & SOER report adjusted for avasisbility of engineers.
adi_INPO_time_to_screen_svent = INPO_time_to_screen_event’INPQ_eng_unavail_ratio
DOCUMENT: Adjusted INPO 10 Screen Event

[woeks)]

Base INPO scresning tme adjusted for the engineer availabilily.
adj_time_to_produce_SER < tme_to_produce_SER'INPO_eng_unavail_ratio
DOCUMENT: Adusted Time © Produce SER

[wooks)

Time & takes ' produce a SER adjusted for the enginesr availebilty.
ong_needed_per_field_invest = 3

DOCUMENT: Enginesrs Nesded per Fisid investigation

(engineers)]

Number of enginsars INPO neada 10 be on site for investigation of problems.

fract_prob_req _SEN « 2
DOCUMENT: Fraction of Problems Require SEN

Fraction of problems that dicatate informing he utiites quicidy of he problem.

frac_recs_req_quick_SOER « .80

Fraction of significant problems that dictale INPO recammendations and will produce & SOER (highest level for an INPO report).

INPO_eng_aveilabis = |F (INPFO_eng_nesdedanax_INPO_eng_svaiabis) ANO (INPO_eng_nesded>4) THEN INPO_eng_nasded ELSE IF
(INPO_eng_nesded<t) THEN (4) ELSE (max_INPO_eng_svailable)

OOCUMENT: INFO Engineuss Avelishie

{engineers}

Number of snginesrs Rt INFO 1 sbis © previds for problem procsssing, report wiiling, inepections, elo.

INPO_eng_neetnd «
INPO_eng_nesded_per_sstian"{Prebe_Waling_for_Soresn_by_INPO+INPO_Prob_Analysis_in_Progress+Recs_Waiting_for_Further_inve:
igaton+SER_Writing_in_Progress)+eng_needed_per_feid_investINPO_eng_needed_per_action"INPO_Fleld_invests_in_Progress
DOCUMINT: INFO ingineams Nesded

{enginesrs)

Towml number of enginsers nesded © perform the pending acons.

Fracton of enginears ¥me spent on performint an acion. For SXAMPIe an enginesr spands & quastr of his IMe In 2 wesks analyzing a new
problem.
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O INPO_eng_unavail_rata « 1+0°(IF((INPQ un_MNPO_mq_avwb 25) THEN INPO_eng_neededINPO_sng_available ELSE 25)
DOCUMENT: INPO Enginesr Unavaiability Ratio
(engineers nesded/enginesrs avadabie)

Ratio of engineers needed 10 engineers available in INPO. As this increases. the time delays in performing actions increases.

© INPO_significant_problems = INPO_probs_screened’frac_sig_probs
DQOCUMENT: INPO Significant Problems

Problems that are detrmined 10 be significant ©© the industy by INPO. These will lead 1 SEN, SER and SOER reports.
O INPO_time_to_analyze_probs « 2 )

DOCUMENT: INPO tme ©© analyze problem
[wooks}

Base ¥me it takes for an engineer © ansly2e a problem.

QO INPO_time_ta_comp_fi = &
DOCUMENT. INPO Time ©© Complate Fisid ivestigation
(weeks)

Time it takes INPO t compiets a flald investigasion (of recommendations/prablema). It is nat adjusted for enigneer availability because
available engineers are on sits. Leads 1 writing of SOERS.

Q INPO_tme_to pian i « 2

OOCUMENT: N?OMQMMW

[weeks)

Base tme it takas for INPO 1 plan a fleld investigation. inciudes gathering of pecpis. plans, Sqipment, et
QO INPO_time_to_produce_quick_SOER « 1

DOCUMENT: INPO tme © produce quick SOER

(weoks}

This is the Uma & Wwhes for INPO © produce a SOER report from s recommendations.
QO INPO_time_w_scresn_event « 1

DOCUMENT: INPO s ©© screan ovant

[weeks)

Time it takes an INPO enginesr © soresn & problam for R significance.
Q max_INPO_eng_svailable = 20

DOCUMENT: Maximum INPO Enginsess Avalishie

{engineers}

Maximum number of enginesrs avallable at INPO 10 perfor the actions within this seoter.

SEN_repors « INPO_significant_problemaract_prob_req_ !
OOCUMENT: SEN Aspara

Q

SEN (Significant vert Netilentions). These are sant aut a8 quichly as posaibie (after report scresning) ©© idendly 1 the uliiies that a
significant event has cemuud ~u~-m~¢um“nu-mnnm

{Z SOER_reporss « INPO_sn il vest_sompintadequick_SOER_responsss
DOCUMINT: SOER fapait:

SOER (Significant Operaiing Sxpwrience Repore). m“mmﬁmnmuuwmu
problama. is both fam quisk SOER responess 1 recs and SOER responses rom flsld investgations.

QO tme_to_produss_SER = 3 .
DOCUMENT: Tims ® Praduce SER
(weaks)

Time it wias W praduss & SER.

Information: Intersstions with NRC
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[ NEi_Abandon_Effert_in_Progress(y) = Nﬂ Abandon_E!fort_in_Progress(t - dt) + (NEI_sffort_to_aband_reg -
reguiations_abandoned_effort_comp) *
INIT NEI_Abandon_Effort_in_Progrees « 0

DOCUMENT: NEI Abandon Effort in Progress
[regs)

The is the effort that NE is putiing in 10 get a regulation abandoned by the NAC.

INFLOWS:
'g NE!_stfort_to_sband_reg = regs_des_aband

DOCUMENT: NE! Effort 10 Abandon Reguiations
(regs/week{
It the utity disilkes reguistions, they wil have NE! work with other utlites © spend the effort 10 abandon the reguistion before it
hits the boak.

oUTROWS:

4 reguistions_sbandoned_sfort_comp « NEI_Abandon_Efiort_in_Progresa/ime_to_influence_NRC

?ocmmmmmm
regs/week)

This is the compistion of abandaing effart by NEI. At this point a partion of 1he reguiaions will be abandoned befare they become on the
boale.

(| MMUMTWMQ-MUWTMRM 90 + (weh_review_of_new_regs_init -
rege_des_sband - reg_reviews_compieted)
INIT Reguistions_Under_Technical_Review «
INRLOWS:

% tech_review, d_m_nlt."* reg_reviews_sssigned
OOCUMENT: Technioal Review of New Reguiations iniéased
(rogs]
Inkiated of a Wchnical review of regulations by the tschnical grougs.
The review includes both & review of he regulalion, /8 impact, and e changes hat will have 1 be made at the company.

uTROWR
% rogs_des_sband = 'rac_regs_des_sbandMeguistions_Under_Technioal_Neview/(me_io_comp_req_revid)

" Reguiations Determined incompatibie
[roge}
Reguintions determined incompatibie with e uiiliss gosls.
? reg_reviewa_compietad ~ Reguiations_Under_Technical_Reviewad)_time_o_ocomp_reg_review
mmm
(rege/week}
Reguistion reviows compiotad by e uilly.

DWMW.MWNMMC
Rog_tval_n_Pregous. = &

DOCUMENT: ”“hm
[rege)

muumédnﬂnmun*mnm

NRLOWE
f now_rege_'o_implamant «
DOCUMENT: New Reguiations © implament
{rege}
This are newly bookas reguistions by he NAC that nesd 1 be implamentsd within the Uillly.
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? new_reg_osvais_compieted « Reg_Eval_ln_Progress/ad)_tme_to_comp_reg_evel
ODOCUMENT: New Reguiation Evaiuations Compisted
(regs]

Compietion of reguiation evajuation leads to corrective actions within the utiity.

{0 Reg_Reviews_waiting_for_Assign() « Reg_Reviews_Waiting_for_Assign(t - dt) + (new_regs_(o_review - reg_reviews_assigned) ° dt

01019 o

o)

INIT Reg_Reviews_Waeiting_for_Assign « 0

DOCUMENT: Reguistion Reviews Waiting for Assignment
{regs]

Reguiation reviews waiting to be assigned (usually by the VP or managers) %o technical groups for review.

INFLOWS:
% new_regs_to_review = frac_ot_rege_to_reviewinitiating_reguiation
DOCUMENT: m:
[reg/week)

New reguistions (initiated by the NAC) that will undergo review at the uitily. Reviewing reguistions as they are being crested aliows
for taster implementation of them, and for the chance that the Uity may be abis 1 remove the regulation.

UTROWS:
% reg_reviews_sssigned = Reg_Reviews_Walting_lor_Assign/ad]_time_to_sssign_reg_review
OOCUMENT: Reguiation Reviews Assignad
(rege]

Reguistion reviows assigned 1 wchnioal groups for reviewoomments.
adj_time_1o_assign_reg_review = lﬁo_b_-ﬂn_nc.rm_m'_m_m
DOCUMENT: Adjusted Time  Assign Reguilation Reviews
[wooks)

Time it ks 10 assigh reguiation reviews, adjusted for e Mmanager availabllly,

adj_time_to_comp_reg_eval = EFFregreviinio_sng_unavail_ratio®tme_to_comp_reg_eval
DOCUMENT: Adustad Time 1o Compiat Regutation Rvaluations

Time 19 compiste e reguiation eveluations, adjusted for enginser avaliabillly and for e fact that regulations are being reviewed while under
development at the NIRC.

adi_time_to_comp_reg_review = m-mm_u‘_m_rdn
Focm Acjusted Time ©© Compiste Regulation Review

Time it 10 compists reguintion review, adjusted for enginess avalebily.

Mmm-m_ng“m_m
CA_pes_reg « 283

frac_ol_regs_to_review <
WMC*OM

[roge © reviewvega)

Fracton of regulations NSRS & ©ie NIC et will bs under review at the Ullly. As this decrenses, it will e longer for the Uty ©
review reguietions enss Ray a5 gt an e besln,

frac_regs_shandensd « 1.08

OOCUMENT: Fraction of Asguisions Abarwionad

[rogs abandansdrege)

This is the fustian of reguiation abandon effort hat is effecive in getiing & reguistion abandoned by he NRC.
frac_rege_des_shand « 0

OOCUMENT: Fractisn Reguiations Ostarmined incampatiie

[reguisions incompatibleveguiations]

Fraction of reguistine that are determined © de incompatible whan e probability arisss et they are incompatibie.
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reguiations_abandoned_from_NEI_sffort = frac_regs_abandoned"regulations_abandoned_effort_comp
DOCUMENT: Regutations Abandoned
[rogs abandoned/wesk)

This is the number of reguiations hat are being abandoned by the NRC.

time_to_assign_reg_review « 1
DOCUMENT: Time © Assign Reguistion Review
[weeks}

Time it takee for 8 manager/VP 0 assign & reguiation review.
time_to_comp_reg_eval « 8

DOCUMENT: Time 1 Compists Reguiation Eval

[weel}

Sase me to compiet reguistion evalustions (of what needs © be done).
time_to_comp_reg_rev = 12

DOCUMENT: Time 1 Compists Regutation Review

{weeks)

Time & takes 15 compiete reguiation review by the tschnical division.

tme_to_influence_NRC « 12
DOCUMENT: Time 1 influsnce NRC
(week]

This is the ¥me it takes for NE! 10 influsnce he NAC ino sbandoning a regulation.

EFFfregrev « GRAPH(ao_ol_regs_to_review)

(0.00, 3.50), (0.1, 3.33), (0.2, 3.10), (0.3, 279), (0.4, 2.31), (0.6, 1.89), (0.6, 1.52), (0.7, 1.31), (0.8, 1.18), (0.9, 1.09), (1,
1.00)

DOCUMENT: Effect of Regulation Aeview

As he reviewing of intiated reguiations decreasss, he effect will be © increase 1he tme that R aius © evakutate and impiement the
reguialions ance they ae put on the books at he NRC.

EFF_reg_sband_tat_eng_snd_man « GRAPH(IF Reguiations_Undar_ Technical_Reviews. 18 AND TIME>104 THEN frac_regs_des_aband ELSE 0)
(0.00, 1.00), (0.1, 0.878), (0.2, 0.728), (0.3, 0.406), (0.4, 0.24), (0.8, O.1), (0.8, 0.028), (0.7. 0.018), (0.8, 0.008), (0.9,

0.00), (1. 0.008)

OOCUMENT:

. Eflsct of Regutation Abandonment on Totl Enginasr and Management
Unitiess

Sercening
{3 Probs_Waiting_for_Scresning(y = Probe_Walling_for_Scresning(t - 49 + (new_incoming_problems - prob_srcreensd_by_NWE

All problems discoveved &0 s sent 0 he Nusiesr Watch Engineer for scresning of he nesd for quick comreciive aclions.

INRLOWS:
. 4 mm.rmwmum_w_n_mmo

OOCUMENT: Nem ssming Prabions
{probleme/weely
Probisss or potertel probisms diecovered hwough detects or & cambinaiion of defects.

OUTRONE
? prab_srersensd_by_NWE « Probe_Walting_for_Screening"iras_probs_scresn_by_NWE/ime_for_NWE_ta_screen
DOCUMENT: Probiams NWE

Sceesnad by
[problema/week)
Probiems scresned by the NWE. Scresned for appiicabilily and for need for quick CAS.
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probs_not_screened_by _NWE « Probs_Waiting_for_Screening*(1-frac _probs_screen_by NWE)
DQCUMENT: Probiems Not Scresned by NWE
[problems/week]

Problems not screened by the NWE, Occurs because of a lack of ime or availability.

Cj Prob_Screening_in_Progress(t) = Prob_Screening_in_Progress(t - dt) + (new_prob_screen - problem_screening_completion) ° dt
INIT Prob_Screening_in_Progress « 30

DOCUMENT: Probiem Scresning in Progress
(probiem)

Screening of problems or potential problems in progress.

INFLOWS:
19 new_prob_screen = probs_not_screened_by _NWE+prod_srcreened_by_NWE-quick_CA_to__prob_needed
DOCUMENT: New Probiems Scresned
[probiems)

Problems scresned by the NWE and not screened by the NWE will be screened by other groups (usually the technical programs
division) for determination of whether the problem is significant.

OUTRLOWS:
problem_screening_completion « Prob_Screening_in_Progress/ad|_time_to_screen_problem
DOCUMENT: Problem Screening Compistion
[problems/week]

Compietion of problem screening by the technical programs grougs.
Determined whether problem is significant 1o the utility or not.

O adj_time_to_screen_problem = time_to_screen_problems*info_sng_unavail_rato
OOCUMENT: Adiusted Time 10 Screen Problems
[week)

Time © screen problems, adjusted by he enigneer availability.

(O EFFincprobsNWE = (new_incoming_problems/SMTH1(new_incoming_problems, 4,20))4-1
DOCUMENT: Effect of incoming Problems on NWE

This effect changes the fraction of problems screened by the NWE based on the ratio of incmoming problemns (o the number of incoming
problems smoothed over tme.

frac_of_probs_req_oval = .78

@)
DOCUMENT: Fraction of Problers Require Evaluations
[evaluations required/problems scresned)

Fraction of screened problems tat will require further analysis.
(O trac_probs_screen_by NWE = 257E

FRncprobeNWE
DOCUMENT: Fracton of Problems Screensd by NWE
[problems screened by NWE/problems)

Fraction of problems that he NWE s able © screen, his number is adiusied if ©e number of incoming problems is gresater than it has been
in the past (smoothj

O trac_prob_nesd_quick_CA « .28
OOCUMENT: Fraction of Probioms Need Quick Corrective Actions
[comective actions nesdsd/probleme)
Fraction of problems screensd by the NWE that dictate that quick corrective acions be taken.
(O problems_per_defect = 1/%0
DOCUMENT: Problems per Detect
[probiems/detecy
Number of prablems or potential problems discovered per defect. Many delects go on Unciced becauss e &re 30 MINOr, or NUMerous defects

combine 19 produce a problem or potental problem. (This is done his way aino because 1he number of defecs is 30 high in the model and this
systam would be compietely over-ioaded with problems and correcive actions from every single defect)
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O quick_CA_to__prob_needed = prob_srcreened_by_NWE'frac_prob_need_guick_CA
DOCUMENT: Quick Corective Ac¥ons % Problems Nesded
[corrective actions/week]

if the NWE sess a problem that dictates that cormective actions (determined by the NWE) be taken quicidy, he will pass them on directly 1o the
manager who dissemanaias comecive actions © he groups.

(O significant_problems « pvoum _screening_completion*frac_of_probs_req_eval

DOCUMENT: Significant Problems

[evaiuations required/week)

Problems dewsrmined significant 1© the utiiity, and need further analysis, and possible correcive actions.
O tme_tor_NWE_to_scresn « dt

DOCUMENT: Time for NWE 1o Screen Problsms

[weoek)

Time it takes for NWE 10 review a problem and make recommendations about it. ideally, this should be set as 1 day, but modsl does not behave
correctly when it is set that low.

O time_to_screen_problems « 2
DOCUMENT: Time © Scresn Problems
[week( .

Time it takee t0 scresn problems under normal woridoad conditions.
Information: Publie Reperting
] Reported_SALP_Score(y = Reported_SALP_Score(t - dt) + (report_score) * dt
INIT Repormd_SALP_Score = 0
DOCUMENT: Raported SALP Soore
This is the SALP score as reportsd.  Changes he number of imes sst in 'SALP reparting per year'
INFLOWS:
4% report_score « PULSE (-Reported_SALP_Score«8SALP.1,S2/SALP_reporting_per_year)
DOCUMENT: Repont Score
This flow acts © change the reported SALP score. Ressts he previous valus ©© 1he new cusrent SALP rating.
(O defects_per_press_relesse « 1000
DOCUMENT: Dafects Pur Press Relsase
{defects/pr}

Number of defects that aocur before a press relsass s made. Also can be hough of as & number of defects that coniribute 1o a problem or
potential problem thet.

O defect__operating_reports « preas_reieass_from_defech*irac_o!_press_releasss_print_ss_op_reps
DOCUMENT: Defuct Operating Reports

Number of operaiing reparts dus  defects that ae printad.
O press_reiesse_trom_dslste = ‘stal_now_dsfect/delects_per_press_release
DOCUMENT: n—na—n-n-
{pr/week)
Number of press relsases St ave insusd because of defects.

O pua_rm SMTH1 (press_release_irom_delects,4, 1)/SMTH1 (press_release_irom_delects,28,1)
DOCUMENT: Praas Rulsase Maie

Ratio of & smesih of 1he last 4 wesic's releasss 10 & smooth of e last 28 wesic's releases.

O SALP_reporting_per_yesr = 4
DOCUMENT: SALP Reporing per Yesr

Number of tmes hat SALP scores are reportad ©© the public eech year.
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Q) EFFSALPlocpub_opp = GRAPH(Reported_SALP_Score)
(1.00. 1.00), (1.33. 100), (1.67. 1.00). (2.00. 1.00). (233, 1.00), (2.67. 1.00), (3.00, 1.00). (3.33. 1.00), (3.67. 100). (400,
1.00)
DOCUMENT: Effect of SALP Local Public Opposition

Effect of SALP score on local public opposition.

@ EFFSALPnat_pub_opp « GRAPH(SMTH1(Reported_SALP_Score.52.2))
(1.00, 1.00), (1.33, 1.00), {(1.67, 1.00), (2.00, 1.00), (2.33, 1.00), (2.87, 1.00), (3.00, 1.00), (3.33, 1.00), (3.67. 1.00), (4.00,
11.0)
OOCUMENT: Effect of SALP Nationall Pubiic Opposition

Effect ot SALP score on national public opposition. National SALP average will be taken as a smooth over the year of the SALP scores.

@ frac_of_press_reieases_print_as_op_reps = GRAPH(press_release_ratio)
(0.00, 0.0375), (0.2, 0.0375), (0.4, 0.088), (0.6, 0.09), (0.8, 0.15), (1, 0.21), (1.20, 0.295), (1.40, 0.3885), (1.80, 0.48S5),
(1.80, 0.69), (2.00, 0.995)
DOCUMENT: Fraction of Press Releases Printed as Operating Reports
[printed reps/pr/week]

Fraction of press releasss that get printed in the papers. |f more defects are occuring recently, than in the past, more printings will occur.

Plant: Defest Flows

[C] Oefects_ld(t = Defects_ld(t - dt) + (dfcts_discvrd_&_lost + new_dfct_pm_equip - dicts_fixed_because_pm_equip_bdwn -
dfcts_fixed_schd_WQ) * dt
INIT Defects_|d = 819.51°S

OOCUMENT: Defects idenified
{defects]

Defects that have been identified $irough inspections or suspectsd by information gained from historical datn.  Delects included in this catagory
would sither be from equipment within 1he pm system or other equipmant which for S0Me reason was inspected. One assumption of this madel is
that the plant will have a general  understanding of the status of equipment within the plant pm system, more knowiedge than for equipment
outsids of the pm program. Equipment may stil funcion with a defect. However, a defect implies that the equipment May not perform as
designed and hence have a higher probability of failure.

INFLOWS:
P dicts_discvrd_&_lost « IF TIME >52 THEN (dfcs_IO_frm_insp-
dfcts_forgotten) ELSE 900
DOCUMENT: The positive flow is defects identiied by inspections. The negative fow are defacts that are forgotten about because of
inadequate record keeping and information systeme.

-3 new_dfct_pm_equip = (new_defects_spe+new_dics_bdwn)*(iras_squip_tag_pm)
OOCUMENT: New Defacts Preventive Maintsnance Systam
[defects/weelk]
Defects or potential delects in squipment within the pm systam, the existence of which the plant bEcames awars or suspects.

OUTROWE:

@ dicts_fixed_because_pm_squip_bdwn = Tagged_PM_equip_brichwndicts_per_dict_equip_pm
DOCUMENT: Defacts Fomd Bacause PM Equipment Sreaisiowns
[Oefects/week}

Some idendliad defacts are eliminaied because he squipment tresls down and is consequently repaired.
@ dicts_fixed_schd WO « IF TIME >82 THEN(maintd_equip_gm"Vas_equip_pm_dic®

dicts_pee_diat_equip_pm) ELSE (960}

DOCUMENT: Defacts eiminated by he compistion of unscheduled work.

D Defects_Un_id( « m_lh_m « 4 + (now_dict_unid - dicts_disovrd_&_lost - dict_fixed_because_equip_bdwn) ° dt
INIT Defocts_Un_)¢ = 62000

OOCUMENT: Defacts Unidentfied
[delects} .

Defecs in plant squipment that have gone unidentified. Equipment may 548 function with a defect. However, defects significantly increase the
prabability of equipment fallure or the inabilty of equipment © fully funcion under design conditiona.

INRLOWS:
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0]0)

new_dfct_umid = (new_defects_ops+new_dfcts_bdwn)‘(1-frac_squip_tag_pm)+
(new_dfcts_from_wmanship+new_dfcts_parts)

DOCUMENT: New Defects Unidentfied

[defects) '

New unidentified (UNID) defects in equipment. Defects can occur in all equipment  However, defects from weer or cascading defects

resulting upon breakdown of other equipment are assumed 1o occur only in equipment not in the PM program: i.e. the pm program is
designed 1 eliminate brealddowns dus 1 wear and teer.

OUTRLOWS:
dfcts_discvrd_&_lost = IF TIME >52 THEN (dfcts_{D_frm_insp-
dfcts_forgotten) ELSE 900
DOCUMENT: The positive flow is defects identified Dy inspections. The negative flow are defects that are forgotien about because of
inadequat® record keeping and information systems.

?mmmmm online_brkdwns*dfcts_per_dfct_equip_ptf
DOCUMENT: Osfec Fixed SBecause Equipment Breaiciown
{defects/week)

Unidentified defects are eliminased, identified and subsequently repaired, as a result of equipment failure.

dfcts_forgotten = schd_WO_sw_Eq_Forgotten‘equip_per_wo"frac_squip_pm_dfct"dicts_per_dict_equip_pm
DOCUMENT: Defacts Forgosan
{defecta/week]

Some work orders may be forgotien, iost, mispiaced, or simply discarded. Each of those forgotien WO reprasents & numbaer of defects which then
pmmmnmm

dfcts_per_dfct_squip_pit = Delects_Un_id/dict_equip_p

mwmmnmmmmm

(defects/equipment]

The number of defects per unit of defective equipment in e perceived fully funciional stale.
dicts_per_dict_equip_pm. « Defects_id/(diet_squip_pm_sys+10)

DOCUMENT: Defacts per Defective Equipment Proventathve

[defecta/defective squipment

The number of defects per unit of defective equipment that is in e predicive and preventive system.
dfcts_per_squip_pit = Defects_Un_id/Equip_Perceived_Fully_Funct

DOCUMENT: Defecta per Plece of Equipment Perceived Pully Funciions
{defects/piece of equipmeny

Caculates the number of defects per pisce of equipment PFE.
dicts_per_squip_pm_sys « Defects_id/(Equip_Tagged_for_PM+100)
dfct_equip_pit « Equip_Percsived_Fully_Funot*irac_equip_pit_dict
DOCUMENT: defective Equipment Percsived Fully Funciions)

[delective equipmeny
mmmh-ﬂpmmnnuhm
dfct_equip_pm_sye « Squin_Tagged. jev_PM trac_squip_pm_dict
DOCUMENT: Defestive Buipmmant Provantaiive Maintenance Systom
[pioces of equipmen§ - -

Equipment in Preventathve Maintsnance Systam that is Defective.
frac_diots_unié « Delects_Un_id/(total_defects+100)

DOCUMEINT: Fraction Osfects Unidentiied

[unidentifieg defech/defect]

The trastien of twinl defects which go undatactad.
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O 0O O 0O O

S0

frac_dfct_bdwn « 1/12
OQCUMENT: fraction Defects Breakdown
[equp breakdowns/detect/week)

Fraction of defects that cause breakdowns per week. (All defects will cause breakdowns in 12 weeks if this raction is 1/12)

maintd_equip_pm « equip_per_wo’schd_WO_compieted
DOCUMENT: Msintained Equipment under Preventative Maintenance
[equipmenvweek)]

Equipment that has been maintained twough the preventative maintenance system thereby siiminating the defect or postponing breakdown
(extending life).

online_brkdwns = Defects_Un_id"frac_dfct_bdwn
DOCUMENT: Oniine Breakdowns
[equipment breakdowns/week]

Breakdown of equipment that is on-iine.

share_new_defects_bdwn = new_dicts_bdwrv/total_new_defects
DOCUMENT: Share of new defects from breakdowns

share_new_defects_ops « new_defects_ops/total_new_defects
DOCUMENT: Share of new defects from operations

share_new_defects_stores « new_dicts_parts/total_new_delects
DOCUMENT: Share of new defects from stores and parss problems

share_new_defects_wmanship = new_dfcts_from_wmanship/total_new_defects
DOCUMENT: Shaere of new defects from poor worikmanship

Tagged_PM_equip_brkdwn « Defecs_id"frac_dict_bdwn*EFFDefidbrkdn
DOCUMENT: rmmmmm
{equipment/week)

The break down of equipment hat is in the planning and predictive systam (and currently under inspection or being mairtained?).

The wtal number of delects in plant equipment, both idenified and unidentified.

total_new_defects « new_defects_ops+new_dfcts_irom_wmanship+new_diots_bdwn+new_dicts_perts

EFFDefidbrkdn = GRAPH(Equip_Tagged_for_PW/(Equip_Perceived_Fully_Functs100))

(0.00, 0.01), (0.02, 0.11), (0.04, 0.188), (0.08, 0.278), (0.08, 0.4), {0.1, 0.52), (0.12, 0.83), (0.14, 0.74), (0.18, 0.33), (0.18,
0.925), (0.2, 1.00)

frac_squip_pfi_dict = GRAPM(dfots_per_equip_pif)

(0.00, 0.00), (0.2, 0.134), (0.4, 0.288), (0.6, 0.39), (0.8, 0.5), (1.00, 0.598), (1.20, 0.7), (1.40, 0.8), (1.80, 0.888), (1.80,
0.958), (2.00, 1.00)

DOCUMENT: Fraciion Equipment Percaived Fully Funcional that Is in fact Defective

[dedective equipmentequipment)

There may be more han ane defect per piece of equipment. This Amction graphically relates the tal unindentified defects/equip perceived fully
functional ©© he fraction of pieces of equipment with defects.

frac_equip_pm_dict « GRAPH(diol_per_equip_pm_sys)
(0.00, 0.00), (0.2, 0.134), (0.4, 0.268), (0.6, 0.39), (0.8, 0.5), (1.00, 0.508), (1.20, 0.7), (1.40, 0.8), (1.60, 0.888). (1.80,

0.988), (2.00, um
OOCUMENT: Fraction Equipment Preventative Maintsnance Defeotve
{defective equipmentpm equipmen

There may be more than one defact per piece of equipment. This function graphically reiates defects/aquip within the pm system 10 the fraction
of pieces of equipment with defects.

Plantt Plant Medel Peremeters

- 48 -

195



{J Book_lnvestment(t) « Book_Investmenyt - dt)

(0]0)

INIT Book_|nvestment = Book_|nvestment_Input

DOCUMENT: Book investment input
[mitiion doilars)

Working_Cap(t) « Working_Cap(t - oy
INIT Working_Cap « -Book_lnvestment « 100°(ATOl+Depraciation)/init_CROI

DOCUMENT: Working Capited
[million dollars}

Investment in Working Capital

Annual_Fixed_Costs = 40
DOCUMENT: Annual Fieed Cost
{million Dollars/year)

ATO! « ATOl now
DOCUMENT: Afer Tax Operaing income
[million dollars/year)

After Tax Operating income exciuding maintenance cost

ATOI_new « Rate_per_kWh*Power_Rating*(capacity_utiization/100)/1 E6
av_puts per wo - $

DOCUMENT: Average Parts per Work Order

{parts/work order}

av_time_btwn_dec_insp « 20
DOCUMENT: Average ¥ime betwesn discretionary inspsctions
[weeks)

av_time_for, mlm. Siequip_per,
mmumm
[hunlm inepection)

The average tme for a discretionary inspection. The average here is for all equipment inapsciad from fesdwalsr pUMPS 1© MOMY operated vaives.
Here, average time is a funciion of equipmant par wark order; this is bassd on an assumption about he ievel of dissaggregation of equipment on
work orders: L.e. an equipment par work order of 1 impiies, for example, & motor cperaied vaive is one unit where as an equipment per work
order of 3 impliss that the same mov is separated intd twee pleces ~ the Mok being ane piece, he gear bax ancther, and the vaive a third.
Hence, fewer pisces of equipment per work order ieads 19 More WRe par wark order: the amount of aggregation or disaggregation of equipment.

av_time_mand_inspect « 10/equip_per_we
DOCUMENT: Average Time Mandatory inapection
[hours/equipment inspection}

Average ime 1 do mandantury inapection. The average here is for all equipment inspeciad from feedwaler pUMPS ©© Mok opereied vaives.
Here, sverags Ums is a funcion of aquipment per work order; this is based on an assumpion about e level of dissaggregation of work on work
orders: 1.0. an equipment per wark order of 1 implins, for exampls, & Moty operated vaive is one Nt Where as an equipment per work order of
3 impiies hat 1he sams mav s separaind inte Twes pisces of equipmant ~ he Mor being one pisce, e gear box another, and the vaive a third.
Hence, fower pisces of equipment per work ander lsads 10 More ¥Me per wark order: the ammount of aggregation or disaggregation of equipment.

base_pinprd_woul_pin « 8-
DOCUMENT: Sase Planass Praducivily withaut Plan
[plans/planner/wesl§,
The number of wark ordere hat & plannar can do in one week if he starts without & (historical) plan in the lbrasy.
base_pinprd_w_gin = 30
?'?cm nmmnm
ans/planner/wesiy

Baseiine planmer praductivily if here is an existing (Nstorical) plan In he Wrary.
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(O Book_investment_lnput « 2000
DOCUMENT: Book investment input
[millions doilars)

initiad investment in plant Used to be 237.

Decom_Costs » 200 )

Depreciation « .025°(Book_investment/52+0Decom_Costs)/52
DOCUMENT: x

{Million $'s/week)

00

Staight line depreciation of assets including decomm costs. Depreciated over 40 years.

OCes_DE_ratio » 1
Oiscount_Rate = 4
DOCUMENT: Discount Rate
[percent]

(0]0)

Cost of Money
QO dollars_per_part « (4.2/(52°374%av_parts_per_wo))
OOCUMENT: Doliars per Part
[million doliars/part)
Average cost per part. cmmwmm nmmmm lfywm"ln parts per work order
implies ordering smaller parts ~ gaskets, boits, nuts, wires, bearings, grease, etc. -- m-m Pars per work order implies
ordering large pars — motors, vaives, gear baxes, Wﬂ. , MOr® parns per work order implies a smaller average cost per part
(wmnﬂy-m.wpupmor.mmvm
QO squip_per_wo « 4
DOCUMENT: Equipment per Work Order
[equipmenvWO)
The sverage number of piscss of aquipment covered by & wark order.
(O Event_Swich « 1
DOCUMENT: Event Switch
[0 or 1 logic variable]

1mmmmumwwmuu1u
0 tums event off.

() Frac_Maint_staft_Planners = Initisl_Ping_Staft/inital_Mechanics_Staft
DOCUMENT: Fracton Maitsnance Sulf Planners
{fraction: planners/maintenance staf)
the fraction of maintenance personnel dedicated © planning. Exogenous variable.

QO Initial_Levei_Work_Plans = 100

initial vaius variable for both sshd and unachd work plans avaliable.
QO Initial_Mechanics_Sult = 348

DOCUMENT: iniial Maintanance Sud
Ipeopie}

Initiad wum&-mu.

QO (initial_NACinsp_Blog = S
OOCUMENT: initial lnapection Backiog
{inspecuens}
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0]

00000

O
O

Imitial_Ping_Staft « 25°3
DOCUMENT: inital Planning Staft
{peopie}

Input data based on plant

Initial_Spec_input = 25000
DOCUMENT: Number of specifications for parts in Stores.

Initial_Stores_inv_Input « 80000°S
DOCUMENT: Initial number of 1otal parts in stores inventory. Input from piant.

Init_Cmpgns « .84
DOCUMENT: inital Antinuciear Campaigns
(campaigns}

init_CRO! « 12
DOCUMENT: inital Cash Return On investnent
[percentyear)

Init_ENCmpgne « .58
DOCUMENT: iniial Efective Ant-Nuciear Campaigne

(campaigne}

Init_EN_Media_Rpw = 2
DOCUMENT: inital Effective Media Repora
{articles)

Init_Eq_Bdwn « .15"Total_Equipment_in_Plant
DOCUMENT: Initlal Equipment Brokendown
[equipment)

Inital Vaiue

Init_Eq_PPFF « .8208°Total_Equipment_in_Plant
DOCUMENT: Inidal Equipment Perceived Fully Functona)
{equipment

Initiel value.

init_Eq_Tag_PM « .0234"Total_Equipment_in_Plart
IDOCM‘I’: initial Equipment Tagged for Preventative Maintenance
equipment]

INAC_towiP o 1cbies
DOCUMENT: iniist NAE-Smantigations In Progress
(investigations) R

Ini_NRC_RegiD « .8
Ink_NAC_RegOB - 3.8
init_NAC_ReplP « 10
init_number_of_sheres = 888

init_stock_pr = ((Book_Investment_input®1 ES)Anit_number_of_shares)*(1/(Des_DE_ratic+1))°0+3
Lawmalers « 538
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Pause_Switch « 0
Population_Size « 250E8
Total_Equipment_in_Plant « 13400°S
OQCUMENT: Total Equipment in Plant
(equipment]

000

Exogencus Input 1 be correiatsd to size of piam (megawatts).
(13400 nitial input)

O Total_Investment = Working_Cap+Book_investment

Plant: Training and Learning Curvee

] Cum_Forced_outages(t) = Cum_Forced_outages(t - dt) + (Takedown_rate_d4) ° dt

INIT Cum_Forced_outages = 1

DOCUMENT: Cumuiative Comective Actions Taken
[corrective actions)

This is the cumuiative value of coorecive actions taken.
Each event that flows through the agency systam produces
a corrective action.

INFLOWS:

-&’ Takedown_rate_4 = Plant_Force_Out
DOCUMENT: cmm—mmm

[T Cum_OPs(t) = Cum_OPs(t - dt) + (Ops_ram) * dt
INIT Cum_OPs = 75752

DOCUMENT: Cumuiative Cormective Actions Taksn
[corrective actions)

This is the cumuiative valus of coorective actions taken.

Each event that flows 1wough he agency systm produces
a corective action.

INFLOWS:
? Ops_rate = capacity_Oniine
DOCUMENT: Compieted Preventative Maintenance Rate
(Work orders/week)

[ Cum_OPs_2(9 « Cum_OPs_2(t - dy + (Ops_rame_2) * &t
INIT Cum_OPs_2 « 75°52

ODOCUMENT: Cumuistive Carreciive Actions Talen
[cormrective actions)

This is the cumuiative vaius of coorective actons taken.

Each event that flows hrough he agency systam produces
a comectve action.

INFLOWS:

W Operam.2 - capanty Ot
UMENT: Camgletad Preventative Maintsnance Rate
(wm m

[ Cum_pars_used(§ « Cum_pers_used(t - d0) +» (Part_use_Rate) °* dt
INIT Cum_perts_used = 100°82

DOCUMENT: Cumulsiive Corrective Acions Talun
{correcive actiens}

This is he cumuiative valus of coorective actions taken.
Each event that flows twough the agency system produces
a comrective action.

INFLOWS:
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% Part_use_Rate « IF(TIME>program_start) THEN(parns_consumed)ELSE(0)
DOCUMENT: Compietsd Preventasve Maimenance Rae
{(Work orders/week)

{T] Cum_work_since_prog_start(t) = Cum_work_since_prog_startit - df) « (Takedown_rate) * dt
INIT Cum_work_since_prog_stant « 50°S2

DOCUMENT: Cumulative Correcive Actions Taken
[corrective actions) -

This is the cumuiative velus of coorective actions taken.

Each avent that flows through the agency systam produces
a corrective action.

INRLOWS:
% Takedown_rate « IF(TIME>program_start) THEN(schd_WO_completed)ELSE(0)
DOCUMENT: Comgpieted Preventative Meintenance Rale
(Work orders/week)

[ Oefect_Occ_Ram_wimanshp{t) = Defect_Occ_Rate_wimanshp(t - d + (- Det_Occ_Rt_wkmenhsp_dec) * dt
INIT Defect_Occ_Rate_wkmanshp = Base_dfct_t_wmanship

DOCUMENT: Event Qocurance Rate
[evenvweek]

Rate at which svents occwr.  Beging with an inital valus of S, and
then decreases from the leaming curve of comrective actions.

UTROWE:
¥ DOet_Occ_Rt_wkmanhep_dec «
IF(TIME>82) THEN(Defect_Occ_Rate_wikmanshp*modified lumu_m frac*fractional_work_comp) ELSE(0)
[ Def_Rate_Ope(Q « Del_Rats_Ope(t - w.(-ummu
INIT Def_Rate_Ops « Bass_dicis_ops_per_wk

DOCUMENT: Event Ocourance Rete
[evenvweek]

Raie at which svents ocowr. Begins with an initel velue of 3, and
then decreasss om the ieaming cusve of corective actions.

OUTROWE:
% det_Rate_ops_dec = IP(TIME>82) THEN(Del_Rate_Ope°modified_leaming_curve_fras_ops_2°tractional_Ops_2)ELSE(0)
DOCUMENT: Event Qocurance Rate Decreasing
{event/wesk/weelk]

This is 18 rate Tt event cccurance rate decreases because of cOecive actions teken.

[ Events_with_CA_Taken_Cumulative(t Evenia_with_CA_Taksn_Cumulative(t - di) + (CA_rate) * &t
INIT Events_with_CA_Talksn_Cumulsiive = 20°52

DOCUMENT: Cumulative Cormaive Actions Talen
{comecive actone}

This is the cumulative valus of cacrecive scione taken.
Each evant that flons Susugh $0 agency systam produces

a comrective acllon.
INFLOWS:

% CA_ram « CA_compisted
DOCUMENT: Corrective Action Rate
[carweel)

Rate of corrective action completion.

200



T Ev_At_Op_Er Exp(t) « Ev_Rt_Op_Er Exp(t - dt) + (- Event_Rt_ops_Exp_dec) * dt
INIT Ev_Rt_Op_Er_Exp « 019

DOCUMENT: Event Occurance Rais due 10 0perator eXpenence
(aventweek]

Rate at which events occur dus 10 OPSIatOr @XPEeNce Or iNGXPENence sSiNCe it drops with operator eXpPeriencs.

OUTALOWS:
% Event_Rt_ops_Exp_dec = IF(TIME>52) THEN (Ev_Rt_Op_Er_Exp*modified_learning_curve_frac_ops‘fractionai_Cps) ELSE (0)
DOCUMENT: Event Occurance Rate Decrsasng
{sevenuweek/week]

This is the rate that svent ocCUrance rale decreasss because of corrective actions taken.

[ Ev_At_Op_Misint() = Ev_Rt_Op_Misinf(t - df) + (- event_occurance_rate_decressing) * dt
INIT Ev_Rt_Op_Misint « 019

DOCUMENT: Event Rate due 1o Operator Misinformation
{events/week)

This is the number of events per week caused by operafor misinformation.

OUTROWS: .
% event_occurance_rate_decreasing = IF(TIME>52) THEN(Ev_Rt_Op_Misint"modified_learning_curve_frac_2"fractional_analysis)
ELSE(0)
DOCUMENT: Event Occurance Rate Decrsasing
[event'week]

This is the rae that event ocourances decreass because of cOMective actions taken.

[J FO_Ocaurance_Ram_Op() = FO_Occurance_Rate_Op(t - 99 + (- FO_ram_decreasing) * dt
INIT FO_Occurance_Rate_Op = 2552

DOCUMENT: Fo Occurance Rate from Operators
(FO/week}

Reduced by leaming axve.

QUTROWS:

% FO_rata_decreasing = IF{TIME>52) THEN (FQ_Occurance_Rate_Op°modified_leaming_curve_FO*fractional_Outage) ELSE (0)
DOCUMENT: Event Occurance Rate Decressing
{event'week/week)

This is he rase hat event ccourance rat decreases because of corrective actions talen.

[T] Frac_parts_def(t) = Frac_pars_def(t - d9 + (- del_parw_rate_decrsasing) ° dt
INIT Frac_parts_det = Base_frac_mat_dfct_at_deivry

OUTROWE:
% det_parts_rate_decreasing - IF(TIME>S2)THEN(Frac_parts_def*modified_leaming_curve_frac_S"fractional_parts_use)ELSE(0)
DOCUMENT: Event Qocurance Rate Dscressing
[event/week/week]

This is 1he rate it GVent COCUTaNCS Al JECreases DECEUSS of COMEcivE actions tahen.
O Base_trac_mat_diot_st_deiwy - .26

DOCUMENT: Sase Fractien Materinie Osfectve at Delvery
[defective materiaieotal materiais]

(O CA_completed « proc_CA_validesd+rain_CA_vaildated
OOCUMENT: Corective Actions Compietsd
([cavwenl]

This is the number of corrective actions compieted in the indusyy.

Y T
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fractional_analysis « CA_rateEvents_with_CA_Taken_Cumulative
DOCUMENT: Fractional Analysis
{1/week]
This is the fraction commective action ram, compared 10 the cumulative amount of actions taken aiready.
fractonsl_Ops = Ops_rate/Cum_OPs

DOCUMENT: Fractionsl Analysis
(1/week]

This is the fraction corrective action rats, compared o the cumulative amount of actions taken already.
fractional_Ops_2 = Ops_rate_2/Cum_OPs_2

DOCUMENT: me

[1/week]

This is the fraction corrective action rate, compared 10 the cumuiative amount of actions taken siready.
fractionsl_Outage « Takedown_rate_4/Cum_Forced_outages

DOCUMENT: Fractonel Analysis

[1/week)

This is the fraction commective action rate, compared 10 the cumuiative amount of actions taien already.
fractionsl_parts_use « Part_use_Raw/Cum_parts_used

DOCUMENT: Fractonal Analysis

{1/week]

This is the fraction comective action rate, compared 1 the cumuiative amount of actions mien already.
fractional_work_comp « Takedown_rate/Cum_work_since_prog_start

DOCUMENT: Fractional Analysis

[1/week] )

This is he fraction cOMecive aciion rate, compared 1 the cumulsive amount of actions taken aiready.

LC_frac_Ops = (.05/3)°Training_Hours
DOCUMENT: Leaming Curve Fraction

This is he percent reduction in events for doubling of corrective aciions talen.

LC_frac_Ops_2 = (.01)"Training_Hours
DOCUMENT: Lsarning Curve Fracion

This is he percant reduction in eventa for doubling of correcive acions taken.

leaming_curve_FO « (1/3)'17&*‘_"000
DOCUMENT: Lsaming Curve Fraction

This is the fractional reduction in events for doubling of corrective actions Wmjan.

leaming_curve_fras « (.08/3)°Training_Hours
DOCUMENT: Lsaming Curve Fraction

This is he percant Fedueliss In events for doubling of corrective actions takwen.

'mm_m- (.01)"Training_Hours EFFLAEX

DOCUMENT: Leaming Cawe Frastan
mummmhmumdmmm
learning_ocurve_fras_8 = (.01)'Training_Hours

Mech_EX_Fact « 1.08

DOCUMENT: Mechanic Experience Cost Factor

{unitiess)

A Multipher which MGT can use 1 hire more experienced mechanice for MOre Money.
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modified_learning_curve_FO = -LOGN(1-learning_curve_FO)/LOGN(2)
DOCUMENT: Modified Learming Curve Fraction

Madifies the leaming curve fraction for use in the lsaming curve eqautions.

modified_leaming_curve_frac « -LOGN(1-learning_curve_fracwork)/LOGN(2)
DOCUMENT: Modifled Leaming Curve Fraction

Modifies the leaming curve fraction for use in the isarning curve eqautions.

modified_learning_curve_frac_2 = -LOGN(1-learning_curve_frac)/LOGN(2)
DOCUMENT: Modified Learmihg Curve Fraction

Madifies the leaming curve fraction for use in the leaming curve eqautions.

modified_learning_curve_frac_S = -LOGN(1-learning_curve_frac_5)/LOGN(2)
DOCUMENT: Modified Leamning Curve Fraction

Madifies the leaming curve fraction for use in the ieaming curve eqautions.

modified_learming_curve_frac_ops = -LOGN(1-LC_frac_Ope)/LOGN(2)
OOCUMENT: Modified Learning Curve Fraction

Modifies the iearning curve fraction for use in the lsaming curve eqautions.

modified_learning_curve_frac_ops_2 = -LOGN(1-LC_frac_Ops_2)/LOGN(2)
DQCUMENT: Modified Leaming Curve Fraction

Modifies the leaming curve fraction for use in he leaming curve eqautions.

program_start = O
DOCUMENT: Program starting date

EFFLREX = GRAPH(Mech_EX_Fac)
(0.00, 0.904), (10.0, 0.904), (20.0, 0.907), (30.0, 0.917), (40.0, 0.942), (50.0, 0.981), (60.0, 1.02), (70.0, 1.03), (80.0, 1.04),
(90.0, 1.04), (100, 1.04)

Sam: Capsoity Caleuistion

01

Sought_Power = iF(cust_demand-capacity_Oniine)<0 THEN 0 ELSE (cust_demand-capacity_Oniins)
DOCUMENT: Bougin Power
Units: (%)
This is the power that must de bought by the Uiy 15 make up for POwWer Not generated.
capacity_bdown = frac_equip_bdown

Srokendown

DOCUMENT: Capacily

[Fraction production capacity ‘brokendown]

Capacity down dus 1 equipment brealiown. Assume S shaged curve dus 10 oniine $pENeS for COMMON breakdowns but no spares for infrequent
breakdown items. This data should be gotien from & sags model analysis of he fuciliies involved. The current curve is assumed ©© be the same as

for talkedowns. However if the plant has a brakedown, forced cutags dus 1 a saram there is & ime delay umil e causs is found and corrected and
the piant can be legally started up. During this tme the capecily is zsra.

capacity_dwn =  MIN(({capasity_bdown+capacity_kiown)*100),100)
OOCUMENT: Capacly Down

[percant production capacity downj

Total capacity down frem bofh ireaiuiowns and aikadowns

capacity_Oniine « MAX((1-capacity_bdown-capacity_tdown)’100,0)°(1-Per_Outage)
DOCUMENT: Capadly Oniine

[Percent produceion capeclty up and running)
cust_demand = 80

oquip_w_schd_WIP = Schd_WIP equip_per_wo
DOCUMENT:

* Bquipment with Scheduied Wark in Progress
{equipment}
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O trac_equip_bdown = Equip_BrokendowrvTotal_Equipment_in_Plant
DOCUMENT: Fraction Equipment Brokendown
{fraction: equipment brokendowrviotl equipment)

Fraction of equipment that is broksn down

) frac_squip_tag_pm = Equip_Tagged_for_PM/Taotal_Equipment_in_Plant
DOCUMENT: Fraction Equipment Tagged Preventative Maintenance
{traction: equipment with schd WO/otal plant equipment]

Fraction of plant equipment in the preventive or predictive MainENance system.

Q frac_squip_tdown = (equip_w_schd_WIP/Total_Equipment_in_Plant)+EFFForcOut
DOCUMENT: Fraction Equipment TakenDown
[fraction: equipment tdwnvtotal equipment]

Fraction of squipment that has besn removed from service dus 1o schedulad MaiNIBNaNce.

(O production_pressure = |F(Per_Outage=0) THEN(Plant_Demand/(capacity_Oniine" 89+10))ELSE(0)
DOCUMENT: Production Pressure
{unitiess)

(C total_equip_percvd_avail_for_ops = Equip_Perceived_Fully_Funct+Equip_Tagged_for_PM-
oquip_w_schd_WIP
DOCUMENT: Total Equipment Perceived Availabie for Operalions
(equipment]

Total equipment perceived as sither on-iine and operating or quickly available for such (equipment Wmiedown for pm work but not considered
broken).

@ capacity_tdown = GRAPH(frac_equip_tdown)
(0.00, 0.00), (0.1, 0.04), (0.2, 0.098), (0.3, 0.17), (0.4, 0.20), (0.5, 0.4), (0.6, 0.588), (0.7, 0.728), (0.8, 0.845), (0.9, 0.945),
(1.00, 1.00)
OOCUMENT: Capacity Talkandown
[fracion production capacity Talendown)

Capacity down dus 1 equipment takedown. Assume S shaped curve dus 10 the intaligence of peopis 1 taks things down that have the ieest effect on
capacity. This data shouid be gotien from & sage model analysis of he faciliies invaived. The curmrent curve is assumed 1 be the same as for
breakdowns

Plant: Defest Sourees

(O Base_dicts_ops_per_wk « .118°(1-Frac_New_Eq)
DOCUMENT: Base Oufects Opsrations per Wesk
[defects/equipment/week)

Sase level of defacts which resull fom weer and ey of normal operations.  Exogencus constant.

(O Base_dtct_{ wmarship = .36
DOCUMENT: Base Delact frorm Wortwmanahip
[defects/equipment)

Sase loval of defects resuliing from warles ervar or mishap. Mﬂn“mmb“'dmuwmanT
8/4/94

Q base_dict_per_béwn --.C
[detect/brealutown)

Base lsvel of defects per breaiaeum of anoBer or the same piece of equipment. Not Infuenced by eKPerience or improvement of plant systems
and procedures.

QO detest_redition - DEF_RED
DOCUMIINT: Osfact Rechuction
[unitless multiplier}
Teat parsmetar 10 reduce defects by an arbivary percentage. If it is .7, defects are reduced by 30%

(O Frac_New_£q = New_Equipment/Total_Equipment_in_Ptant
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new_defects_ops « IF(TIME>52)THEN(total_equip_percvd_avail_for_ops’defect_raduction*Def_Rate_Ops*(1-Frac_New_Eq))ELSE (4800)
OQCUMENT: New Defects Operations
[detects/week]

New defects resulting from simply operating piant equipment.

new_dfcts_bdwn = IF TIME>S2 THEN total_bdwns‘new_dfct_per_bawn ELSE 2200
OOCUMENT: New Defecs Breakdown
{defects /week}

New defects caused by the brealidown of other or same plece of plant equipment,

new_dfcts_from_wmanship « IF TIME >28
THEN(Total_maintd_squip*Defect_Occ_Rate_wkmanshp®smth_effotdg*defect_reduction*EFFeng_wo_rt_def"EFFuwErtdet EFFuwoMrtdet"Etf
Mt_wo_rt_def) ELSE (1500)

OOCUMENT: New Defects rom Worlananship

[defects/week]

New defects introduced from poor workmanship.

new_dfct_per_bdwn « base_dfict_per_bdwn defect_reduction

OOCUMENT: New Defacts per Breakdown

(defect/breakdown of equipment

New defects resulting from a breakdown of ancther or same piece of plant equipment.
smth_sffotdg = SMTH1(ENfFotDG.8,1)

total_bdwns « online_brkdwne+Tagged_PM_equip_brkdwn

DOCUMENT: Total Bresixiowrs

{equipment breakdowns/week]

Total breakdowns of all plant equipment, both equipment oniine and operating and equipment oifing under INEPECon OF MEKYNSNENCS.
Total_mainkd_squip = total_WO_compieted®equip_per_wo

DOCUMENT: Total Maintained Equipment

[squipment/week]

All sgquipment worksd on as a result of a scheduled or unscheduled work orders.

Plant: Engineering Staft
O ave_E_overtime() = ave_E_overtime(t - dt + (change_in_ave_E_OT) * dt

INIT ave_E_overime « eng_standard_hours“target_frac_eng_avertime

DOCUMENT: Average Overtma
{hours/weel/person)

Average number of overime hours waried. mmmummmmmmmmw
reduces productivily. The process of recovering from excsesive overime is aleo gradual. i

INFLOWS:

% change_in_ave_E_OT = (Indicated_E_overtime-ave_£_overtime)ime_o_change_ave_E_OT
(u"ocu.a'- Change in Avarage Ovartme

Pro_Enginesring_Shaiiff) = Pre_linginesring_Stafiit - d) + (Estalt_up_to_spesd - pro_Estalt_loss - promotions) * dt
INIT Pro_Enginesring_Sulf W_&ﬂ
INFLOWS:
W Esalt_up_w_spesd = m_msmumm
DOCUMENT: Maivisnance
{pecple/vesiy
OUTROWE )
W pro_Estall_joss = Engineeriayofiantime_to_layoff_sngs+eng_stitiionsbud_layoll_eng/me_to_leyolf_engs+Add_layoti_Comp
¥ promotons « 0
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(O Rocide_Enginesring_Staff() « Floom )_Engineering_Stafi(t - dt) + (Eng_hiring - Estalf_up_to_speed) * dt
INIT Rooide_Enginesring_Staff =

DOCUMENT: Maintsnance St
[pecple}

Total Maintsnance personnel, including planners.

INFLOWS:
% Eng_hiring = onq_nmum(hln Eng_Hiring_from_OT New_hiring_Switch_Eng/Eng_hiring_delay)+promotions
DOCUMENT: Mainanance Hiring
[peopie/week]

hiring of new mechanica
{if 4me « 10 then O/ch eise O

OUTHOWS:
» Estaft_up_to_spesd = Rookie_Enginesring_Stalt/time_to_train_sngs
DOCUMENT:. Maintenance Stait Loss
[peopia/week)

(O Add_layoft_Comp = PULSE(Layoft_Switch*total_Estatt*Layolt_Fraction,200,1000)
(j bud_layolf_eng « (F(total_EstattcMAX_Eng) THEN(tot_Estafi-MAX_Eng)ELSE(®)
(O cost_of_Eng_OT = (ave_E_overtme*Cost_per_OT_Hry/1ES

DOCUMENT: Cost of Engingers overims

(Oollars/week)

Cost of each enginesr 1 work overting

Cost_per_OT_Hr = 50

w Eng_Layotfa_from_OT+layolt_{rac*wotal_Estaft
DOCUMENT: Maintanance isyofis
[%]

OO

This is a policy variable at is an exogencus funciion of tme.

Engineers_infa « frac_Eng_info"tomi_Esalt

Enginesr_Maint = frac_Eng_Maint"al_Esi"EFFNACIWVMGTENG
Engineer_Plans « frac_Eng_planstotal_Estalt

ong_atvition « .001°Pro_Enginesring_Stalt

DOCUMENT: Awiion

{fraction: people/weei}

staff lost per week dus ©© relrement, dealh, quiling, ota.

0000

ong_exp_retie = (total_Setmi-Recis_Enginesring_Swifi/towl_Estaft

Eng_hiring_delay « 4
DOCUMENT: Time t hivo nw mashaniss

o]0

Unis wesln

ong_info_sev_comp «
n:#nm_n.mcm_m-m,m_wuomnu_un_wm'w_mn_m_on'm_mc_p
s_on

ong_info_werhisad « Eng_info_WTR/(Enginsers_info+1)

Eng_info_WTS « info_eng_WTBAnlo_rep_per_eng_per_wesk

ong_maing_workioad « Eng_maint_WTBAEnginesr_Mainte1)

Eng_maint WTS = (Sch_we_wait_eng_Rev+Unsohd_WO_wait_eng)/Maint_rev_per_eng_per_week

eng_ot_Ves_ratle < uu_l_w_m_m

ong_plan_rev_avall = Enginesr_Plansplans_rev_per_eng_per_week

ongL_plan_rev_comp o .
mg_pol?m_vw_md'm_!m.m_wm_m.!wl"_w_cu'(1omm_m_wmwoﬂ_plu.w_on'm_pm_pvn_
"— )

ong_plan_) = Eng_plan_WTB/(Engineer_Plans+1)

O 0000000 O
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Eng_plan_WTB = Plans_wait_sng_rev/plans_rev_per_eng_per_week

eng_sat_info_rev_availl = Engineers_info'info_rep_per_eng_per_week

eng_schd_wo_rev_comp =
eng_wo_rev_avail"Human_Effs_on_Work_Comp_Eng‘ratio_sng_schd_to_unschd_wo'EFF_Estaff_exp*(1+target_trac_eng_overtime eff_
aint_wid_OT)"eft_prod_pres_on_E_OT

ong_standard_hours = 40

DOCUMENT: Standard Hours

{hours/weel/person)

The standard number of hours worked per week per maintenance staff (mechanic, electrician, pipefitter, machinist, etc.)

eng_tot_work_hours = ave_E_overtime+eng_standard_hours
DOCUMENT: Total Work Hours
(hours/week/person]

eng_unscd_wo_fev_comp « 2°eng_schd_wo_rev_camp®(1-ratio_eng_schd_to_unschd_wa)/ratio_eng_schd_to_unschd_wo
ong_workioad =
(eng_info_workioad*Engineers_info+eng_pian_workioad*Engineer_Plans+Engineer_Mainteng_maint_workicad)/(total_Estaft+1)
eng_wo_rev_aval = Engineer_Maint"Maint_rev_per_sng_per_week

E_OT_Frac « eng_tot_work_hours/eng_standard_hours

frac_Eng_info = 3

frac_Eng_Maint « .5+.714°(.3-frac_Eng_info)

frac_Eng_plans = .2+.288°(.3-frac_Eng_info)

frac_E_overtime =

target_frac_eng_overtime“eft_prod_pres_on_E_OT"((eif_info_wid_OT Engineers_infoself_maint_wid_OT Engineer_Maintseft_plan_wi
OT Engineer_Plans)/total_Estatf)

DOCUMENT: Actual fraction ovenime

{fraction: hours/hours)

Overtme for maintenance staff in Wrme of percent of sandard work wesk.

Human_ENs_on_Work_Comp_Eng = off_motivation_sng_WO_comp*SMTH1 (aff_OT_fatigus_eng.4,1)"eft_wicad_eng_wo_comp
DOCUMENT: Human Effects on Work Order Compistion

{unittess muitiplier]

Product of mot¥vation, fatigue and woridoad eflects on worker performance.

indicated_E_overtime = eng_standard_hours“irac_E_overime

DOCUMENT: indicated Overtime

{hours})

Indicated Maintenance overime that is worked (actual wesk by wesk valus). As of %4 R includes he Weining hours.

info_rep_per_eng_per_wesk = 16

layofi_frac « O

Maint_rev_per_eng_per_week =~ 8§

New_hiring_Switch_Eng « 1F(otal_EstafbMAX_Eng) THEN(O)ELSE(1)
DOCUMENT: New Hiring Switch

(0 or 1 logic variable)

1 sliows now maintenance siaff 1 5o hired When average overime becomes SXcessive.
0 disaliows any new hring because of Increased woridoads.

plans_rev_per_sng_per_weel « 10
ratio_eng_schd_to_unsehd_we « mm_n_m_wum_m_m_um,n_m_-n_m..m1;..a

This is he Gne ts adfjust average overime. R determines how quicidy average overtime adjusts ¥ actual overtme.
time_to_layell_engs = 12

O tme_to_vain_sngs « 28

O

total_Estaft « (Pra_Engineering_Stail+Rookie_Engineering_Staff) EFF_reg_aband_ot_eng_and_men

.87 .
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@ Eng_Layofts

Qo

EFF_Estafl_exp = GRAPH(eng_ exp_ratio)

(0.8, 0.75), (0.68. 0.773), (0.7, 0.804), (0.75, 0.853), (0.8, 0.897), (0.85, 0.953), (0.9, 1.00), (0.95. 1.08), (1.00, 1.10)
off_info_wid_OT « GRAPH(eng_info_woriioad)

(0.00, 0.00), (0.333, 0.14), (0.687, 0.42). (1.00, 0.84), (1.33, 1.16), (1.87, 1.42), (2.00, 1.70), (2.33, 2.04), (2.67, 2.34),
{3.00, 2.80), (3.33, 3.20), (3.67, 3.62), (4.00, 4.00)

off_maint_wid_OT = GRAPH(eng_maint_workioad)

(0.00, 0.00), (0.333, 0.18), (0.667, 0.4), (1.00, 0.72), (1.33, 1.02), (1,67, 1.34), (2.00, 1.70), (2.33. 2.18), (2.67, 2.44).
{3.00, 2.78), (3.33, 3.12), (3.87, 3.60), (4.00, 4.00)

off_motivation_sng_WO_comp « GRAPH(SALP)

(1.00, 1.15), (1.2, 1.08), (1.50, 1.07), (1.7, 1.08), (2.00, 1.04), (2.28, 1.03), (2.50, 1.02), (2.75, 1.02), (3.00, 1.02), (3.2S,
1.01), (3.50, 1.01), (3.75. 1.00), (4.00, 1.00)

DOCUMENT: Effect Motivation Work Order Compietion

{unitiess muiltiplier]

This is the motvation factor on praductivity based on good ieadership. 1.0 is none 1.1 if full

off_OT_fatigue_eng = GRAPH(ave_E_overime)

(0.00, 1.00), (2.22. 0.982), (4.44, 0.958), (6.67, 0.917), (8.89, 0.87), (11.1, 0.844), (13.3, 0.827), (15.6, 0.814), (178,
0.804), (20.0, 0.802)

OOCUMENT: Effect Overtime Fatigus Work Order Completion

[unitiess muitiplier]

The effect of averime on productivity.

oft_plan_wid_OT « GRAPH(eng_plan_woridoad)

(0.00, 000). (0.333, 0.14), (0.667, 0.38), (1.00, 0.86), (1.33, 0.88), (1.67, 1.14), (200, 1.36), (2.33, 1.74), (2.87, 2.14),
(3.00, 2.44), (3.33, 2.830), (3.87, 3.12), (4.00, 4.00)

off_prod_pres_on_E_OT « GRAPH(IF (Per_Outage=1) THEN (1.6) ELSE production_pressure)

(1.00, 1.02), (1.04, 1.18), (1.08, 1.31), (1.13, 1.43), (1.17, 1.52), (1.21, 1.62), (1.26, 1.70), (1.29, 1.77), (1.33, 1.83), (1.38,
1.89), (1.42, 1.93), (1.48, 1.97), (1.50, 2.00)

DOCUMENT: Effact Production Pressure on Overime

(unitiess multiplier]

mmumpm-nmm it praduct demand is very high, there is pressure for maintsnance 1 work overtime 1 get the
oquipment back on-iine.

off_wicad_eng_wo_comp = GRAPH(eng_workicad)

(0.00, 0.751), (0.128, 0.767), (0.28, 0.8), (0.378, 0.882), (0.5, 0.908), (0.628, 0.938), (0.78, 0.98), (0.878, 0.977), (1.00,
1.00)

DOCUMENT: Effect of Worldoad on Werk Order Compietion

{unittess muitiplier]

As work siows down, the staffs desive 1 compiets wark orders decreasse. R represents pecpies desire 10 make the available work fit the
available ¥me.

from_OT « GRAPH(eng_ot_fras_ratio)

(0.00, 1.40), (01" 0.517), (0.222, 0.307), (0.333, 0.21), (0.444, 0.12), (0.588, 0.0828), (0.687, 0.0378), (0.778, 0.03),
(0.889, 0.00), (1.00, 0.0078) :

New_Eng_Hiring_from_OT « GRAPH(Fras_E_overtime/target_{rac_eng_overtimes.00001)

(1.00, 0.08), (1.33, 0.08), (1.67, 0.13), (2.00, 0.26), (238, 0.42), (2.67. 0.08), (3.00, 1.31), (3.33, 1.72), (3.67, 1.90), (4.00,
1.97)

Plam: Equipment Flowan

[J Equip

Grokendown(y = Bquin_Srelendown®® - Equip_broke_to_on_line + Tagged_PM_squip_bdwn) * dt
INIT Equip_Brolundewn. = nil_Eq_Stwn nAd * d

OOCUMENT: Equipment Sraandonn
[Equipment

Equipment broken down and in the process of being repaired. Unacheduled work is done on broken equipment.

INFLOWS:
? Equip_hrohe_1o_on_fine « online_brixiwne-unechd_WO_compieted"equip_per_wo
OOCUMENT: &-—:mnm
[oquipmenywesk)

In the positive direction, the flow is equipment that breakadown. in e negative direction, the flow is equipment that is repaired.
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#& Tagged_PM_squip_bdwn « Tagged_PM_equip_brikawn
DOCUMENT: Tagged PM Equipment Breakdown
{equipment/week]

Equipment in the predictive and preventive system that breaks down while it is waiting © be inspected or repaired.

[ Equip_Perceived_Fully_Funct(t) « Equip_Perceived_Fully_Funct(t - dt) « (- Equip_broke_to_on_line - Equip_PM_to_on_line) * dt
INIT Equip_Perceived_Fully_Funct « Init_Eq PFF

DOCUMENT: Eguipment Perceived Fully Functional
[equipment]

The value 13.400 is the number of pieces on squipment in Sabine ADN.
Equipment that is perceived to be fully functional

OUTRLOWS:

* Equip_broke_to_on_line « online_brkdwns-unschd_WOQ_compieted°equip_per_wo
DOCUMENT: Equipment Broksn © On-Line
lequipmentweek]

In the positive direction, the flow is equipment that breaksdown. in the negative direction, the flow is equipment that is repaired.

? Equip_PM_to_on_line « equip_req_tdwn_for_insp-
schd_WO_completed®equip_per_wo-schd_WO_aw_Eq_Forgotien®
oquip_per_wo
DOCUMENT: Equipment Preventaiive Maintsnance © On-Line
[equipment/week]

The positive flow is takedowns of equipment. The negative flow is the compistion of scheduled work and the process of of losing
information that equipment is delective.

[C] Equip_Tagged_for_PM() = Equip_Tagged_for_PM(t - d9 + (Equip_PM_to_on_line - Tagged_PM_squip_bdwn) * dt
INIT Equip_Tegged_for_PM = Init_Eq_Tag_PM

DOCUMENT: Equipment Tagged for Preventative Maintenance
[equipment]

(The number of piecas of equipment identfied as defscive by he predictive or prevenive program including all casual naticing of defects.
Always set !he inital condition 1 be grester than 0.)

7 in pm program for routinge maintenance or only thase things that are broken. defective or potentially defective without pm.
INFLOWS:
? Equip_PM_to_on_line =« equip_req_tdwn_(or_insp-
schd_WQ_compieted”equip_per_wo-schd_WO_aw_Eq_Forgoten®
oquip_per_wo '
DOCUMENT: Equipment Preventative Maintsnance © On-Line
[equipment'wesk]

The positive flow is Wisdowns of equipment.  The negative flow is e compistion of scheduled wark and the process of of losing
informasion that equipment is defective.

OUTROWE:
¢ Tagged_PM_equip_béwn = Tagged_PM_equip_bridwn
DOCUMENT: Tagges PM Squipmant Srealuiown
f
Equipment I he prediciive and prevenive systam hat breaks down while it is wailing © be inspected or repaired.
QO WO_for_bdwn_pm_squip = SMTH1(Tagged_PM_equip_bdwn/equip_per_wo.5)
DOCUMENT: Work Orders for Srolan Down PM Equipment
[work ordera/weeig
(Mmc“mm-anMMMlm.“mmmmnm This may present a flaw
n

Plant: Flows of Sehed. Werk Orders.
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(] Schd_WIP() = Schd_WIP(t - d) + (schd_takedowns - schd_WO_compieted) * dt
INIT Schd_WIP « 7.03'S

DOCUMENT: Scheduled Wark Orders in Progress
[work orders)

Scheduled work orders that are currently being worked on. in this state, the squipment is off-line.
(does equipment have 10 be ofl-ine? Yes)

INFLOWS:
% schd_takedowns « SMTH1(schd_WO_avail_tdown.S)/time_to_tdwn
DOCUMENT: This flows takedowns into Sch WIP to equai the amount of work getiing done plus an inventory adjustment for getting WIP o
one haif he target weesis work.

OUTROWS:
@ schd_WO_compietsd « normal_schd_wo_comp°Human_Efls_on_WO_Comp
DOCUMENT: Schedulsd Woark Orders Completed
{work orders/week)

The numbaer of schedulsd work orders that are compietad based on the number of mechanics assigned 10 perform scheduled work and their
productivity in doing schedulesd work.

[ Schd_Work_Pins_Availabie(y « Schd_Work_Pins_Available(t - d) + (Schd_Work_Ping_Completed - schd_work_pins_expsnded) ° dt
INIT Schd_Work_Pins_Available = 100

DOCUMENT: Scheduled Work Plans Available
{Work Orders)

The number of piens that have been compietad for scheduled wark and &re aweaiting exscuion,
{.14)

INFLOWS:
¥ Schd_Work_Ping_Compieted = pins_availabletrac_ping_is_for_schd_work
DOCUMENT: Scheduled Work Plamning Campisted
[work orders/week)

The rase at which pians are completed for scheduled work arders: 1.e. the rate at which work arders are planned and developed.

OUTROWR:

@ achd_work_pine_sxpended « schd_work_pians_used+schd_work_pins_bdwn_drop+
schd_work_pins._|
DOCUMENT:

The flow of job plans hat are used in compisting scheduled work ordars or become cbeciets becaLne the equipment breaks down before
he scheduled work can be compisted.

Schd_Work_Reqiring_Mat() « Schd_Work_Reqiring_Mait - d) + (new_pind_wo_req_mat - Schd_work_mate_acqed) * dt
INIT Scha_Work_Regiring_Mat = .08°S .

DOCUMENT: Scheduled Wark Requiring Metwisls
{work orders)

The number of schadulel and plannad work arders that are swaliing maeterisls far compietion of work. {These matariais were unforesesn in he
planning process and we aut reconized a8 being required unil work was undar way (or ot isast umil aftsr planning). | think this senence is
wrongj

NLOWE:
@ now_pind_wo_req_mat « Schd_Work_Ping_Compieted"tras_schd_pin_wo_req_mat
OOCUMENT: Naw Planned Work Ordars Requiring Matsriais
[work orders/wesk]

The flow (bulld up) of scheduled and planned work orders that require additional matariais (unforessen material requirements). The
addionsl matarial requiremants are unaxpectsd and may require expediting.

OUTRL.OWS:
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» Schd_work_mats_acard = (Schd_Work_Reqiring_Mavmat_acq_delay)
+WO_bdwn_pm_equip_req_mat
DOCUMENT: Scheduied Work Materiais Acquired
(work orders/week]

The rate of reduction of scheduled planned work orders that require materiais. The outfiow is determined by the number of work orders
lha(rocllvommymwmummmm&memmmwrmmbdonm.scmmdm
can be compietsd.

[T Schd_WO_awating_Eq(f) = Schd_WO_awaiting_Eq(t - dt) + (wo_mgt_to_eq - schd_WO_aw_eq_not_done - new_schd_WO_avail) * dt
INIT Schd_WO_awaiting_Eq = 62.74°S

DOCUMENT: Scheduled Work Orders Awaiting Equipment
(work orders)

Work orders waiting for equipment 1o become avaiiable before work may proceed.

INFLOWS:
% wo_mgt_to_eq = mgr_schd_wo_rev_comp
OUTRLOWS:
schd_WO_aw_eq_not_done = schd_WO_aw_Eq_Forgotten+(WO_for_bdwn_pm_equip)
“(1-frac_schd_WO_WTBO_avail)"EFF_schd_work
DOCUMENT: Scheduled Work Orders Awaiing Equipment Not Done
[work orders/week]

m-mmwmmmmmmumamwm.mmmmm
Supsrcedes schd wo.

% new_schd_WO_avail = (Schd_WO_awaiting_Eq/schd_wait_time_by_prod)-(Schd_WO_w_Eq_Avail/schd_recycie_time)

OOCUMENT: New Scheduled Work Orders Avaiiable
[work orders/week)

mummmmmmmmmu\ommmwom&Amuumumm

] Schd_WO_Unpind_Mat_req(t) = Schd_WO_Unpind_Mst_req(t - dt) + (new_schd_wo_unpind_mat_req - schd_wo_unpind_mat_acq) ° dt
INIT Schd_WO_Unpind_Mat_req « 3.08°$

DOCUMENT: Scheduled Work Orders Unplanned Material Requirements
[work orders}

Scheduled wark orders that have unforesesn material requirements.

INFLOWS:
¥ new_schd_wo_unpind_met_req = schd_takedowns®
(1-trac_schd_WO_eq_avall_w_pian)°trc_schd_wo_unpin_mat_req
DOCUMENT: New Scheduled Work Orders Unplanned Material Requirements
[work orders/week)

{Flow of work orders without plans that require additional modsis.)

OUTROWS:

? schd_wo_unpind_mat_acq = Schd_WO_Unpind_Mat_req/mat_acq_deiey
DOCUMENT: Schesulad Work Orders Unpianned Material Acquisition
[work orderswesid

[ Schd_WO_w_Eq_Aveill(§ « Sahd_WO_w_Eq Availlt - d9 + (new_schd_WO_avall - schd_takedowns - schd_WO_w_eq_av_not_done) * dt
INIT Schd_WO_w_Eq Avall = 8.5°8

DOCUMENT: Scheduled Work Orders with Equipment Available
[workt orders)

This is scheduisd work where the equipment is available 1 work on if piant wants 10 taiw R off-ine for work.
INFLOWS:

- 81 -
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% new_schd_ WO_avail = (Schd_WO_awaiting_Eq/schd_wait_time_by_prod)-(Schd_WO_w_Eq_Avail/schd_recycie_time)
DOCUMENT N-VISMMW«KOM.! Avaiable
{work orders/week}

Flow of work arders back and forth betwesn Schd WO Awaiting Equipment and Schd WO with Eq Available based on the production needs.

OUTR.OWS:
% schd_takedowns « SMTH1(schd_WO _avail_tdown.5)/time_to_tdwn
DOCUMENT: This flows takedowns into Sch WIP to equal the amount of work getting done pius an inventory adjustment for getting WIP to
one hait the target weeks work.

® schd_WO_w_eq_av_not_done = EFF_schd_work"SMTH1(((WO_for_bdwn_pm_squip)'trac_schd_WO_WTBD_avail),10)
DOCUMENT: Scheduled Work Orders with Equipment Avaiable Not Done
[ work orders/week]

This is the flow of work orders which breakdown while in the Sch Work with Eq. Avail. Stock

[ Sch_wo_wait_eng_Rev(t) = Sch_wo_wait_eng_Rev(t - dt) + (new_schd_wo_await_equip - wo_eng_to_mgt - schd_eng_wo_forget) * dt

INIT Sch_wo_wait_eng_Rev « 62.74°S
INFLOWS:

new_schd_wo_swait_equip « def_sq_req_tdwr/equip_per_wo+moad_CA_pianned schd_wo_per_mod_CA
DOCUMENT: New Scheduled Work Orders Awaiting Equipment
[work orders/week)

The flow of new scheduled wark orders that are waiting for equipment 0 become available.

OUTRLOWS:
% wo_eng_to_mgt = eng_schd_wo_rev_comp
schd_eng_wo_forget = IF Sch_wo_wait_eng_Rev>2"wo_eng_to_mgt THEN Sch_wo_wait_eng_Rev/eng_and_men_forget_time ELSE 0

Sch_wo_wait_Mgt_Rev() « Sch_wo_wait_Mgt_Rev(t - dt) + (wo_sng_to_mgt - wo_mge_to_eq - schd_wa_mgr_forget) * dt
INIT Sch _wo_wait_Mgt_Rev « 100
INFLOWS:

¥ wo_eng_o_mgt = eng_schd_wo_rev_comp
OUTROWS )
% wo_mgt_to_eq = mgr_schd_wo_rev_comp
= schd_wo_mgr_forget = IF Sch_wo_wait_Mgt_Rev>2"wo_mgi_10_eq THEN Sch_wo_wail_Mgt_Rev/eng_and_man_forget_time ELSE 0
EFF_schd_work = Sch_Towmi_worked/Defects_id
frac_schd_pin_wo_rsq_mat = 1-(Servics_Level"utilization)
DOCUMENT: Fracton Scheduled Planned Work Orders Requiring Materials
{traction: work orders/work orders)
Fraction of scheduled and planned work orders requiring meterials 10 be ardered. (Using 30% based on planning Focus reports for SABINE.)
frac_schd_wip_w_plan « schd_pin_wip/(Schd_WiP+. 1)
DOCUMENT: Fracton Schedulsd Work in Progress with Plan
[fraction: work orders/work orders)
Fracton of scheduled work orders that is ourrently being worked on and has been planned.
frac_schd_WO_eq_svall_w_plan = sohd_pin_WO_squip_ lvdl(m WO_w_Eq_Avail+10)
DOCUMENT: Fraction Schesules Weork Orders Equipment Avallabis with Plan
[fraction: work ordersAwark orders)
Fracton am—i-—uumuwwmmm planned.
frac_schd_WO_TBD. w. pir « (sshd_pin_WO_equip_avail+schd_pin_WO_swait_equip)/(total_schd_WO_Waiting_TB80+10)
DOGCUMENT: fractien Schesidsd Work Ordars To Be Done with Plan
(fraction: werk orders/work orders)
The iraction of scheduisd work orders awaiting © be done that have been planned.
{frac schd awall sval w plan} .

frac_schd_WO_WTBD_avall = SMTH1(Schd_WO_w_Eq_Avail/(total_schd_WO_Walting_TB8D+10),5)
wvalable
Fmdmmmmuummmmhm

frac_WO_await_equip_w_plan = schd_pin_WO_await_squip/(Schd_WO_awaiting_Eq+10)
- 82 -

212



frc_schd_wo_unpin_mat_req « 1-(Service_Leveiutilization)
DOCUMENT: Fraction Scheduled Work Orders Unplanned Material Requirement
(fraction: |

(This 1s the fraction of unpianned scheduled work orders which will require material which is not immediately avialable (need to be ordered).)

mat_acq_deiay = 5
DOCUMENT: Material Acquisition Delay

(weeks]

Time it takes to get extra material.

schd_pin_wip = MIN(Schd_Work_Pins_Available.Schd_WIP*targ_frac_plan)

DOCUMENT. Scheduled Planned Work in Progress

(work orders)

Scheduled Work Orders currently being worked that aiso has been planned.

schd_pin_WO_await_equip « Schd_Work_Pins_Available-schd_pin_wip-schd_pin_WO_equip_avail

DOCUMENT: Scheduled Planned Work Orders Awaiting Equipment

[work orders)

Scheduied work that have been pianned and are awaiting equipment (to be taken out of service or put into service) for work to proceed.
schd_pin_WO_equip_aveil « MIN(Schd_WO_w_Eq_Avaii*targ_frac_plan,Schd_Work_Pins_Available-schd_pin_wip)
DOCUMENT: Scheduled Planned Work Orders Equipment Available

(work orders)

Scheduled Work Orders with equipment available and having been planned.

schd_work_plans_used = schd_WO_compieted*frac_schd_wip_w_pian

DOCUMENT: Scheduled Work Plans Used
[work orders/week)

The use of pians in completing scheduled work.

schd_work_pins_bdwn_drop = WO_for_bdwn_pm_equip*trac_schd_WO_TBO_w_pin
DOCUMENT: Scheduled Work Plans Brealziown Drop

(work orders/week)

Scheduled work that has been planned it is dropped from the baciiog of scheduled work 10 be dons becauss a breakdown requiring unscheduled
work supercedes he previously planned wark.

schd_work_pins_forgotten « schd_WO_aw_Eq_Forgotten‘frac_WO_await_equip_w_pian
DOCUMENT: Scheduled Work Mans Forgoten

[work orders/week)}

Scheduled work orders that were pianned but never used and are finally discarded from the bacidog of available work ©© be dons.
schd_WO_avail_tdown = Schd_WO_w_Eq_Avail-(Schd_Work_Reqiring_Met"(Schd_WO_w_Eq_Avail/(total_schd_WO_Waiting_T8D+10)))
DOCUMENT: Scheduled Wark Ordars Available Taledown

[work orders)

The number of scheduled work orders that are available 1 work on.
This is equal 1© e number of work ordars 1or which the equipment is svailabie ises the work orders that are awaiting matwrisis.

schd_WO_aw_Eq_Forgatien « Schd_WO_awaiting_Eq/echd_WO_Memory
DOCUMENT: Schedulag Work Ovdars Awaling Equipment Forgousn

(work orders/week}

The mujmber of work orders in !he scheduied availabie 1 work which is forgotien each week.
schd_WO_Memary = 26

DOCUMENT: Scheduled Work Order Memory

[weoks}

{Fraction of work orders forgotien each week. This will depend on how good a system you heve for setiing priorites and kseping track equipment
that is identified as being defecive. was .5 and muliplied with schd wo swait equip}

schd_wo_per_mod_CA « 4
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schd_WO_RTBDABD « Schd_WIP+schd_WO_aval_tdown
DOCUMENT: Schedulad Work Orders Ready To 8e Done and Being Done.
(work orders)

All work that either in progress or available ©© be worked.

Sch_Total_worked « Sch_wo_wait_eng_Rev+Sch_wo_wait_Mgt_Rev+total_schd_WO_in_sys
targ_frac_pian « .§

DOCUMENT: Target Fraction Planned

{planned work orders/work orders)

The target fraction of work that is 18 be planned.

time_to_tdwn = .S
DOCUMENT: Target Wesks Work in Progress
[weeks)]

The target number of wesks worth of work orders that maintenance want 10 be working on. Exogenous variable

total_schd_WO_in_sys « Schd_WIP.total_schd_WO_Waitng_T80
DOCUMENT: Total Scheduled Work Orders in System
{work orders)

The total number of work orders that are in some way scheduled.

total_schd_WO_Waiting_TBO = Schd_WO_swaiting_Eq+Schd_WO_w_Eq_Avall
DOCUMENT: Total Scheduled Woark Orders Waitng To Be Done
[work orders]

Total scheduled wark that is wailing 10 be done, includes wo with equipment available and wo awalling equipment.

WO_bdwn_pm_equip_req_mat = (Schd_Work_Reqgiring_Mat/total_schd_WO_Waiting_TBD) "WO_for_bdwn_pm_equip
DOCUMENT: Waork Orders for Brokendown PM Equipment Requiring Materiais

EFFeng_wo_rt_det = GRAPH(wo_eng_io_mgtiNIT(wo_eng_to_mgt)

(0.5, 0.903), (0.98, 0.929), (1.40, 0“1), (1.08, Ol.l) (2.30, 1.00), (2.78, 1.03), (3.20, 1.08), (3.68, 1.08), (4.10, 1.09),
(4.58, 1.10), (5.00, 1.10)

Eff_Mt_wo_rt_det = GRAPH(wo_mgt_to_eq/iNIT(wo_mgt_o_eq)

(0.5, 0.9), (0.98, 0.932), (1.40, 0"') (1.88, 0.967), (2.30, 1.00), (2.78, 1.03), (3.20, 1.08), (3.68, 1.08), (4.10, 1.09),
(4.58, 1.10), (8.00, 1.10)

schd_recycie_time = GRAPH(production_pressure)

(0.00, 4.00), (0.167, 3.54), (0.333, 3.08), (0.5, 2.34), (0.067, 2.04), (0.833, 1.80), (1.00, 1.28), (1.17, 1.02), (1.33, 0.88),
(1.50, 0.78), (1.7, 0.68), (1.83, 0.88), (2.00, 0.5)

DOCUMENT: Schadulad Recycie Time

[weeks]
This is the ime equipment will be avallabie beftre operations Wies it back and R retams 10 he swaling equipment availability state

schd_wait_tme_by_prod = GRAPH(production_pressurs)

%g:: 052:; (0.2, 0.31), (0.4 0.6), (0.6, 0.98), (0.8, 1.38), (1.00, 2.00), (1.20, 2.70), (1.40, 3.70), (1.80, 4.40), (1.80, 4.80),
OOCUMENT: Schedulnd Vi Thme:

[weeks)

muum--&umin.uma—umnmummummmm This
graph is besed on haning & 2 waek wait a2 100% of desired producion.

Plant: Inspestions

O

(e ]

.

av_time_btwa_mand_insp « (28.8/EFFNRCminsp)Social_to_plant_switoh+(30°(1-Social_to_plant_switch))
?om Average Gne betvaen mandantry inspeciions for each piece of squipment.

Changed from 30/ ®© 2/ +10/ A
def_eq_req_tdwn « equip_|D_dfct_dinspwoutidwn+equip_10_dfct_minspivoutidem
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desired_discretionary_inspects = (Equip_Perceived_Fully_Funct'frac_equip_inspectabdle
‘av_time_btwn_dsc_insp)*EFFNRCrepmi*EFFNRCRODIMI

OOCUMENT: Desired Discredonary inspections

[equipment inspections/week]

desired_Staft_for_dsc_insp = (desired_discretionary_inspects‘av_time_for_dsc_insp)
/standard_hours

OQCUMENT: Desired mechanics for discretionary inspections

[staff persons)

dfcts_ID_frm_insp = dfct_squip_ID_insp dfcts_per_dfct_equip_ptt

DOCUMENT: Defects Identfied from Inspections

[detects/week]

Total defects identified by inspections both discretionary and mandatory.

dfct_equip_dinspwouttdwn = dsc_insp_wout_tdwn'frac_equip_dfct_dsc_insp

DOCUMENT: Defecive Equipment in Discretionary inspection without Takedown

[equipment/week]

The number of discretionary inspecions, where he inspecion doss not require a takedown, that do have defects.
disc inspecs no down defective

dfct_equip_iD_dfct_dinsp « dfet_squip_|D_dfet_dinspwouttdwnedict_squip_|D_dfct_dinspwidwn
DOCUMENT: Defective Equipment identified as Osfective during Diacredonary inspactons

{equipment/week)

dfet_equip_{D_dfct_dinspwoutidwn « dfct_equip_dinaspwoutidwn®

(1-prob_miss d!et dsc_insp)

DOCUMENT: Defective Equipment identified Defective during Discretionary inspections without takedown
[equipment/week)

The number of discretionasy inapecions, where the inspeciion doss not require a taledown, thet do have delects and result in a taisdown to fix
the equipment.
disc inspect nid defect 1 inspect
dfct_equip_|D_dfet_dinspwidwn = dec_inep_w_tdwn frac_equip_dict_dec_insp
OOCUMENT: Defactive Equipment identified Defective during Discretionary inspection with Takedown
{equipment/week)
disc inspect req Wown defecive
dfet. oqdp_lo_aa_mu-p dfct_equip_|D_dfet_minspwoutidwmedict_equip_ID_dfct_minspwidwn
Mandatory inspaction

OOCUMENT: Defactive Equipment identfied as Defactive during
[equipmentwesk)

dfct_squip_lO_dict_minspwoutidwn « dict_equip_minspwoutidon®
{1-prob_miss_dfct_mand_insp)

DOCUMENT: MWW.M‘MMMMM
{equipmentwasi]
Mandatory inepections, nat requiring & talldown, which find & defect and result in a aksdown 1 repalr the equipment
mmuﬁ---—-
dfct_equip_ID_ m M_m_- tdwn rac_equip_dict_mand_inep
OOCUMENT: Osfective Squipmant idantiied Defactive during Mandatory inapscions with Talwdown
{equipment'week)
Mandetory inspections of equipment that require a takadown for the inspections hat are defective
Mand inspest req Xown defectve
)_10_jnep = dioe_equip_ID_dfct_dinap+dict_equip_{D_diot_minsp

> Defoctive Equipment identified inspections
[equipment/week]
Total takedowns of equipment thet is actually defecive
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dfct_equip_minspwouttwn « mand_insp_wout_tdwn’frac_equip_dfct_mand_insp
DOCUMENT: MEWW Wwﬂfmt Takadown

[equipment/week]
The number of mandatory inspections, not requining a takedown, that are done on defective equipment

dsc_insp_wout_tdwn = Staf_dsc_insp_wouttd"standard_hours/av_time_for_dsc_insp
DOCUMENT: Discretionary inspections Without Takedown
{equipment inspections/week}

The number of discretionary inspections performed that don't require a takedown for the inspection. Calculated by taking manpower avalable
imes average manhours per week divided by Manhours NEcessary .

dsc_insp_w_tdwn « (Staf_dsc_insp_wtdwn*standard_hours)/av_time_for_dsc_insp

DOCUMENT: Discretionary inspections with Takedown

[equipment/week)

Discretionary inspections that require a takedown for the inspecion

equip_|D_dfct_dinspwouttdwn = dtct_equip_|D_dfct_dinspwouttdwn+non_dfct_equip_iD_dict_dinspwouttdwn
DOCUMENT: Equipment identfed Defective during Discretionary inspections without Takedowns
[equipment/week]}

All squipment that was identified as being defecive during discretionary oniine inspecton rouline (includes actually defect equipment and
misidentified equip).

equip_|D_dfct_minspwouttdwn « dfct_equip_|D_dfct_minspwoutidwn+non_dfct_equip_|D_dfet_minspwouttdwn

DOCUMENT: Emmmmmlwm Takedown

[equipment/'week]

uwmnw-mmmmmmummmummw
equipment that was incorrecty identiied as defective).

equip_req_tdwn_for_insp « equip_|D_dfct_dinspwouttdwn+equip_|D_dict_minspwoutidwnemand_insp_w_tdwnedsc_insp_w_tdwn
DOCUMENT: Equipment Requiring Takedown for inspection

[equipment/week]

Total takedowns that are required from mandetiry and discretionary inspections.
frac_dsc_insp_req_tdwn « .18

DOCUMENT: Fraction Discretionary Inspections Requiring Talksdown

[fraction: discretionasy insp widwrvdiscret Inep}

Fraction of discreionary inspections that require a taksdown o do the inspsciion
frac_equip_inspectable « .6

DOCUMENT: Fraction Equipment inspsciable

[tracton: inspectable equip/equip}

mmauwumuwmnmmununumm

frac_equip_req_mand_inspest =
MIN((. 2'Echmr( S EFPNRClavminep)*(EFFNARCRDDIMI) Social_to_plant_switch+(.1°(1-Social_to_plant_switch)), 1)
. Reguiring

The fraction of mandatory inspections et require & takedown for the inepection

mand_jnep « Equip_Percsived_Fully_Funcr"tac_squip_req_mand_inspect/av_time_biwn_mand_insp
DOCUMIINT: Mandstory Equipment inspections

[oquipment inspections/weel]

Pleces of plant equipment requiring mandatory inspections.
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mand_insp_Staft « (mand_insp“av_time_mand_inspect)/
standard_hours

DOCUMENT: Mandatory inspecton Staff

[pecpie)

Mechanics aliocated 1 mandatory inspections

mand_insp_wout_tdwn « mand_insp-mand_insp_w_tdwn

DOCUMENT. Mandatory Equipment inspections without Takedown

[equipment inspections/week]

Equipment inspections that are mandatory but where the inspection doss Nnot require a takedown,
mand_insp_w_tdwn « mand_insp‘frac_mand_insp_req_tdwn

DOCUMENT: Mandatory Inspection wmith Takedown

[equipmentweek|

Mandatory inspections that require a takedown for the inspection

non_dfct_squip_iD_dfct_dinspwouttdwn « dsc_insp_wout_tdwn®(1-trac_equip_dfct_dsc_insp)®
prob_taise_pos

DOCUMENT: Non-Defective Equipment identified Defective during Discredionary inspections without Takedowns
[equipment/week)

Takedowns for discretionary inspections, not requiring a taissdown for the inspecton, which have na defects but you think they do.
disc inspect nd no defect 1 inspect

non_dfct_equip_lD_dfct_minspwouttdwn « mand_insp_wout_tdwn®

(1- -trae _equip_ dfet. _mand_insp)°prod_faise_pos

DOCUMENT: Wwwmmwmmrm
{equipment/week)

equipment Takedowns resuling from mandatiry inspections (the inspection dosen't require a takedown) that have no defects.
mandaiory inspect md no defect 10 inspect

prob_faise_pos « 05
DOCUMENT: Probebility of finding a faise positive when doing an inspaction.

prob_miss_dfct_dec_Insp = .18
DOCUMENT: Probabiiity of missing a defect in a discrationery inspection.

wohmdlammn .03

UMENT: Probabilly Miss Defect during Mandattry inspection
(hlcﬂeﬂl

The probabiiity that a mandatory inspection misses a delective pisce of equipment
Social_to_plant_switch « 1

DOCUMENT: Social ©© Plant Switch
[0 or 1 logic switch]

1 connects social pressura/eaiely reguiation section 15 plant model.
0 disconnects social pressurasainly reguistions sectan fom plant model.

Staft_dec_insp_woullt = des_insp_Swit-Sull_dec_inep_witem
OOCUMENT: umwmm

[pecpie}

Mechanics aliocated 10 discretionsry inspections where the inspection does nat require & taledown
Staft_dec_inep_wtdwn « dec_insp_Staff*frac_dec_insp_req_tdwn

DOCUMENT: Suaft Dlscretionasy inspection with TakeDown

[pecpie}

Mechanics allocated 1 discretionary inepections that require a takadown

mech disc inepect |

- 87 -

217



@ frac_equip_dfct _dsc_insp . GRAPH(frac_equip_pft_dtct)
{0.00, 0.00), (0.1, 0.15), (0.2, 0.3), (0.3, 0.435), (0.4, 0.55), (0.5, 0.65), (0.6, 0.745), (0.7, 0.83), (0.8. 0.91), (0.9, 0.585),
{100, 1.00)
DOCUMENT: This calibrams the expectad fracion of finding a defect when you inspect a piece of equipment for discreationary inspections.

frac disc inspects defective

Q@ frac_equip_dfct_mand_insp = GRAPH(frac_squip_pff_dfct)
(0.00, 0.00), (0.1, 0.15), (0.2, 0.3), (0.3, 0.435), (0.4, 0.58), (0.5, 0.65), (0.8, 0.748), (0.7, 0.83), (0.8, 0.91), (0.9. 0.9€5),
{1.00, 1.00)
DOCUMENT: Fraction Mandatory inspections Defective
{traction: equipment defective/equipment inspected)

The fraction of equipment receiving a mandatory inspecion that is in fact defective.

Plant: Mansgement Staft
J ave_Mgt OT(h « ave_Mgt_OT(t - di) + (chg_in_ave_mgt_ OT) * dt
INIT ave_Mgt_OT = mge_standard_hours“target_frac_eng_overtime

OOCUMENT: Averags Overime
[hours/week/person)

Average number of overime hours worked. The averaging repressnts the process through which excessive overime gradually causes fatigus and
reduces productivity. Th-md:mmmmnmm

INFLOWS:

% chg_in_ave_mgt_OT = (indicated_mgt_OT-ave_Mgt_OT)/tme_to_change_mge_OT
OOCUMENT: Change in Average Overime
[hours/week/person/week]

J Pro_management_Stafi() « Pro_Management_Stafi(t - dt) + (Mgt_up_1o_speed - Mgt_joes) *
INIT Pro Mmmmom Statt = (1/11)°(total_Estaff+(nitial_Mechanics_Staif)

¥ Mgt_up_to_speed « Rookie_Manegement_Swaftmgt_ime_to_up_to_speed
DOCUMENT: Maintanance Sl Loss
{peopie/week)

OUTR.OWE
? Mge_loss « (attritlon_MQT+MGTiayofi/time_to_layofl_mgrs)+Bud_layolt_mgt/time_to_layoft_mgrs
{C] Rookis_Management_Staf(y) = Rockis_Management_Sufit - dt) + (MGT_hiring - Mgt_up_to_speed) * dt
INIT Rockis_Management_Suff = 0

DOCUMENT: Maintanance Suft
(peopie}

Total Maintenance personnel, including planners.

NRLOWS:
9P MGT_hiing = esriten_MGTs((New_Mge_Hiring_from_OT)"New_hiring_Switch_2/MGT_hiring_detay)
OOCUMENT: Malstanance Hiing
(peopiewesig:=
hiring of new meshasies
(f S0 = 10 iom OAR el ©

? M@t_up_to_speed « Rookie_Mansgament_Swft/mge_tme_to_up_1o_spesd
DOCUMENT: Maintsnance Swif Loss
[pecple/wesk]
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(0]0)

attntion_MGT « 001°Pro_Management_Staft
DQCUMENT: Atttion .
{traction: peopie/week)

staft iost per wesk due 10 retrement, death, quiting, etc.

Bud_layoff_mgt - IF(total_Mgt_staff>Max_MGT)THEN(total_Mgt_staff-Max_MGT)ELSE(0)

des_frac_Mgt OT «

target_trac_Mgt_OTeff_prod_pres_on_Mgt_OT/elf_prod_pres_on_Mgt_OT ((eff_mgr_inf_wid_OT Managers_info+eft_mgr_mnt_wid_O
Managers_maint)/mge_statf_no_tin)

DOCUMENT: Actual fraction overtime

[traction: hours/hours]

Qvertime for maintenance staff in terms of percent of standard work weel.

frac_Mgt_fin « .20

frac_Mgt_info = frac_Eng_info/2

frac_mgt_layolf « 0

frac_Mgt_maint = 1-frac_Mgt_into-.2

Human_Etfs_on_Work_Comp_Mgr « eff_motivation_mgr_WO_comp*SMTH1(eff_OT_fatigue_mgr,4,1)"eft_wioad_mgr_work_wo_comp
DOCUMENT: Human Effects on Wark Order Compietion

{unitiess muitiplier)

Product of motivation, fatigue and woridoad effects on worker performance.

indicated_mgt_OT « mgr_standard_hours°des_frac_Mgt_OT
DOCUMENT: Indicated Overtime
(hours]

Indicated Maintenance overtime that is worked (actual wesk by week valus), As of &/4 R includes e training hours.

info_rep_per_mge_per_week - 9

maint_rev_per_mgr_per_wesk - 20

Managers_fin « frac_Mge_fin"total_Mgt_stalt

Managers_info « frac_Mgt_info total_Mgt_staff

Managers_maint = frac_Mge_maint*1omi_Mgt_staf EFFNRCInVMQGTENG

mgr_info_rev_svall = Managers_info’info_rep_per_mgr_per_week

mge_info_rev_comp «

mgr_into.roo.vr_tvdl‘ Human_Effs_on_Waork_Comp_MgroEff_Mgt_staft_exp*(1+target_frac_Mgt_OT eff_mgr_mnt_wid_OT)"eft_prod_pr
s_on '

m-grjnutr:m = mgr_info_WTB/(Managers_infos1)

mgr_info_WTB = SMTH1(info_mgr_WTBAnfo_rep_per_mgr_pers_weel,1)

mgr_maint_rev_avall = Managers_maint"maint_rev_per_mgr_per_wesk

mgr_maint_woridoad « mgr_maint_WTS/Menagers_maint

mgr_maint_WTB = SMTH1((Sch_wo_wait_Mgt_Rev+Unechd_wa_wait_mge/2)/maint_rev_per_mgr_per_week.2)

mgr_ot_ratio = dee_frac_Mgt_QT arget_frac_Mgt_OT

mgr_schd_wo_rev_comp =

mgr_maint_rev_availi*Human_Effs_on_Wark_Comp_Mgr'mgt_ratio_sched_to_unsched_wo Eff_Mgt_stalf_exp*(1+target_frac_Mgt_OT™:
_mgr_int_wid_QT)el_pred_pres_on_Mgt_OT

myr_stendard_hours = 49

DOCUMENT:

The standard number of hows workied per week per maintenance stalf (mechenic, eiscvician, pipetier, machinist, etc.)
mgr_tot_work_howrs « sve_Mgt_OT.-mge_standard_hours

DOCUMENT: Towml Werk Hours

[hours/wesk/person}

mgr_unech_We._rev_comp = 2°mge_schd_wo_rev_comp*(1-mge_ratio_sched_t0_unsohed_wo)/mgt_ratio_sched_to_unsched_wo
mgr_workisad « (Managers_info’mgr_info_workicad+Managers_maint*mge_maint_workioad)/(mge_staff_no_fine1)

- 89 -
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O

O ® © 600

MGTlayof = Mgr_Layoffs_from_Warkicad+frac_mgt_layoff*totai_Mgt_statf
OOCUMENT: Maintsnance iayofis
[%]

This is a policy variable that is an exogenous function of tme.

MGT _hiring_delay « 4
DOCUMENT: Time 1o hire new mechanics

Units weeks

mgt_OT_frac = mgr_tot_work_hours/mgr_standard_hours

mgt_ratio_sched_to_unsched_wo = MAX ((Sch_wo_wait_Mgt_Rev/(Sch_wo_wait_Mgt_Rev+Unschd_wo_wait_mgre1)),.2)
mgt_staff_no_fin = totali_Mgt_staff-Managers_fin

mgt_time_to_up_to_speed « 28

New_hiring_Switth_2 « IF Max_MGT>total_Mgt_staif THEN O ELSE 1

DOCUMENT: New Hiring Switch

{0 or 1 logic variablej

1 aliows new maintenance stalf 1o be hired when average overime becomes excessive.
0 disallows any new hiring because of increased woriioads.

target_frac_Mgt_OT « .125
DOCUMENT: Target Fraction Overime
{hours/hours)

time_to_change_mgt_OT « 2
DOCUMENT: Time t©© Change Average Overtme
(weeks)

This is the tme 10 adjust average overime. [t determines how quicidy average overtime adjiusts 10 actual overtime.

time_to_layoff_mgrs « 8

total_Mgt_stalt = (Pro_Management_Stafi+Rookis_Management_Staff)‘EFF_reg_sband_tot_eng_and_man

off_mgr_int_wid_OT = GRAPH(mgr_info_worikioad)

(0.00, 0.00), (0.333, 0.18), (0.687, 0.48), (1.00, 0.72), (1.33, 0.98), (1.87, 1.32), (200, 1.68), (2.33, 2.08), (2.87, 2.40),
(3.00, 2.70), (3.33, 3.14), (3.67, 3.40), (4.00, 4.00)

oft_mgr_mmt_wid_OT = GRAPH(mgr_maint_workicad)

(0.00, ooo). (0333. 0.12), (0.667, 0.38), (1.00, 0.68), (1.33, 0.98), (1.67, 1.22), (200, 1.82), (233, 1.92), (2.67, 2.18),
(3.00, 2.56). (3.33, 2.98), (3.67, 3.34), (4.00, 4.000

Eff_Mot_staif_exp « GRAPH((total_Mgt_stati-Rookie_Management_Staff)/total_Mge_staff)

(0.7, 0.7), (0.73, 0.838), (0.78, 0.872), (0.79, 0.88), (0.82, 0.908), (0.88, 0.926), (0.88, 0.987), (0.91, 1.00), (0.94, 1.08),
(0.97, 1.14), (1.00, 1.20)

off_motvation_mgr_WO_comp « GRAPH(SALP)

(1.00, 1.18), (1.28, 1.08), (1.50, 1.07), (1.78, 1.08), (2.00, 1.04), (2.28, 1.09), (2.80, 1.02), (275, 1.02), (3.00, 1.02), (3.28,
1.01), (3.50, 1.01), (3.78, 1.00), (4.00, 1.00)

DOCUMENT: Effect Motvation Work Order Compietion

[unitiess multiplier)

This is the motvation facter on productivily based on good leadership. 1.0 is none 1.15 if A8

ofi_OT_fatigue_mgr « GRAPN(ave_Mgt_OT)

(0.00, 1.00), (2.22, m (444, 0.971), (6.67, 0.968), (8.00, 0.924), (11.1, 0.808), (13.3, 0.838), (15.6, 0.781), (17.8,
0.758), (20.0, 0.78%)

DOCUMENT: Eflest Ovartime Fatigus Work Order Compistion

[unitiess multipliar}

The sitect of overme on producivily.

of_prod_pres_on_MR_OT = GRAPH(IF (Per_Outages1) THEN (1.5) ELSE production_pressure)

(1.00, 1.08), (1.04. 1.18), (1.08, 1.31), (1.13, 1.43), (1.17, 1.52), (1.21, 1.62), (1.28, 1.70), (1.28, 1.77), (1.33, 1.83), (1.38,
1.89), (1.48, 1.). (1.48, 1.97), (1.50, 2.00)

DOCUMENT: Efact Production Pressure on Overime

(unitiess muttipiier]

The effect of production pressure on overtme. |f product demand is very high, there is pressure for maintsnance 1 work overtime 10 get the
equipment back on-iine.
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oft_wioad_mgr_work_wo_comp = GRAPH(mgr_workioad)

(0.00. 0.752), (0.128, 0.766), (0.25. 0.814), (0.375, 0.852), (0.5, 0.883), (0.625, 0.918). (0.75. 0.944), (0.87S. 0.975). (1.00,
1 00)

DOCUMENT: Effect of Woridoad on Work Order Compieton

[unitiess  muitiplier]

As work siows down, the staif's desire %o compiete work orders decreases. It represents peopies desire 10 make the available work fit the
available tme.

Mgr_Layoffs_from_Workioad « GRAPH(mgr_ot_ratio)

(0.00. 0.403), (0.0714, 0.242), (0.143, 0.115), (0.214, 0.0775), (0.288, 0.08), (0.357, 0.0375), (0.429, 0.02), (0.5, 0.00)
New_Mgt_Hiring_trom_OT « GRAPH(des_frac_Mgt_OT/target_frac_Mgt_OT)

(100, 0.00), (1.33, 0.217), (1.87, 0.408), (2.00, 0.588), (2.33, 0.787), (2.67, 0.998), (3.00, 1.16), (3.33, 1.31), (3.67, 1.43),
(4.00, 1.49)

Plant: Meteriale
[ Ofetv_inventory(t) = Ofctv_inventory(t - dt) «+ (dfet aeepﬁ new_dfcts_parts) * dt

INIT Dfctv_inventory « stores_inventory°frac_parts_dfct_at_deivry*(1-frac_rtrnd_given_dfct)

DOCUMENT: Defective inventory
{detective parts)

Defective parts that are in the parts inventory.

INFLOWS:

% dict_accpkd =« Parts_accptd“frac_dfet_parts_accpwd
DOCUMENT: Defocts Acceped
[defectve parta/week)

New defective pars that are accidently accepted

OUTR.OWS:

W new_dicts_pars « IF (TIME>25) THEN ( perts_consumed®pct_lnvenory_dfcty/100) ELSE (1400)
DOCUMENT: New Dslscts Stres

[defective parts/week]
New defects resuling from defective pars that are inetalied in squipment.

New_Equipmeniy) = New_Equipment(t - ﬂ*(lﬁﬂ.&w Aging_Equip) * &t
INIT New_Equipment « Total_Equipment_in_P!

INFLOWS:
¥ Bought_Equip = (Bought_Eq_Cap_inv8/S_per_New_| _Time
UTROWR:
® Aging_Equip = New_EquipmentAge_Time
Quaiity_of_Specs(t) « Quaiity_of_Spece(t - d9 + (Quallty_imp_by_Design + Quality_upgrades) * dt
INIT audq of_Specs « Spec’initel_quaiity_spec

% Quaity lml..bv..m m _created”inital_quality_spec*Spec_upgrade_per_part
OOCUMENT: The increass in spec quallly #rom creating new specs

? Qually_upgrades « specs_upgraded”sve_imp_Qual_Spec
DOCUMENT: Quallly Upgmdas
{quailty spece/wesld
The improvement is spes qualily from upgrading parts requirements.

Spec(t) = Specht - 0 + (spesn_crested) * &
|~|1'spu.nu_m

Q SPOCE_croaind = NOW_pars+CA_per_reg new_reg_evais_ w CA_planned*schd_wo_per_mod_CA
OOCUMENT: Naw specs created

[ stores_dollars( - stores_dollars(t - dY) + (dollar_deliveries - maint_materiais_cost) * &t

INIT stores_dollars « stores_inventory“doliars_per_part
DOCUMENT: Pars irventry measured in dollars
INFLOWS:

- 71 -
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doilar_deliveries = Pars_accpd®dolars_per_part
DOCUMENT: Parts deilvenes measured in doliars

QUTR.OWS:

%% maint_mawrisis_cost = pants_consumed‘av_doliars_pes_part
DOCUMENT: Parts consumptons meesured in dolars

[ stores_inventory(y) « stores_inventory(t - dt) + (Parts_accptd - parnts_consumed) ° dt
INIT stores_inventary = Initial_Stores_inv_input

DOCUMENT: Stores inventory
(parts]

The number of total parts in the storeroom.

INFLOWS:

[parts/week]

OUTR.OWS:
% pats_consumed « total_WO_completed®av_parts_per_wo
DOCUMENT: Pares Consumed
{parts/week]

Pars used in compieting work orders

O ’_jﬂ_ _Eq - .1
OOCUMENT: Dollars per new Capital Equipment
(Millons of Doliars/Equipment).

This is the cost for sach pisce of new equipment. New egipment effect is fait under defects fram ops. The assumplion is that new equipmant
breaks down at a lower rate than oid equipmant. This cost assumes hat $ie cost for new cap squipment is high because the small equipment can be
mbmmmlﬂﬂm Whole new equipment is assumed here 1 be compisx and sfiact he chance of breakdown not 1
compietsy fix a machine.

QO Me_Time =28

DOCUMENT: Ags Thine

{weoks)

Time for squipment 1 g0 Fom new 10 oid just iike e rest of the equipment on Svarage. A guses on MGT'S part.
QO ave_imp_Qual_Spes « (100-av_qual_spece)°Ave_Qual_Spes_Switch*.8

?_?lcm Average improvemant Quailty Specificasion

The average improvement per upgraded specification. It seys tat for each reject for which he specs ware upgraded he iINcreese in spec quality
will be 80% of the difference betwesn the cid spec quallty and 100% quallly spes since sach spec upgrade will not be parfect,

1 ieads 0 sutomafie IMpVEIINE In part quallly
0 hoids quality at inlilel valien

QO av._dollars_per past «  sNIER_(
DOCUMENT: AVerage cost par pant In inventory

QO av_quui_specs « Cualiy_of_Specaipes
DOCUMENT: AVerage quallly of spacs
o Buy_Time = 2
DOCUMENT: Buy Time
(wooks)
Time © install new equipment
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Cost_New_Cap_Part = 2.5
DOCUMENT: Cost ot New Capitai Expenesd Parts
[Millions ot Dollars/Part)

This is the cost of purchasing a new capital equipment and adding the resulting new 3pec for that epipment o the total. New caprtal equipment
will have less wear and 188r and have less of a chance of breaking down.

Cost_Per_Part_Des « .028
DOCUMENT: Cost Per Part Design Upgrade
(Millions ot Dollars/pary

Cost of improving a specification of part. it represents the cost of investing in improving gaskets to MCPs. Since the utiiity buys millions of
gaskets and only one or two MCPs this number averages out. [t aiso represents the cost of investing in a program 10 improve competitveness
betwesn suppliers and testing and researching betr products.

deliveriss « MiN(parts_consumed/(1-frac_dfet_parts_rtrnd), Bud_Maint_parts/doilars_per_part)
DOCUMENT: Raw material deiliveries

frac_dfct_parts_accptd « frac_parts_dfct_at_deivry*(1-frac_rtrnd_given_dfct)
frac_dfct_parts_rtrnd = frac_rtrnd_given_dfct'frac_parts_dfet_at_delvry
DOCUMENT: Fraction Defectve Parts Retumed

(fraction: |

The fraction of incoming pars that are retumed.
frac_parts_dfct_at_delvry « Frac_parts_def
DOCUMENT: Fraction parts Defective at Delivery
{defective parts/delivered pars)

Fraction of parts deliversd that are defective.

initial_quality_spec « 80
DOCUMENT: Quaiity of the inittal spec for a new part.

new_parts « New_Part_Ceap_lnve/Cast_New_Cap_Part

DOCUMENT: new designed pars

{parts}

This represents the number of pars which are new, (s representing new specifications required.
New_Part_Des_lnv « 1.5"5

DOCUMENT: New Part Dssign investment

[millions of dollars)

Investment in new part design in order % reduce defect ganeration rals. This discretionary perametsr will provide a delayed improvement in
quaiity. Management can improve pars in genaral.  Assumed 0 bé 1.3 million dollars as a reascnabie investment in parts quality.

pet_inventory_dfetv =  100°Dfetv_inventory/stores_inventory
DOCUMENT: Percent inventory Dslecive

{%}

Pct of parts that e defective

rejects = deliveries*tras_dict_parts_send
OOCUMENT: Materiahs that are dullvered and rejected.

repiacement_investent « 444

DOCUMENT: Replacament ivestment

[millon dollars)

speca_upgraded « nn'.!v

DOCUMENT: Upgrading of matiriais specifications

This repressnts e percantags of rejects which will have thelr specs upgraded, 20% because he large majority of defects will be retumed
without s Increase in spece balleving that they are one time defect.

.73 .
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stores_inv_per_ERV « 100° stores_dollars/repiacement_investment
DOCUMENT: Stores inventory per Estimated Replacement Investment
0

siores inventory per estimated replacement investment

stores_ratio = stores_inv_per_ERV/arget_inventory_as_%ERV
target_inventory_as_%ERY « 1.00

DOCUMENT: Target inventory as Percent of Estimated Replacement investment
(1

This is the target for stores investment as a percant of estimated repiacement investment that creates the proper service level in stores.

frac_rtrnd_given_dfct « GRAPH(av_qual_specs)

(0.00, 0.00), (10.0, 0.0175), (20.0, 0.04), (30.0, 0.088), (40.0, 0.108), (50.0, 0.17), (80.0, 0.22%5), (70.0, 0.27), (80.0, 0.3),
(90.0, 0.318), (100, 0.32)

DOCUMENT: Fraction Returnad Given a Defect

[fraction: parts with defect returned/parts with defect]

The fraction of materisis that are relumed given that they have a defect.

Service_Level « GRAPH(stores_ratio)

(0.00, 0.00), (0.111, 0.08), (0.222. 0.198), (0.333, 0.6), (0.444, 0.808), (0.588, 0.88), (0.668. 0.91), (0.777, 0.938), (0.888,
0.965), (0.999, 0.986), (1.11, 0.99), (1.22, 0.99), (1.33, 0.99), (1.44, 0.99), (1.58, 0.99), (1.67, 0.99), (1.78, 0.99), (1.89,
0.99), (2.00, 0.99), (2.11, 0.99), (2.22, 0.99)

DOCUMENT: Stores Ratio

[fraction]

Probability of normally stocked part currently being in Inventory,

?

Spec_upgrade_per_part = GRAPH(New_Part_Des_inv/Cast_Per_Part_Des)

(0.00, 0.018), (10.0, 0.048), (20.0, 0.084), (30.0, 0.18), (40.0, 0.392), (50.0, 0.632), (80.0. 0.976), (70.0, 1.24), (80.0, 1.38),
(90.0, 1.47), (100, 1.52)

DOCUMENT: This represent the mulliplicaion on initial spec requirements that investnent in new and better part designs by the utiity wilt
have. [t could aiso represent maney investad in moare competiive operations such as sseling out betier products since this costs money also. The
output is an S shaped curve which will represent and increase or decreass in percentage defacts from he inital defect % of 80%.

Plant: Meehsniss
0 ave_overime(y « ave_oversime(t - q.(m_m_m_on [

INIT ave_overtme « §
DOCUMENT: Averags Overtme
[hours/weelk/person)

Average number of overime hours worked. The averaging represents the procsss fough which excessive overime gradually causes faligus and
reduces productivily. The procsss of recovering Yom excsesive overtime is also gradusl.

INFLOWS:
¢ change_in_eve OT « (Indicated_overime-ave_overime)ime_to_chenge_sve_OT
OOCUMENT: Change s Avanage Overtme

Mdm_m-mm d) + (maing_hiring - metal_loss) *
INIT Maintenanee_Stall « iniiad_Machanics_Stadit

DOCUMENT: Maintanance Sult
[pecpie}

Total Maintsrance personnel, including planners.
INRLOWE:.

.74 -
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08 maint_hiring « attrition«(New_Staft_Hiring"New_hiring_Switch/maint_hiring_dslay) + Contractor_Puise

DOCUMENT: Maimtanance Hiring
[peopie/week)

hiring of new mechanics
(if tme = 10 then 0/dt eise O

QUTROWS:
% mstaff_loss -
attrition+ PULSE(mainteniayoffs"Maintenance_Staff,200,1000)+SMTH1(Outage_Finish*Cont_Hiring®.5.2.0)+(Budget_laylotts_me
chs/bud_layott_time)
DOCUMENT: Maintenance Staff Loss
{peopie/week)

attrition « 05"Maintenance_Staft
DOCUMENT: Atrition
[fraction: peopie/week]

staff lost per week due 1 retirement, death, quiting, etc.

Budget_laylofts_mechs « IF(Maintenance_StaftyMax_Mech_Staff) THEN(Maintenance_Stafi-Max_Mech_Sta)ELSE(0)
bud_layoff_time « 6

Contractor_Puise « SMTH1(Cont_Hiring*Outage_Start, 1,0)

Cont_Hirng « 150

DOCUMENT: Number of contractors hired

dsc_insp_Staff = MIN(maint_staff_avall_maint_work’max_frac_avi_mstaff_alloc_dsc_insp, desired_Staf!_for_dsc_insp)
DOCUMENT: Discretionary inspection

[poopie] '

Meachanics aliocated © doing discretionary inepections

frac_overtime = target_trac_overime’eff_wicad_OT eft_prod_pres_on_OT
DOCUMENT: Actusl fraction overime

[fraction: hours/Mhours}

Overtme for maintenance staff in twrms of percent of sanderd work weekk.
OOCUMENT: Human Eflacts on Work Ordar

[unitiess multiplier]

Product of motvation, fatigus and workiond offects on WOrker Performence.
Indicated_cverime » standard_howrs‘frac_overime

DOCUMENT: indicated Overime
[hours)

Human_Effs_on_WO_Comp = eoff_motivation_WO_comp*(SMTH1(eff_OT_fatigus_wo_comp.8, 1)) sf_wiced_wo_comp
Compistion

Indicated Maintsnancs evar@ms et is warkied (actual week by week vaius). As of &/4 & includes he Taining hours.

Percentage of e mechanics that will be lnyed off for the et

Layolf_Switch « 0
DOCUMENT: This switsh laysalt 2% of workers ot wesk 100

mainteniayofls = Layoll_Fracion“Layoll_Switch
oo;mam Maintnance layofis
(%

Thia is & policy varisble twat is an exogencus unclion of ¥me.

.78 -
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maint_hiring_delay « 8
DOCUMENT: Time 10 hire new mechanics

Units wesks

maint_staff_avail_maint_work « Maintenance_Staff-Pinrs_Maint
maint_statf_avail_mech_work = maint_staff_avail_maint_work-total_insp_manpower
DOCUMENT: Maintenance Staft Availabie for Mechanical Work

[pecple]

Maintsnance staff available . for actual work on machinery, whether mechanical, electrical, instrumentation, etc.
max_frac_avi_mstaft_alloc_dsc_insp « Fr_Lab_bud_All_Disc_insp

DOCUMENT: Maximum Fraction Available Maintenance Staff Aliocated Discretonary Inspections

{traction. allocated peopie/avail pecpie)

Every week a certain number of discretionary inspectons come due. Thess inspections require mechanics, for exampie 10. This variable
represents the fracion of the ten mechanics he piant is willing to give up for the inspections. For example, if the fraction is .8, 8 mechanics
would be allocated o discretionary inspec¥ons.

New_hiring_Switch « IF(Maintenance_Staf>Max_Mech_Staff) THEN (0) ELSE (1)
DOCUMENT: New Hiring Switch
[0 or 1 logic variable)

1 allows new maintenance staff to be hired when average overtime becomes excessive.
0 disaliows any new hiring because of incressed workioeds.

Pinrs_Maint « Maintenance_Stait"Frac_Maint_staff_Planners

DOCUMENT: Planners Maintsnance

Units: (workers)
This is the number of maintenence worikers aliocatsd 10 planning.

standard_hours = 40 (Hours)
DOCUMENT: Standard Hours
[hours/weelv/person)

The standard number of hours worked per wesk per maintenance stalf (mechanio, elecwician, pipefitter, machinist, ex.)

{hours/hours)
target_w:s_work « 2 .

DOCUMENT: Target Wesks Work
{weoks)

The desired or target baciiog, in Wne, of work 1 be maintained.

tme_w_change_ave_OT « 1
DOCUMENT: Time © Changs Average Overtme
(weois}

This is he Ime 1 adjuit Gverage varime. R detrmines how quicidy sverage overtime adjusts 1 actual overime.

Hours/Weei/Mech)
This is e number of hours per week that mechanic spend in Yaining. R incresses thelr lsaming curve but also costs money and takes them offt
jobs. The benefils should be iong trm then. T also increases experience faster.its effect is on e isaming casves of other aress.

.78 -
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workioad = weeks_work_TBOnarget_wks_work
DOCUMENT: woridoad
(traction: weeks/weeks]

EfFotDG « GRAPH(ave_overtime)

(0.00, 1.00), (2.00, 1.00), (4.00, 1.00), (6.00, 1.08), (8.00, 1.10), (10.0, 1.15), (12.0, 1.20), (14.0, 1.25), (16.0, 1.30). (18.0.
1.35), (20.0, 1.50)

EFF_mainQT_info « GRAPH{ave_overtme)

(0.00, 0.998), (2.00, 0.984), (4.00, 0.983), (6.00, 0.983), (8.00, 0.944), (10.0, 0.914), (12.0, 0.868), (14.0, 0.829), (16.0.
0.799), (18.0, 0.77), (20.0, 0.751)

off_motivation_WO_comp » GRAPH(TIME)

(0.00, 1.00), (1.00, 1.00), (2.00, 1.00), (3.00, 1.00). (4.00, 1.00), (5.00, 1.00), (.00, 1.00), (7.00, 1.00), (8.00, 1.00), (S.00,
1.00), (10.0, 1.00), (11.0, 1.00), (12.0, 1.00)

DOCUMENT: Effect Mativation Work Order Completion

[unitiess muitiplier]

This is the motivation factor on productivity bassd on good ieadership. 1.0 is none 1.18 if Al

EN_OT_fatigue_OA = GRAPH(ave_ocvertime)

(0.00, 0.998), (2.00. 0.97), (4.00, 0.98), (8.00, 0.92%), (8.00, 0.88), (10.0, 0.828), (12.0, 0.796), (14.0, 0.785), (16.0, 0.75S),
(18.0, 0.74), (20.0. 0.72)

oft_OT_fatigue_wo_comp = GRAPH{ave_overtime)

(0.00, 1.00), (1.08, 0.98), (2.11, 0.958), (3.16, 0.945), (4.21, 0.93), (5.26, 0.918), (8.32, 0.905), (7.37, 0.885), (8.42, 0.34%),
(9.47, 0.82), (10.8, 0.79), (11.8, 0.786), (12.8, 0.775), (1.7, 0.76), (14.7, 0.758), (15.8, 0.738), (16.8, 0.72), (17.9, 0.70S),
(18.9, 0.898), (20.0,.0.88)

DOCUMENT: Effect Overtime Fatigus Work Order Completion

[unittess muitiplier]

The effect of over¥me on productivity.

oit_prod_pres_on_OT « GRAPH(production_presswre)

(1.00, 0.00), (1.04, 0.408), (1.08, 0.732), (1.13, 0.948), (1.17, 1.10), (1.31, 1.26), (1.26, 1.42), (1.29, 1.50), (1.33, 1.68),
(1.38, 1.77), (1.42, 1.88), (1.48, 1.94), (1.50, 2.00)

DOCUMENT: Effect Production Pressure on Overtime

{unitless muitipiier)

The effect of production pressure on overima. If product demend is vary high, there is pressure for MAINIENANCS 10 WOrk overtime © get the
oquipment back on-iine.

ofi_wioad_OT = GRAPH(woridosd)

{0.00, 0.00), (0.4, 0.28), (0.8, 0.42), (1.20, 0.52), (1.80, 0.72), (2.00, 1.08), (2.40, 1.38), (2.0, 1.82), (3.20, 2.46). (3.60,
3.30), (4.00, 4.00)

DOCUMENT: Effact Woridoad Overime

{unitless muitiper]

it the number of wesls of maintanance work is high, here is preaswre 8 work over tme 10 gat the work done.

off_wioad_wo_comp « QRAPH(workioad)

(0.00, 0.00), (0.128, 0.028), (0.28, 0.08), (0.378, 0.17), (0.8, 0.32), (0.628, 0.438), (0.78, 0.398), (0.878, 0.83), (1.00, 1.00)
DOCUMENT: Effect of Worldoad on Work Ordar Complstion

[unitiess multiplier]

As work siows down, the staff's desive 1B compiets wark arders decreases. it represents pecpiss desire 10 maks he avallable work fit the
available tme.

Now_Staft_Hiring = GRAPH(ave_overtime)

(0.00, -0.5). (1.00, -0.14), (200, 0.08), (3.00, 0.1), (4.00, 0.2), (5.00, 0.38), (6.00, 0.483), (7.00, 0.613), (8.00, 0.913),
(9.00, 1.40), (10.0, 2.00)

Plamt: Mochsnies Time Aliceation

o

base, m_m_wo_m_m-u_m a7
OOCUMENT: Sane Fraction Schedhisd Werk Order Mours Maintenancs Hours
[traction: wrenah hours/maintanance hours)

Per cant of mechanics hours allocated ©p wrench %me i none of he work is planned
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base_frac_unschd_WO_hrs_maint_hrs « 25
DOCUMENT: Base Fraction Unscheduled Work Order Hours Maintenance Hours
(fraction: wrench hours/maintenance hours]

For unscheduled work orders, the percent of mechanic tme that goss o wrench hours if none of the work is planned

frac_manweeks_work_TBD_schd « manweeks_schd_woriv(totai_manweeks_work_TBD+.1)
DOCUMENT: Fraction Wark To 8e Done Scheduled
(fraction: weeka/weeks]

The fraction of the maintenance staff that is allocated % scheduled work.

frac_schd_WO_hrs_maint_hrs « MAX(base_frac_schd_WO _hrs_maint_hrs°eff_schd_planning_on_maint_hrs,.02)
DOCUMENT: Fraction Scheduled Work Order Hours Maintenance Hours
[traction: hours/hours}

Per Cent of mechanics going 10 wrench time for scheduled work

frac_unsch_WO_hrs_maint_hrs « MAX(base_frac_unschd_WO_hrs_maint_hrs*
unsch_etct_plan_pct_hr_wtime..02)
DOCUMENT: The per cent of unscheduled work hours hat go 1 wrench hours

Ind_Manweeks_Schd_work « Schd_WO_ta_work*WO_hrs_per_schd_WO/otal_work_hrs
DOCUMENT: indicated Marnwesis Scheduled Work
{person weeks)

Ind_manwesks_unschd_work = Unsehd_WO_to_work*WO_hrs_per_unschd_WO/total_work_hrs
DOCUMENT: indicatat Manwesia Unscheduled work
[person weeks|

Maint_hrs_per_schd_WO « 1.8
DOCUMENT: Maintanance Hours per Scheduled Work Order
{person hours/wark order}

The number of wrench hours required per scheduled work order

Maint_hrs_per_unschd_WO = 1.8
DOCUMENT: Maintsnance Hours per Unscheduled Work Order
(person hours/work order)

The number wrench hours required © compiste an unecheduled work order

manwesks_schd_work = ind_Manweeis_Schd_worivel_OT_fatigus_wo_comp
DOCUMENT: Marwasie Scheculad Wark
[person wesks)

The rurnber of wesls worth of scheduled work

manwesks_unech_work = Ind_manwesks_unschd_worivel_OT_fatigus_wo_comp
DOCUMENT: Manwesls Unachedisd Wosk
{person weshe)

Manwesies of w-

normal_schd_we_compr= SMTHT(sshd_meint_SmeAdaint_hrs_per_schd_WO.8)

DOCUMENT: Normal Schaduiad Wark Ondar Completion

[work orders/wesi)

Normal compistion of workorders given the number of mechanics, wrench hours per work order, and hawrs worked
schd_maint_tUme « schd_mech’(standard_hours+indicated_overtime- Training_Hours)®

trac_ “schd wo.m_mm_m

DOCUMENT: Schaduted Maintenance Time

{hours/week)

Wrench hours aficonted o scheduled work.
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schd_mech « maint_staff_avail_mech_work*frac_manweeks_work_TBO_schd
DOCUMENT: Scheduled Mechanics
[people}

The numbaer of mechanica allocated to perform scheduled work.

Schd_WO_to_work = MAX((schd_WO_RTBO&BO-Schd_WO_Unpind_Mat_req),10)
DOCUMENT: Scheduled Work Orders 1 Work
[work orders]

Work orders in progress or ready to work having no equipment or material delays.

total_manweeks_work_TBD = manweeks_schd_work+manweeks_unsch_work
DOCUMENT: Total Manwesks Work To Se Dane
[man weeks)

Totai manweeks of work both scheduled and unscheduled

unschd_mech = maint_staft_avail_mech_work®(1-frac_manweeks_work_TBD_schd)
DOCUMENT: Unachedulsd Mechanics
[pecpie}

Mechanics aliocated © unscheduled work

Unschd_WO_to_work « MAX(Unschd_WIP-Uschd_WO_unpin_Mat_req,10)
DOCUMENT: Unschedule Work Orders © Wark
(work orders)

unsch_maint_time = unschd_mech®(standard_hours+indicated_overtime-Training_Hours)*
frac_unsch_WO_hrs_maint_hrs

DOCUMENT: Unschedulsd Maintsnance Time

[hours/week]

Wrench time ©© unacheduled work

unsch_wo_norm_compieted = unsch_maint_time/Maint_hrs_per_unschd _WO
DOCUMENT: Unachaduled Wark Ordars Normally Completad
(work ordera/week]

The normal number of unech work orders compisted given he number of mechanics, hours worked, and he required number of wrench hours
per work ordes.

wesks_work_TBD « total_manweels_work_TBD/maint_stalf_avail_mech_work
DOCUMENT: Wesis Wark To 8¢ Dens

[weeks)
Total wesks of maintenance work both scheduled and unacheduled.

WO_hrs_per_schd_WO = SMTH1(Maint_hs_per_schd_WO/irac_schd_WO_hrs_maint_hrs,2)
DOCUMENT: Schaduled Work Order Hours
{hours/Weark order)

Total stalt hours par schaduled work order, includes actusl maintenance Une, prep work, dress out, breals, ot0. - everything except pianning
personnel’'s tme.

WO, m_por_umal_w = Maing_hre_per_unschd_WQ/rac_unech_WO_ivrs_maint_hrs
DOCUMENT: Wark Ondes Hews par Unachedulad Werk Orders
{hours/work order}

Total staft howrs par unasheduled work arder, includes actual maintenance §me, prep work, dress out, breaks, o0, —~ everything except
planning persennels tma.

oft_schd_planning _on_maint_hre « GRAPH(frac_schd_wip_w_pian)
(0.00, 1.00), (0.28, 1.38), (0.8, 1.78), (0.78, 2.14), (1.00, 2.52)
ODOCUMENT: The effact of planning on he fraction of mechanic ¥me allocated ©© wrench time in scheduled work.

unsch_sfct_plan_pct_hv_wiime « GRAPH(fras_unsch_wip_w_pian)
(0.00, 1.00), (0.28. 1.17), (0.8, 1.34), (0.78, 1.51), (1.00, 1.68)
DOCUMENT: The sffect of planning an he percsnt of ¥me that goes o wrench ime

Plant: Periodie Outage
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[T] Per_Outage(t) = Per_Outage(t - dt) + (Outage_Start - Outage_Finish) * dt

%)

INIT Per_Outage » 0

DOCUMENT: Periodic Outage
A function which says 1=periodic outage Osfully operational.

INFLOWS:

% Outage_Start « PULSE(1,0utage_Per.Outage_Per+Outage_iength)
OUTR.OWS:

'& Outage_Finish « PULSE(1,(Outage_length+Outage_Per),(Qutage_Per+Qutage_length))
Outage_length = §

DOCUMENT: Qutags Length
(week}

Right now this set by the user. Needs to be a function of broken equipment at the beginning of the outage.
Outage_Per « 10000

DQCUMENT: Refusiing outage periodiolty

(weeks)

This is the me betwesn outages.

Periodic_Outage_Function = 1

DOCUMENT: Refusiing Outage Function
{unittess)

=1 if using refusiing outages.0 if not
EFFBEOL « GRAPH(frac0_equip.

). )_bdown)
(0.00, 0.9), (0.1, 1.11), (0.2, 1.28), (0.3, 1.35), (0.4, 1.48), (0.5, 1.60), (0.8, 1.70), (0.7, 1.78), (0.8, 1.80), (0.9, 1.80), (1,
1.80)

Plant: planners .
7] library_plans(t) = library_planait - d) + (Plans_reviewsd - obsclesence_pians) ° dt

INIT library_plane = 100

DOCUMENT: Library Plans
[pians}

The lirary represents he plants memory of previous work. It work has been done belore, then planners can reference ibrary for developing
new work pians, thus saving Ime.

INFLOWS: :
< Plans_reviewed = eng_pian_rev_comp
OQUTROWE:
? obscisssnce_pians = lirary_plans/obecissence_time
OOCUMENT: Obecissence Plars
[plans/week)

The absaissence of plara.

Plans_wait_eng_rev(§ <= Plans_wail_eng_row(t - 0 + (Plan_created - Plane_reviewed) * &t
INIT Plans_wait_eng_fev » 108
% Plan_creatns « pine_cempleted™(1-¥ao_w_plane)
DOCUMENT: Coontiin New Plare
[plane/wesl]

The crestien of now plans for he forary. (work which hes never been done or not done in $0 long that a ally new plan is required:
.. ne or 1S historical reference.)

OUTRLOWR:
% Pans_reviowsd « eng_plan_rev_comp
maximum_pians « 20000°S
DOCUMENT: Mutmum Plans
(plans]

The number of pians Tat constihaes a “full* forary. At this number of plans there is & plan in the ibrary for 93% of the work orders. This
assumes that here is a finie number of hings that could be done in he plant.
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obsociesence_time « 10°52
OOCUMENT: Obsciasence Time
[weeks)

The average ime before a pian becomes cbsoiew

planners_weeks_work = SMTH1(total_wo_req_plans 4,10)/
((base_pinprd_w_pin‘frac_w_plans+base_pinprd_wout_pin*
(1-trac_w_plans))*pinrs_avail_pin)

DOCUMENT: Backiog Planner's Work

[weeks)

The number of weeks of work the planners have 10 do

pianner_prod = (base_pinprd_w_pin’frac_w_plans+base_pinprd_wout_pin‘(1-frac _w_plans))‘eft_wioad_pinprod
OOCUMENT: Planner Productivity
(plans/planner/week)]

Planner productivity in terms of plans per week

plan_ratio « (library_plans+Plans_wait_eng_rev)/maximum_plans
DOCUMENT: Ptan Ratio
[fraction: plans/plans)

Armrmnmmmmmmommummmw

pinrs_avail_pin « MAX(Pinrs_Maint-pinrs_to_mat_acq,0)
DOCUMENT: Planners Available Plan
[pecpie}

Planners available to create plans

pinrs_per_WO _req_Mst « 2.5/40
DOCUMENT: Planners per Work Order Requiring Materiale
[planners}

Maimenance staff assigned 1o planning unplanned WO requiring materials. (2.5 planners per 40 work orders)

pinrs_to_mat_acq « total_WO_req_unpind_mat*pinrs_per_WO_req_Mat
DOCUMENT: Planners 0 Material Acquisition
(pecpie}

pins_available = pins_compietsd-Plan_crested+Plans_reviewed
pins_compieted « pinrs_avail_pin‘planner_prod

DOCUMENT: Plans Compietsd

[work orders/week)

mwammmmwummwummmm.

total_WO_req_unpind_mat = Schd_WO_Unpind_Mat_req+Uschd_WO_unpin_Mat_req
DOCWBCT Totai Work Orders Requiring Unplanned Materiais
[work orders)

off_wiced_pinprod - GRAPH(planners_wesis_work)
(0.00, 0.00), (0.08, 0.488), (0.1, 0.708), (0.18, 0.88), (02. 0.92), (0.28, 0.968), (0.3, 0.97), (0.38, 0.988), (0.4, 1.00)
DOCUMENT: The effast of wark loas on planner productivily. it planners have mare work they work mare intensely 1 compiets it.

frac_w_pians « GRAPH(plan_ratie)

(0.00, 0.00), (0.1, 0.18), (0.2, 0.348), (0.3, 0.47), (0.4, 0.588), (0.8, 0.88), (0.6, 0.718), (0.7, 0.78), (0.8, 0.83), (0.9, 0.388),
(1.00, 0.938)
DOCUMENT: Fraction With Plarne

(fraction: werk orders with historioal plane/work orders)

The fraction of wark orders for which thers is an existing plan in the library

Plant: Safety and ALARA Sub-Sester
[ Sum_Forced_Outages() = Sum_Forced_Outagesit - d9 + (OT_Forced_oug) ° &t

INIT Sum_Forced_Outages « .08
INFLOWS:

- 81 -
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<4 DT _Forced_out = EFFForcOut
Totai_ManRem(t) = Totai_ManRem(t - d9 + (Change_in_ManRem) * dt
INIT Total_ManRem = 9
INFLOWS:
% Change_in_ManRem « EFF_ManRem_FO+EFF_ManRem_{sp+EFF_ManRem_Ops+EFF_ManRem_SM+EFF_ManRem_UM
Totai_Run_Time(t) = Towl_Run_Time(t - dy + (DT _Cap) * dt
INIT Total_Run_Time = 1
INFLOWS:
% OT_Cap = capacity_Onine
Yr_ManRem(t) « Yr_ManRem(t - dt) + (Yr_Ch_in_ManRem - Yr_Reset) * dt
INIT Yr_ManRem « .01 .
INFLOWS:
% Yr_Ch_in_ManRem = Change_in_ManRem
OUTROWS:
& Yr_Resst « PULSE(Yr_ManRem.52.52)
Core_Meit_Frequency_Est = EFFEBCM EFFFOCM EFFFORICMFreq EFFTDCM EFFFORICMFreq*(1/Operator_Astuteness)’1 ES
DOCUMENT: Core Meit Frequancy Estmassd
{melits/week)*1ES
mmm-:mumdmmﬁm. The initial core meit frequency is set at about 8€-8 base on TMI accident's being the
only Core Meit in US.

EFFFORICMFreq « (Ev_Rt_Op_Er_Exp+Ev_Rt_Op_Misinf)/4400

DOCUMENT: Effect of Rate of Operator Esrors (Events) on Core Mek Frequancy

(Core Melts Per Weel)

This effect is based on he baseiine of 4400 events per core meit. There has bean one care melt in 40 years of Reactor operation with 110
evens per year. Or a chance of 1/4400 of an event being a core meit.  This is the base core meit freguency.

EFF_ManRem_fO « OT_Forced_out"MRperfO

EFF_ManRem_lsp = (dsc_insp_wout_tdwn+dec_insp_w_tdwne+mand_inap) MRper_inep

EFF_ManRem_Ops « capacity_Oniine"MRper%

EFF_ManRem_SM = MR_perWO schd_WO_compisted

EFF_ManRem_UM « MRperUWO unechd_WO_completed

Forced_out_Frequency « Sum_Forced_Outages/(.08+ TIME)

:a_m_m = IF(capaoity_Oniine>40) AND(TIME>26) THEN (MONTECARLO(Towml_FO__%_prob, 183)°FO_OEiay)*(1-Per_Outage) ELSE

FO_DElay « IF(TIME > 27) THEN 1 ELSEO
Minor_Event_Funct = MONTECARLO((Ev_At_Op_Er_Exp+Ev_Rt_Op_Misind)*100,3444)
MRper% « .1

MAperfO « .1

MRperUWO = .001

MRperwk « Total_ManfemATIME+1)

MRper_inep = .0001 '

MR_perWO = .0008

Operatr_Astuuanses « EN_OT_fatigus_OA"Morsle

Running_Ave_Cap = Totai_Run_Time/(.08+ TIME)

Site_Alert_Funct = MONTECAALO{(Ev_Rt_Op_Br_Exp+Bv_At_Op_Mieinf)*100/10,677)
Site_Emergency_Funat = MONTECARLO((Bv_ft_Op_Er_ExpeBv_fit_Op_Misinf)*100/80)
Total_FO__%_prab = FO._Cesuwancs_Rate_Op*100+ENEBFO

EFFEBCM « GRAPH{bI. squip_bdoun)

(0.00, 0.598), (10.6, .04, (20.0, 0.508), (30.0, 0.588), {40.0, 0.643), (50.0, 0.939), (80.0, 1.17), (70.0, 1.40), (30.0, 2.50),
{90.0, 4.78), (108, KP%)

= GRAPH(IES_squip._bdmn)
(0.00, 0.00), (0.088, 0.08), (0.08, 0.128), (0.078, 0.128), (0.1, 0.28), (0.128, 0.38), (0.18, 0.3§), (0.1785, 0.38), (0.2, 0.4),
(0.228, 0.68), (0.28, 1.30), (0.278, 1.88), (0.3, 2.58), (0.328, 3.48), (0.36, 4.48), (0.378, 5.38), (0.4, 6.20), (0.425, 6.90),
(0.48, 7.60), (0.478, 8.40), (0.5, 9.80)
DOCUMENT: Efiast of Sralun Equipmant on Forcad cutages
(%/week)
Percantage Chanse of having an outage per wesk from brolen equipment.

EFFFOCM = GRAPH{Forosd_out_FrequencyIiNIT(Forcsd_out_Frequency))

(0.00, 0.9), (0.5, 0.949), (1.00, 1.01), (1.50, 1.08), (2.00, 1.11), (2.50, 1.19), (3.00, 1.24), (3.50, 1.29), (4.00, 1.33), (4.50,
1.36), (5.00, 1.40)

EFFTOCM « GRAPH(toW_defects/INIT(iotal_defect))

(0.00, 0.9€), (0.5, 1.00), (1.00, 1.08), (1.50, 1.09), (2.00, 1.14), (2.50, 1.24), (3.00, 1.40), (3.60, 1.67), (4.00, 1.92), (4.50.
2.18), (5.00, 2.97) '
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Morale « GRAPH(TIME)
{0.00, 100), (52.0, 1.00), (104, 1.00), (156, 1.00), (208, 100), (260, 1.00). (312, 1.00), (384, 1.00). (418. 1.00), (468
1.00), (520, 1.00)

Plant: Unscheduled Work Orders
{1 UnSchd_pin_WO_req_ Mat{t) = UnSchd_pin_WO_req Mat(t - dt) + (new_unschd_pin_WO_req_mat - unschd_pin_WO_mat_acqd) * ot
INIT UnSchd_pin_WO _req_Mat = 2.7

DOCUMENT: Unscheduled Planned Work Orders Requining Materials
[work orders)

The number of unscheduled, planned work orders that are waiting for additional materiais for work ©© begin.

INFLOWS:
new_unschd_pin_WO_req_mat = unsch_work_pins_compietedfrac_unschplan_req_mat
DOCUMENT: New Unscheduled Planned Work Orders Requiring Matenials
{work orders/week)

The flow of new unscheduled, planned work orders that require additional mavwrials.
OUTRLOWS:
“#® unschd_pin_WO_mat_acqd = UnSchd_pin_WO_req_Mat/mat_scq_delay
DOCUMENT: Unacheduled Planned Work Orders Materials Acquired
[work orders/week)
The flow of unacheduled, planned workorders that have received the addiional matarinie

[1 Unschd_WIP() = Unschd_WIP(t - dt) + (unsch_work_begun - unschd_WO_compieted) * dt
INIT Unschd_WIP = 383.63°8

DOCUMENT: Unscheduled Woark in Progress
[work orders)

Unscheduled Work Orders Currently being worked on.
INRLOWS:

-8 unsch_work_begun = (unechd_wo_wait_eq-UnSchd_pin_WO_req_Maty/
unschd, ume

Work orders flow intd the work in progress catagory when work on the unschedulsd work orders is begun.

OUTROWS:
% unechd WO_campieted = unech_wo_nom_completsd"Human_Effs_on_WO_Comp
DOCUMENT: Unacheduled Work Ordars Compiated
(work orders/weeit]
The compistion of unscheduled work orders

] Unschd_Work_Pins_Avail{Y « Unschd_Work_Pins_Avail(t - d9 + (unsoh_work_pins_compietsd - Unech_Work_pin_used) ° dt
INIT Unschd_Woark_Pins_Avall « 10

DOCUMENT: Unachadutd Wark Plans Avaliable

[work orders)

Unachedulsd work ardens wilh Plans et are availsble 1 be worked.

{2.8)

INFLOWS:

-,’ unech_work_pine_compieted « pins_available’(1-frac_ping_ls_for_schd_work)

OOCUMIENT: Unachedided Wark Plans Compiletad
{work orders/weel)
The compiston of plans for unscheduled work orders

oUTROWR
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P Unsch_Work _pin_used = unschd_WO_compieted*frac_unsch_wip_w_plan
~  DOCUMENT: Unscheduled Wark Plans Used
{work orders/week]}

Planned unacheduled work orders that are consumed in the procees of compieting unacheduled work,

3 unschd_WO_wait_eng() = Unschd_WO_wait_eng(t - d) « (new_unschd_work - u_wo_rev_eng - unschd__wa_eng_forget) * dt
INIT Unschd_WO_wait_eng = 350.13°S

DOCUMENT: Unacheduied work orders waiting for Engineer Review.
[work orders)

INRLOWS:

» M_W_m - (mm_wurw_m,nw_umumip_p«_n
[work ordersiweek]

The flow of new unscheduled work orders

OUTROWS:
W u_wo_rev_eng = iF TIME>O THEN eng_unsod_wo_rev_comp ELSE 1250
= unachd__wo_eng_forget « IF Unschd_WO_wait_eng>2"u_wo_rev_eng THEN Unschd_WO_wait_sng/eng_and_man_forget_time ELSE (
[ unschd_wo_wait_eq(t) = unschd_wo_wait_eqit - d9 + (u_wo_rev_mgt - unsch_work_begun) * dt
INIT unschd_wo_wait_eq « 1500
INFLOWS:
W u_wo_rev_mgt = IF TIME>O THEN mgr_unach_wo_rev_comp ELSE 1290
OUTROWS:
" unsch_work_begun « (unschd_wo_wait_eq-UnSchd_pin_WO_req_Mety/
unschd_baciiog_tme )
> Unschaduled Wark Begun
[work orders/week)

Work orders flow intd the wark in progress catagory when work on e unacheduled work orders is begun.

[ Unschd_wo_wait_mar(9) = Unechd_wa_wait_mge(t - d + (u_wo_fev_eng - u_wo_rev_mge - unschd_wo_mgr_forget) * dt
INIT Unschd_wo_wait_mgr « 1500

DOCUMENT: Unacheduled waork orders waling for manager approval.
{work orders per weelk)
INRLOWS:
9P u_wo_rev_eng = IF TME>O THEN eng_unecd_wa_rev_comp ELSE 1280
OUTROWE:
-g u_wo_rev_mgt « IF TIME>O THEN mgr_unech_we_rev_comp ELSE 1200
49 unschd_wo_mgr_forget « IF Unschd_wo_wait_mgrn2°u_wo_rev_mgt THEN Unschd_wo_wait_mgr/eng_snd_man_forget_time ELSE (
[ Uschd_WO_unpin_Mat_req() « Usche_WO_unpin_Mat_req(t - dt) + (new_unech_wo_unpin_met_req - uschd_wo_unpian_mat_scq) * dt
INIT Uschd_WO_ungin_Mat_reg = 70.90°8

DOCUMENT: Unschaduts Wavk Ordavs Unplanned Material Recuirements
[work orders)

Unscheduled, uplenned wark enders hat are walling for

materiale
INALOWS: B
® now_unsch_we_unpin § = unsoh_werk_begun“frc_unsch_wa_unpin_met_req°(1-ee_unschd_WO_plunc_w_pian)
DOCUMENT: New Unachedulad Wark Orders Unplanned Material Requirements
(wark orderawesld .
OUTROWE:
- 84 -
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» uschd_wo_unpian_mat_acq « Uschd_WO_unpin_Mat_req/mat_acq_delay
DOCUMENT: Unscheduled Work Orders Unplanned Materials Acquisition
[{work orders/week)
unscheduled, unpianned work orders for which the additional materiais arrive

eng_and_man_farget_tme « 12

frac_ping_is_for_schd_work = schd_wo_req_pins/total_wo_req_plans
DOCUMENT: Fracton Planning is for Scheduied Work

[traction: plans/plans]
monmdpmmmﬁmmmmmmm

{ originally: frac req pians schj

frac_unschd_WO_pfunc_w_pian « unschd_pin_WO_ptunc/(unschd_wo_wait_eq+10)
DOCUMENT: Fraction Unscheduled Work Orders Partially Functional with Plan
[tfraction: work orders/work orders)

The fraction of unecheduled work orders on partially functional equipment that have a plan
trac_unschplan_req_mat « 1-(Service_Lavel utiization)

DOCUMENT: Fracion Unscheduled Planned Work Orders Requiring Materials

[fraction: work orders/work orders)

The fraction of unscheduled, pianned work orders that require additonal materials that must be ardered: |.e. not currently in warehouse stock.
frac_unsch_wip_w_plan « unschd_pin_wip/(Unschd_WiP+10)

DOCUMENT: Fraction Unschedulsd Work in Progress with Pian

[traction: work orders/work orders)

The fraction of unschaduled work orders hat have a plen

Fras_WO_schd « schd_WO_compistad/otal_WO_compietsd

DOCUMENT: Fraction Work Ordars Scheduled

[fraction: work orders/work orders)

Fraction of all work orders compieted that are scheduisd wo.

frc_unsch_wo_unpin_mat_req = 1-(Service_Lavei‘utilization)

The fraction of unacheduled, unpienned work arders that require addiional materials ©© be ordered: Le. parts nat currendy in warehouse stocks.
schd_wo_req_pine = MAX{Sch_Total_worked“targ_frac_pian-Sohd_Work_Pins_Avaiisble, 1)
DOCUMENT: Requiring Plans

. Scheduled Work Orders
[work orders)

Total number of unschediied wark ordars cusvendly open.

otal_WO_compisted « schi WO_compistadeunsche_WO_compisted

DOCUMENT: Total Wask eniem campistad

[work ordersrwesk)

The wial manber of work orders compistad per week, both scheduled and unacheduled.

total_we_req_plans = unschd_wo_req_pins+schd_wo_req_pins
DOCUMENT: Towl Wark Ordars Requiring Mans
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(O unschd_backiog_time = 1
DOCUMENT: Unscheduled Bacidog Tims
[weeks)

This is the ¥me between noticing a pisce of squipment begins o fail and the tme that it is availabie to work on. Units are weeks.

(O unschd_pin_wip = MiN(Unschd_WIP"targ_frac_plan.Unschd_Work_Pins_Avail)
DOCUMENT: Unscheduled Planned Work in Progress
[work orders)

Unscheduied work orders currently being worked on that have a pian

(O unschd_pin_WO_ptunc = Unschd_Work_Pins_Avail-unschd_pin_wip
DOCUMENT: Unscheduled Planned Work Orders partally Functional
{work orders]

Unscheduled work orders that are partially functional thet have a plan

) unschd_wa_req_pins =
MAX((tonl unschd_work-Unschd_WO_wait_eng-Unschd_wo_wait_mgr)*targ_frac_plan-Unschd_Work_Pins_Avail,1)
DOCUMENT: wmmmm
[work orders)

Unsch_wo_part_func_eq « total_unechd_work-Unschd_WiP

vtlization = .7
DOCUMENT: Utiization
[fraction: ]

The fracion of matrials that come from plant stores.

Exogenous variable
| belleve this variable represents the fracion of parts used in the plant that is carried by the plant warshouse.

@ EFFuwErdet « GRAPH(u_wo_rev_eng/INIT(u_wa_rev_eng))
(0.5, 0.901), (0.98, 0.948), (1.40, 0.908), (1.88, 1.01), (2.30, 1.03), (2.78, 1.08), (3.20, 1.08), (3.68, 1.07), (4.10, 1.08),
(4.8, 1.09), (5.00, 1.10)

@ EFFuwoMridef « GRAPH(u_wo_rev_mguINIT(u_wo_rev_mgt)
(0.5, 0.901), (0.98, 0.97), (1.40, 102). (1.88, 1.08), (230, 1.07), (2.78, 1.08), (3.20, 1.08), (3.88, 1.10), (4.10, 1.10), (4.58,
1.10), (5.00, 1.10)

00

Repert Screen Prosess
] Reps_Waiting_for_Screening() = Reps_Walling_for_Screening(t - d9 + (Incoming_Reps - repors_scresnsd - repa_sbandoned) °* dt
INIT Reps_Wailing_for_Soresning = 70

DOCUMENT: Reports Walling for Scresning
(reports}

;:auuw::.'numu.m. May become bacidogged i the operaling sxperience program recieves (00 much information at
same

¥ Incaming_Repe «
EPRI res, m;u.m reportas+ VEN_res_complation+WANO_rep_camp+SER_reports+report__analyses_reos
m neaming Repartn
{reporte/wesl- -

mammmm“mm
Wil be screened for applicabilly.

OUTROWER:
% repern_screensd =’ Reps_Waiting_for_Soresning/adi_time_io_scresn_reps
OOCUMINT: - Repores Scresnsd
{reperts/week)
Reports undergoing screening ¥ determine appliicability 10 he ullity.

% reps_sbandoned « IF (info_eng_unevall_ ratics4) THEN m_,mm_wun_u_m ELSE O
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(] SOERs_waiting_for_Screening(t) = SOERs_Waiting_for_Screening(t - dt) + (Incoming_SOERS - SOER_screened) * dt
INIT SOERs_Waiting_for_Screening = §

DOCUMENT: SOERs Waitng for Scresning
(SOER]

soenuwuumwmmw.s«mm«mmsosnswm«wm.

INFLOWS:
% Incoming_SOERs = SOER_reports
DOCUMENT: incoming SOERs
[SOER/Week]
SOERSs coming into 10 the utility (usually through SEE-IN) for analysis.

OUTROWS:
% SOER_screened = SOERs_Waiting_for_Scresning/time_to_scresn_SOER
DOCUMENT: SOER Scresned
[SOER/WeskK)
SOER scresning compistion.
Q adi_time_to_screen_reps « tme_to_screen_reps‘info_eng_unavail_ratio
DOCUMENT: Adjustad Time 10 Scresn Repors
(week]
Time to scresn reporis adjusted for availabiity of engineers.
QO app_reps = reports_scresned*frac_reps_dtmd_spp
DOCUMENT: Appiicable Repore
[reports/week)
Number of screened repors that are detsrmined applicable.
QO 0p_repe_prev_anal = reports_scresnedirac_reps_prev_analyzed
DOCUMENT: Apgpiicable Reporss Previously Analyzed
(reports/week)
Numbaer of scresned reporss that had besn previcusly analyzed.
QO 20p_SOER = SOER_scresned*Yrac_SOER_dmd_app

DOCUMENT: Appilcabis SOER
[SOER/weeiq

SOERs determined appiicabils  our ulilly.
QO concems_from_spp_SOER « app_SOEAconcems_per_SOER
DOCUMENT: Concams Fram Appiicabls SOER
{concems/week)
New concsme from SOERS 1 be analyzed futher.
(Q concams_per_SOER « 8§
DOCUMENT: Concave per
{conceme/SOER} -
Average number of ullly sencems that come from SOERa.
Q frac_reps_cund_spp < 1-Fee_reps_prev_snalyzed
DOCUMENT: Fractian of Reports Deternined Applicable
[applicabls reporta/scresnsd reports)
Frascien of scresnsd reparts that are eppiicable an nesd Rther analysis.
Q frac_reps_prev_snalyzed « .3"EFP_DEFRED_repeat_reps
OOCUMENT: Fraction of Reports Previously Analyzed
{previously analyzed repore/scresnsd reporis)
mammmmmmmmmmnmm.
QO trac_rep_abendoned - 4

. 87 -
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Q ‘'rac_SOER_dwnd_sop = 80
DOCUMENT: Fraction of SOER Determined Applicable

Fraction of screened SOERs that are appiicable © the utiiity.
O non_app_reps = feports_screened®(1-frac_reps_prev_analyzed-frac_reps_dtmd_app)
DOCUMENT. Non Appiicabie Reports
{reports/week(
Number of screened reports that are detsrmined non-applicable.
(O non_app_SOER « SOER_screened"(1-frac_SOER_dtmd_app)

OQCUMENT: Non-Agpiicable SOER
[SCER/week]

SOERs detrmined © be non-appiicable © out utiity.
QO tme_to_screen_reps = 3
DOCUMENT: Time 1 Scresn Repors
(week]
Time for engineers 10 screen reports for applicability.
O tme_to_screen_SOER « 1
DOCUMENT: Time © Screen SOER
[woeks]
Time 10 screen SOER. Not adjusted by 1he engineer availability because 1hees are always scresnsd a8 300N as possible.

Social: Media Coverage

[ EftectiveMediaReports(y = EffectveMediaReporta(t - d) + (FollowupRptDissimination + OperstionaifptDlssimination +
EventRptDissimination - EffectRptFading) * at
INIT EffectiveMediaRepore = init_EN_Media_Rpts

DOCUMENT: Effeciive Media Repors

[articies)
INFLOWS:
? DOCUMENT: Follow-up R:putn Disssminagion
[articies/woek)

30 Eventfeparin(y - Eventfopartift - ¢ + (EventfipingRate - EventiptDissimination) * &t
INIT Evenifiapors « init_Evenilep

DOCUMENT: Bvert Repare
{articlea}

The develapmant of baciground repors for media aricies on major plant events.

INFLOWS:
¥ EventRpingfate - Plant_breakdwns_P2+(Plant_Force_Ouv200)°0
DOCUMENT: Event Reporing Rate
{articies/week)

OUTR.OWS:
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% EvenfptDissimination = Ew!ﬂm&mmmﬂm
DOCUMENT: Event Reporting Dissemination
{articlen/week]

(] FollowupReporta(t) = FollowupReports(t - dt) + (FollowReportingRate - FollowupRptDissimination) * dt
INIT FollowupRepors « .§

OOCUMENT: Follow-up Repors
[articles)

Media articles written (0 pravide additonal information on an earfier article (original article).

INFLOWS:
» demungﬂn. = Social Mumw(mmmmnmnmmp
DOCUMENT: Follow-up Reporting Rate
[amclml
OUTALOWS:

FollowupRptDissimination « FollowupRepors/FwupRptSpreadTime
4 DOCUMENT: Fallow-up Reporing Dissemination
{articles/weok]

] OperatingReporm(t) = OperatingReporm(t - df) + (OperatingReporingRam - OperationaiRptDissimination) * dt
INIT OperatingReports = init_Ops_Rgt

DOCUMENT: Operating Repore
[articles]

Ressvolr of articies writtan on plant performance (not including major svents).
NFLOWS:
% OperatingReporingRats = (Operating_Conditions+defect__operating_reports)*ENPIM
DOCUMENT: Opsrating Reporing Rate
[articles/week)

OUTROWE

OperationaifptDissimination «
L4 DOCUMENT: Operations Repart Dlssemination
(articlea/week]

O AverageRptEfiectLile « 4

DOCUMENT: Average Report Effeciive Lile
EviftpiSpreadTime « 2

DOCUMENT: Event Report Spread Time

Time for information in media article 0 disseminats fwoughout the countly.
Q FwphpttpreadTion « 1.8
DOCUMENT: Follsw-up Raparting Spread Time
(weeks}
mmumm.a—n—-—nm.
OpRpiigreadTine « &
DOCUMENT: Oparatiane Ruparing Spread Time
[weoks)
Time (or cperatiane sestsies % disseminate Ywoughout counlry.
QO Plant_Foros_Omt « PULSE(1.0,07) Por_Owt_Funct

Max Sreaiiowrs

DOCUMENT:
(breakdowne/wesly
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QO

Social_Multiplier = EFFCLM"EFFPOM®EFFLPOM
DOCUMENT: Socia Multiplier
{unitiess multipiier)

Combined impact of social concems on the media’s efforts for followup reports.

t_bdwns_P2 « 0+(STEP(10000/13400,156)-STEP(10000/13400,1686))Event_Switch

EFFMLM = GRAPH(E! )

(0.00, 0.823), (1.00, 0.997), (2.00, 1.00), (3.00, 1.00), (4.00, 1.01), (5.00, 1.02), (6.00, 1.08), (7.00, 1.11), (8.00, 1.22),
(9.00, 1.28), (10.0, 1.30)

DOCUMENT: Effect of Media on Lawmakers

{unitiess)

EFFMNRC « GRAPH(EffectiveMediaReparts)
(0.00, 0.88), (1.00, 0.949), (2.00, 1.00), (3.00, 1.00), (4.00, 1.00). (5.00, 1.01), (6.00, 1.02), (7.00, 1.04), (8.00, 1.06),
(9.00, t.11), (10.0, 1.20)
* Effect of Media on NRC Concam
[unitiess]

EFFMPO « GRAPH(EffectiveMediaReport/INIT(EffectiveMediaReports))

(0.00, 0.862), (1.03, 1.03), (2.07, 1.03), (3.10, 1.03), (4.14. 1.08), (5.17, 1.07), (6.21, 1.08), (7.24, 1.10), (8.28, 1.13),
(9.31, 1.14), (10.3, 1.16), (11.4, 1.17), (12.4, 1.20), (13.4, 1.20), (14.5, 1.22), (15.5, 1.22), (16.6, 1.24), (17.6, 1.25), (188,
1.28), (19.7, 1.27), (20.7, 1.27). (21.7, 1.28), (22.8, 1.26), (23.8, 1.28), (24.8, 1.20), (28.9, 1.29), (26.9, 1.29), (27.9, 1.29),
(29.0, 1.29), (30.0, 1.30)

DOCUMENT: Effect of Media an Public Concam

{unitiess]

The media transmits information deemed 10 be of public interest 10 the general public. This variable represents the impact of media aricles
upon the public’s CONCEM Over NUCIear power.

Operating_Conditions = GRAPH(capacity_Oniine+(100°Per_Outage))

(0.00, 2.77), (10.0, 2.73), (20.0, 2.52), (30.0, 1.62), (40.0, 0.77%), (50.0, 0.478), (60.0, 0.278), (70.0, 0.175), (80.0, 0.1),
(90.0, 0.00), (100, 0.00)

DOCUMENT: Operaing News

[articles/week)

Represents media attantion toward a nuciear plant — assuming such attention is a function of on-iine capacity of plant (performance).

Plant_breakdwns_P2 « GRAPH(t_bdwne_P2)

(0.00, 0.00), (0.1, 0.1), (0.2, 0.2), (0.3, 0.68), (0.4, 1.28), (0.8, 4.00), (0.8, 6.88), (0.7, 7.98), (0.8, 8.90), (0.9, 9.68), (1,
9.90)

DOCUMENT: Plartt Sresixiowrs

{breakdowna/week]

Socisi: Interest Groupe
T AntiNuciesr_Campaigna(9 = AntiNuciear_Campeigne(t - d9) + (Campaigninkationfiate - implementationRate - Fellurefate) ° dt

INIT AntiNuciesr_Campaigns = inkt_Cmpgns

DOCUMENT: An-Nuciear Campaigne
([campaigne]

NFLOWS:
% Campeigniniationfiate = Sockal_Concerns*(EN_Breakdwn_P2+E1_Ope/20+8H_Srealiwn/20)
DOCUMENT: Campaigh inintion Fate
[campaigna/vesi§

QUTROWR
. 4 implamentationfate « AniiNuciear_Campaigna/AveCampeigneDevelopmentTime
DOCUMINT: implasentation Ras
[campaigne/wesi]

k. 4 Fellurofats = AmiNuciess_Campaigns FractionCampaignsFailed/AveCampaigneDevelopmentTime

DOCUMENT: Fallue Rate
[campaigna/weeiq i
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EffectiveAntiNCampaigne(t) = EffectiveAntiNCampaigns(t - d) + (ImplementationRate - EffectFading) * dt
INIT EffectiveAnSNCampaigns = Init_ENCmpgne

DOCUMENT: Effeciive An-Nuciear Campaigns
[campaigns)-

% EffectFading « EffectiveAniNCampaigne/AveCampEfiectLife
DOCUMENT: Effeciive Fading
[campaigns/week)

1_Q_Lawsuits() = |_G_Lawsuitat - dt)- + (Suit_Filing_Rate - Dismissal_Rate - OutCourtSettieRate - TrialResolutionRate) * dt

INIT I_G_Lawsuits = init_IG_suite
DOCUMENT: interest Group Lawsuits

[suits)
INFLOWS:
% Suit_Filng_Rew = Social_Cancems®(EN_Breakdwn_P2+EN_Ope+EN_Breakdwn)
DOCUMENT: Suit Fiing Rate
{suita/'week)
oUTROWE:
% Dismissai_Rate « |_O_Lawsuitw/AveTimetoDiemiss
DOCUMENT: Dlamissal Rate
(suits/week]

IMM.
A 12
DOCUMENT: Average Campaign Developmant Time
(weeks)
AveCamplfisctlLile « 4
DOCUMENT: Average Campaign Efiscive Ul
(weeke}
AveTimetcDlemiss « 28
DOCUMENT: wm"roh
[wesks)

Avetimetofotle « OR-
OOCUMENT: Avernge TR ® Suiln:
(weoks) e

Av.‘l'dm - C‘.

-9 -
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@ EFFPILM « GRAPH(EflectveAntNCampaigns)
(0.00, 0.82), (1.00, 0.997), (2.00, 1.00), (3.00, 1.00), (4.00. 1.01), (5.00, 1.03), (€.00, 1.08), (7.00, 1.17), (8.00. 1.28),
(9.00, 1.29). (10.0, 1.30)
DOCUMENT: Effect ot Public interest on Lawmakers
{unitiess}

Q EHPIM = GRAPH(EffectiveAntiNCampaigns+|_G_Lawsuits)
(0.00, 0.00), (1.00, 0.00), (2.00, 0.00), (3.00. 0.00), (4.00, 0.00), (5.00, 0.01), (6.00, 0.035), (7.00, 0.1), (8.00, 0.203),
(9.00. 0.409), (10.0, 0.728)

@O EFFPINRC « GRAPH(EfectiveAntNCampaigne+_G_Lawsuits)
(0.00, 0.877), (2.00, 1.00), (4.00, 1.00), (.00, 1.01), (8.00, 1.01), (10.0, 1.03), (12.0, 1.04), (14.0, 1.06), (16.0, 1.08),
(18.0, 1.11), (20.0, 1.14)
DOCUMENT: Effect of Public insrest on NRC Concemn
[unitiess)

@ FEFFPIPO « GRAPH(EffactiveAntiNCampaigns/INIT(E igns))
(0.00, 0.981), (0.3, 0.981), (0.8, 0.983), (0.9, 0.982), (1.20, 1.00), (1.50, 1.01), (1.80, 1.03), (2.10, 1.04), (2.40, 1.08),
(2.70, 1.08), (3.00, 1.07)
DOCUMENT: Effect of Public Interest on Public Concern
{unitiess)

@ EFFPIPUC = GRAPH(EffectveAniNCampaigns)
(0.00, 0.98), (1.00, 0.944), (2.00, 0.398), (3.00, 0.896), (4.00, 0.894), (5.00, 0.892), (6.00, 0.89), (7.00, 0.884), (8.00,
0.792), (9.00, 0.748), (10.0, 0.7)
DOCUMENT: Effect of Public interest on Lawmalwrs
[unitiess)

@ Eft_Sreakiwn = GRAPH(Irac_equip_bdowns EFFForcOut)
(0.00, 0.00), (0.1, 0.028), (0.2, 0.08), (0.3, 0.2), (0.4, 0.5), (0.5, 1.12), (0.6, 2.42). (0.7. 3.90), (0.8, 4.47), (0.9, 4.88), (1,

Q@ EN_Breakdwn_P2 « bdwne_P2)
(0.00, 0.00), (0.1, 0.026), (0.2, 0.15), (0.3, 0.828), (0.4, 1.68), (0.5, 2.50), (0.8, 3.33), (0.7, 3.98), (0.8, 4.47), (0.9, 4.89),
(1, 4.97)
OOCUMENT: Effect Sreaiviowns
{actions/week]

@ EN_Ops = GRAPH(capacity_Oniine+(96°Per_Outage))
(0.00, 4.92), (10.0, 3.38), (20.0, 2.23), (30.0, 1.29), (40.0, 0.728), (50.0, 0.47%), (60.0, 0.28), (70.0, 0.15), (80.0, 0.1),
(90.0, 0.078), (100, 0.028)
DOCUMENT: Effsct Operaions

[actions/week]

Soclel: Publie Coneern
[ Loc_Public_Oppositon() = Los_Public_Opposition(t - dt) + (Change_Loc_Opp - Fading_Loc_Opp) * &
INIT Loc_Public_Oppasilien « 16

*9 Change_Loe_Opp = (Bewnid_LPO-Loo_Public_Opposition)/Time_to_ch_Loe_Opp
oUTM.OWER
% Fading_Los_Opp-= Len_Publie_OppositionLoc_Desensitization
] Nat_Public_Oppositien{§ = Nat_Publis Opposition(t - d9 + (Pub_Concem_Adjustment - FadingConcem) * &t
INIT Nat_Public_Oppositien = 20

DOCUMENT: Pullis Concarnn

(Concermn Unite}
Range 0 © 108
INRLOWS:
. 4 Pub_Concem_Adiustment « (Bounded_[POs-Nat_Public_Oppositiony/PC_Ad_Time
DOCUMENT: Public Concsm Adjustment
[concem/wesk)
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OUTROWS:
4 FadingConcem = Nat_Public_Opposition/(AvePubDesensitzation)
DOCUMENT: Fading Concem

] Utility_Goodwil() « Utiity_Goodwili(t - dt) « (GW_change) * dt

)

O

6]0) 00000000

®© 0 © ®© O 00

INIT Utility_Goodwill = 1
INFLOWS:
% GW_change « (Ind_Goodwill-Utliity_Goodwill)/GW_Change_time
$_on_Ed =« 02
DOCUMENT: Dollers on Educaion
Units: (min $'s/week)
Money spent on public education which transiates into goodwill.

AvePubDesensitzation « 520
DOCUMENT: Average Public Deseneitizing Time
{weeks)

This is the tme it takes even with other facions remaining constant for the public 1© be desensitized 10 an issus. Over tme peopie become more
and more used ©© partcular number of media reports, iNtrest group aclion oWo. and they care ises and iees.

Bounded_{POs = MAX(MiIN(indicated_Public_Opposition,$0),20)

Bound_LPO « MAX{MIN(Ind_Loc_Opp, 96),.5)

GW_Change_time « 52°Ind_GoodwilVUtiiity_Goodwill

Indicated_Public_Opposition = Nat_Public_Opposition*Net_Eflect_on_PC
Ind_Goodwill = EfiCUssstGW EM.OCEIGW EMLPOGW

Ind_Loc_Opp = Loc_Public_Opposition"Net_Ef_on_Loc_Op

Loc_Desensitization « 520

Net_Effect_on_PC = EFFPIPO’EFFMPOEFFUCDSPO EFFGAPCEFFSALPnat_pub_opp
DOCUMENT: Net Eflect on Public Concem

{unitiess)

Various factors influence the public’s concern over nuciear power. This variable celoulates the net effect of all varisbies within this modet
acting on public concen.

Net_Ef_on_Loc_Op = EFFGAPOEFFMPO " EiORLP O EFFPIPO EFFPOLPO EMNGoodWilLPOEFFSALPlocpub_opp
PC_Ad|_Time = 6°Nat_Public_Oppositorn/indicated_Public_Opposition

DOCUMENT: Public Opposition Adjustmant Time

[weoks]

The average ime for the public oppoaition over nuclear power 15 adjust 10 & NSW POSIioN Jiven & Pressure 15 do 50. it will be about 8 weeks for a
small change in oppositon.

Time_to_ch_Loc_Opp = 4*Loc_Public_Oppositonind_Loo_Opp

ENCuseatGW = GRAPH(CuSt_Sa8

{0.00, 0.901), (0.1, 0.907), (0.2, 0.912), (0.3, 0.927), (0.4, 0.841), (0.5, 0.983), (0.8, 0.961), (0.7, 1.06), (0.8, 1.08), (0.9,
1.09), (1, 1.10) ]

EMLOCEIQW = GRAPH(S_on_Ed/.08

(0.00, 0.207), (0.714, 0.518), (1.43, 1.30), (214, 2.03), (288, 237), (3.57, 2.61), (4.29, 2.68), (5.00, 2.73), (5.71, 2.78),
(6.43, 2.802), (7.14, 287), (7.08, 2.99), (8.57, 296), (0.20, 2.98), (10.00, 2.99)

EMPOGW =« GRAPH(Low_Publls_(

- Opposition)
(0.00, 1.20), (10.0, t.38) (200, 1.12), (30.0, 1.08), (40.0, 1.08), (50.0, 1.03), (€0.0, 1.00), (70.0, 0.974), (80.0, 0.916),
(90.0, 0.848), (100, ¢.000)

= GRAPHER_Pubiis_Oppasiien)
{0.00, 0.96), (10.0, G.0085, (30.6, 0.908), (30.0, 1.00), (40.0, 1.02), (80.0, 1.04), (80.0, 1.08), (70.0, 1.08), (80.0, 1.13),
(90.0, 1.17), (108, 1.30)

= GRAPH(Les_Publia Oppesilien)
(0.00, 0.08), (10.0, 0.908), (20.0, 0.983), (30.0, 0.983), (40.0, 0.984), (80.0, 0.983), (80.0, 0.964), (70.0, 0.996), (80.0,
0.99¢), (90.0, 1.01), (100, 1.08)
EFFLPOPuSat

- Opposition)
(0.00, 1.10), (10.0, 1.01), (20.0, 0.904), (30.0, 0.983), (40.0, 0.982), (50.0, 0.968), (00.0, 0.989), (70.0, 0.981), (80.0,
0.978), (00.6, 0.948), (100, 0.901)
DOCUMENT: Effast of Loas) Public Opposition on Percsived Sefely
this is he influence pubiic protsstrs have on the fnancial community's percieved safety of the resctor.

_Public_Opposition)
(0.00, 0.834), (10.0, 0.538), (20.0. 0.941), (30.0, 0.974), (40.0, 0.996), (30.0, 1.02), (60.0, 1.08), (70.0, 1.08), (80.0, 1.089),
(90.0, 1.08), (100, 1.10)
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EHOpsLPO = GRAPH((capacity_Online+(Per_Outage*80))/(EFFForcOut+1))

{0.00, 1.69), (10.0, 1.49), (20.0, 1.32), (30.0, 1.30), (40.0, 1.09), (50.0, 1.085), (80.0, 1.03), (70.0, 1.01), (80.0, 0.98), (30.0.
0.95), (100, 0.902)

EFFPOCussat « GRAPH(Loc_Pubiic_ f

(0.00, 1.12), (10.0, 1.08), (20.0, 1.00), (30.0, 0.938), (40.0, 0.888), (50.0. 0.884), (80.0, 0.854), (70.0, 0.848), (80.0, 0.842),
(90.0, 0.826), (100, 0.802)

DOCUMENT: Effact of Local Public Opposition on Customer Satisfaction

EFFPOLM « GRAPH(Nat_Public_

(0.00, 0.7), (5.00, 0.9), (10.0, 1.00), (15.0, 1.03), (20.0, 1.04), (25.0, 1.08), (30.0, 1.12), (35.0, 1.21), (40.0, 1.25), (450,
128), (50.0, 1.30)

DOCUMENT: Effect of Public Concern on Lawmakers

[unitiess muitiplier]

EFFPOLPO « GRAPH(Nat_Public_Oppoasition)

(0.00, 0.9), (10.0, 0.904), (20.0, 0.916), (30.0, 0.933), (40.0, 0.948), (50.0, 0.98), (60.0, 0.982), (70.0, 0.995), (80.0, 1.03),
(90.0, 1.08), (100, 1.10)

EFFPOM « GRAPH(Nat_Public_t

{0.00, 0.8), (5.00, 1.00), (10.0, 1.01), (15.0, 1.03), (20.0, 1.07), (25.0, 1.12), (30.0, 1.18), (35.0, 1.23), (40.0, 1.27), (45.0,
1.29), (50.0, 1.30)

DOCUMENT: Effect of Public Concern on Media

[unitiess muitiplier]

EFFPOPerSat « GRAPH(Nat_Public_Opposition/iNIT(Nat_Public_Opposition))

(0.00, 1.21), (1.00, 1.00), (2.00, 0.997), (3.00, 0.982), (4.00, 0.987), (5.00, 0.961), (6.00, 0.958), (7.00, 0.948), (8.00, 0.94),
(9.00, 0.931), (10.0, 0.92%)

DOCUMENT: Eflect of National Public Opposition on Perceived Safety

{unitess)

this is the effect Net Public Opposition has on he perceived safety of nucieer plants by he financial community.

ENPOP! « GRAPH(Nat_Public_Opposition)

(0.00, 1.00), (5.00, 1.04), (10.0, 1.08), (18.0, 1.12), (20.0, 1.15), (28.0, 1.19), (30.0, 1.23), (38.0, 1.27), (40.0, 1.30), (45.0,
1.30), (50.0, 1.30)

EFFPOSHRIsk « GRAPH(Nat_Public_Opposition)

(0.00, 0.981), (10.0, 0.99), (20.0, 0.998), (30.0, 1.00), (40.0, 1.01), (50.0, 1.02), (60.0, 1.03), (70.0, 1.03), (80.0, 1.08),
(90.0, 1.08), (100, 1.07)

DOCUMENT: Effect of Public Concem an Swook Risk

{unitiess)

This tactor on risk represents the iatent feer of individuais 1 buy the stock hus increasing he risk factor and driving stock price down. It can
reprasent oher factors 00 such as e fact that as public concam grows more stockhoikders become and-nule possibie demanding hiat the
company diversily out of he nuciesr businsss.

EFFUOpPsPO « GRAPH((capacity_Oniine/100)+(Per_Outage*.9)

(0.00, 1.02), (0.1, 1.01), (0.2, 1.01), (0.3, 1.01), (0.6, 1.01), (0.8, 1.00), (0.8, 1.00), (0.7, 0.991), (0.8, 0.982), (0.9, 0.976),
(1. 0.97¢)

DOCUMENT: Efiect of Uty Public Rslation on Public Concemn

[unitiess}

Uﬂuwﬁm&“mm.whuﬂu&cmmﬁnﬂ This vasiable represents he impact of those
actions on public conoanb. )

EMMUGoodWIILPO « GIRAPHUERE_ GesdwiINIT{Utiy_Goodwill))

(0.00, 1.08), (0.108..3.80% (0-80%, 1.07), (0.31, 1.08), (0.414, 1.08), (0.617, 1.04), (0.621, 1.04), (0.724, 1.02), (0.828,
1.02), (0.931, 1.00), $5.805 0.908), (1.14, 0.974), (1.24, 0.968), (1.34, 0.964), (1.48, 0.962), (1.58, 0.961), (1.68, 0.96),
(1.78, 0.96), (1.06, GO0HN (1.87, 0.9008), (2.07. 0.968), (2.17, 0.968), (2.28, 0.968), (2.38, 0.988), (248, 0.967), (2.59,
0.956), (2.00, 0.908K (270, 0.900), (2.90, 0.962), (3.00, 0.98)
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