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ABSTRACT

This report summarizes a two year effort to develop an analytical framework
to evaluate current and proposed engineering practices used in the protec-
tion of the environment from the impact of thermal power systems. The
engineering practices modeled included the heat source/generating system,
the electrical power transmission system, the water intake system, the
cooling system and the chemical control of the water systems. An
ecological accounting system was developed to provide a non-monetary
measure of biological response to the engineering alternatives. Efforts

to formulate a socio-economic accounting system to internalize externali-
ties created by these engineering practices were unsuccessful. A computer
model was developed employing a decision tree format to evaluate the
environmental and economic impacts of these engineering alternatives for
any given site. Methodologies available to assess the impact of a series
of power plant developments in a region were evaluated and the Forrester
type (1971) feedback simulation of a few variables was found to be best
suited for dynamic assessment problems. Both static and dynamic analytical
frameworks have been verified to be computationally correct, but an

extensive demonstration program is required to prove their applicability.
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SECTION I
CONCLUSIONS

1. This research has identified a need for a systematic examination of
the envirommental impact of thermal power plants. Impact evaluations
tend to be fragmented, lack systematic or holistic perspective, and are

difficult to interrelate.

2. The results of this study include a model format for preliminary
planning and evaluation of the envirommental impact of thermal power

plants that is systematic, holistic and consistent.

3. To augment economic evaluations in this model an ecological accounting
system can be formulated based on the response of fish communities to

environmental impact.

4, The engineering alternatives to protect fishes from fatalities in
power plant intake structures are not as sensitive to cost as to proper
design. A high cost system incorrectly designed may create more damage
than a lower cost unit, correctly designed. Salt water intake protection
systems may requlre new technological developments as these waters are
abundant with eggs and larvae of valuable fishes that can penetrate
existing screens. Alternatively, the use of recirculating cooling
facilities will reduce the demand for make-up water and the impact of

intake structures.

5. The decision tree format provides a systematic framework to evaluate .
engineering alternatives and their environmental impact. This procedure
has a disadvantage that feedback and iterative decision making is deleted
but it offers consistency and simplicity of analysis of a complex situa-

tion.



6. Dynamic assessment of the second and third order impacts of a thermal
site decision can best be made by using feedback-loop structure models
with a minimum number of parameters. These models can be constructed,
modified, and applied inexpensively, yet they provide much insight con—

cerning dynamic environmental impacts.

7. The major problem encountered in developing a format for envirommental
impact assessment of thermal power plants is the fragmented'studies that
focus in great detail on fairly restricted problems. There is insufficient
information to create a detailed description of the overall problem, thus
the only alternative is to develop less detailed general models that

emphasize interactions among processes rather than a simple process.



SECTION II
RECOMMENDATIONS

1. As originally proposed, this study was one of two parts. The
complementary study to verify and test these models in practical

applications must be conducted before the models can be evaluated.

2. Planning and evaluation is not a single action but a continual
process that responds to changing technical advances, demographic and
economic conditions, and social values. There is a lack of methodology
available to conduct continuous assessment at a reasonable cost. The
results of this study are only a start in the development of evaluation
techniques that are responsive to changing conditions. Further develop-
ment of these techniques is required if environmental impacts of thermal

power plants are to be properly evaluated.



SECTION III
INTRODUCTION

Man's attempts to engineer the environment have been myopic with each new
solution creating a problem of equal or larger magnitude. In an attempt
to increase the vision.used in planning new thermal power generating
facilities, the State of Washington Water Research Center in 1970 proposed
a nine task program to analyze the institutional and information con-
straints that create the myopic vision encountered in power plant siting,
to formulate a methodology to clearly assess the engineering alternatives,
and to verify the methodology that was developed. ‘The nine tasks
originally proposed are listed in Table 1.

Only tasks 1, 2, 3 and 7 were funded and the level and duration of funding
required that graduate students rather than faculty conduct the study.

A graduate student and faculty advisor were assigned to each task and
theses or reports were usually produced as a by-product of the research:
Bush et al. (1972), Geitner (1972), Meyer (1972), Porter (1972), Saad
(1971). This project report summarizes and integrates the results of

these studies.

The specific goals of the funded tasks were:
1. A computerized model that defines the thermal discharges, the chemical
discharges, the resulting physical environmental impacts, and the costs

for a baseline 1000 MWe power system.

2. The development of economic, social and ecological accounting systems
for use in the evaluation of the effectiveness of engineering alternatives

for the protection of the environment from thermal power system discharges.

3. The collection of data and formulation of a model that describes the
cost, performance and environmental impact of engineering alternatives

used in the protection of the environment from thermal power systems.



Table 1.

Summary of Proposed Work

Task

Purpose

Procedure

Baseline Definition
1. Document existing once
through thermal power plant
environmental impact

Provide economic, eco-
logical and social
baseline for study

Use FWPCA, BPA, and
industrial data
plus literature

Environmental Accounting

2. a. Develop ecological
environmental account-
ing system and define
ecological response

Many changes cannot be

valued in dollars; must

use some quantitative
measure

Survey literature,
current research, and
expert opinion, and
then develop

b. Develop social
accounting system and
social response

Relate economic and
environment change to
social value system

Economic-social
research study

Alternative Engineering Solutions

3. Define current alter-
natives for control of
environmental changes from
thermal power plants

Provide models for
evaluation

Survey of FWPCA, BPA,
EEI, etc. studies

Environmental Analysis

4, Examine environmental
effectiveness of alterna-
tives for 4 selected cases

To define subsequent
changes necessary to
rotect environment

Employ output of
Task 2a and computer
system analysis, etc.

Social Analysis

5. Examine social effec-
tiveness of alternatives
for 4 selected cases

To define subsequent
changes necessary to
protect environment

A team of socio-
economic researchers
twill conduct the
lanalysis using
computer analysis

Engineering Analysis

6. Evaluate economics of
primary plus secondary ac-
tions necessary to achieve
environmental quality

Determine effectiveness

of total required
alternatives

A team of ecology and
water quality experts
will evaluate the en-
vironmental response

Dynamic Analysis

7. Examine dynamic impli-
cations of multiple-plant
system on environment

Determine if single
plant criteria is
optimum

Use models in DYNAMO
analyzing gaming
studies

Critique
8. Analyze results of
analysis and recommend

management alternatives

Discuss results

The interdisciplinary
team will focus on
this task

Report
9. Prepare final report




4. The development of a dynamic or sequential analytical framework to

assess the environmental impact of a series of thermal power plants in

a region.

A decision tree was employed as a focal point for integration of the
task outputs, and as the format for the final static siting computer

model. This format is schematically presented in Figure 1.
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SECTION IV
SINGLE PLANT ASSESSMENT
LITERATURE REVIEW

History and Problems of Thermal Power Plant Siting

Geitner (1972), as part of this research effort, reviewed an extensive
list of literature relevant to thermal plant siting problems, engineering
alternatives and environmental impact of thermal power plants. The
results are presented and analyzed in this section. Thermal power plant
siting has progressed largely on an ad hoc basis throughout most of the
history of the electric power industry. Traditional trade-offs among
prospectively sites for fossil-fueled power plants have been between fuel
costs and transmission costs. Little attention was paid to the external-~
ities of thermal power generation with the exception of the soot problems
experienced with early plants which, combined with limited land availa-
bility and high land cost, forced the thermal plants outside the cities.
Externalities were not perceived in the early years of power development
to be a problem principally due to their small magnitude and very localized
impact. The number and density of plants was small. The size of generat-

ing stations was also small,

As the magnitude of electric power production grew, the number and density
of thermal generating plants increased. Although the accompanying
environmental impact, which had been small and localized, increased
noticeably, it still was not a factor considered in siting decisions.
Gilleland (1969) presents a list of siting parameters in his article
concerning Tennessee Valley Authority (TVA) siting experience. The

parameters discussed were:

Load Center
Fuel Transportation

Transmission Lines

SHwWw NN -

Aesthetics



. Exclusion Area

5
6. Meteorology, Hydrology, Geology and Seismology
7. Cooling Water Supply

8. Access

Noticeably absent from this list of traditional engineering and economic
parameters is direct mention of environmental impact. Only the categories
of aesthetics and exclusion imply consideration of some measure of
environmental impact. Gilleland included in his discussion a statement
that a properly chosen site should not necessitate the use of cooling
towers. Seemingly, utilities continued to view the éooling tower as an
engineering solution to the scarce water problem rather than an alterna-

tive solution to prevent adverse environmental impact from thermal dis-

charges to native receiving water bodies.

Thermal discharges to receiving waters increased despite improvements in
plant efficiencies. Older, less efficient plants became a smaller per-
centage of the generating capacity, and added, efficient, new plants

soon over burdened receiving waters. The introduction of water-~cooled
nuclear central generating stations actually placed a larger burden of
heat rejection per unit electrical output than an electrically equivalent
modern fossil-fueled unit. These facts and other basic thermally

related problems were discussed in the "Industrial Waste Guide on Thermal
Pollution" by the Federal Water Pollution Control Administration (FWPCA,
1968). Larger generating plants began to.remove sizeable portions of the
rivers for condenser cooling water and the subsequent increases in river
temperature caused concern over the health of the resident aquatic com-
munity. The Division of Reactor Development and Technology, U. S. Atomic
Energy Commission (AEC), 1971, published a summary document concerning
thermal effects and nuclear power stations. Table II of the AEC report
is summarized in Table 2 to show the impact of increasing station size

on the water requirements and the associated relatiomship to the adjacent
river. While the table is not inclusive, it does demonstrate that certain

sited plants have the potential to remove sizeable quantities of the

10
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Table 2.

Nuclear Power Plant Cooling Requirements and River

Flows

Cooling Water

Ratio of
Cooling Water

Requirements River Flows (cfs) Required to

Plant Location (cfs) Low Flow | Average Flow Low Flow (%)
Dresden Station | Illinois River, IL 2,660a 2,694 8,000 99
Monticello Mississippi River, MN 623b 220 3,200 283
Quad Cities Mississippi River, IL 2,100 12,096 50,000 17
Cooper Missouri River, NB 1,450c 4,320 20,000 34
Fort Calhoun Missouri River, NB 702 3,000 to 25,000 23-14

5,000
Ref: Table II, AEC (1971)

Key:
a 430 cfs once-through for unit 1. 2230 cfs variable-cycle flow-through cooling pond for

units 2 and 3
b To use variable cycle, mechanical-draft cooling tower system

c To use cooling pond




adjacent natural flowing river. The table shows however, that some of
the plants use once through or partially recirculatiﬁg cycle condenser

cooling devices to reduce the amount of water withdrawn from the river.

Table 3 presents results of studies by Levin et al. (1972) at nine thermal
power plants operating in various enviromments. Of the nine sites only
one, Turkey Point, Florida, has experienced large biological impact on

the receiving water. It should be noted that some of the plants discussed
are small and are located on relatively large water bodies, While the
results of their survey of the aquatic impact of thermal power plants is
not complete, it does elucidate the point that properly sited thermal
power plants may cause minimal environmental impact. The difficult
questions remaining are those concerning determination of sublethal
effects and determination of criteria for defining a properly placed
plant. Or, as an opposite accomplishment, what information is necessary
to fairly precisely define the places where it is environmentally unwise

to construct a large thermal power plant?

Existing Modeling Efforts for Assessment of the Impact of Thermal Power

Plants

Three comprehensive modeling efforts were found to exist in the literature.
Two of these efforts involved application of linear programming techniques,
Mark and Borenstein (1970) and Millham (1971). The third method by Fields
(1971) involves use of graph theory methods. A good.descfiption of linear
programming and its applications can be found in Daellembach and Bell
(1970) or Hillier and Liebermann (1967). Graph theory and its applications
are discussed in Berge (1962) and Busacker and Saaty (1969).

Marks and Borenstein (1969) used a specialized form of linear programming

to analyze thermal power plant siting. This model set out to find:

1. Optimum number of generating sites

2. Optimum size of generating plants

12



Table 3.

Biological Survey Sites Discussed

by Levin, et al. (1972)

. Noticeable
Size Detrimental
Site Name (Mwe) Water Body Effects
Hanford, WA ~ various Columbia River none
Chalk Point, MD 2 x 335 | Patuxeut River’ no major changes
Estuary
Contra Costa, CA 1298 San Joaquin River|no major changes
Morro Bay, CA /1030 Pacific Ocean none
Humboldt Bay, CA 172 Humboldt Bay none
Connecticut 562 Connecticut River|no major changes, not
Yankee, . CT enough information
about sublethal effects
yet
Turkey Point, FL | 2 x 432 Biscayne Bay 1. 125 acre area + 4°C
' kill area
2. 170 acre area + 3°C
algal growth dis-~
turbed; diversity
and abundance shifts
Petersburg, IN 1220 White River only fish avoidance of
93°F plume water
Martins Creek, PA| not Delaware River none
given

13




3. Optimum location of generating plants
The objective function for this work was minimization of total cost
(defined as capital costs plus lifetime operating costs). The con-

straints placed on the solution were:

1. Predicted power demands of the region must be satisfied.
2. Temperature standards for receiving waters must not be exceeded.

The model equations and explanations appear in Figure 2.

The formulated problem was solved for the integer case only. The performed
solution was not a temporal one. It is similar to the basic transportation
problem formulation of linear programming with an added temperature
constraint and imposition of integer solution varisbles. It addresses

the question of optimum plant size with respect to a temperature con-
straint only. It is a good beginning effort that is bounded by: (1) its
static nature, (2) its treatment of only a limited size system (no allow-
ance for outside trading of power), and (3) solution of only a hypothetical

1

test case.

Another linear programming model was developed by C. B. Millham (1971) as
part of an environmental Research Center, Washington State University
(1971).research proposal to the National Science Foundation. It is a
formulation very similar, but not identical to, a time base resolution
form of the transportation problem form discussed in Hillier and
Liebermann (Ch. 6, 1967). 1Its mathematical formulation is shown in

Figure 3.

This formulation is called the Capacitated Plant Model. It seeks to
minimize the cost of supplying power. The formulation divides the

objective function as shown into three parts:

1. Capital Costs

2. Transmission/Peak Costs

3. Operating/Base Energy Costs.
14



Objective Function:

Minimization of total costs

L[X,F, + XY, L. (P, +T,, +D,)]
3 i1 j 303 ij h|

Constraint Equations:

Satisfaction of region load

XY, L, £ X M,
i ij 3 11

Receiving water excess temperature limit

?Aik . Ri[iYiij] < Ck
Where:
Fi = Summation of intercept capital costs at site i ($/wk)
X; = Integer plant selection coefficient (0,1) and I <1
ieS
Sm = mth set of plant alternatives "
Yij = Load assignment coefficient (0,1) for all i, j
Lj = jth load (MW)
Pj = Load dependent production cost rate ($/MW-wk)
Tij = Total transmission cost ($/MW-wk)
Dj = Distribution cost rate ($/MW-wk)
Mi = Maximum generating capacity for site
Aik = Temperature transfer coefficient
Ri = Temperature rise at site i
Ck = Permitted excess temperature at location k
i = site index
j = load index
k = temperature monitor location index
Figure 2. Equation Set and Key for Marks-Borenstein Model

15



Objective Function:

Minimization of total cost

m m n m n
Lfy +% IcC,X.,+ I 1IcC,Y
=1 T gy ge1 U g g B

Constraint Equations:

Total generation is bounded by (peak capacity) x (load factor)

n
X, ,6 <K, +F, + 8760
j=1 ij i i
Summation of peak demands is less than or equal to source capacity
n
Iy S K, Y
j=1 ij i1
Summation of energy sources equals or exceeds load center energy
demand
m
LX,,6 2e
{=1 13 3
Summation of individual peak demands equals or exceeds peak demand
value
m
LY, >d,
=1 137 3
Where:

f, = Plant i amortized construction cost (8/kW-yr)

Cij = Plant 1 operating cost ($/kW-yr)

Yi = Plant {1 allocation coefficient, constrained to Q or 1
Xij = Energy transfer (non-peak) plant i to load j (kW-yr)
1 = Peak demand transfer plant i to load j (kW-yr)

Ki = Plant i peak load capacity (kW-yr)

Fi = Plant i load factor (%)

ey = Load j energy demand (kW-yr)
D, = Load j peak demand (kW-yr)

Figure 3. Equation Set and Key for Capacitated Plant Model

16



The constraint functions are structured so that all base and peak load

demands are met.

This model is a temporal one but its complex design with respect to peak
and base loads negates treatment of environmental parameters. These are
left to be specified exogenously. This formulation does not account for
any time changing values for siting and transmission cost. A sample
case has been run utilizing data from the Harty, et al. (1967) study to
seek an answer only with respect to economic ;onsiderations. It should
be viewed as useful only for this purpose. Additional constraint rela-
tions would have to be developed for it to be useful in environmental

judgments of alternative sites for thermal power generation.

Fields (1971) developed two algorithms for scoring alternative methods of

heat disposal for steam power plants. Fields' methods generate:

1. Cost/Benefit ratios for heat disposal systems

2, Ancillary effects scores for heat disposal systems

3. A decision process for selecting a best heat disposal system based on
1

and 2 above plus a cost ceiling

Both algorithms are based on a graph with three dimensions. The dimensions

of the model are methods of heat disposal, M,, characteristics of the

i

receiving water, Ci’ and hydro-environmental effects, E Figure 4 shows

T
the graph and its components. A pseudosystem, WQS, is defined for the Mi

dimension to furnish a standard for comparison of the various Mi'

Fields' algorithms do not attempt to calculate microvalues or discharge
quantities. His algorithms are decision tools only. Expert decision
makers in the three perceived fields are needed to supply information
to the decision system. Opinions of participating experts are used to

establish:

17
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1. Dimensions of the graph (the number of Mi's, Ci's, Ei's)

2. Sets of comstant-sum preference decisions rating the interaction
factors between respectively Mi and Ci’ and the Ci's and the Ei's.

3. Ancillary effects dimensions and importance for use as a secondary

decision variable.

.The Mi's reflect the different possible condenser cooling means considered
for a given site. The Ci's represent the different types of water bodies
under consideration (e.g. river, estuary, ocean, lake). A set of hydro-
environmental effects might include:

El - Effects on fish

E2 - Effects on plankton

E3 - Effects on benthos

Interaction parameters between the dimensions are entgred as constant-sum
decision pairs. Information on intralevel interactions and interlevel
interactions are input to the model as constant-sum paired decision com~
parisons. The two algorithms differ in the level of information detail

and calculation procedures for interaction parameters.

Both methods share a common decision rule set for selection of the optimal
Mi' The principal decision criteria is the cost/benefit ratio. This
ratio is determined by dividing the system cost ($) by the percent system
performance compared with the performance of the Water Quality Standard

(WQS) pseudosystem. Equation IV-1 gives the cost/benefit relation.

_ Cost of System M;
C/B; = - (IV-1)
% Performance better than WQS

The WQS standard is evaluated in the method and is considered as the
minimum performance limit. Two secondary decision variables are the
ancillary effects scores for the various Mi's and the upper cost bound.

Figure 5 shows how the region of acceptable solutions is defined and

19
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bounded. System performance worse than the WQS is not acceptable.

Acillary effects criteria (land use, visual impact, and air discharges
for example) are significant only for deciding among Mi's with close C/B
ratios. The ancillary effects scores are not viewed as controlling

parameters.

Total system cost is the final bound on the optimal solution. After
determining the C/B ratio for a given Mi the system cost is compared with
the specified maximum cost. The solution is not allowed if the cost ex~-

ceeds the maximum value.

Fields' methods are only preliminary planning tools. The decision
process emphasizes aquatic impacts which may not be the controlling
factor for a given site. Fields' classification of receiving water
characteristics is too coarse to be of benefit at any given site or for
deciding among a set of competing sites. To be of use for a particular
site the characteristics category would have to include several of the
usual water quality parameters used to describe water quality at a site
(e.g. temperature, dissolved oxygen, dissolved solids). Fields' method
relies heavily on exogenous inputs from experts in the related problem
areas. There is no control over the methods used to determine the input

to the model.

Previous Regional Siting Studies

Electric utilities and related govermment agencies began to realize that
expansion of already large power systems implied increasing siting
problems. On the West Coast two comprehensive but different studies were
undertaken to assess the status of thermal power plant siting (Harty et
al., 1967, and The Resources Agency, State of California, 1970). The
Committee on Power Plant Siting, National Academy of Engineering (NAE),

"Engineering for Resolution of the Energy-Environmental Dilemma," (1972),

21



released their findings as this study was concluding. Not all of their
results could be incorporated in this work. Both the Pacific Northwest
and California had always been areas where power had been plentiful.
Bonneville Power Administration (BPA), a regional wholesale distributor
of electric power, contracted with the Pacific Northwest Laboratories of
Battelle Memorial Institute to conduct a study of prospective nuclear
power generating sites. The resultant study by Harty et all (1967) con-
sidered the viability of siting 16 nuclear power plants throughout the

Pacific Northwest on a site-by-site basis.

The 1970 Resources Agency study was not a site-by-site analysis of thermal
siting in California, nor did it review with great detail the characteris-
tics required for a site. Instead it reviewed the need for further develop-
ment of nuclear power plant sites and encouraged continued, cooperative
planning among the various public and private electrical utilities in the
State. This overview study did establish some policy measures which
demonstrate the multiplicity of problems predicted for future power plant

siting efforts.

1. An environmental protection agreement with the State Resources Agency
must be consummated as a condition of construction of all new thermal

power plants.

2. Future siting must be compatible with objectives of planning and zoning

authorities.

Harty et al. (1967) considered the following factors in studying the 16

example sites:

1. Technical feasibility from geological, hydrological, seismological and
meteorological standpoints
2., Economic feasibility

3. Ease of approval by regulatory agencies
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4, Minimization of adverse public and government agency reactions
5. TIllustrative problems typical of the Pacific Northwest environment
Two factors specifically not included by Harty et al. were transmission

and land acquisition costs.

Reflecting then current power plant design practices, 11 of the sites
proposed by Harty et al. were planned for once-through condenser cooling
with five sites using recirculating cooling systems in locations where a
water shortage was seen to exist. Once-through cooling was recommended
even though the following statement was issued at the beginning of the
report:

"Biological effects associated with thermal discharge are
sufficiently defined (though not completely understood) to
allow identification of sites and designs of heated effluent
systems that minimize effects upon many aquatic species and
communities. Insufficient information is available to
predict with confidence all of the significant effects of
heated discharges on aquatic life in the PNW (Pacific
Northwest)."

The criteria used by Harty et al. to determine the applicability of once-
through cooling must be questioned. Of the 11 once-through cooling sites,
two sites are curreﬁtly under preparation. The Trojan site near Rainier,
under construction, will utilize a single, large natural draft evaporative
cooling tower. Hanford II, on the Hanford Atomic Energy Commission
Reservation, will use mechanical-draft evaporative cooling towers. Much
of the pressure for cooling towers comes from lack of understanding of
thermal effects. The cost figures set forth by Harty et al. (1967), which

were claimed to be reliable for one decade are also out of date.

In view of such inadequacies in previous comprehensive power plant siting
analyses, a need was perceived for a complete, comprehensive definition

of the effects of a baseline thermal power system. The literature of the
various disciplines indicated little interaction and collective synthesis.

It was felt that an overview, comprehensive type project might provide
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info rmation necessary to analyze the current status of the collective
fields involved in thermal power plant siting. This definition would

be keyed to identifying the interaction pathways between the power plant
system and the environment and have the characteristic of continual up-
dating. Such a definition could then be used as a starting point for

analysis of plant/site interactions.

Considerable benefits were seen to accrue from an assembly of a multi-
discipline team to examine the thermal power plant as a complete system
from the generating station to the distribution point. The goal of the
study was to quantify the impact of the thermal power generating system
wherever possible so that trade-offs could be evaluated with some degree
of certainty. Where effects could not be quantified or defined, it was
hoped that a comprehensive listing of data insufficiencies could be

assembled for the identifying and guiding of new research projects.
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DECISION TREES AS AN ANALYTICAL FRAMEWORK

Decision trees have been employed as a systematic method to define and
analyze sequential decision making that involves a hierarchical struc-
ture of choices. The literature is rich with the theory and application
of decision trees. Poage (1970) presents a concise review and Raiffa
(1968) discusses the analysis of decision making in the presence of un--
certainty. Figure 1 presents a decision tree for the analysis of engi-
neering and planning decisions for thermal plant siting. A node in the
tree represents a decision point and the branches indicate alternative
decisions that can be made and the resulting outcomes. The outcomes can
be interpreted as deterministic or probabilistic events., By tracing any
given path through the tree, the final result of any given set of deci-

sions becomes apparent.

The tree serves as an information organization and transfer device (each
stage adds to its input information and passes the result on to the next
stage). The tree also transforms the externally supplied and internally
generated information into final outputs (costs, quantitative environ-
mental discharges, land use data, and thermal impact) for each alter-

native path evaluated.

This decision tree relates the alternative engineering decisions sequen-
tially to the ultimate envirommental and sociological impacts. This
method permits the analysis of a large number of alternative decisions

in a logical sequence. The ecological and sociological effects are keyed
to the engineering decision chain. The decision chain proceeds from left
to right. Knowledge from the left side of the tree is used to specify
the operation and performance of the next level to the right. Thusly,
sociological and environmental effects are developed as the last element
or payoff. All engineering alteratives must be specified before the
sociological payoff can be accurately specified. The level of complexity

of the tree increases with the detail of engineering analysis specified.
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The static siting model (SSM) developed in this study is a computerized
tool employingAa decision tree format to specify inputs concerning a
particular power plant siting analysis and to evaluate the various
environmental impacts through the siting tree. The SSM does not attempt
to determine an optimum system for a particular site or plant. Its
purpose is to display at a preliminary stage the spectrum of possible

impacts accruing from alternative engineering courses of action.

The ordering of the thermal discharges tree is based on information flow
requirements. The first and most basic level for single site analysis is
the site/transmission path level. Parameters concerning access and on-
site environmental conditions are required before accurate appraisal of
engineering systems can be undertaken. The next level specifies the plant
type under consideration. This level follows logically after the site
information. Plant operating information must be available before cooling
system performance (level 3) can be calculated. Following an evaluation
of cooling system performance, screening calculations can be made. Only
after specification of plant type, cooling alternative and screening
system can complete evaluation of the power plant's chemical system be

analyzed. The complete spectrum of decision alternatives encompasses:

Sites/transmission path

. Plant types

1

2

3. Cooling systems
4. Intake systems
5

. Chemical systems
The environmental and social payoffs are a function of the particular

path evaluated. The SSM is capable of demonstrating variance in impact

of the alternative decision paths.
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TASK 1: BASELINE DEFINITION

The Baseline definition provides a reference point for comparison of
engineering alternatives to reduce the environmental impact of thermal
power plants. The Baseline configuration represents one path on the
decision tree that contains a 1000 MWe gross steam cycle, once-through
river cooled plant, with screens to protect the plant from damage, chlorine
treatment of cooling water, and a submerged diffuser outlet. In the sub-
sequent sections of this report each decision point of the tree is de-
scribed indicating the analytical and computational models developed in

this study, and the alternatives that can be examined.

Two rather than one baseline heat sources are available in the model.

Either a nuclear water-cooled system or a fossil-fuel plant are available
as baselines. All other systems can be analyzed by additional input

statements describing the alternative heat sources. Table 4 presents the
basic information describing the baseline configurations used in this

analysis. The analysis of decisions through the cooling node employs the
Dynatech (1971) cooling computer program. Much of the effort in baseline
development was devoted to correction of this program and modification of
the computer program to permit integration with the decision model. The
decision tree has been constructed to permit alternative descriptions for

the baseline characteristics shown in Table 4.

One of the early modeling decisions made in this study was the resolution
of the data and information provided at each step in the decision tree.
Information is provded to make inter-site comparisons at a gross level;
there is no attempt to compare intra-site decisions to optimize engineer-
ing alternatives. For example, all water discharges are considered to be
well mixed in evaluating thermal discharge effects, no attempt is made
in the analysis to describe thermallplume behavior or the impact of float-

ing or dispersing the heated effluent. These effects can only be incorpo-

rated at large costs, since the data requirements are increased many fold.
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Table 4.

Heat Source
Gross Electrical OQutput
Condenser Pressure
Condenser Temperature
Gross Plant Heat-Rate
In-Plant Losses
Heat Discharge-Rate
Cooling
Chemical Discharge
Intake Screens
Cooling Discharge

Land

Nuclear
1000 MWe
1.5 in Hg
91.7°F
10.340 Btu/kw-hr
5%
6.4.x109 Btu/hr
River-Once Through

.5 ppm Cl2 Residual

minimal
Submerged diffuser

500 acres
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Baseline Plant Characteristics

Fossil

1000 Mwe

‘1.5 in Hg

91.7 °F

8,630

157

3.8x109 Btu/hr
River Once~Through

.5 ppm Cl2 Residual

minimal
Submerged diffuser

500 acres



The thermal discharge model provided in this study integrates the results
of FWPCA (1968), Hauser (1970, 1971) and Jaske (1971, 1972a, 1972b) with
the Dynatech (1971) efforts. Five percent changes in heat rate have

minor envirommental impacts but create major thermal plant design changes.

Chemical discharges to the aquatic environment from the once-through
cooled plant are a direct function of the intake water quality. Liquid
chemical discharges emanate from either the circulating cooling water or
untreated discharges from tﬁe steam system. The latter system in new
plants has almost zero blowdown. Boiler water make~up is only required
for system leaks and is generally less than 1 cfs. Complete discussions
of cooling water chemical treatment processes and impacts on the aquatic

ccﬁmunity appear in Task 2 and Task 3 of this report.

Baseline plant condenser cleaning is assumed to be by the method of
intermittent, break-point chlorination. While some plants are using
mechanical means (abrasive balls), chlorination was seen to be a more

typical method.

The high flowrate open systems for once-through cooling prohibit the use

of a high concentration of chemical treatment and cleaning agents. Inter-
mittent break-point chlorination has proven and effective means for control
of biological fouling. The dose required to achieve break-point or free-
residual chlorination dose is a function of the inlet water quality. The
presence of both reducing compounds (Fe++, Mn++ and HZS) and ammonia (NH3)
affect the necessary dosage. Their uptake requirements for the chlorine
must be satisfied before an uncombined residual is available for biofouling
control. Metcalf and Eddy (1972) give a dose range of 1 to 10 mg/l of 012
for these applications. Cooling waters containing large industrial,
agricultural or municipal waste loads will require doses at the upper end

of the range to achieve satisfactory results. The dose period typically

is short (20 to 30 minutes) with a frequency of 2 to 3 times daily.
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The residual chlorine concentration is a function of the dose necessary

to achieve the free residual. For the new plant at Hanford, WA, a
residual value of 0.5 mg/l is predicted using the relatively clean
Columbia River in a recirculating cooling system (WPPSS, 1971). A gimilar

value would be valid for a once-through system at the same location.

The baseline model assumed a residual of 0.7 mg/l unless an input value

is specified. This value will be reduced by uptake of slime growths in
the condenser system. The uptake of chlorine by the slime growths is a
difficult parameter to model being a function of contact time and slime
concentration. Ideally, chlorine would be dosed so that all free residual
was absorbed within the confines of the condenser system for a time period
that would either limit slime growth to a negligible level or kill it all
together. The chlorine residual in the cooling water discharge is subject
to EPA regulation. Current recommendations are for a residual of 0.1

mg/l for not more than 30 minutes per day or 0.05 mg/l for not more than

2 hours per day. If the dosage can be regulated to these levels, no
additional treatment or costs will be necessary. Dosing costs are

derived from the work of Smith (1967). Extra costs incurred to meet the
standard are not a part of the baseline system. These cost constitute
treatment above baseline and can be accommodated in the chemical treatment

branch of once-through cooling.

Physical environment changes are varied and are, in general, difficult to
quantify. While Thackstone and Parker (1971) give a number of from 75 to
100 acres as the minimum plant size for a nuclear generating station, most
plants are located on larger sites. The baseline plant model assumes 500
acres as a base fingure for land use. Nuclear plants impact land use
further by requiring certain population density zones around the plant to

correspond with plant design requirements.

Other land use parameters are not standardized to the extent of precise

quantification. Some of these parameters are site preparation cost and
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debris, specialized access construction (barge or rail transit), site
aesthetics and surface water contamination during plant construction.
Transmission system land use is discussed in a later section of this

report.

The baseline plant is considered to have intake écreening only to the
extent necessary to protect the plant components from damage. The screen
face for an intake system is assumed to cost $240/cfs. (1 ft/sec. approach
velocity). Fish damage is assessed on the yearly capitalized value of the
fish as shown in the following equation.

condenser flow

. S\ .
Fish damage (yr) = ~iver Flow x fish value

This is a very crude approximation to a fish damage function.

Air discharges from the baseline plant consist of small quantities of
long-lived radioactive gases. This project was instructed not to in-
vestigate in detail radioactive aspects of the site. A base figure of
0.238 microcuries/kWh was readily available and was used in the baseline
model (Wegmann, 1970). The baseline fossil fueled emissions are modeled
using the parameters discussed the non-water impact section of Task-3

Engineering alternatives.
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TASK 2 - ACCOUNTING SYSTEMS

The introduction of a thermal power plant.can cause major changes in the
social, economic and ecological environment of the region. Any attempt
to assess these impacts will encounter a maze of information of widely
varying accuracy and completeness. In order to define engineering
alternatives that can protect the-environment, it is necessary to define
the appropriate yardsticks to measure the increased protection and to

define what needs to be protected.

Approximately one half of this study effort was devoted to the development
of economic, social, and ecological accounting systems for use in evalu-
ating the effectiveness of engineering alternatives for the protection
of the enviromment from large, stationary thermal power systems., His-
torically, the evaluation of power plant development has employed
engineering economics which ignored costs or benefits that were not
priced in the market place. The introduction of accounting systems

that reflect envirommental benefits and costs is a difficult task.

This project employed the strategy of examining three complementary
accounts: engineering economics, ecological, and social. The ultimate
goal would be to understand each account completely so transforms could
be made from one system to another. Without these transforms three

accounts must be used, and costs and benefits identified and quantified.
The results of the research to establish the three accounting systems
have been summarized for this report. The socio-economic systems are

combines followed by a description of the ecological accounting system.

Task 2: Socio-Economic Accounting

Protection of the envirommental resources from the impact of thermal
power plant involves the allocation of scarce resources in the form of
money, labor, technology, natural resources, and the natural environment.

In order to formulate a rationale for resource allocation, some framework
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for analysis must be established with a common set of units. As part of
this research program, Meyer (1972) reveiwed the existing analytical
frameworks that could be applied to the socio-economic accounting of
thermal power plant siting impacts and sought specific data and methods
for this model. The major thrusts of Meyer's efforts were (l) extension
of benefit-cost analysis to include social accounting, (2) analysis of
the effectiveness of pricing for controlling power plant siting impact,
and (3) examination of transmission impacts and fisheries damages as
speclal cases of socio-economic impact of thermal power plants. Each

of these efforts are summarized in this report and the analytical frame-

work is presented for model development.

Benefit-Cost Analysis - Economic theory provides a rational framework for

allocating scarce resources using the market mechanisms. The problem
encountered when this is applied to the benefit-cost analysis of thermal
plant siting are well documented but unfortunately the solutions to
these problems are lacking. Prices are supposed to reflect the willing-
ness of users to pay and the willingness of suppliers to sell. Un~-
fortunately many of the resources employed in power production are not
correctly priced. Water, air, fish and certain other elements of the
ecosystem are not owned, and no prices have been established for their
use. A dollar value should be established for the use of these re-
sources., If this is infeasible, the cost or benefit to these resources
must be quantified in some manner. The suppliers of power have a
monopoly in many instances and prices are controlled by government
agencies. Thus the price of power may not reflect the willingness to
sell in a competitive market. Given these imperfect prices, the user
cannot efficiently substitute other resources as economic theory would

predict.

The problems of proper pricing of the benefits and costs are only one of
several economic problems in the assessment process. The costs of power

production are incurred before the benefits, and a time preference must
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be developed in evaluating power plant development. The literature is

rich in the discussion of appropriate interest rates and what should be

the accepted opportunity costs used in the construction of power generating
facilities. The model must accept interest rate as a variable in order to

test the significance of changes.

Similarly, the benefits or damages created as a result of power plant
siting are not fully reflected in the price power users are willing to
pay. In many cases a project can generate benefits .greater than costs
on a national basis, yet be unacceptable because those bearing the costs
do not receive any benefits. Conversely a vocal grbup of beneficiaries

may argue for a project where costs exceed benefits since they face no

costs themselves. Social accounting is a catchall phrase suggesting
that all factors be considered in a benefit-cost analysis. An alterna-
tive is to conduct the benefit-cost analysis based on available economic
data and concurrently conduct a similar analysis quantifying social
impact and environmental impacts. In either case it is necessary to

identify who pays and who benefits.

i

Lind (1968) provides an excellent discussion of benefit-cogt analysis

and cites the major analytical problems of prices, discount rates, op-
portunity costs, and externalities. Federal water resources programs

have strongly influenced benefit-cost analysis and the recent 'Proposed
Principles and Standards for Planning Water and Related Land Resources”

by the Water Resources Council (1971) provides a model that can be used

for thermal plant siting evaluation. National, regioﬁal, and environmental
accounts are proposed to permit groups with #arious preferences to deter-
mine whether an effect is adverse or beneficial. The model'developed for
this study does not address the regional and national accounts, and is

limited to the environmental account.

The apnalytical framework for this study was-formulated to evaluate the

engineering alternatives to protect the environment from impacts of thermal
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plant siting. This approach assumes that more power production would have
a net benefit, and the problem is to maximize these benefits by minimizing
environmental costs. Clearly, the social costs of providing more power
when other opportunities for investment would yield larger returns are
ignored, even in the face of lessons learned from investments in water
resources development. Discussion of the evaluation of engineering
alternatives includes sections dealing with the abortive attempts to

address the broader problem of optimum investment in power production.

The economic assessment of engineering alternatives developed in this
study focuses on the cost aspects of power generation. Each engineering
alternative is identified and the direct costs computed and adjusted to
current dollars. Since costs can be sensitive to amortization period,
plant life, and discount rates, these parameters are considered to be
variables in the analysis. The sensitivity of project cost to these
variables can be identified in this model. The factors that enter the
economic analysis were established in a review of specific cost proposals
for new power generating facilities and the work of Harty et al. (1967)
that evaluated 16 sites in the Pacific Northwest. The basic factors
used in the model are the cost of the acquisition and preparation of the
site, the construction and operation of the power generating units, the

transmission facilities, and the environmental protection devices.

Peak Power Pricing to Reduce Demand - A non-engineering alternative to

environmental protection is to not provide all the power that is demanded
and reduce the potential impacts of new power generating facilities. From
an economic view the adjustment of price to reduce the demand for power is
a proper and effective alternative if the price of power does not reflect
marginal costs and/or during the relevant demand periods, the quantity
demanded varies at a particular price. Since the storage of electricity
is very expensive (most machines used in the home and factory are not
built to store electricity, and people expect instantaneous electric

service), demand is met exclusively on-line by production. Utilities are

35



faced with a fluctuating demand schedule, daily and seasonally.

With its supply possibilities the utility must decide how much electricity
and at what price to produce at each point in time. Average cost pricing
may violate efficiency as well as equity conditions: time-uniform rates
ignore the possibility that generation costs vary through time; and
uniform rates fail to provide an incentive to substitute low cost (off-:
peak) for high cost (peak) commodities. If a high cost commodity is
under priced, demand for this commodity will exceed supply. When peak"
power is under priced excessive generating capacity, the use of inefficient,
non-price rationing practices or the subsidization of -one group of "con-
sumers by another group of consumers is the result. Capacity will be
under utilized during off-peak periods. And to the extent that off-peak’
consumers finance fixed costs incurred by peak period consumers, income’
will be transferred among consumers. A peak load problem exists if, at

a specific price, the quantities demanded during two time periods are un-
equal. The objective is to specify a set of prices which encourage con-
sumers to purchase the optimum quantity of electricity in each period, the
optimum quantity being that specified by the equality of incremental cost

and price.

Pricing below cost during peak periods really means that some customers -
pay less than the opportunity cost of those resources used during peak
periods, since peak demand is greater than it would be if prices reflected
the cost of expanding capacity. If a utitlity does not use peak period
pricing procedures, and capacity is sufficient to meet demands upon-the
system, either extra-price rationing devices are dséd,idr off-peak ‘users”

are paying a portion of the peak period consumers' capacity costs.

Since utilities do not usually charge prices whiCh'Vary'with'tiﬁe;
capacity costs are borne fairly evenly by both peak and off-peak consumers
and, to the degree this is true, off-peak consumers subsidize peak-con-

sumers. Subsidization of this sort leads to excess generating capacity,

36



as well as under use of that capacity during off-peak periods. Higher peak
period prices would restrict peak demand, while lower off-peak prices

(equated with marginal cost) would stimulate off-peak demand.

It is this purported misallocation of resources, over investment in capa-
city, and under use of existing capacity, that is of concern. Subsidiza-
is tantamount to saying that there is over investment in system capacity,
although there is no present estimate of the magnitude of this over

investment.

In the ideal world, with optimal adjustment of plant capacity, the proper
prices are those which, during peak periods, are equated with incremental
operating and capacity costs or are high enough to ensure that potential
demand does not exceed supply, and are equated with marginal operating

cost during off-peak periods.

Estimation of new peak period prices was approached from two standpoints.
Comparing the average price advertised by BPA of 2.4 mills per kWh
($18.60 per Kilowatt year) with a peak period price of 6.5 mills per kWh

allows conclusions to be drawn.

There is the interdependence problem; peak/off-peak electricity are sub-
stitutes for each other. The position of the demand for a particular time
period will be influenced by the price charged during another demand
period. Instituting a price differential will bring into play cross-
elasticities which are not now operative. It seems logical that if the
cross-elasticity coefficients are positive, raising peak period prices
will shift the off-peak demand curve to the right. This being the case,
analysis of direct price elasticities will underestimate the effect on

a peak period price increase on the quantity purchased.

For households, using an elasticity of -.4, the new peak period price

might be expected to reduce peak period consumption by 50 percent. This
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means that 10 years after:the price change, household consumption will be
50 percent less than presently anticipated. For the primary metals in-
dustry, into which category the aluminum industry falls, the quantity
response is 230 percent. The magnitude of the adjustments is dependent

upon industry's ability to shift peak consumption to off-peak periods.

These numbers must be used with extreme caution. They suggest that if

peak period prices were adjusted, the additions to system capacity pres-
ently envisioned might exceed what in fact is necessary. If peak period
pricing sufficiently reduced peak period demand, allowing the postponement
of additional generation and transmission capacity, the economy or savings
would be the annual fixed interest charges times the years delayed. Annual
fixed interest charges are estimated as $19,100,000 for a hypothetical
1,000 MW plant generation plant and $5,016,000 for the related transmission
facilities. Thus, $24,116,000 of capital resources can be used elsewhere

if construction is postponed for a year.

By applying the household elasticity to all electric consumption in the
Pacific Northwest, it is possible to gain a notion of the possible savings.
If all anticipated consumption were reduced by 30 percent during the
period 1970 to the end of 1980 the savings can be estimated, assuming that
the reduction is linear over the 10 year period. Furthermore, it is
necessary to assume that the fixed costs, $24,350,000 per year, are
realistic, and that the mix of generation capacity and transmission

capacity will be constant.

In its 1969 Annual Report BPA indicates that over 11 million kilowatts of
generation capacity will be required during the period 1970 to 1980 in the
Pacific Northwest. A 30 percent reduction in anticipated growth will
reduce the additions to capacity by 3.3 million kilowatts. At the end of
1973, the end of 1976 and the end of 1979 the proposed addition of a

1,000 megawatt nuclear power plant would not be necessary if prices were

raised. By applying an annuity factor for the seven, four and one year
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time periods to the $24,350,000, at the end of 1970 the present value of

the potential gross savings amounts to over 150 million dollars.

There are situations. in which peak period pricing reduced peak period
demand. The French reduced their national peak by 5 percent after
instituting a pricing schedule which more precisely reflected the costs
of production; the reduction amounted to the equivalent of approximately
50 percent of the load growth anticipated during that first year. Turvey
(1968) cites an example in New Zealand in which those customers who have
their water heaters switched off during peak daily periods are sold
electricity at approximately 1/3 the rate of those who use peak energy.

This strategy reduced peak load demand by 20 percent.

For multiple-dial meters the French use ripple control equipment; high
frequency electricity is used to switch meters. It is also possible to
use clocks to regulate multiple-dial meters, although clocks which are
electrically powered are not without their problems. Outages desyn-
chronize the clocks with the daily or weekly load cycle. However,
clocks can be powered by other means. In the United States demand

controllers have been used to limit loads.

It is possible that residential customers will find metering and billing
costs too high for even a two-dial meter, in which case there are other
possibilities. Higher winter costs could be used as a rationale for dis-
couraging electric home and water heaters. Or, electric home and water
heaters can, as they are in England, be designed to store heat energy,
and then be switched off during peak demand periods. Turvey (1968) cites

examples of hot water heaters with a six-hour supply of hot water.

Obviously, any effort to promote peak period demand is not rational; and
it seems likely that there are more marginal cost pricing possibilities

than have been or are in use.
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With potential gross savings of 150 million dollars, and given the examples
of capital cost savings in other countries, peak period pricing obviously
deserves further investigation. If it is decided that the anticipated
additional costs of metering, billing, administration and the consumers"
additional equipment costs do not exceed the potential gross savings,

there are net benefits to be captured. If the costs of household appli-
ance modification or industrial modification do exceed the potential
savings, the case for marginal cost, peak period pricing is not as strong.
There may be grounds for peak period pricing 1f it is no longer acceptable

to transfer income from off-peak period to peak period consumers.

Lastly, it may be argued that a marginal cost pricing schedule will reduce
peak period demand growth sufficiently to allow for a greater margin of
regserve capacity or more time to plan for the proper siting of nuclear

power plants.

In order to accommodate peak pricing evaluation, costs for all power
generation components of a regional system must be available. Thus the
peak pricing issue is not of concern in the siting of a specific plant as
much as it is in the dynamic analysis of a series of site selections. The
dynamic assessment model 1s constructed to integrate the results of in-
dividual site assessment and test the impact of alternative time sequences

of power plant sitings.

Methods to Include Externalities - Faced with the choice to quantify ex-~

ternalities in dollar terms or maintain separate accounts to permit com-
parison of engineering alternatives, Meyer elected to examine specific
externalities related to fishery damage from power plant cooling and
transmission of power and develop a modeling methodology. While these
studies identified methods to estimate the rent from the use of water

or land and introduce some social accounting into the analysis, 1t is

not a complete social accounting.
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The market place fails to efficiently allocate common property fishery
resources for reasons very similar to the market's failure to allocate
external costs; fishery property rights are not defined, transferable
or enforceable. The fluidity of the product, the fishery, prohibits the
establishment of well-defined property rights.

Without well-defired property rights, labor and capital can freely enter
the fishery. When the price (not the cost) of entrance is zero, the
fishery will be exploited as long as it ylelds positive rents. As long
as entry 1s not restricted, the contribution of the fishery, rent, will
be viewed as excess profits and additional capital and labor will be
attracted to the industry. Entry continues until rents are dissipated,
and the net economic contribution of the fishery is zero. The relevant

consideration, rent, is the value of the fishery optimally regulated.

Royce et al. (1963) feel that 50 percent of the gross value of the Puget
Sound salmon fishery is potential rent. By eliminating redundant labor
and capital and allowing the remaining gear to fish a full week, instead
of two days per week, the State of Washington may capture the fishery

rent. If rules enforcing the inefficient use of capital are eliminated,

net rent can be expected to exceed 50 percent of the gross fishery value.

The commercial Columbia River catch averages approximately $6.7 million a
year, 75 percent of which is potential rent (Crutchfield and Pontecorvo
(1969)).

For the Sacramento River, Fry (1962) has estimated potential net economic
ylelds to be 90 percent of the gross value of the fishery. Mathews and
Wendler (1968) have made similar estimates for the potential yield from
the 1965 Columbia River fishery for the spring and fall chinook runms.

For the sport fishery, the economic value is not the fish, but the fishing
experience; although catching the fish 1s intrinsically involved, the
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service is the fishing activity.

Estimating net yields from a sport fishery is very difficult. Since only

a nominal or zero price is charged, there is little price information about
how intensely fishermen like to fish. For the commercial catch, some have
used the price of commercially caught fish. Although gross annual sport
fishing expenditures may be important from a local standpoint, they are

not pertinent in a national assessment.

Economists have resorted to other methods of net yield estimation, since
the traditional indicators are absent. An Oregon study, published by
Brown, Singh and Castle (1964), and other studies have used distance-cost
models for estimating recreational values. The estimated minimum net
value for all Oregon salmon and steelhead sport fisheries in 1962 was

$2.5 million for about 282,000 fish caught on 1,100,000 angler days.

Brown and Mathews (1970) have used the questionnaire approach. Although,
like the other procedures,. there are disadvantages, this method requires
that sport fishermen establish a minimum annual price for which they would
be willing to sell their right to salmon fish. The authors recommend using
a minimum net value of $28 per salt-water sport fishing day in Puget Sound
and along the Washington coast. This is an estimate of how much sport
fishermen are willing to pay for the opportunity to fish. The authors

also found that net benefits increase as catch per day rises.

If, as Mathews and Brown show, there is a positive relationship between
net value and catch per trip, and their sport catch were increased, net
rents would increase by $28 per angler-day and decrease by the amount of
the commercial fishery rent or 50 percent of the gross value. It is '
assumed that the possibility of doing so would not be so great as to

alter the incremental values involved.
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Crutchfield and MacFarlane (1968) estimate that if similar restrictions
were placed on the halibut fishery, the net rents accruing to society
would be in the range of 40 to 50 percent of the gross value of the

annual catch.

These data indicate that if the impact of a power plant on fishes can be
determined in terms of the increase or decrease in the annual catch, some
estimate of the economic value of that change in catch can be made. In
the case of fishery that are damaged by the release of heat or chemicals,
the full cost of these damages should be charged to the cost of producing
power. Conversely, if fish stocks are increased the benefit should be
credited to the power plant. When the fishery affected is privately
owned, such as for oyster or fish farming, the estimate of benefits or
costs created by a power plant could be directly obtained from the an-

ticipated changes in net earnings of the firm in question.

Based on these findings, the model has been developed to estimate the
changes in fisheries in terms of diversity of fishes, and value of the
fishery, as a result of heat and chemical discharges, and physical

losses from intake structures.

Transmission lines were evaluated for three externalities: visual impact;
erosion, sedimentation and water quality changes; and non-payment for

land use changes.

Since BPA has modified some of its transmission practices, avoiding scenic
areas and adopting its own envirommental standards, it is logical to argue
that a portion of average transmission costs are the result of efforts to
minimize transmission externalities. The magnitude involved cannot be

defined. Whether BPA activities are optimal has not been shown.

Personal communication with BPA representatives is the source of the wheel-

ing formulas (cost to involved in delivering power).
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$1.32/kW-year
$2.33/kW~year
$4.37/kW~-year

Plant west of the Cascades to the major load center’
Hanford
Libby

$ .81/kW-year + $.01/mile kW-year - general formula, subject to annual

negotiation

If economies of scale exist for the transmission of electricity and this
service is financed so that total revenue equals or exceeds total cost,
then the wheeling costs could be viewed as an upper limit to incremental
transmission costs. BPA indicates that transmission of power is self-

supporting; i.e. revenues including interest charges, exceed costs,

The wheeling formula costs were calculated on the basis of financial costs,
not economic costs. Since interest rates influence costs, improper
interest rates results in erroneous costs. Through fiscal year 1963 the
rate was 2-1/2 percent; subsequently, the rate has gradually risen to

6-3/8 percent.

As mentioned earlier, the choice of interest rate is crucial and under-
estimation of interest rate results in an underestimation of the oppor-
tunity cost of capital. This is especially important in the case of
transmission cost since capital costs are a major fraction of the total
costs. For a double circuit, 500-KV, 200-mile, 1000 MWe capacity line,
using an interest rate of 7 percent, an economic life of 45 years, BPA
average system line losses of 4~1/2 percent valued at $18.60 per kW-year,
15 percent overhead charges, and the construction, terminal facility and
operation and maintenance costs presented in the section on peak period
pricing yields an annual, incremental transmission cost of approximately
$5,700,000. For 200 miles and 1,000 MWe, the general wheeling formula
generates a figure of about $2,810,000. The difference between $5,700,000
and $2,810,000 is caused by an inappropriate interest rate, although the

interest rate used by BPA is specified by law.
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Based on this comparison, transmission costs should not be based on
wheeling formulas developed by wutilities unless appropriate discount

rates have been used.

The visual costs that property owners adjacent to transmission line
right-of-way are willing to pay to diminish the visual impact are less
than the costs of transmission practice modification. To appreciably
increase transmission distance or to underground wires may increase costs
in excess of the amount people are willing to pay to reduce external
visual effects. The apparent lack of property value depreciation due to
transmission line proximity lends support to this position. In urban
areas, particularly adjacent to high value residential areas or heavily
used scenic areas, the cost of alternative routing or undergrounding may,

however, be less than the external cost.

It also seems likely that the visual costs borne by the traveling public
are directly related to the frequency of encountering towers. And if, as
is possible, the public is willing to forego something in order to reduce
visual costs, there are options which allow the planner to arrange the
roadside view in a cost-minimizing manner. These options include under-—
grounding, alternative routing and the adoption of visual-impact-

minimizing techniques.

Since the external costs involved are difficult or impossible to quantify,
the values involved can only be imputed by alternate routing, and conse-
quently lengthening the transmission distance, undergrounding or including
the costs of constructing aesthetically superior transmission lines.
Displaying the costs of alternative strategies will assist the decision

maker to select the desirable alternative.
Presently, in central business districts, underground transmission lines
are often the least-cost alternative; this is evidenced by the existence

of underground lines, although utility decisions may be influenced by
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visual considerations. The Federal Power Commission (1966) indicates that
underground transmission costs exceed overhead transmission costs by from
10 to 40 times in rural areas and from 1 to 20 times in urban-suburban
areas. Using an escalation factor of 10, applied to the above baseline
costs, yields an average annual cost of $57,000,000. Assuming there are
no visual costs associated with underground lines, this figure represernts
one of the variants of the transmission cost alternatives. Another pos-
sibility for eliminating visual costs is to locate the power plant near

the load center.

If, as was previously argued, the proper goal is environmental cost
minimization, undergrounding may be optimal in particular localities.

For instance, if, to avoid residential areas or scenic areas, 20 miles of
undergrounding is being considered, the additional cost of $523,000 is the
relevant value. The decision making body would then decide if the visual

values exceeded the additional $523,000.

The estimation of social costs related to erosion, sedimentation and water
quality changes caused by land use for power transmission can be obtained
from rents and costs of right-of-way management practices. Engineering
alternatives such as paving of roads, use of aerial transport to install
facilities, and improved methods of maintaining vegetation can preserve
fish, wildlife and water quality. When the land is privately owned, the
rent will reflect costs to satisfy environmental criteria. However, if
rent is not collected or if federal agencies do not require land manage-
ment to protect the environment in transmission rights-of-way, these

costs will be difficult to estimate and internalize.

Transmission and right-of-way management strategies which minimize external
costs are obviously desirable, but in normal situations it does not seem
likely that internalization of external costs will appreciably alter the
location or length of tramsmission lines. For example, if a change in

procedures caused right-of-way acquisition and management process costs
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to increase from $19,000 to $36,000 per mile, a highly unlikely increase,
annual transmission costs for the example used above would increase by
less than $300,000 a year. Considering the large incremental cost of
altering plant location it is very unlikely that internalization of these
costs will appreciably change any plant's location. However, the small
magnitude involved should not be used as a rationale for ignoring the

diseconomy.

Social Accounting - This research has failed to produce any significant

improvement in the formulation of a social account for assessing the
environmental impact of thermal power plant siting. The internalization
of externalities, the estimation of rents, and the selection of proper
discount rates were existing concepts prior to this study. Peak period
pricing is suggested to reduce the demand for power and internalize
specific benefits and costs. This allows the market mechanism to
allocate costs to power consumers, but does not contribute to the inter-
nalization of costs associated with environmental degradation. The model

developed in this research does not reflect any other social factor.

An exploratory attempt to develop a single surrogate for social impact did
not yield an acceptable solution to this problem. The most promising
surrogate appears to be lead time between an identified need for power and

the ability to satisfy this added demand.

Lead time costs are described by several utilities as one of the more

important considerations in siting a nuclear power plant. It has been
argued elsewhere that because proper consideration has not been given
to the negative external effects of power generation and distribution,
the public responds by impeding or, in some cases, completely blocking
prospective power plants. Examples are numerous, and this occurs in
spite of the fact that the utilities conduct extensive educational and
advertising programs to promote public acceptance. To properly analyze

public acceptance or opposition and its effect upon lead time requires
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extensive research, since with the comparison of two locational alterna-

tives all other things will inevitably not be equal.

Seattle City Light's representatives have indicated that it takes
approximately nine years to plan and have a nuclear power plant in
operation., Felton (1971) indirectly states that the total time involved
is a 1ittle over eight years. These figures seem appropriate only after
preliminary studies have narrowed down the range of locational alterna-
tives. Prior to the nine-year period resources are allocated to load
forecasting, planning and preliminary site investigations. Facilities
established during earlier power development may be the controlling

factor on current efforts.

Felton (1971) analyzed the time period necessary to receive a construction
permit. Since 1967 construction permit applications have required pro-
gressively more time. The average time was 10.5 months in 1967, 13.25
months in 1968, 19 months in 1969 and 18.25 months in 1970. Most of the
increase took place prior to the final Advisory Council on Reactor Safe-
quard's review. For 1971 Felton calculated, excluding anomalies, that

the 10 plants which received construction permits required an average time
of 20.5 months. These data bias any predictions since 21 applications
were filed; the numerical time applies only to the 10 which received

permits.

Construction and delivery times have also increased. Delivery time from
contract to operation for 14 plants in operation in 1968, ranged from four
to 10 years with a mean of six years (Nuclear News, January, 1970).

Larger numbers of orders in 1966 and 1967 led to delays in plant delilvery.
Only two of the 13 nuclear power plants scheduled for commercial operation

in 1969 were in operation on schedule.

One investigation into the causes of delays, Hogerton (1970), of 70 nuclear

power plants for which construction permit application had been submitted
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concluded that delays averaged 4.5 months, ranging from one to 13 months.
Causes of delay are listed in order of importance: labor, licensing,
delivery, public opposition, construction problems and scheduling prob-
lems. Hogerton also states that utilities are now allowing more

construction time, approximately 5.3 years.

Until very recently, public opposition has been most active prior to
initiation of construction. It has forced the utilities to invest more
resources in planning and ecological research. It also has produced
significant changes in the licensing requirements at both the state and
federal level. The recent Calvert Cliffs decision, U. S. Court of
Appeals, Washington, D. C., required that 110 proposed reactors, 46 of
which have construction permits and could be modified, must be subject to
enviro;mental reviews. The court held that the A.E.C. was not meeting
its responsibilities for implementation of the National Environmental
Policy Act, and the A.E.C. must, at all stages of licensing, evaluate

environmental values.

After analyzing the proposed Bell Station on Lake Cayuga, Nelkin (1971)

has argued for coordinated regulatory activities, and greater flexibility
on the part of the utilities. The Bell Station was postponed approximately
1-3/4 years after formal announcement of plans. The controversy was pre-
dominantly centered about possible thermal effects. New York State
Electric and Gas Corporation learned that the burden of proof rested

with them; and that regardless of the misinformation about their plans,
the public's tastes and perception of property-use rights had changed
sufficiently to stop the plant.

Jopling and Gage (1971) considered five case studies. identifying the
salient issues for each siting controversy. The authors recommend public
consultation by the utilities, incorporation of public opinion into the

decision process and more public hearings.
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Additionally, proposals have been made for changes in the A.E.C.'s reactor
licensing rules. These proposals have been made by an ad hoc group of
lawyers from the Atomic Energy Industrial Forum and the A.E.C. If
enacted, the changes are expected to accelerate methods of handling

license applications.

At the state level new regulations have emerged also. To assure more
certainty in the siting of the;mal power plants some states have created
comprehensive site evaluation agencies. Of note is the Washington State
Thermal Power Plant Siting Council and the New York State Atomic and Space

Development Authority.

Designed to protect the public and provide the utilities with a one-stop
state evaluation, these agencies can be expected to reduce the red tape
associated with plant siting and provide the public with the feeling that

all issues are being evaluated.

The New York Agency is authorized to issue bonds to acquire and develop
thermal power plant sites for resale or lease to utilities. The Washington
Council is composed of the pertinent state agencies, representatives of

local governments and an independent consultant to represent the public.

The available information and the experience in power plant siting of the
proposing and opposing groups will be major factors in the time required
to win approval for plant construction. Currently the time required
reflects the delays caused by lack of proper forums for debate and
decision-making, as well as time required to resolve critical issues. In
the future the former delays will be minimized since one-stop approval
agencies are being created and formats for impact statements are becoming
standardized. The delay time will reflect more closely the concern over
environmental impacts and the willingness of society to accept or reject
these. It may be possible then to identify delay time as the surrogate

for social cost. Unfortunately insufficient empirical data were available
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to develop a function that could be incorporated in the model.

Task 2: Ecological Accounting

In response to the predicted increase in use of natural waters for cooling
purposes, several comprehensive literature reviews have been compiled to
provide quick reference to effects of changes in water temperature upon
aquatic organisms (Brett, 1956; Wurtz aﬁd Renn, 1965; Altman and Dittmer,
1966; Welch and Wojtolik, 1968; Jensen et al., 1969; Parker and
Krenkel, 1969; deSylva, 1969; Hawkes, 1969; Coutant, 1968, 1969, 1970,
1971; Hharble and Mowell, 1971). Despite this concentration of literature
there has been a great reluctance by biologists to predict the response

of an aquatic system to increased water temperatures. One reason, and
perhaps the basic one, is that many of the multitude of interactions
within an aquatic community are unknown and the understanding of the

known is hazy at best. Thus, it may seem unrealistic to predict the

consequences of altering one basic environmental parameter.

Other reasons for reluctance stem from the fact that the great majority

of the data available are from research programs investigating the effects
of temperature elevation on single test organisms. There is a paucity of
studies at the population or community level. Also, much of the research
has been performed in laboratories, and there is hesistance to extra-

polate laboratory results to field situations.

However, in planning the use of a waterway for cooling water discharge,
it is essential to be able to determine the amount of heated water that
can be safely introduced or to be able to make some estimation of the
consequences of altering the natural temperature regime. The authors
recognize the immediate need for studies designed especially for the
purpose of estimating the response of aquatic communities to elevated
temperature, but feel in the absence of these data there is information
enough to at least be able to set forth guidelines and highlight possible

problems that may be expected to result from increased water temperature.
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Even though only a first approximation, such guidelines would be very use-

ful in siting power plants if properly applied and qualified.
This study has been made as a guide to the possible effects of increased
water temperature on both freshwater and marine aquatic systems with

special consideration to fishes as the principal indicator organisms.

Freshwater Fish - Data on the thermal requirements for 85 species of

freshwater fish are presented in tabular form by Bush et al. (1972). -
Although the data are the result of numerous studies using a variety of
experimental techniques, they provide a good approximation of the thermal
tolerance limit and preferred temperature for a significant sample of the

important fish species.

By tabulating the typical fish species inhabiting a river system and
compiling the available data on thermal requirements for the species,
predictions were made on which fish species would be adversely affected
by increased water temperature. Such predictions are.presented in this
manuscript for six representative river systems in the U. S. The pre-
dictions are based upon three assumptions: (1) that.a fish species
would be lost from an area, either by déath or emigration, if the water
temperature was raised to the highest lethal 1limit for that species
reported in the literature, (2) that a fish would be subjected to sub-
optimal conditions that would have a detrimental effect on its activity,
growth and survival or would avoid the reach of the river if the water
temperature in that reach was raised above the preferred temperature of
the species (the highest reported in the literature at the highest
acclimation temperature) and (3) that a change in the temperature regime
that did not raise the water temperature above a fish's preferred temper-

ature would not have an adverse effect on that species.

The estimated community response of freghwater and anadromous fish

species to elevated temperature for six representative river systems is
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presented in Tables 5 through 10. The river systems chosen were the
Columbia River, Sacramento River, Upper Mississippi River, Lower Missi-
ssippi River, Tennessee River and the Delaware River. No one reach of
each river will contain all the fish species indicated for the river
system. Thus, in using these tables, the reader must be aware of the
fish species in the reach of the river concerned and must adjust for fish
species that are predicted to be harmed but are not present. Similarly,
the user must acknowledge that species not listed in the tables may
indeed occur in the reach of the river concerned, and these should be
considered in the predictions of community response. Estimation of the
effect on any fish species not listed for the river systems (Tables 5 -
10) can be derived from the original data compiled for that species,
(Bush, et al. (1971)). If compiled data for that species are not avail-
able, compiled data from fish of the same family or genus could be used

as a best estimate of the response of the fish concerned.

The predictions in Tables 5 - 10 are based on preferred and lethal tem-
perature data for adult and juvenile fish. They exclude the effect of
increased water temperature on spawning and egg hatching success. Where
specific data for a species were not available, data from closely reléted

species (species from the same genus or family) were used.

A fish species is assumed to be within its preferred temperature range

if the given water temperature (or mixed river temperature) is lower

than the highest reported preferred temperature determined at the highest
acclimation temperature for the fish. The suboptimal temperature range
is the range above which a fish prefers but below its lethal limit. In
this temperature range the fish is considered stressed and an adverse
effect on its activity, growth and survival is predicted. Exposures to
sublethal temperatures over long periods of time can be just as harmful
as lethal temperatures and may cause the elimination or drastic reduction
in the population size of stressed species even to the eventual elimina-

tion of species (Tarzwell, 1970). Except for the anadromous fish, the
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Table 5. Predicted Effect of Increasing Water Temperature on the Fish Community of the Columbia Rivet(l)
°c °F % of species. X of species X of species species
within pre- in suboptimal expected to expected
ferred temp. temperature be lost from to be lost
range conditions (2) the system from the system
8 46.4 100 0 0
10 50.0 95 0
12 53.6 93 0
14 57.2 88 12 0
16 60.8 60 40 0
18  64.4 54 44 2 Columbia River smelt
20 68.0 51 44 S freshwater smelt
22 71.6 28 65 7 Puget Sound smelt
24 75.2 26 48 26 sockeye salmon, chinook salmon, chum salmon, piok salmon,
coho salmon, Dclly Varden, Rocky Mt. whitefish, chiselumcuth
jack
26 78.8 16 44 40 brook trout, Aleutian sculpin, prickly sculpin, Columbia
sculpin, sculpinr, starry flounder
28 B2.4 9 49 42 lake trout
30 86.0 9 26 65 white sturgeon, green sturgeon, American shad, cutthroat
trout, brown trout, longnose sucker, tuichub, squawfish
32 89.6 7 12 81 rainbow trout, coarsescale sucker, yellow perch, fresh-
water burbot, Columbia finescale sucker, chiselmouth,
longnose dace, western speckled dace, Columbia R. chub
34  93.2 0 14 86 redside shiner, threespine stickleback
36 96.8 0 7 93 tadpole madtom, smallmouth bass, black crappie
38 100.4 0 0 100 carp, largemouth bass, bluegill

(1) based on preferred and lethal temperature data for adult and juvenile fish. Where specific data for a
species were unavailable, data from closely related species were used.

(2) the temperature range above the preferred temperature and below the lethal temperature.
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Table 6.
oC °F
8 46.4
10 50.0
12 53.6
14 57.2
16 60.8
18 64.4
20 68.0
22 71.6
24 75.2
26 78.8
28 82.4
30 86.0
32 39.6
34 93.2
36 96.8
38 100.4

Predicted Effect of Increasing Water Temperature on the Fish Commurnity of the §acramento River(l)

% of species.
within pre-
ferred temp.

range

100
97
95
92
72
72
69
59
38

33
23
15

% of species
in suboptimal
temperature
conditions (&3]

o w W O

28
28
28
36
44

41
51
49

46
33

13

% of species
expected to
be lost from
the system

0

v W O O O O o

26
26
36

46

67

87

100

species
expected

to be lost

from the system

freshwater smelt
Sacramento smelt

pink salmon, chum salmon, coho salmon, sockeye salmon,
chinook salmon

Aleutian sculpin, prickly sculpin, rough sculpin

white sturgeon, green sturgeon, brown trout, Sacramento
squawfish

rainbow trout, California sucker, Sacramento smallscale
sucker, stripped bass

hardhead, Sacramento blackfish, splittail, hitch, western
roach, tuichub, thicktail chub, threespine stickleback

white catfish, channel catfish, brown bullhead, black
bullhead, smallmouth bass, black crappie, Sacramento
perch, green sunfish

threadfin shad, carp, largemouth bass, spotted bass,
bluegill

(1) based on preferred and lethal temperature data for adult and juvenile fish. Where specific data for a
species Were unavailable, data from closely related species were used.

(2) the temperature range above the preferred temperature and below the lethal temperature
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Table 7.

Oc OF

18  64.4
20 58.0
22 71.6
24 75.2
26 78.8
28 82.4
30 86.0
32 89.6
34 93.2
36 96.8
38 100.4
40 104.0

Predicted Effect of Increasing Water Temperature on the Fieh Community of the Upper Mississippi River

% of species
within pre-~
ferred temp.

range

100
98
75
61
49
18
14

0

%2 of species
in suboptimal
temperature
conditions

0

2
25
39
51
82
79

49

35

12

0

%Z of species
- expected to
be lost from
the system

0

~ O O o © o

44

63

88

98

100

(n

species
expected

to be lost
from the system

shovelnose sturgeon, pallid sturgeon, lake sturgeon,
emerald shiner

blue sucker, largemouth buffalofish, smallmouth buffalofish,
quillback carpsucker, rabbitmouth sucker, silver redhorse,
golden redhorse, greater redhorse, blacknose dace, long-
nose dace, creek chub, white bass, vellow bass, yellow
perch, sauger, walleye, log perch, slenderhead darter,
greenside darter, Johnny darter, banded darter

stoneroller, golden shiner, redside dace, fathead minnow,
bluntnose minnow, bullhead minnow, redfin shiner, mimic
shiner, blackchin shiner, ironcolor shiner, spottail
shiner

northern pike, blue catfish, channel catfish, flathead
catfish, yellow bullhead, brown bullhead, black bullhead,
stonecat, madtom, smallmouth bass, black crappie, white
crappie, warmouth, green sunfish

gizzard shad, carp, largemouth bass, bluegill, orange-
spotted sunfish, pumpkinseed

banded killifish

(1) based on preferred and lethal temperature data for adult and juvenile fish. Where specific data for
a specieswere unavailable, data from closely related species were used.

(2) the temperature range above the preferred temperature and below the lethal temperature.
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Table 8.

°C

18
20
22
24
26
28
30
32

34

36

38

40

°F % of species
within pre-
ferred temp.

range

64.4 100

68.0 98

71.6 78

75.2 64

78.8 50

82.4 26

86.0 22

89.6 10

93.2 4

96.8 0

100.4 0
104.0 0

% of species
in suboptimal
temperature
conditions (2)

22
36
50
74
74
54

38

18

Predicted Effect of Increasing Water Temperature on the Fish Community of the Lower Mississippi River

% of species
expected to
be lost from
the system

0

& O © © ©O ©

36

58

82

96

100

1

species
expected

to be lost

from the system

shovelnose sturgeon, emerald shiner

river herring, blue sucker, largemouth buffalofish, small-
mouth buffalofish, quillback carpsucker, carpsucker,
Alabama chubsucker, rabbitmouth sucker, black redhorse,
yellow bass, white bass, Arkansas sand darter, yellow
perch, log perch, dusky darter, goldstripe darter

stonercller, golden shiner, fathead minnow, pugnose minnow,
silvery minnow, cypress minnow, blacktail shiner, flagfin
shiner, common shiner, blackfin shiner, river shiner

redfin pickerel, blue catfish, channel catfish, brown
bullhead, black bullhead, flathead catfish, flier, black
crappie, rockbass, warmouth, green sunfish

gizzard shad, carp, largemouth bass, spotted bass, spotted
sunfish, bluegill, redear sunfish

blackstripe topminnow, blackspotted -topminnow

(1) based on preferred and lethal temperature data for adult and juvenile fish. Where specific data for
a gpecies were unavailable, data from closely related specles were used.

{(2) the temperature range above the preferred temperature and below the lethal temperature.
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Table 9.

°c °F

12 53.6
14 57.2
16 60.8
18 64.4
20 68.0
22 71.6
24 75.2
26 78.8
28 82.4
30 86.0
32 89.6
36 93.2
36 96.8
38 100.4
40 104.C

Predicted Effect of Increasing Water Temperature on the Fish Community of the Tennessee River(l)

7% of species
within pre-
ferred temp.
range
100
99
99
97
96
72
61
51
21
15
6

0

% of species
in suboptimal
temperature
conditions (2)

s W HEH O

28
39
48
78
81
43

30

12

0

% of species
expected to
be lost from
the system

H O H O O O O O O O

wn
[

69

88

99

100

species
expected

to be lost

from the system

brook- trout

shovelnose sturgeon, brown trout

skipjack herring, rainbow trout, blue sucker, smallmouth
buffalofish, largemouth buffalofish, highfin carpsucker,
carpsucker, spotted sucker, hogsucker, silver redhorse,
shorthead redhorse, river redhorse, black redhorse,

golden redhorse, white sucker, longnose dace, white bass,
walleye, sauger, log perch, gilt darter, dusky darter
speck darter, greenside darter, Teunnessee snubnose

darter, Johnny darter, goldstripe darter, banded darter,
redline darter, spottail darter, Cumberland fantail darter

stoneroller, golden shiner, bluntnose minnow, river chub,
blotched chub, spotfin chub, bigeye chub, common shiner,
popeye shiner, mimic shiner, Tennessee shiner, silver shiner

muskellunge, blue catfish, channel catfish, flathead catfish,
brown bullhead, stonecat, smallmouth bass, black crappie,
white crappie, warmouth, longear sunfish, orangespotted
sunfish, redear sunfish

gizzard shad, threadfin shad, carp, largemouth bass,
spotted bass, rockbass, bluegill

white streaked killifish

(1) based on preferred and lethal temperature data for adult and juvenile fish. Where specific data for a
specleswere unavailable, data from closely related species were used.

(2) the temperature range above the preferred temperature and below the lethal temperature.



6S

Table 10,
°c DF
12 53.6
14 57.2
16 60.8
18 64.4
20 €8.0
22 71.6
24 75.2
26 78.8
28 82.4
30 86.0
32 89.6
34 93.2
36 96.8
38 100.4
40 104.0

Predicted Effect of Increasing Water Temperature on the Fish Community of the Delaware River(l)

% of speciles
within pre-
ferred temp.

range

100
100
100
96
82
72
52
36
26
20

0

% of species
in suboptimal
temperature
conditions (2)

& O O O

18
28
48
62
70
66

24

32

12

0

% of species
expected to
be lost from
the system

& O O O O O O © ©

—
&

[ ]
[ ]

66

88

98
100

speciles
expected

to be lost

from the system

smelt
alewife

tomcod, Atlantic sturgeon, shortnose sturgeon, American
shad, Atlantic salmon

alewife, hickory shad, common sucker, spotted sucker,
chubsucker, eastern redhorse, hogsucker, blacknose dace,
pearl dace, silverline shiner, striped bass, white perch,
yellow perch, blackside darter, Johnny darter, creek chub

fallfish, golden shiner, fathead minnow, bluntnose minnow,
northern chub, satinfin shiner, bridled shiner, swallow-
tail shiner, silvery minnow, silverfin shiner, threespine
stigckleback

chain pickerel, redfin pickerel, white catfish, yellow

bullhead, brown bullhead, madtom, banded sunfish, blue-
spotted sunfish, rockbass, yellowbelly sunfish, small-

mouth bass

gizzard shad, carp, largemouth bass, bluegill, pumpkinseed

variegated cyprinodon

(1) based on preferred and lethal temperature data for adult and juvenile fish. Where specific data for
a species were unavailable, data from closely related species were used.

(2) the temperature range above the preferred temperature and below the lethal temperature,



temperature at which a species is expected to be lost from the system was
derived from the highest recorded lethal limit reported in the literature.
During their migration through a reach of a river with elevated temper-
atures, anadromous fish would not have time for full acclimation to the
heated waters. Therefore the temperature at which an anadromous fish was
estimated to be lost from the system was derived from lethal limits

determined at intermediate acclimation temperatures.

The tables of predictions of alterations in fish communities in a river
are meant to set forth guidelines and highlight possible problems that

are expected to result from increased water temperature. The accuracy

of these predictions must be qualified not only because of the varied
techniques used by researchers who produced the data upon which the pre-
dictions are based, but also because they do not consider the response of
a fish species to the numerous other enviroomental variables that interact

with a temperature increase to affect the species.

It is impossible at this time to integrate all the biotic and abiotic
environmental variables that change with increased water temperature

into a comprehensive table to predict effects on fish. If possible, such
integration would undoubtedly indicate a loss of more native fish species
from a river system than would result from consideration of temperature
alone. Recognizing the need for such qualification and more detailed
studies at most sites, these predictions will be useful as guidelines in
predicting the consequences from altering the natural temperature regime
in a section of a river. Their purpose is to aid the initial evaluation
of thermal power plant siting and cooling water discharges. In no way do
these preliminary predictions replace the need for extensive studies to

define thermal environmental impacts at the selected site.

Freshwater Invertebrates - The data compiled from the literature search

for lethal temperature limits for freshwater invertebrates are reported

by Bush et al. (1972). Temperature tolerances have been determined for
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only a small fraction of the total number of freshwater invertebrate
species. There is estimated to be about 8,500 described species of fresh-~
water invertebrates excluding protozoa and parasitic classes (Pennak,
1953). The relatively small number (94) of species for which data on
thermal requirements are available precludes community response estima-
tions similar to those given for freshwater fish. However, there seems

to be evidence that in protecting fish, the invertebrate fauna will also
be protected. According to Mount (1969):

"There is a substantial amount of evidence that fishes
frequently are more sensitive to elevated temperatures

than are most of the food chain organisms. This is not

to say that some varieties of invertebrates or phytoplankton
are not more sensitive than fishes, but it does imply that,
under increased temperature, sufficient food organisms will
be present, though they may be of different kinds, to support
the harvested crop."

Further there does not seem to be an example in the literature of a heated
discharge destroying the bottom fauna to the extent that the fish popula-
tion was adversely affected by lack of food organisms. Parker and Krenkel
(1969) report that the heat tolerance of most macroscopic invertebrates
for which data on lethal limits reported by BSush et al. (1972) are repre-
sentative of the toierance range of freshvsater invertebrates in general,
theﬁ Figure 6 supports the thesis that protection of the fish will in
general result in the protection of most invertebrate fauna or at least

an adequate fish food supply. Figure 6 gives the mean lethal temperature
for each freshwater fish and invertebrate respectively for which data
were found. The figure suggests that when nearly all fish species are
protected from heat water discharges, the invertebrate organisms should
also be protected. At least, as Mount (1969) suggested, there would be
food organisms present. In an extreme case, Figure 6 indicates that
invertebrate species, many of which are fish food items, will still exist

after all fish are killed by heat.

Because of the regional variation in the composition of invertebrate fauna,

results from the few studies reported in the literature may not be indica-
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tive of the temperature tolerance for an invertebrate community in general
and, therefore, are not a sound basis for guidelines. However, if indeed
the adequate protection of fish species results in like protection of the
principal invertebrate fauna, at least to the extent that there will be
preservation of fish food organisms to support the fish population, then
the use of the tables on the estimated effect of elevated temperature on
freshwater fish communities will suffice as a guideline for both the

protection of fishes and invertebrates.

Freshwater Algae - The composition of an algal community in a river may

change with variations in environmental conditions as the competitive
advantage of some forms is changed. Because of the acute competition
among algal species for space, nutrients, light, etc., conditions need
not reach the lethal limit for an algal species to be replaced (out-com—
peted) by a more tolerant form. The conditions need only be less favor-
able for that species and for more favorable another. Thus, in evaluating
the effect of temperature on an algal community, the optimum temperature
for the species is of prime concern. Differences in temperature optimum
are among the major factors causing succession and dominance in algal
communities. Whether or not increased water temperature would result

in succession to more tolerant forms would also depend on other environ-
mental conditions such as light and nutrient supply. Given sufficient
light and nutrients, changes in water temperature can cause shifts in the

species composition of an algal community.

In general the optimum temperature for growth of diatoms is from 15 to
25°C (59-77°F), that for green algae 25 to 35°C (77-95°F) and for blue-
green algae 30 to 40°C (86-104°F) (Hawkes, 1969). According to Patrick
(1969) the blue-green algae may assume dominance when temperatu.es are
maintained above 35°C (95°F) for fairly long periods of time. If the
temperature is held between about 32.2 and 35°C (90-95°F), an incvease in
green algae can be expected; Below these temperatures the native diatom

population will be maintained unless the stream is polluted from other
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sources and the diatoms have already been replaced by green or blue-green
algae. The effect of passage of algae through the condenser system of a
power plant is uncertain. Temperatures above 34°C (93.2°F) will have a
negative effect on algal survival and temperatures below this may decrease
the photosynthetic activity of the algae. Since complex and dynamic algal
communities are an integral part of any ecosystem, statements of conse-
quences from altering the algal community structure by increased water

temperature can only be speculative at best.

The selection preference towards blue-green algal forms is an advancement
towards dominance by nuisance algae. The community increase in blue-green
algal mass is characteristically greater than the concurrent decrease of
other algal forms resulting in greater total biomass (Coutant, 1966).
Further, the blue-green algae are not ﬁtilized in the food web to the
extent that diatoms and green algae are. Thus, the increased production
resulting from blue-green growth is lost to the higher trophic levels.

The consequences of this are relatively unknown.

Marine Fish and Invertebrates - Data on thermal lethal limits for marine

fish and invertebrates have been compiled by Bush et al. (1972). Because
of the relatively small number of marine organisms for which there are
available data, predictions of community response to elevated temperatures
similar to those made for freshwater fish are not possible. Instead,
general statements must suffice for guidelines and more emphasis must be

placed on special site studies.

The thermal tolerances of the major groups of marine fish and invertebrates
are summarized in Table 11 in order of increasing sensitivity or decreas-
ing tolerénce. As was the case in freshwater, the most sensitive groups

of organisms are the fish with mean values for thermal tolerance (lethal)
limits of 26.5°C (79.7°F) and 28.3°C (82.9°F) for Osteichthys and
Chondrichthys, respectively. Data are also most prevalent for the bony

fishes. Marine phytoplankton, macroalgae and rooted plants are not in-
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cluded in the table. However Marble and Mowell (1971) do indicate that
thermal tolerance values are higher for these groups than for fish.

Based on 22 values for marine phytoplankton, they gave a man tolerance
value of 32.2°C (90°F) with a range of 16-41°C (60.8~105.8°F). The mean
reported for red algae (Rhodophyceae) is 30.5°C (86.9°F) with a range of
27.0-35.0°C (80.6-95°F) (based on four species). The mean reported for
brown algae (Phaeophyceae) is 37.0°C (98.6°F) with a range of 27.0-42.5°C
(80.6-108.5°F). Three species of sea grasses were reported to have a
mean thermal tolerance of 37.6°C (99.7°F) with a range of 33.0-45.0°C
(91.4-113.0°F).

Although studies in the vicinity of power plants are scarce, several are
significant. The flora of Morrow Bay, California, was found to be much
more sensitive than the fauna to heated water discharge. Abundance and
species diversity of both the aquatic plants and benthic organisms were
reduced for about 500 feet away from the power plant; the flora however
was affected much more severely. The fish population did not seem to be
affected. The mean intake temperature of the water to the power station
at Morrow Bay was 13.3°C (~56°F) with an annual range of 10-15.6°C (50-
60°F). Temperature increments of 5.650 (10°F) above normal were found
within 500 feet of the discharge (Adams, 1969; Zeller and Rulifson,
1970). North and Adams (1969) suggested that if the water temperature
increased 5.6°C (10°F) above summer ambient in areas on the Pacific coast
all cold water biota would be eliminated and many of thg species consid-
ered to be able to tolerate warm water would be adversely affected. An
increase of 1.1°C (2°F) over normal summer temperatures was predicted

to reduce or eliminate cold water biota during warm summers. They report
that the Laminarian kelps of California will be severely affected by a
5.6°C (10°F) increase in water temperature in the summer months and that
canopy deterioration of Macrocystis spp (kelp) frequently occurs when
summer temperatures 1.1°C (2°F) greater than normal are maintained for

several weeks. Such predictions are supported by the Morrow Bay experience.
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Table 11. Thermal Tolerance of Various Groups of Marime Fish and

Invertebrates
Mean Temperature Range Number
°C °F °C of species

Order Thoracia 47.3 117.1 42,3 - 53.7 5
(barnacles)
Class Xiphosura 42,7 108.9 42.7 1
(horseshoe crabs)
Phylum Protozoa 38.5 101.3 34 - 43 2
(unicellular animals)
Phylum Mollusca 37.2 99.0 29 -~ 45.5 44
(molluscs)
Phylum Coelenterata 36.6 97.9 27.4 - 40.9 17
(jellyfishes, hydroids,
sea anemones, corals)
Phylum Annelida 36.2 97.2 31.6 - 42.7 3
(segmented worms)
Phylum Echinodermata 35.9 96.6 29 - 40.7 13
(sea urchins, starfishes)
Phylum Arthropoda* 34,5 94.1 17 - 53.7 52
(arthropods)
Order Amphipoda 36.4  93.9 27.5 - 41 13
(amphipods)
Order Decapoda 32.9 91.2 17 - 43 26
(shrimps, lobsters, crabs)
Phylum Ctenophora 32.1 89.8 26.5 - 38.2 4
(comb jellies)
Order Eucopepoda 30.3 86.5 28 - 32.8 3
(copepods)
Order Anostraca 30.0 86.0 28 - 42 2
(fairy shrimp) ' ‘
Class Chondrichthys 28.3 82.9 26.7 - 29.8 4
(fishes with cartilaginous
skeletons)
Class Osteichthys 26.5 79.7 10 - 38 58
(fishes with at least partly
ossified skeletons)
Order Euphausiacea 25.1 77.2 23.2 - 27 2

(euphasids)

**Includes several orders and a class listed separately
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Fewer species and numbers of fish were reportedly found in the discharge
area of the Turkey Point power station on Biscayne Bay, Florida. The
effluent also altered the aquatic plant and benthic communities. Summer
ambient temperatures were 30-31°C (86-87.8°F). Many plants and animals
in the zone +4°C (7.2°F) above ambient were killed or greatly reduced.

The turtle grass (Thalassia testudium) population was killed within the

+4°C (7.2°F) isotherm. The turtle grass provided an important habitat and
food source for many of the invertebrate species of the area. Within the
+3°C (5.4°F) isotherm, species diversity and abundance of algae was re-
duced. The mollusks and crustaceans increased while the number of fish

decreased in this area (Levin et al., 1972; Marble and Mowell, 1971).

Chemical Impact - The economic efficiency of thermal power cooling systems

is heavily dependent upon chemical treatment in controlling corrosion,
scaling, wood deterioration and biological growth. The chemical treatment
used in cooling systems is discussed in detail by Saad (1971) and in
section Task-3 Engineering Alternatives, of this report. A summary of
chemical treatment employed in cooling systems is presented in Table 12.
Because of the poor and scattered information available in the literature,
the table is far from complete but offers a useful guideline and serves

as a base for future study. Several of the chemicals used in water treat-
ment are toxic to aquatic organisms. Of particular concern are the
chromium and zinc compounds used in prevention of corrosion and the

biocides used to control biological growth.

The scope of this section is to briefly discuss the impact of these
chemicals if released to receiving waters. A discussion of the methods
and cost of treatment of cooling water containing the chemicals used in
control of corrosion, scaling, etc. is presented in section Task-3
Engineering Alternatives and by Saad (1971). The most widely used
corrosion inhibitors in cooling systems are polyphosphates, silicates,

the dianodic combination of phosphates and chromates and the zinc dianodic

combination of zinc, phosphate and chromate.

67



‘Table 12.

PROBLEM

Scaling

Corrosion

Micro-
biological
Fouling

Other
Fouling

Wood
Deteriora-
tion

Summary of Chemicals Used in Cooling System Treatment -

CHEMICAL TREATMENT

Lime softening
Sulfuric acid addition
Chlorination
Orthophosphates (10-30ppm)
pH control
Magnesium oxide
Tannins, lignins,

starches (30-100ppm)
Polyacrylates, chelates

Polyphosphates (2-10ppm)
sodium tripolyphosphate
sodium hexametaphosphate
sodium decaphosphate

pH adjustment

Dianodic
phosphate (30-100ppm)
zinc (8-35ppm)
fluoride
chromium

Lignins

Other inhibitors
sodium nitrite
silicates

Chromates (up to 10,000ppm)

Nitrates

Soluble oils

Tannins, lignosulfanates
(20-50ppm)

Synthetic polyphosphates

Stabilizing chelates

Chlorine

Organic phosphates

Thiocyanates, Copper salts

Polyelectrolytes
Polyacrolytes
Lignosulfanates
Polyphosphates

Biocides (60-120ppm)
Chlorine, Bromines

Fungicides
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CONTROL OF:

Calcium carbonate
Calcium carbonate
Organic slime control
Calcium phosphate, itron
Calcium sulfate

Silica

Iron

Calcium carbonate, CO

mineral acids 2

Reduce 50-100 times phosphate
needed
Pitting control

Aluminum contamination
Hydrogen sulfide, mercaptors
Corrosion cells

Corrosion . ,
Control for high pH waters
Minimize couples

Anaerobic sulfur reducing
forms

Spore formers

Aerobic sulfur bacteria

Fungi

Algae

Muds, silt, etc.
0ils



Examples of the polyphosphates are sodium tripolyphosphate, sodium
hexametaphosphate and sodium decaphosphate. Although very little data

are available, sodium phosphates‘do not seem to be strongly toxic to fish.
Henderson et al. (1959) report the lethal level of sodium tripolyphosphate
to the fathead minnow (Pimephales promelas) to be 140 mg/% in soft water
and from 1,300-1,350 mg/% in hard water.

Phosphorus is one of the nutrients most often cited as the cuase of
accelerated eutrophication resulting in nuisance concentrations of algae.
Significantly increasing the phosphorus loading of a stream or lake may
result in nuisance levels of algae. Surely algal growth can be limited
by many nutrients such as nitrogen, carbon, iron and many trace elements.
However phosphorus is most scarce naturally relative to algal needs. To
limit nuisance growth of algae the National Technical Advisory Committee
(1968) recommended as a guideline that the concentration of total
phosphorus should not be increased to levels exceeding 100 ug/% where

streams enter lakes or reservoirs.

Sodium silicate used in corrosion prevention does not seem to be toxic
to aquatic organisms in concentrations expected to be released from
cooling systems. The toxicity threshold of sodium silicate to Daphnia
magna, a zooplankton species, has been reported at 247 mg/%. Sodium
silicate was found not to be lethal to fingerling rainbow trout (Salmo
gairdnerii) at a concentration of 256 mg/% (McKee and Wolf, 1971). Some

species are much more tolerant.

The use of the dianodic combination of phosphates and chromates and the
zinc dianodic combination of zinc, phosphate and chromate to control cor-
rosion can result in chromate concentrations as high as 500 mg/% as CrO4
(220 mg/% as Cr) and zinc concentrations as high as 35 mg/& in recirculat-
ing waters (Saad, 1971). Heavy metals such as zinc and trivalent chromium
are considered highly toxic to fish (Doudoroff and Katz, 1953). Hexavalent

chromium (in solutions of chromates or dichromates) was reported to be less
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toxic to fish than trivalent chromium and was classified as intermediate

in toxicity to fish.

A wide range of chromium concentrations are reported as toxic to fish.
For example, McKee and Wolf (1971) show a range in toxicity of hexavalent
chromium to many species of fish from 5 to 520 mg/% as Cr. In part the
wide range reported in the literature is due to the widely varied experi-
mental conditions and methods used in determining and reporting a toxic
value. This makes it difficult to choose a limit that will prevent fish
mortality from chromium salts. Moreover, the concentration that can be
tolerated indefinitely is more important and also elusive. The National
Technical Advisory Committee (NTAC) (1968) has recommended a fraction of
the TLm (an application factor) that would provide protection indefinitely
(1/20 of the 96 hour TLm value in freshwater at any given time or place).
Further, the 24 hour average of the toxic substance should not exceed
1/100 of the TLm. They also recommend an application factor for metals
in marine and estuarine environments of 1/100 of the 96 hour TLm. Where
application factors have been determined for a specific toxicant NTAC

recommends the use of that factor.

The range in 96 hour TLm values for hexavalent chromium are from 17.6 to
177 with a mean of about 104 mg/% as Cr for six species of fish (Cairns,
1957; Kemp et al., 1971; McKee and Wolf, 1971; Patrick et al., 1968;
Trama and Benoit, 1960; Wallen et al., 1957). Using an application
factor of 1/100 of the 96 hour TLm, the concentration of hexavalent
chromium assumed to be safe for fish would be 1.0 or 0.176 mg/% Cr for

the mean or lowest 96 hour TLm value, respectively.

Species in the aquatic community besides fish, such as zooplankton and
algae, seem to be more sensitive to chromium (Dowden and Bennet, 1965;
Patrick et al., 1968; McCann, 1972; and the National Technical Advisory
Committee, 1968). Data are inadequate to permit a well defined guideline,

but the value of 0.05 mg/% of chromium recommended by McKee and Wolf (1971)
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to protect all aquatic life seems to be the best estimate available.

Zinc is extremely toxic to fish. The range of 96 hour TLm to eight

species of fish is from 0.88 to 35.5 with a mean of 10.14 mg/% Zn (Ball,
1967; Brungs, 1969; Cairns, 1957; Kemp et al., 1971; McKee and Wolf,
1971; Mount, 1966; Patrick et al., 1968). Using the recommended National
Technical Advisory Committee application factor of 1/100 of the 96 hour TLm
for the mean and lowest TLm value gives an assumed safe concentration of
about 0.1 and 0.01, respectively. Since concentrations as low as 0.01

mg/% of zinc have been reported to be toxic to fish (McKee and Wolf, 1971),
0.01 mg/? seems more desirable a% a limit. When exposure to the toxicant
is for short periods, 0.1 mg/% may provide adequate protection. Other
forms of aquatic life do not seem to be more sensitive to zinc than are

the fishes.

The chemicals used to control biological fouling and wood deterioration

are presented in section Task-3 Engineering Alternatives and by Saad (1971).
Those chemicals for which toxicity results are available are chlorine,
acrolein and copper salts used in prevention of biological fouling and
chlorophenol used for control of wood deterioration. Chlorine is the

most widely used agent in controlling biological fouling and wood
deterioration.

Hydrolysis and ionization of Cl, gas occur when added to water resulting

in HOCL and OCl . The toxicityzof HOC1 to microorganisms is from 40 to
80 times that of OCl . There exists a wide discrepancy in the concentra-
tions of free chlorine (HOCl and OCl-) found toxic to fish (0.03 to 3.0
mg/%2) and the concentrations in which fish have been reported to survive
(0.1 to 5.0 mg/4) (McKee and Wolf, 1971). The discrepancy results from
differences in the toxicity of total chlorine due to variations in water

quality and make it impossible to estimate a toxic limit for free chlorine.

- ++
Free chlorine will combine with reducing agents such as NO2 , HZS’ Fe ,
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Mn++ and organic matter. Of importance in fish toxicity are the
chloramines. Data cited by McKee and Wolf (1971) give conflicting
evidence as to whether chloramines or free chlorine are more toxic to
fish. The dosage range of chlorine to control slime growth ranges from

1 to 10 mg/% which is similar to that used in an activated sludge treat-
ment plant for disinfection (Metcalf and Eddy, Inc., 1972). Since chlori-
nation procedures used in activated sludge treatment plants have resulted
in fish mortality in receiving waters, it 1s strongly recommended that the
chlorine residual in the effluent be kept below 0.05 mg/% unless contact

time is less than one hour.

Few data exist on the toxicity of acrolein to aquatic organisms. Concen-
trations recorded toxic to salmon, killifish and shrimp were 0.08, 0.24
and 0.1 mg/4& respectively (Kemp et al., 1971). Data are too incomplete

to set a guideline; caution is urged in the discharge of acrolein.

The copper salt most utilized in the control of biological growth is
copper sulfate. Concentrations of copper sulfate from 0.002 to 200 mg/%
have been reported lethal to many kinds of fish in a variety of water
conditions. Also concentrations from 0.14 to 900 mg/% have been reported
as non-toxic to a variety of fish. Copper sulfate requirements to control
plankton range from 0.05 to 12 mg/%. For control of other types of aquatic
forms concentrations of 0.1 to 20 mg/% have been used (McKee and Wolf,
1971). Because of its high toxicity to aquatic life McKee and Wolf (1971)
recommended a threshold concentration of 0.02 mg/% Cu to protect aquatic
organisms in fresh water and 0.05 mg/f Cu in sea water. The freshwater
limit is very close to that Mount (1968) found as the maximum acceptable
concentration for indefinite exposure (threshold concentration) of copper

sulfate -~ Cu for the fathead minnow, Pimephales promelas. He reported

the threshold concentration to be between 0.015 and 0.033 mg/% Cu.

Chlorophenol has been reported to be toxic to fish in concentrations from

8.1 - 58 mg/%. 96 hour TLm values for the fathead minnow (Pimephales
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promelas), bluegill (Lepomis macrochirus), goldfish (Carassius auratus)

and the guppy (Lebistes reticulatus) have been reported at 12, 10, 14 and

23 mg/% respectively (Kemp et al., 1971). Using an application factor
of 1/100 of the mean 96 hour TLm would give a value of about 0.15 mg/4& as

the maximum concentration assumed to be safe for fish.

The National Technical Advisory Committee (1968) has recommended the
following formula to estimate the permissible concentration of mixtures

of toxic substances:

Ca Cb Cn
La+Lb" .+Ln_§_l

where Ca, Cb and Cn are the measured concentrations of toxic substances

in the water and La, Lb and Ln are the concentrations permissible for

each toxic substance. If the sum of the fractions exceed 1, then restric-
tion of one or more of the toxic substances is necessary. This method of
summing the effects of toxic materials was also reported by Brown (1968).
The method assumes that all toxic materials can contribute in a similar
manner to the total toxicity of a mixture. Brown (1968) cites several
examples where this condition was satisfied often enough to make such a
method a reasonable estimation of the toxicity of a mikture of toxicants

in the environment.
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TASK 3 - ENGINEERING ALTERNATIVES

Evaluation of engineering alternatives that can reduce the environmental
impact of thermal power plants is the major goal of this research. Re-
search emphasis has been placed on developing an analytical framework

that will specify the type and resolution of data to be used in such
evaluations. Previously, the evaluation of engineering alternatives has
been accomplished in a fragmented manner. It was necessary in this study
to equalize data; data on heat sources and cooling systems were aggregated
and abstracted to simplify the evaluatioﬁ, while data on chemicals, intakes
and non-water environmental impacts were generated in this study. The
project officer directed that nuclear radiation impacts be excluded from

this study.

The following sections describe the specific models developed for the
decision tree analysis. The first two sections discuss the results of
major research efforts in this study to (1) define and evaluate engineer-
ing alternatives for screening intakes to prevent damage to the physical
plant and protect fishes and (2) to identify chemicals used in the control
of corrosion, scaling, and fouling of process and cooling waters. The
chemical study also produced a model to evaluate the impact of windage
losses and blowdown chemical concentrations on plant cost and ecological
response. The final parts of this section describe the models that were
modified rather than developed by this study. The engineering alternatives
for cooling were modified from Dynatech (1971), and the engineering alter-
natives for.transmission of power were abstracted from BPA data reported
by Meyer (1972). The air pollution, solid waste, and land management
impacts were defined by previous decisions in the tree and are modeled

as dependent variables.

Task 3: Engineering Alternatives, Screening of Intakes

The impact of screening on the environment and the cost of power generation

is directly related to the amount as well as the fraction of available
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water diverted by the system. For a 1,000 MWe plant a once-through cool-
ing system will require on the order of one to two thousand cubic feet

per second (cfs) of cooling water, while a recirculating evaporative
cooling system will require less than 100 cfs. Screening is required to
protect the plant from debris in the intake water as well as to prevent
aquatic life from entering the plant. Obviously, screens and trash racks
will prevent debris from entering the system and damaging or plugging the
cooling system. Screens are also the most effective device to prevent
fish from entering the cooling system. An alternative to screening are
the use of artificial guidance devices to direct fish away from intakes.
An extensive literature review conducted as part of this research revealed
that little success has been achieved with any form of artificial guidance
including light, velocity, channel configuration, temperature, electrical
shock, bubble curtains or chemicals. These methods can be used to com-
plement mechanical screens; proper design will utilize these factors of
fish guidance. Electric screens have proven successful as barriers but

not as guidance mechanisms.

The engineering alternatives for intakes are basically screens or no
screens. Once an engineering decision has been made, the effectiveness
of a screen is not so much a function of cost, but of design. The design
for minimum fish mortality is almost independent of screen cost. Fish
mortality in screens can be as high as 50 percent when they are trapped
on the screens (either fixed or rotary). Once trapped the fish usually
suffocate unless by-pass configurations are properly designed. Head
losses across the screens should not exceed 0.02 feet of water. The
screen and by-pass configuration must provide a smooth path along the
screens to permit lateral movement of the trapped fishes. Improper
screen designs have corners that trap fish as they move laterally across
the screen or force fish to swim upstream to escape. A comparison of

proper and improper screen configurations is shown in Appendix A.

The cost differences between configurations are minimal and costs for

75



mechanically operated screens are estimated'as §240 per square foot of
contact surface ($100 for screen face and $140 for support structure).
Intake structures and pumps are not included in these costs. The annual
operation and maintenance costs were found to be approximately 10 percent
of the capital investment. If a design approach velocity of 0.5 fps is

used, the screening costs would be $480 per cfs.

The purpose of a screen will vary with the type of cooling water source.
Screens for river intakes are usually be designed to prevent the intake
of young anadromous species and they must accommodate the debris, sand

and silts, that can clog the screen and abrade the cleaning mechanism.

Screening design for lake intakes is simplified because of the lack of
currents and the smaller level fluctuations that are encountered in rivers.
In lakes, the location of the intake sometimes can be selected to avoid
areas where fishes are present, while a river intake will usually en-
counter all the fishes. 1In both lakes and rivers the exit from the

screen by-passes must be designed so the fishes are not guided to areas

where predators can concentrate.

The design of screens for salt water cooling systems is complicated by
(1) the tidal fluctuations that create positive, negative, and slack
flow conditions, (2) the presence of active fouling organisms present in
the water, (3) the presence of organisms and larvae of most important local
food fishes, and (4) the corrosive nature of sea water. A pump is re-
quired to provide flow for proper operation of a screen by-pass. Pumps
are available that can pump fish without major mortalities. Unlike
freshwater fouling organisms, those in salt water can freeze guides and
bearings. Barnacles are attracted to intake, screen, and outfalls and
can plug these systems. These can be controlled by chemicals (see
chemical treatment section) or freshwater backwashes. The most signifi-
cant difference between screens in fresh and salt water is the presence

of eggs and larvae of demersal or pelagic fishes and bivalves (clams,
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scallops, and oysters), crustaceans (crabs and shrimp), and gastropods
(abalones) in salt water. The screening decision must be based on the
size of organism to be screened. In the case of river screens only the
migrants and adults are of prime concern. 1In the case of salt water
screens, the abundant eggs and larvae of high valued food fish present a
serious problem. The alternatives may be to select locations in non-
nursery areas or employ infiltration beds. Screens are not effective

against organisms such as larvae and eggs.

Very little cost or performance data are available for infiltration beds
but rough cost estimates suggests $1,000 per cfs. Major cleaning or back-
washing problems will be encountered with infiltration beds. When

screens are used in salt water, they must be constructed of stainless
steel in order to avoid corrosion. While impeding corrosion, the use

of stainless steel increases screening costs. The problem of fouling

remains despite the change in screening material.

The engineering alternatives to minimize fish damage at intakes are a
zero/one decision. Once the type of protection is selected, the design
of the system must consider the behavior of the fishes. Increasing the
cost of screen systems will not always increase the protection. The
proper design appears to be an ill-defined "art" rather than a science.
The research effort of this study was directed toward documenting this

art so that it may be approached as a science.

The screening and intake alternatives modeled in the decision tree are
of the zero/one form. The performance, cost and impact of the intake
system are functions of the intake water flow and the fraction of the

receiving water removed by the intake.
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Task 3: Engineering Alternatives, Chemical Discharges from Thermal
Power Plants

Treatment of cooling waters used in thermal power plants to reduce corro-
sion or fouling is a common practice. Chemicals can be removed by pre-
treatment of waters supplied to the cooling system or chemicals may be
added directly to the water in the cooling system (Table 12). In either
event, such treatment will create wastewater streams that contain sig-
nificant levels of chemicals that may damage the enviromment. The
environmental impact of chemicals released by thermal power plants has
not been well documented in the literature, and definition of the
problem is difficult. To provide sufficient data to construct a model
of chemical discharges from thermal power plants, Saad (1971) conducted
a literature review and assessment. No information was uncovered that
would permit the estimation of chemical concentrations in water from air
cleaning devices and only chemical discharges from the cooling system
could be modeled. Over 70 journal articles and documents were analyzed
as a basis for this model. Based on these data, a simple model is de-
veloped for the estimation of chemical discharges from thermal power

plants.

The model is formulated to estimate the chemical discharges from (1) once-
through cooling systems, (2) cooling ponds, (3) evaporative cooling
terrs, (4) dry cooling towers, and (5) any combination of these basic
systems such as tapping or variable cooling systems cycles. These cooling
systems are widely discussed in the literature (FWPCA, 1968) and their

characteristics are not repeated in this report.

The general water balance for thermal power plant cooling system is

shown in Figure 7 and is expressed as

'

M=E+B+W (1)

make-up water flow rate

where M
B

blow down flow rate
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Definitions:
M = Make-up Water (gpm)
B = Blow-down (gpm)
C = Circulation (gpm)
E = Evaporation (gpm)
R = Condenser
W = Windage or drift (gpm)
X = Salt Concentration (ppm)
Xm,c = Concentrations (ppm) of the make-up and circulating

waters respectively

Figure 7. Water and Chemical Balances for Thermal Power Plants
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Water is discharged from ponds and wet cooling systems by two basic means
besides evaporation. Blowdown is term used to described water withdrawn
from the cooling system to maintain a desired concentration of chemicals
in the recirculating system. Windage and drift are losses due to natural
processes such as ambient wind or tower draft carrying away, but not
evaporating, water droplets. Both methods achieve the same effect in
terms of system water loss. If the drift and windage losses were of the
magnitude necessary to maintain the desired chemical concentration in the
circulating water, no blowdown would be necessary. Dry cooling towers
utilize on only blowdown to maintain chemical concentrations in the re-

circulating system.

For the various cooling system alternatives, this equation will have the

following specific forms;

1. Once-through system
MAvC=B; W=0; E~O
since the water is not recirculated and evaporation occurs after
discharge
2. Wet cooling towers and ponds
M=E+B+W
3. Dry cooling towers
M=B#C E#W=0

since the recirculating cooling water is not exposed to the atmosphere
A total solids material balance can be defined for these cooling systems

with the following general expression;

A+ MK = (B + W)Xc (2)
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where X.m = concentration of material in make-up water
Xc = concentration of material in circulating water
A = mass of material added/unit time

Equation 2 can also be used to describe the material balance for specific
chemicals that are added to the cooling system, but do not react chemical-
ly or biologically. 1In this case Xm, XC and A refer to a specific
chemical. When the chemicals added to the cooling system react, two
situations are of great interest. The first is when the chemical added

is toxic or has significant environmental impact and is consumed or

reacts in the system.

In this case can be expressed by modifying equation 2;
YA + MXm = (B + W)Xc

where y is the fraction of A that is in stoichiometric excess at the amount
of A required for chemical reaction. The second case would be when the
addition of a chemical would cause a reaction with other chemicals in the
cooling system to form a product that is undesirable. The production of
chloro-phenals is an example. The mass balance in these cases must be

based on stoichiometric balances for the specific reactants.

The other major source of chemical discharge from cooling systems is the
chemicals removed by pretreatment of make-up water. The expression for
these wastes is given as;

M(Xin - Xm) + P (3)

where Xin concentration of material in make~up water prior to treatment

P

mass of chemicals added in treatment
The expression can be written on a total solids basis or for specific
conservative chemicals. TFigure 8 summarizes the alternative chemical

adding processes that can be introduced into the cooling water system.

The volume flow rates for the chemical discharge model are defined by
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the turbine heat rate, the type of cooling system, the type of cooling
water, environmental conditions, and the water quality standards for the
effluent or receiving waters. The amount of water passing through the
condensers C, is determined by the amount of heat to be transferred and

the allowable increase in cooling water temperature:

C = E;%T (1b/sec) (4)
where H = heat removed per unit time, Btu/sec

AT = allowable temperature increase of coolant, °F

Cp = heat capacity of coolant, Btu/lb F°

When the heat from the coolant is dissipated by evaporation, the water

lost in evaporation is given by:

E = % o (1b/sec) (5)

where L is the latent heat of evaporation of the coolant water in Btu/lb.
For water L is approximately 970 Btu/lb and Cp is approximately 1 Btu/lb/°F.
°F

The parameter O. is the fraction of the heat rejected from the system via
the evaporative cooling process. Some heat is rejected by advection or

in the form of temperature increase in the blowdown. The fraction of the
circulating water evapordted can be determined by dividing equation (6)

by equation (5). The resulting equation gives the ratio of E to C as a

function of o and AT.

The percent of cooling water evaporated can be expressed as:

E _ OGH/L 100 _ al00 C AT 100 ATa

c x 100 H/cp AT T = T 1o00

E _ oAT

cC 10 (%) ©

However, as water is lost, the chemical concentration of the remaining
cooling water increases. In order to maintain the concentration at a
desired level, some of the coolant can be withdrawn from the system as

the "blow-down', B.
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For freshwater coolau., uuv vlow-down may be required in an open recycle
system if windage losses remove a significant fraction of the coolant

stream and maintain the desired chemical concentration.

Using the mass balance of Equation (2) and neglecting the addition of
make-up chemicals and treatment, the ratio of chemicals in the coolant

to that in the make up is:

X
£ ‘
X B+W (7

The sum B + W can be denoted as D, the water discharged from the system.
D can be expressed in terms of the flow rate of circulation water and

allowable temperature use of this water:

AT

X i D+ =555 C

X D

m
D = uﬁTC _ ag (8)
_< _ _C _
970(x 1 cp(970) (X 1)

m m

This expression can be used to define the water discharge required to

maintain any given level of chemical in the cooling water stream.

The parameter O is equal to 1.0 for the case of pure evaporative heat
transfer. For mechanical and natural draft evaporative cooling tower
recirculating system o is usually less than 1.0 but greater than 0.8.
Cooling ponds have natural evaporation in addition to the evaporative

load imposed by the steam plant and thus have o0 values greater than 1.0.

Figure 9 shows that a small fraction of the circulating water need be

discharged to maintain stable chemical concentrations for cycles of
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concentration in excess of 5. Blowdown is necessary for all systems as
current generation evaporative cooling towers are designed for drift
losses of 0.01% or less. Salt water natural draft towers are designed
for 0.002% (circulation) drift in order to minimize detrimental effects
of salt spray. Drift losses can be seen to only be significant in dis-
charge calculations for very high cycles of concentration (greater than
20). The maximum value of cycles of concentration is not limited by
drift in modern towers but by inlet water quality. Both blowdown and
drift remove chemicals from the recirculating system. One discharges to
the air. The other to the water enviromment. It is essentially impossi-

ble to treat drift as a source. Drift can only be minimized by design.

For sea water systems the cycles of concentration is usually kept lower
than in fresh water systems. The cycles of concentration are kept low to
prevent possible problems with salt precipitation and corrosion. Sea water
systems have correspondingly higher blowdown rates. Drift, as mentioned
early, is designed to be minimal due to possible damaging effects. Some
salt systems with cycles of concentration less than 2 are essentially

flow through devices used to lower discharge temperatures.

It should be restated that all of the above work is concerned with con-
servative materials in open recirculating systems. For example the above
work is not applicable to chlorine which is removed from the system by
the scrubbing action of evaporative towers. The above equations are good
for other chemicals used in the cooling systems for which reaction rate
constants are very slow or which are added in excess concentrations. For
a particular system it will be necessary to determine which water quality
parameter is limiting and set the cycles of concentration by that param-.
eters. Chemical additions may be necessary to adjust other water quality
parameters to values desired. Determination of an optimal chemical

system is a matter for detailed plant design.
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Calculation of Treatment Costs - The water streams in a power plant that

may require treatment are the make-up water M, the blow-down B, and the
noncooling water stream. The use of water recirculation significantly
reduces the volume of water to be treated to a few percent of that re-
quired for once through cooling. The previous discussion develops the
models to predict the volume of water to be treated. This section
describes the procedure to estimate the degree and cost of treatment.

An alternative to chemical control is mechanical cleaning of the system.

This process was not modelled.

Assuming that water quality standards are established for each type of
pollutant in the wastewater from a power plant, the degree of treatment
can be defined as the difference between the blow-down or wastewater
concentration and the allowable effluent concentration defined by these
standards. Similarly, given the quality of intake water and the quality
criteria for make-up water the treatment requirements for intake water
can be established. Table 13 summarizes the treatment requirement for
removal of anti-corrosion or fouling agents added to cooling water.

Since most of these agents are dissolved and cannot be effectively re-
moved by biological treatment, chemical or physical treatment is required.
Processes such as ion exhange, electrodylasis, or other forms of desalina-
tion, chemical precipitation, or carbon absorption are required. The

cost of these types of treatment reported for waste waters can be expres-

sed as:
T.C. = AFb ¢/1000 gallons
b, A = empirical constants

F = water volume/day to be treated, mgd

Typical values for the constants are:

, traini A b
microstraining 15 ~051
coagulation and sedimentation 4 -.02
sand filtration 8 -.4
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Table 13.

Disposal Characteristics and Treatment Requirements of Cooling
Tower Chemicals (after Saad, 1971)

Disposal
Concentration Ratio Blow- | Cost $/
Inhibitor | in Recirculating Stream down Conc. 1000 gal
System Water Standards Stream Std. Blow-down
Chromate 200-500 as in 0.05 as Cr04 10,000
only Cr04 3.0 as Cr 80 0.70
Zinc 8-35 as ZIn 5 as In , 7 ,
Chromate 17-65 as CrO0y 0.05 as CrO0y4 1,300 0.16
Chromate 10-15 as CrO0y4 0.05 as CrOQy4 300
3.0 as Cr 2
Phosphate | 30-45 as PO, 0.3 as POy 150 0.13
5 as Zn 7
Zinc 8-35 as Zn 0.05 as Zn 35
Phosphate | 15-60 as POy 0.3 as POy 200 0.12
Zinc 8-35 as ZIn 5 as Zn 7
Phosphate | 15-60 as POy 0.3 as POy 200 0.14
Phosphate | 15-60 as P04 0.3 as PO4 200 0.13
Organic 3-10 as organic
Organic 100-200 as organic
only 10 est. as BOD 20 as BOD
100 est. as COD 40 as COD 2.5
50 est. as CCl,
extract
5 est. as MBAS 0.2 as exotic
organic 250 1.25
Organic 30 as Chlorophenol{0.2 as phenol 100
Biocide 5 as sulfone 0.1 as is (est.) 50
1 as thiocynate 5.0 as SCN (est.)
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carbon adsorption 16 -.3

electrodialysis 21 -.18

These are based on the values of Smith (1967) and can be adjusted for
inflation, cost increases, and amortization schedule. There are no data
for éooling water treatment specifically and these data of Smith are re-
ported for an estimate. The coagulation and sedimentation, and sand
filtration are primarily pretreatment processes, while all can be used

for post treatment.

These costs do not include costs of ultimate disposal of brines or sludges
produced by water treatment. Many water treatment systems discharge these
wastes to the receiving waters or employ land disposal. Cost data for

such systems are inadequate to formulate cost equations. The model will
account for these ultimate disposal costs by a constant, &, to reflect

these added costs. The treatment cost will be represented by the expression

T.C. = aAFb

The levels of treatment have been classified into three major types:

physical-chemical for removal of solids, hardness, and microorganisms;

biological, to remove oxygen demanding waste; and advanced, to remove
toxic chemicals, biocides, fungicides, salts, and corrosion and scaling
inhibitors. Make-up water treatment is limited to only physical-chemical,
while discharges can provide any or all types of treatment depending on
the flow separation designed for the discharge streams. With the excep-
tion of once-through cooling, the cost of treatment should not be large
even for complete purification of the water since the volumes are small
(a few percent of once-through cooling volumes). All costs for treatment
include ultimate disposal of sludges and brines produced in the treatment
process. Treatment is assumed to be sufficient to avoid environmental
impact from the chemicals since total rather than partial treatment is
proposed. Cost data are insufficient to permit the estimation of partial

treatment costs.
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Task 3: Engineering Alternatives, Cooling Systems

All thermal power systems require an engineered system to dissipate heat
in a manner not damaging to the surrounding enviromment. There are six
major methods commonly considered for heat rejection. These systems are
shown in Table 14 together with relevant design parameters as summarized
by Hauser, et al. (1971). Several comprehensive discussions (Edinger and
Geyer, 1965, Parker and Krenkel, 1969a and 1969, NAE, 1972, FWPCA, 1970)
have been published giving extensive reviews of alternative cooling sys-
tems. More recent publications (e.g. Thackston and Parker, 1971, Brady,
1970 and Kadel, 1970) have tended to deal with the performance of individ-
ual components or to elucidate solutions and refinements of cooling tower

performance and designs previously set forth by McKelvey and Brooke (1959).

Matching of all the components in a large steam-electric power plant is a
complicated, multiparametric process. Steam plant operating characteris-
tics, environmental conditions (air and water data) and economic factos
must be combined in a calculational package to yield an optimal configura-
tion. Two methods of cooling system calculation appear in the recent

literature (Hauser et al., 1971 and Dynatech, 1971).

Hauser et al. (1971) discuss the multiplicity of problems inherent in
cooling system optimization studies. They point out that the system under
consideration extends from the last stage design of the steam turbine
through physical system components of condensers, pumps, pipes and heat
dissipation devices. Hauser et al. conclude that final detailed design
methods are necessary to predict system performance with enough accuracy

to discern savings and cost potentials of alternative systems.

The Dynatech (1971) sutdy does not contain all parameters specified in
the work of Hauser et al. (1971). It was available in a computerized
package and did contain many of the major design parameters of the Hauser

et al. model. The Dynatech package was evaluated and found to give
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DESIGN PARAMETERS

COOLING SYSTEM

Once-Through 1 1] 2 )1 17 2 1 1

Cooling Pond 1 14211 11 2 1 2

Spray Pond 1 1] 2 1 2} 2 2 2

Natural Draft 1 1{2]0 0| 0 0 2
Wet Tower

Mechanical Draft 1 2 2 0 ¢] 0 0 2
Wet Tower

Dry Cooling Tower | 2 1{2 )0 0} 0 0 0

Key:

0 = Parameter is of minor importance in determining system
performance

1 = Parameter is of prime importance in determining system
performance '

2 = Parameter is of secondary importance in determining

system performance

Table 14. Major Cooling System Types and Relevant Environmental
Design Parameters (after Hauser et _al., 1971)
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adequate results of necessary accuracy for use in a preliminary site
planning and evaluation model. This package contained routines for cal-
culating the performance of a given steam turbine system with alternative
cooling devices (once-through river, cooling pond, mechanical-draft
evaporative tower and natural-draft evaporative tower). This package of
cooling routines slightly modified, formed the cooling calculational level
in the thermal siting analysis decision tree.

Traditional analysis of engineering cooling alternatives ends with the
determination of the economic parameters for a given system and possibly
a determination of the resulting river temperature from a thermal dis-
charge. All cooling analyses are extended in this study to include pre-
diction of biological impact based on the mixed river temperature at the
point of thermal discharge. This provides an additional measure of the
impact of thermal power plants. Table 5 through 10 presented in Task 2
are used as the basis of this analysis to predict the response of fishes
to the river in question with and without the thermal plant in operation.
Similarly, the chemicals used in cooling systems are defined and their

impact estimated.

Once-through, pond, mechanical draft wet tower and natural draft wet tower
performances are calculated using the basic Dynatech (1971) cooling pack-
age. Hauser and Oleson (1970) summarize the effects of alternative cool-
ing devices on water consumption as functions of several parameters. For
most closed cycle evaporative devices, the water consumption is roughly
twice that of a once-through cooled system (2 1 gal/net kWh v. =

0.5 gal/net kWh).

Use of an evaporative cooling system does not necessarily eliminate dis-
charges to the natural waters. These discharges to the atmosphere and
receiving waters are summarized for the various cooling systems in

Table 15.
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WATER DISCHARGES AIR DISCHARGES
WATER 5

COOLING DEVICE QUANTITY QUALITY QUANTITY QUALITY
Cooling Pond Variablel System Evaporation Pure
Spray Pond Variablel System Evap. + Windage System3
Mechanical Draft Blowdownl System Drift + Windage System3

Evaporative Tower : + Evaporation
Natural Draft Blowdownl System Drift + Windage System3

Evaporative Tower + Evaporation

Notes:

1. Blowdown quantity applies to recirculating systems only. Some ponds may have no
discharge. Topping(flow-through) devices will have large discharges of essentially
the same magnitude as the condenser flow.

2. Assumes no treatment. Quality of effluent is the same as is found in the operating system.

3. Quality factor applies to windage and drift losses only. The evaporite is assumed pure.

Table 15. Evaporative Cooling System Discharges to Air and Water




Task 3: Engineering Alternatives, Control of Non-Water Impacts

The decision tree has been constructed to compute land requirements and
non-water waste loads that can be used in evaluating the impact of power
plant siting. The land requirements for any given path of the decision
tree are the sum of the power plant, cooling and transmission require-
ments. The power plant land requirements are 500 acres for the baseline
plant, unless modified by input. The cooling system land requirements
are computed from the Dynatech (1971) model for cooling ponds, or .0046
acres/MV for mechanical draft system and .0007 acres/M{ for natural draft
systems (Kolflat, 1971). The transmission land requirements are correlated
with transmission voltage and distance. Table 16 summarizes the values
used for this study. The total land requirements can be used to estimate
land cost as well as the increasing demand for land as power demands

increase in a region.

When fossil fuels are used to generate power, the air emissions are
estimated by the model. The pollutant emission factors of Duprey (1968)
and Marks (1958) have been incorporated in this model. The emission
factors are:

pounds/ton of coal

Aldehydes 0.0005
Carbon Monoxides 0.5
Hydrocarbons 0.2
Oxides of Nitrogen 20
Oxides of Sulfur 38

The ash is estimated as 0.24 pounds per kWh and is either a solid waste
or emission problem. The water emissions are computed as the sum of
vapor and droplets. Vapor is equated to evaporation loss and droplets
are equated to windage losses. The amount of chemicals released in the

windage is based on the system concentration.
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x = transmission distance in 100's of miles

Table 16. Transmission Line Parameters (McIntyre, 1970)
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The computations of these emissions provide bases for treatment decisions
to reduce emission levels. The introduction of additional nodes for these

decisions is simple in the proposed analytical framework.
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COMPUTER MODEL - Calculational Routines

The following sections discuss the elements of the program. The discussion
begins with the main call sequence and proceeds through the subroutines

used at each tree level.

The thermal analysis tree structure was conceived to contain six decision
levels. The levels are:

1. site - transmission path

2. plant type

3. condenser cooling means

4, water intake screening alternatives

5. water chemical treatment alternatives

The tree diagram was selected as the method for portraying the range of
alternatives for a given site. Evaluation of the tree proceeds from left
to right with the information from the previous level(s) providing input
to the calculational routines in the subsequent levels, For each iden-
tified set of alternatives the payoff routine outputs:

1. water use information

2. air and water discharge information

3. thermal status of representative water body

4. land use information

5. power cost information

A complete program listing and list of variables are provided in the

Appendix B.

The main program (BUILD) part of this work is composed of two sets of
call sequences. The main routine is an executive routine only. All
system calculations are performed in the subroutines for each level of
the tree diagram. The first action of the main program is to list or
not list the thermal plant tree diagram depending upon the value of tree

print flag (ITO). The tree is printed by calling the subprogram TREE.
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The program call sequence can operate in either of two modes depending
upon the call sequence control flag (CF). For ICF = 1 the program is
placed in the single payoff mode. For ICF = O the program will evaluate
the payoffs for all options subject to the values of the other control
variables. For the complete tree mode thé number of payoffs calculated
depends upon the number of sites being evacuated (NSEI), the maximum
number of transmission options for each site (MNTR), the maximum number
of plant types to be considered (MNT) and the maximum number of cooling

alternatives (MNC) .

For the individual payoff claculations the control flags are specified
previously. Only two maximum bound flags (MNTR, NSEI) must be input for

this calculation option.

The program will process calculations for any number of sites. The
program treats each site as a separate case. Either a complete set of

alternative payoffs or a single payoff can be calculated for one site.

Subroutines SITE and PLANT are input routines. The subprogram names
describe the functions of each subprogram. All variables with respect

to the site to be valuated are input to the calculation via the SITE
routine. Input blocks, $ CONFLG, $INPUT, $ WATRV and $VARAMB in addition
to the two title cards, are handled by this subprogram. Control flag and
site related data are input to common blocks for access by the calcula~
tional routines. The listing of input data is controlled by the I¢d
flag. For short form output (I@P = 1 or 2) the input data is not listed.

Subroutine PLANT handles all data relevant to the type of power plant
being evaluated. Power plant data may either be input or internal. Two
complete internal sets of power plant input data are provided. For

NT = 1 and IPF = Q0 a representative set of light water reactor type
parameters are available. For NT = 2 and IPF = 0 a representative set

of coal-fueled plant parameters are available.
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Following the input section of PLANT are data conditioning and checking
routines from Dynatech (1971). Printing of generated values is con—
trolled through the use of the I@P flag. At the conclusion of the plant
subroutine sufficient information is available for transmission calcula-
tions. The transmission calculational routine TRANS is called as the

final action of PLANT.

Length of transmission lines is a significant parameter in the determina-
tion of system costs and efficiencies. Transmission calculations are
treated in two discrete pieces. A new construction distance DISTR (I))
is used to treat the length of new transmission lines (in miles) that
must be added to the existing network in order to accommodate the new
plant and its added generation capacity. With respect to the new
construction distances the following parameters must be available for

use in determining capital and operating costs of the new lines for

every transmission option I.

Variable Definition and Units
CCPM(I) : Capital cost of new lines ($/MI-1000MW)
Y@PCM (I) Yearly Operation and Maintenance Cost

($/MI-1000MW-YR)
The fixed charge (.81 $/KW-YR) and the TMCST (I) value can be adjusted to
fit the nature of the grid under study. The total transmission cost is
the sum of the new construction and load center related costs.

TRCST = TPEM + TC

Land use by transmission lines represents another significant parameter
relevant to the siting of thermal power plants. Land use is calculated
using data obtained from McIntyre (1970). Using 500 KV as a transmission
voltage, a right-of-way 150 feet wide is required for transmitting 1000
to 1500 MW of power. Land used is then classed into new construction

(SPNC) and grid (SPTR).
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SPNC
SPTR

(DISTR(I)*150.%5280.)/43560. (ACRES)
(DISLC(I)*150.%5280.)/43560. (ACRES)

Cooling calculations are based on the slightly modified cooling calcula-
tion package written by Dynatech (1971). A dummy routine CO@LING is used
to call the appropriate cooling routine depending upon the value of the
cooling index (NC). The options available are:

NC = 1, once-through cooling

NC = 2, artificial cooling poind

NC

]
w
-

mechanical draft evaporative cooling tower

NC = 4, natural draft evaporative cooling tower

The logic of all Dynatech cooling routines is similar. Calculation is
started at the minimum condenser operating temperature. For systems with
a specified set size condenser the approach temperature is incremented
until the maximum condenser temperature is reached. TFor systems designing
both condenser and cooling device for a recirculating system, the program
increments both condenser and approach temperatures to determine the
minimum cost system. Design of topping systems for a system with a fixed
condenser is a one stage process with condenser temperature determined by
trial and error to obtain the design outlet temperature. Topping systems
that contain a condenser design are iterated until a maximum condenser
temperature is obtained. For all systems the least cost system is the
design output. For the backfitting case (condenser specified) with

topping operation only one system is evaluated.

Three basic screening configurations are available for power plant use:
1. basic intake only

2. rotating/self-cleaning screens

3. infiltration beds

For this work the basic intake system was taken to be that which was

necessary to withdraw water from the environment and protect the plant
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machinery and piping from damage that might be caused by ingested objects,
living or inert. This intake system design does not protect fish only

plant components.

Two design options are available in the current model:
NSC
NSC

1, basic intake structure only

2, rotating screens installed.

Screening cost functions have been developed. Costs are a function of
the intake flow rate. The costs are taken to be the sum of a fixed fac-
tor plus a flow dependent term.

CCPSTS = F1 * FLOI + F2 ($)
The screened flow rate (FL@I) is in cubic feet per second (cfs). The
values of Fl and F2 are a function -of flow rate and are illustrated in
Table 17. The cost per unit power generated is:

CCPSTS*ANFCR
PSIZE*1000.*CAPFAC*8.76

Operation and Maintenance yearly costs are taken to be ten percent of the

CCPUP = (mills/kWh)

capital costs

0.01 * CC@ST

PSIZE * 1000.*CAPFAC*S8.76 (mills/kih)

OCPUP =

The total cost to the plant is the sum of the two unit costs. Fish damage

from intake into the plant is considered to be zero.

Intake-only costs are valued at sixty percent of system costs with screens.
0.6 * CCPUP
0.6 * @CPUP

X2
X3

Flow Rate (cfs) | F1 ($/cfs) F2 (%)

FLPI > 500 240 0.0
10 < FL@I < 500 1000 0.0
FLPI < 10 0.0 8000

Table 17. Screening Cost Factors as a Function of Flow Rate
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An intake damage function is constructed for the intake without screens.
The damage function assumes that the percentage of fish damaged is propor-
tional to the percentage of river flow withdrawn by the plant. The value
of the resident fishes in dollars per year is assumed to be known and in-
put. This valuation should reflect both commercial and sport fishery
elements.

_ FISH*FLI

QFLRIV ($/YR)

DAM(age)

Using this relation a first approximation to the impact of a non-screened
plant can be determined. A benefit/cost ratio may be constructed if
desired. The benefits would be damage prevented. The costs are the
difference between the intake only costs and the screening system costs.
This formulation assumes that all fish damage is prevented with the

installation of the rotating screens.

Chemical discharge costs are calculated in this version of the code.
Current options are no treatment (NCH = 1) and treatment (NCH = 2). Costs
involved are calculated on estimated treatment procedures and are based on

the cost estimates of Smith (1967).

Discharged effluents contain original chemicals from the intake water
plus chemicals added to protect plant components. The concentration of
the original chemicals is increased with the use of a closed-cycle cool-
ing system through water loss to evaporation (cycles of concentration).
On a total solids basis the amount of original chemicals remains roughly
the same with system losses occurring due to deposition of material in
the cooling system, blowdown, drift and windage. Added chemicals are
assumed discharged at their operating concentrations. Nonconservative
chemicals such as chlorine may be removed from the system or reduced in
concentration through the scrubbing action in the system tower or biologic
uptake by resident biota in a cooling pond. Disregarding reactions in
the relative short residence time within the system, once-through cooling

systems do not modify the natural chemical content of the water used for
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cooling. Chlorination in once-through systems was discussed in the base-
line section. Mechanical condenser cleaning would not involve addition
of chemicals. Removed material that was not collected and treated would

be discharged to the receiving water.

The subrountine PAY@FF calculates the air, water, solid waste, and land
use impacts and an itemized total system cost for the set of alternatives
specified. For each plant type at a site there are sixteen identified

alternative decision paths per transmission alternative.

Air impacts of the plant are specified by fuel type. Coal emissions from
Duprey (1968) were used for emissions. The calculation gives emissions
for the base heat rate condition plus the perturbation effects (if any)
on the air emissions from non-once-through cooling means. Nuclear emis-
sions are not closely tied to the heat rate value and are estimated at

0.238 microcuries/kWh.

Water impacts of the plant are specified as a function of cooling means,
screening and chemical discharges. Tables of fish community response for
the six representative rivers evaluate the thermal status of the community

with respect to before and after the presence of the plant.

Land use impacts represent the total acreage used for plant, cooling and

transmission. Each component is itemized.

Cost factors are output with respect to the capital costs involved at

each decision level plus the cost per unit power production (mills/kWh).

Solid waste impact is keyed to fuel residues from the fossil fired plant.
Information from Duprey (1968) and Baumeister (1958) was used to obtain
é value of 0.24 1b/kWh for ash and other solid matter resulting from
fossil fired combustion. This value is increased as the heat rate

increases. Nuclear fuel presents no on-site solid waste problem as its
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processing is handled in a separate area.

The payoff calculation is presented in a two page summary form that gives
the above information without the detailed results of the sublevel calcu-
lations. This output form makes the program more desirable for remote

terminal acess.

COMPUTER MODEL - Input Data

This section describes the input data necessary to run the static siting
model. It is not a complete listing of all variables contained within
the program. The term data card and information line will be used inter-
changeably in the text. A complete listing of the input values, names
and units is described in the following section of text. With the excep-
tion of title cards and the tree print-out control card. All data is
input via NAMELIST. This input method is standard on most F@PRTRAN 1V
compilers and eases the field counting problems encountered when using
standard, format-dependent input statements. The problems of counting
spaces and setting tabs are alleviated with the NAMELIST input procedure.
The input quantities are now described in the order in which they are

used by the program. Figure 10 is a sample data set.

Variable Definition Permissible Range
NS Number of site being analyzed 1l to 4
NSEI Total number of sites to be analyzed 1 tosd
NTR Number of transmission options for site (NS) lto5b
NT Plant type designation number: 1l or 2
1 = Water Reactor 2 = Fossil fueled
MNT Number of plant types to be evaluated for 1 to 2
sites (NS)
NC@ Cooling System Code Number 1 to 4
1 = Once-Through
2 = Pond
3 = Mechanical Draft Wet Tower
4 = Natural Draft Wet Tower
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SCUNFLG NS=1,N$EI=1,NTK=1,MNTN=I’NT=1,mm1=l.Ncu=39MuC=l;Nbc=4.NCH=1.
IPF=0sICF=1+100=2 %
SAMPLE DATA INPUT CASE FOR SITING PROG.
PLANT ON RIVER CLASS NO 1

$INPUT TUB=904sTWB=73¢9WIND=80sRAD=04006 s PRPAGK=100Ue s NTAMB=41ACC=C0
CONSCT =543 YOPCM(1)=3254sTMLS(1)=0eVVU5sTMCST(1)=0e01sANFCK=0410
CCPM(1)=3000004sDISTR(1)=15,+DISLC(1)=150, $

SWATRV WFLRIV=1500004sWIDTH=1U00«sDEFTH=10es TAVHLUZ=0O 49 NHEU=0)

FISH = 6000000ss NR=1 $

SVARAMB TAMDB(1)=954329498U4 94042 TAMWBI1)=T754920e94249334»TAMRYV(1)=084)

60069676960 s AMWIND(1)=6¢92049840762AMRAD(1)=56006921406955004910004 @

Figure 10. Sample Data Set for Static Stiting Model
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MNC Maximum number of cooling alternatives 1 to4
to be evaluated

NSC Screening alternative code 1 to 2
1 = No environmental screening
2 = Environmental screening

NCH Chemical treatment alternative code 1 to 2
1 = No chemical treatment
2 = Complete chemical treatment

IPF Power plant input factor 0,1
0 = Program uses internal power plant data
1 = Power plant data in input

ICF Program control mode O,n
1 = Individual payoff calculation
Any other value full tree mode

109 Output option control 1 to3
=1 Only payoff values output ‘
=2 Level calculations and payoff values output
=3 Input data, level calculations and
payoff values output

MNTR Total number of transmission paths to be evaluated
for Site (NS) 1l to5

The first value input is the control flg (ITO) for printing out the tree
display. The format for ITO is Il. A value of 3 causes the tree to be
displayed. Any other value entered (including O or a blank card) will
defeat the printing of the tree. It utilizes almost the full width of
the line printer and is not cropped to the 72-column width requirement
of a teletype terminal. Therefore, IT® must not be set equal to 3 for
remote terminal use. A copy of the tree may be kept with the input

instructions for ready reference.

The first NAMELIST input block is named C@PNFLG. This input block contains
the information that controls the calculational sequences. All input

values in this block are integers. When using the NAMELIST input routine,
it is not necessary to input variables in any particular order. The tree
printout (Figure 11) can be referred to as an aid in selecting individual

payoff calculation input controls. The tree shows the range of options
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that are available.

For an individual payoff calculation concerning a particular site, plant
type, cooling system, screening alternative, and chemical treatment
process, all of the above variableé must be input with ICF equal to one.
With ICF equal to one the internal call sequence for alternative combina-
tion generation is defeated. When this is accomplished, values for NS,
NTR, NT, NC@, NSC, and NCH, which are usually internally controlled, must
be supplied as specified above. For a complete tree evaluation these

values must not be input.

Output option control is provided to shorten the printed output for remote
terminal use. The entire tree contains 32 discrete payoff calculations

in its present form. Thus, if the tree were evaluated in its entirety
with input data and level calculations, a teletybe unit would become out-
put bound and non-optimally utilized. Lengthy runs may be submitted
remotely and channeled directly to the central computer line printer.

For remote terminal output individual payoff calculation mode (ICF = 1)

and shortened output I#P equal 1 or 2 are recommended.

The next two cards are title cards. The first forty spaces on each card
are utilized. Any characters may be entered including blanks. For
example, the first card may contain a plant name and the second card

the site location.
The next NAMELIST input block (input) is for variables specifically re-
lated to the plant site. All of these variables are required input for

complete program execution. Variables input are:

Variable Description Range and/or Units

TDB Design dry bulb temperature ' : °F
for cooling systems

TWB Design wet bulb temperature °F
for cooling systems
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WIND

PRPAGR
NTAMB

ACC

C@NSCT

Y@PCM (I)

TMLS (I)

TMCST (I)

ANFCR

CCPM (I)

DISTR(I)

DISLC (I)

Design wind speed
Design net radiation
Land cost

Number of alternative ambient
operating conditions

Accessibility parameter for
adjustment in base plant cost
due to moving of major
material and components

Escalation parameter for
adjustment in base plant cost
due to local labor costs

Yearly operating cost of
transmission lines on Ith
path

Fraction of power lost per
mile transmitted on Ith path

Transmission cost

Fixed charge rate for plants
at this site

Capital cost of new transmission
lines on Ith path

New construction transmission
distance for ItP path

Load center distance (total
including DISTR (I)) for Ith
path

m.p.h.
Btu/ftzlday
$/Acre

0 -4

0 - 100
(% of base cost)

0 - 100
(% of base cost)

$

MI-YR-1000 MWe
I=1, MNTR

fraction lost

mi
I=1, MNTR

$

1000MW-YR-MI
%z x .01

$/1000MW-MIL
(I=1, MNTR)

mi
(I=1, MNTR)

mi

Input values specifically pertaining to the native water body are input

in the NAMELIST block WATRV.

Design river flow rate

input.

Variable Description
QFLRIV

WIDTH Design river width
DEPTH

Design river depth
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TAVH20 Design available river temp. °F

NH2¢ Available water type -1 tol
(Integer) = -1 salt water

0 untreated freshwater
+1 treated freshwater

FISH Yearly capital value of fish $/yr.
at site (including transient
and resident populations)

NR River classification index 1l to 6
= 1 Columbia River
= Sacramento River

Upper Mississippi River

Lower Mississippi River

Tennessee River

Delaware River

f

il
S M~ N

Next follows the NAMELIST input block VARAMB. VARAMB is the input data
block of the evaluation of the design plant at the various operating con-
ditions at the site under consideration. The entering of this data block
into the input information is optional. The program will only seek this
data block if NTAMB is greater than 0. If NTAMB is equal to 0, this data

block must be omitted from the input string.

The variables are input in sets with incident radiation, dry bulb tem-
perature, wet bulb temperature, wind speed, and available water temper-
ature needed to comprise an input data set. The variables are divided
into sets by the storage index. Variables stored in these arrays should
be keyed into sets based on the storage index value (e.g. all variables

in the first set entered as the first element in their respective arrays).

Variable Description Range and/or Units
TAMDB (I) Dry bulb temperatures °F
(I=1, NTAMB)
TAMWB (I) Wet bulb temperatures °F
(I=1, NTAMB)
TAMRV (1) River water temperature °F
(I=1, NTAMB)
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AMWIND (I) Wind speeds (I=1, NTAMB) m.p.h.
AMRAD (I) Net over-water radiation Btu
values (I-1, NTAMB) ftz/day

All of the following NAMELIST input blocks pertain to internal steam plant
detailed operating characteristics. If IPF = 1, all must be included. If
IPF = 0, all data blocks must be omitted. The namelist data sets will be
discussed in order of their appearance should they be included. All

variables listed must be entered for proper program execution (except as

noted under $ SYSDTA).

names are:
Variable Description Range and/or Units
$ PLPARM
PSIZE Plant electrical output Megawatts (MWe)
CCPKW Plant capital cost $
kW
FUCST Fuel cost ¢/lO6 Btu
SPGR Land needed by steam plauc Acres
(excluding cooling and
transmission facilities)
NCAPS Number of plant operating 1 tob
(integer) capacities
$ CATURL
CAP (I) Ith design operating capacity 1 to 6
(1 to NCAPS)
T@TLD (I) Number of hours spent @ CAP (I). hours
Must total to 8760 hours (1 year).
COLPCT (I) Fraction of time cooling system 0.~>1.
is in use for CAP (I)
NHRPTS (I) Number of turbine heat rate points 3 to 6
(integer) input for CAP (I)
Minimum is 3; maximum is 6
PCMIN (I) Minimum condenser operating in Hg.
pressure for CAP (I)
PCMAX (I) Maximum condenser operating in Hg.

pressure for CAP (I)
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$ TUR@PD

HRP (I,J) Condenser pressure (I) in Hg.
corresponding to TURBHR (I)
for capacity J
th th
TURBHR (I,J) I turbine heat rate for I Btu
capacity, minimum of 3 for each J kWh
PCBASE Base design condenser pressure in Hg.
PCTAMB (I,J) Fraction of time spent at Ith 0.0+1.0
capacity for Jth ambient
condition. Sum over J must
equal 1.0 for every I.
$ SYSDTA
NSYS@P System operating flag 0, 1
(integer) = 0 Closed cycle operation
= 1 Cooling system is of helper
design (once~through base)
NSPC@N Condenser design flag 0, 1
= 0 Condenser is designed
internally
= 1 Condenser is specified
by the following data
UPVALL Heat transfer coefficient .__Btu
(optional) Input only if NSPC@N = 1 hr/ft2/°F
AREAC Condenser area. Input only ft2
if NSPCON = 1
SPFLOW Condenser flow rate. Input 1bm
only if condenser is hr

specified (NSPC@N = 1)

NAMELIST input blocks have a few basic rules. Column one must always
be left blank. The NAMELIST block name is the first entry starting in
column two. The proper entry is $NAME with no imbedded blanks. One
blank space is left between the name and the first data entry (e.g.
$NAME A = 1.,). Each input value is separated from the next with a
comma. Each line of information (data card) must end with a complete
record (e.g. A =1, or Z = 100._$). The last value input is followed
by one space and a dollar sign indicating the end of the NAMELIST block
(e.g. Z = 100._8). Variables may be input in any order desired.
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SECTION V
DYNAMIC ASSESSMENT

Incremental decision making is a symptom of our society. The fragmenta-
tion of decision making, the market mechanism that ignores externalities,
and the lack of adequate feedback mechanisms permit rational appearing
incremental decisions to become a chain of events with sufficient intertia
that environmental degradation cannot be avoided without major societal
changes. Many water pollution problems were not the result of initial
decisions to locate waste discharges, but the result of the magnetic
attraction of development for other development with accompanying increases
in waste discharges. Another aspect of incremental environmental decision
making is the satiating factor where '"too much of a good thing" can create
environmental damage. In the Pacific Northwest the hydroelectric projects
on the Columbia River are at a satiation point from both a physical and an
environmental standpoint. Future power generation must come from thermal

systems.

The static model developed for this study is an incremental decision making
tool. It does not address the questions of established precedence of a
siting decision, nor the subsequent options that such a decision may
eliminate, nor any of the problems cited above. While it is naive to

think that a perfect model of the future can be developed or that a

twenty year plan for thermal plant locations can be constructed without
periodic updating, it may be possible to examine alternative futures and

select a siting pattern that is least sensitive to social change.

The goal of the dynamic assessment effort in this study was to evaluate
methods that permit the examination of a sequence of siting decisions
rather than just the impact of a single plant location. Questions that

were addressed included:
1. Given that n plants must be located in a region in t years, identify

the sequence of sitings that minimize environmental impact.
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2. Will an incremental optimal siting decision now create irreversible
conditions that preclude optional siting in the future?

3. How sensitive is a given site location to alternative patterns of
urban and industrial growth in a region?

4. What are early warning signals that indicate current siting patterns

will create serious environmmental impacts in the future?

Models for Dynamic Assessment

A major concern of siting models is that they are severe abstractions of
the real world which contain so many assumptions that all reality is

lost. In this study, each model was studied to determine what real world
conditions were simulated and what assumptions were necessary. Since the
focus of the dynamic assessment was time variance, this was given greater
value than specific static details concerning power plant performance.
Three different dynamic models were studied for applicability to the ther-
mal siting problem; the linear—programmihg (LP) transportation model,

the Forrester-"dynamics' models; and dynamic programming. Each model was

constructed for a 20 site system and a 20 year time period.

The linear programming-transportation model addresses the problem: given
i generation sources and j load centers, and a demand for service as a
function of loads, determine the optimum assignment of sources and load
centers over time. The model requires as input the cost to generate and
trapsmit power from i to j, Cij’ the demand at each j, Dj’ and the
maximum source capacity for each i, Si. The linear programming algorithm
will allocate the power from sources to the sinks, Pij' The mathematical

model is written:

ij " 1ij
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Subject to the constraints that
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Obviously this model lacks a time variable and cannot be used directly as
a dynamic model. Two modifications are possible; (1) let j represent
time rather than space, so that Dj represents load demands at different
time periods, or (2) add a subscript k to represent time periods. The
first modification sacrifices spatial resolution of load centers, but
does introduce the time variable. The second modification increases the
number of variables geometrically and presents a serious computational
problem. Both require the introduction of a constraint establishing the
maximum power generation at each source for each time period. All linear
program formulations impose an abstractién that the cost functions are
independent of power produced or transmitted (no economy of scale).

This constraint can be avoided by repetitively processing the model
employing different coefficients until the cost coefficient and magnitude
of power Pij are correct, but this can be very time consuming. The ad-
vantages of the linear program are that standard computer programs exist
to process the model, there is minimal input preparation, and sensitivity
analysis can be easily obtained. The disadvantages are that demand and
supply are independent and no feedback can be represented. The model
cannot be made to relate increased supply at a point to increased power
demand or to increased cost of producing power. One would expect power
costs to increase in aregion as more development occurs or population
increases. The linear program cannot provide an abstraction of these

interactions.

An example of the dynamic assessment of power plant siting using linear

programming is shown in Figure 12. Very complex models are costly; for
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Objective Function:

Minimization of total costs

IIC P
i3 134

Constraint Equations:

Demand must be satisfied

P, 2 D,
;13773

Power produced at site i and time j must not exceed the maximum
capacity of site i
I 2 S
J
Water interaction limitation factor

I I w, kP < W,
ik ij J

Air interaction limitation factor

D) aikP"S A,
ik ]

il
Transmission limitation path

r1,.P.. <L

ij ij i

Where: i = site index
j = time index
k = dummy site index
Cij = cost to produce and transmit power from site i at time j

Pij = Power produced at site i and time.j

Dj = Power demand at time j -

S = Power production capacity of site i

wik = Water quality interaction coefficient between plants i and
Wj = Water quality limit at time j

ajk = Air quality interaction coefficient between plants i and k

1ij = Transmission line area per unit power factor from site i
at time j

L: = Total amount of land avallable for transmission at time j

Figure 12. Linear Programming Fopmuletion
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example, Watt at UC Davis is funded for over a million dollars to create

such an energy model.

An example model using Forrester's concept with a linear programming
optimization imbedded in the structure was constructed for evaluation.
The model considered the power demands and generating capacities for the
PNW power supply areas in Washington, Oregon and Idaho using the following
variables in each region:

Power loads

Power generation

Population

Power cost

Environmental quality

Figure 13 defines the cause-effect relationships included in the model in
matrix form and Figure 13 translates the matrix into flow graph form. A
transform must be defined for each arrow in the flow graph and these trans-
forms can be programmed for the computer. Initial conditions are defined
for each parameter at the initial gime period; these values are used in
the program to compute new values at the next time period. For example,
the population in region J can be expressed as:

APOP(J,T) = POP(J,T-1) * K(J)EQ(J,T-1) * [KPOP(J) - POP(J,T-1)]
where APOP(J,T) = change in population of region J at time T

POP(J,T-1) = population of region J at time T-1

K(J) = annual rate of population growth
EQ(J,T-1) = quality of enviromment of region J at time T-1
KPOP(J) = maximum population desired in region J

This transform indicates that the population increase is a function of
the existing population times a growth constant, times a correction for
limiting growth. Such a function is commonly used in population dynamics.

Dynamic models of this type permit flexibility in modifying transforms and
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Figure 13. Interaction Matrix Within a Region

Figure 14. Flow Diagram Based on Interaction Matrix

118



cause~effect relationships. The purpose of these models is to test the
sensitivity of the system to various assumptions concerning transforms.
If the matrix in Figure 13 is not acceptable, it can be easily changed
and the model reevaluated. For example, if one feels that environmental
quality should directly impact power cost, this can be introduced by

modifying the statement defining power cost.

In the example model the linear program has been imbedded by computing

the power load at time t and employing the power generation values of

time t~1 for each sector. These values define Dj and Si for the linear
program (see p. 116) and the optimizaiion of new power units and trans-
mission can be performed using an LP. The cost functions for each region
were defined as constant for each type power source. Figure 15 shows a
typical cost function. The step increments A, B, C, D indicate the
maximum incremental power that can be supplied in this region by a par-
ticular type of power generation system. Again the purpose of this type
of model is to explore the impact of assumptions concerning the values in
the transforms. Variation of costs and limits can be simple model changes.
A program listing, sample input, sample output and list of variables for

this model are presented in Appendix C.

The major criticism of these types of models is the lack of resolution.
Notice that in the population transform there is no definition of age,

sex or income structure. Many would argue that each of these additional
variables have significant impact in a model and cannot be aggregated.
Proponents argue that the purpose of gross models is to demonstrate the
complex interactions of such gross concepts. (Looking at forests rather
than trees.) For the purpose of dynamic assessment of power plant siting,
this method does provide a rapid method to examine the gross system
structures and to test assumptions concerning such structure. Any
criticism can be incorporated as a model modification to test its validity.

The model can continually be adjusted with minimal effort to reflect the
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current state of knowledge.

The final method examined for dynamic assessment of power plant siting
was dynamic programming (Bellman, 1957). This concept has been exten-
sively used to optimize sequential decision making. Using an example

of a region requiring 20 new power generating sources in the next t years,
the dynamic program assessment can be formulated as follows:

1. The first decision is to select which of the 20 plants to construct.
2. Depending upon this choice the regional demands, economy, population
and social values may change. This change may depend on which plant is
selected.

3. These changes may in turn change the costs for the remaining 19 plants,
so new estimates must be made based on the first decision.

4. The choice is made for the next plant to be constructed, and steps 2,
3 and 4 repeated.

5. The problem is to find the proper sequence of plant installation to

minimize power costs, environmental impact or other parameters of interest.

Using the preceding methods of linear programming, dynamic modeling and

the static siting model, the analysis outlined could exhaustively be made
by the following algorithm:

1. Use the static siting model (SSM) to evaluate the costs for each of

the 20 sites

2. For each site use the dynamic model to estimate the change in conditions
that would affect the construction of the remaining plants

3. Use these new conditions and the SSM to evaluate costs for the next

site selection

4, Repeat

These data can be placed in a decision tree with the construction costs
determined by the algorithm representing the pay off at each node

(Figure 11). By assuming that each site can accommodate only one plant
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the tree will converge so that the 20th decision will be deterministic
(only one plant is left). If this assumption is not made there will be
2020 nodes to evaluate in order to define the optimum path. In order to
reduce the number of evaluations one can use the theorem of dynamic
programming: "Given a curfent state, an optimal policy for the remaining
stages is independent of the policy adopted in previous stages." In this
definition, a stage is one of the twenty decisions to build a specific
plant, and a state is the number of existing plants. For example, in the
20 plant problem, at stage 1 the decision to be made is what plant to
build, with the system in its original condition. Once the decision is
made, the state of the system becomes the original plus the selected
plant (20 possible). At stage 2, the decision required is which plant

to add given the system in the new state. This simplifies the problem
from evaluating 2020 paths, each 20 nodes long to evaluate 20 stages with
20 states, but each equivalent path is 2 nodes rather than 20 nodes long.
The problem is reduced to a simple case of cost minimization of each point
in time using the SSM to generate the costs. If costs are time dependent,
the computation process would be too complex to practically apply given

the varying quality of input data.
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SECTION VI
EVALUATION

The models developed in this study have emphasized the overview rather
than the specific. This strategy immediately will draw concern from most
readers who concentrate on only one aspect of the siting impact assessment,
since the models will not contain the resolution and richness that is de-
sired. The purpose of the models developed in this study were to provide,
for the specialist on any aspect of plant siting, an insight into the re-
mainder of the system, and the impact his evaluation of alternatives will
have on the total system. The goal was to distill from specific models

of system components, those essential features that would strongly in-

fluence other components.

One of the most significant concepts used in this study was the hierar-
chical order of decisions used in power plant development. This order
of decision indicates which decision can still be changed after previous
decisions have been made, and which cannot. The analysis of siting
problems with such a hierarchy is independent of the resolution of data
used in the decision making. If the level of information developed in
this study is inappropriate, other data can be substituted without

modifying the analytical framework.

In each section of this report, the need for model verification has been
stressed. The models developed in this study are gross, and in many cases
data were found to be proprietary so model refinement was not possible.

In other cases, the model resolution was designed to be intentionally
gross to be compatible with other segments of the model. Each user of
these models should examine the components of the siting problem that he
is familiar with and ask "Given the resolution specified is the model an
adequate representation?'" The resolution of the developed models was
established by financial and informational constraints. Limits of

resolution can be modified by relaxing these constraints.
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The principal application of this mddel is to explore alternatives and
to obtain relative rankings of potential alternatives that should be
explored. If higher resolution components were placed in the analytical
framework, the models could be used for preparation of detailed impact

statements.
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SECTION IX
GLOSSARY

Acclimation temperature (°C or °F) - The temperature to which an organism

has become adapted thru prolonged exposure.

Approach temperature (°C or °F) - The difference between the outlet

temperature of an evaporative cooling device and the wet bulb temperature

of the surrounding air (theoretical cooling limit).

Benefit-Cost analysis - A technique used to evaluate the economic feasibility

of a project. Includes in analysis all benefits and costs in an effort to
determine best allocation of monies to project or set of projects designed

to achieve a given goal.

Biological impact - Change in the aquatic community caused by the state

parameter change.

Biomass -~ Weight (per unit area) of biological organisms under study.

Blowdown - The quantity of fluid discharged per unit time from a recircu-

lating system in order to maintain the desired chemical concentrations.

Break-point chlorination - That minimum dosage of chlorine necessary to

form a free residual of chlorine after uptake by ammonia and reducing

compounds.

Capital recovery factor - The uniform, end-of-period payment required for

the amortization of capital investment (of magnitude one) over n periods.

The sum of the sinking fund payment plus interest on the capital.

Community diversity - The ratio of the number of types of organisms to the

total number of organisms.
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Condenser cooling water - That water flow rate which is circulated through

the steam system condenser in order to provide a heat sink for the heat

released by the condensing the steam.

Constraint equation - An equation used in a mathematical model which

describes a system boundary as a function of a certain combination of

system variables.

Constant-sum decision pairs - Sets of variables considered two per time

in which both are compared to a given tﬁird parameter. The sum of the
comparison scores given the comparison variables is required to be a

constant value.

Cooling tower - A device used in a recirculating of topping system which

transfers heat from the condenser cooling water to the adjacent air mass.
It may accomplish this by conductive heat transfer alone (dry tower) or
evaporative, conductive and convective heat transfer (wet tower) through

the use of a naturally generated draft or a mechanically generated draft.

Cross—elasticity coefficients — Elasticity coefficients related the

predicted change in demand as a function of price per unit. Cross-
elasticity coefficients are used to describe a change in two related

goods that may substitute for each other.

Cycles of concentration - A number expressing the ratio of chemical con-

centration in a recirculating system to the concentration in the makeup

water (XC/Xm).

Damage function - A mathematical relation giving ecological damage or

change as a function of envirommental change.

Decision tree ~ A branching graph ordering and portraying all possible

decision alternatives and associated probabilities and payoffs for a

given situation.
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Discount rate (%/yr) - That value used to reflect the value of sacrificed

consumption in capital investment in order to achieve a benefit at some

future time.
Drift loss - The time rate of loss of water and associated dissolved and
suspended materials from a evaporative cooling tower system due to the

velocity of incident air carrying droplets from the packing area.

Economic rent = The maximum profit attainable from a natural resource

optimally regulated on the basis of economics.

Exclusion area - The buffer area for a given thermal power plant required

to abate the negative effects of that plant.

Externality - In economic terms a non priced or inaccurately priced
consequence of the provision of a certain good or service not considered
in the analysis of benefits and costs associated with provision of the

good.

Feedback model - A mathematical model that utilizes outputs as future

inputs in simulating properly system performance.

Annual fixed charge rate (/yr) - That fraction of the original cost which

must be paid each year for amortization of investment and for all charges
associated with the investment and use of the capital (e.g. depreciation,

taxes, insurance).

Fouling - Impediment to heat transfer in a system due to biologic growths,

material deposition or surface corrosion.

Hardness (usually mg/% CaCO,) - The measure of the presence of certain
3 H+ o+
divalent cations in natural waters (usually CA" , Mg , Sr , Fe ,

Mn++). Such ions are capable of procuding undesirable precipitates.
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Heat source - In a thermal electric generating station that part of the

plant which generates steam for use in the turbine.

Helper tower — A recirculating cooling system only with capacity to dis-

sipate part of the total plant heat load during extreme conditioms.

Hydro-environment effects ~ Those effects on members of the aquatic

community caused by a particular event (e.g. temperature change).

Incremental decisions - Decisions that are made in stages or finite part,

utilizing information generated from previous decisions in the sequence.

In-plant losses - Those losses of heat that occur within a thermal power

plant between the boiler or steam generator and the turbine exhaust.
These losses are the difference between the heat added to the system and

the useful work plus the heat rejected in the cooling water.

Intake structure - The facility designed especially for removing the power

plant's water from the natural water body serving as the source.

Lead time - That time required between perception of a need for more
electric power and the actual commencement of planning for delivery of

the power at the desired time.

Load center - The hypothetical point where all electric power use is
centered. The load center is the point considered as the terminus of the
high voltage transmission line facilities and the beginning of the distribu-

tion facilities.

MWe - The units of electrical power for the system (megawatts - electrical).

As differentiated from thermal power output (MWt).
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Objective function - The function relating problem variables that is to

be optimized in any optimization problem.

Opportunity cost - The cost associated with use of capital in a project

yielding revenue at a future data due to forgone benefits from alternative

investments and to forgone consumption.

Payoff - The resultant element that arises from a particular decision or

sequence of decisions.

Peak power - Power demanded in excess of the base power load during certain

time spans.

Recirculating cooling system - Any cooling system for a thermal power

plant that does not involve the direct intake and immediate discharge of

the condenser cooling water supply.

Scale - Deposition of dissolved solids from circulating cooling water on

exposed surfaces of the condenser cooling water equipment.

Sludge - Those solids separated from water during its treatment by various

physical, biological or chemical processes.

TLm - A median tolerance limit for 50 per cent mortality from exposure to

the stated substance for the stated time.

Topping system - An open loop cooling system designed to reject only part

of the system heat to the atmosphere through either a tower or pond before
discharging the remainder to an adjacent water body. The devices used in
these systems are termed helper tower or flow-through ponds. These systems

remove that part of the heat load that is above the discharge standard.
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Windage loss - Water loss from an evaporative tower due to lateral wind
pressure on the packing. The loss is in droplet form containing system

chemicals that are not subject to removal by air scrubbing action.

Wheeling charge — That charge assessed for the transport of electric

power over a high voltage transmission system.
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SECTION X

APPENDICES

Appendix A. Inlet Screening Configurations
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LIST OF VARIABLES

This is an abbreviated list of variables which does not include those

previously discussed in the text nor those given in the Dynatech (1971)

program.

VARIABLE

CC@ST
CC@STS
ccse
CDIS(I)
CFISH
CHSC
C@NCR
sCs
DISCH(I)
LPCI(I)
NAMES (I)
PNAME (I)
SPC@
SPGR
SPNC
SPTR
TDIS(I)
TRCST
TZER®
WATER(TI)

DEFINITION

Capital cost of new transmission facilities ($)
Capital cost of screening system ($)

Capital cost of cooling alternative (§)

Discharged chemical concentration (x inlet)

Cost of fish damaged by plant intake ($)

Cost of chemical system (mills/kW-hr)

Cycles of concentration

Cost of cooling system (mills/kW-hr)

Water quantity discharged by cooling system (cfs)
Storage variable for second title card

Storage variable for first title card

Storage variable for plant type name

Land required for cooling devices (acres)

Land required for base plant (acres)

Land required for new transmission lines (acres)
Land required for existing transmission lines (acres)
Temperature of water discharged from cooling system (°F)
Total transmission system cost (mills/kW-hr)
Temperature of river without plant operating (°F)

Water quantity intake by cooling system (cfs)
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PRIGRAM BUILU{INPUVy QUIPUTTAPES=INPUTy TAPEO=0UIPUT)

UASIC ueCIoION TReEE CALL SEWUENCE FUR THERMAL PLANT oSITING

IHIs> PARI UF THL PROGRAM GeNERAIE> THe VALUES 10 BE USEU

COMMON PoOIZcyCUPKWyANFORyFULS I ¢yNCAPSyCAP (D) »T04LuiB) sy CULPCI(5),TC
XMINC(B) y PCMIN(D) y iCMAX(D) yPCMAXCL)y HRCOF2(6),HRCOF1{b) HRCUFO(O),
XTUdyind s RH, 1 AVH2U,y [CBASEy Ni AMB s AMBUFC(5) y AMBOPC(S) s TAMUBI(S) 3 TAMKW
XB(3) yAMBRH(5) 3y TAMRVIS) yPoTAMB(5)5) yNSYSOPyTULISMXyNSPLONyUOVALL,,A
XREAC ySPFLOW, NHZOyWIUTH,PRPAGR CAPFAL USLFACyiKWHRSWIRITE'IREAD,
6 AMWINUI(5) AMRALIS) yWINUYRAUVWFLRIV yuEPTH

COMMON/NuWV/Z ULONCRSLOGIU(Z20)Y»ACLYCONSCLTHUISLLEB) yUIDIRIS), FLCHL
29Y0PUA{(D) yCCPMI(L) g TMLI(S) 3 TMCST(S) yTRCS 1 yWATER( W) yUISCHI(4) yTUI> (4D
39CiIotud yFIsHyTZERDy NRyCOC935CyCFILHGHSCy PNAME (4 o NAMES (20D
45PGRy 9PiIRy SPLCUy JELHR, CCoCy LCOSI1y CCOUSTOy S>PNCyIOO

REAUI(5,5) ITO

FORMAT (I1)

IF{IT0s Qe 3) CGALL [REE

PRINI 11

FORMAT(1HL,* POWER PLANT SIJIING ANALYSIS PROGRAM*//)
INIVIALIZe 1 HE LEVEL COUNiIERS

No = 0 8 Noe =

CARuL 1 CONMENCe> THE ANALYSIo FOR EACH SITE

No=N> + 1 & NT=0 % NiR=0 % NP=Q

CALL SITEUNSyNSELyNIRyMNIRyNT sMNTyNCOJMNCyNSCyNCHyNP IPF,ICF)
IFCICF.EQeld GU TO 20

NP = 0

STATEMeNT 2 COMMENCEs (HE ANALYSIo> FOR EACH +RANSMISOION OPTION
CALCULATION IS5 NOT PLRFORMcD UNTIL AFTER iHE PLANI SUBROUT INE

As> IRANSMILSION €O51o5 ARE A FUNCTION OF BOTH PLANT ANu oITt

NTR = NIR ¢ 4 & NT = 0 3 NCO = 0

STATcMeNl 3 COMMENCeS THe ANALYSIo FOUR cACH iYPE PLANT FOR ANY

SITE

NT = NT +1 % NCO = 0

CALL PLANIINSsNIRyNT 3IPFI

STATEMENT & COMMENCEL THE COOLING ANALYSIS FOR EACH 1YPE/SITE

NCGI = NGO + 1

CALL COOLINGUENSyNiy NCO)

NP = NP + 1

NC = 1

CALL >CREENS N>y NIy NCOy NSCI
NCH = 1

CALL CHEMOND yNT ¢y NGOy N3Gy NCH)

CALL PAYOFF(NSyNIRyNIgyNCOyNSCyNCHyNP, LCF
NCGH = 2

CALL CHEMINDS yNT yNCO,NSC,NCH)

NP = NP+ 1

CALL PAYOFFI(NSyNiRyNi yNCO,NSCyNCHyNP,ICF?
NsGC = 2

CALL SCREENSINSsNigNCO,y,NSCH

NGHA = 1

CALL CHEMINS ¢yN1 gNCOyNSCyNCH)}

NP = NP+ 1

CALL PAYOFFUNSsNIRyNTyNCOyNSCyNCHaNP,ICF)
NCH = 2

CALL CHEMUNSyNI ¢yNCOyNoGsNCH)

NP = NP + 1
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20

1600

CALL

PAYOFFINSyNiIRyNTsNCOyYNOCyNCHINP,ICF2

IFINCOSLTWMNC) GO TO &
IFINI«LT.MNT) GO TO 3
IFINTRe LIWMNiIR) GO TC 2

NoE = NSE + 1

IFINSCeLToNSEI) GO TO 1

GO TO 10040

CALL ROUTINE FOR S5INGLE PAYOFF CALCULATICN

CALL
CALL
CALL
CALL
CALL
NSE

PLANTE(NSyNTRyNTIPF)
COOLINGU(NSyNIyNCO}

SCREENS ENSyNT 3 NCOy NS L)
CHEMINS yNT 9 NCOyNoG 9yNCH)

PAYOFFANSyNIRyNT yNCOgNSCyNCHyNP, ICF}
NSt + 1

IFENSE« LToNSEI) GO TO 1

sTOP
ENJ
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OCoOOoOCOn

SUBROJT INE TREE

otT UP OF FORMAT oTAVEMENI> FOR PRINTING OUT OF UECISION TREE
FOR THERMAL OISCHARGE> BASELINE ANALYSIS PROGRAM

JEGCK MODIFICATION> A> OF 22 MARCH 1972 1115 HRS

DECK MOU NOse ORIGINATEU ON 19 MARCH AT 1600 RUN

FORMAT STATEMENTS FOR PRINIING THE UECISION TREE

1 FORMAT(1H1,20Xs*THERMAL DUISCHARGE OECISION TREE ANALYSIS PROGRAM¥/
2y1H0,10X,* THE TRck BELOW SHOWS THE VARIOUS DECISION LEVELS AND TH
3E ROUTINES PROGRAMMEO WITHIN EACH LEVEL®/*0 SITE/TRANSMISSION P
HOWER PLANT TYPE COOLING METHOW SCREENING OPTICNS CHEM T
5RTe OPTIONg PAYOFF NO.*/)

FORMAT( 1HO0,80Xy30H *GCHEMe UISCH NOT TR¥*PAYCOFF 1)

FORMAT (1H ,80X,1H*)

FORMAT CLH 460X,20H*NO INTAKE SCREENS**)

FORMAT§1H 559Xy1H¥y 20Xy 1H¥)

FORMATT1H ,58Xy1H*,21Xy30H *CHEM -UISC TREATEU***PAYOFF 2)

FORMAT (1H ,57X,1H*)

FORMATC1H ,40X917H* ONGE-THROUGH**#¥)

FORMAT(1H 557X y1H¥)

FORMATT1H »39Xy1H*®,18Xy1H*421X,y30H * CHEM OISCH NOT TRT¥**PAYOFF 3)
FORMAT€1H 459Xy 1H*,20Xy1H¥*)

FORMATE1H 580X, 1H¥)

FORMAT (1H ,37X,2H* »41X530H *CHEM uwIsC TREATEOQ***PAYOFF 4,/)
FORMAT C1H »36Xy1H¥)

FORMAT € 1H , BOX,30H *CHEM UIsCH NOT TRT**PAYOFF 5)
FORMATC1H 535Xy 1H¥ y4lXy1H¥)

FORMAT [ 1H 460X, 20H*NO INTAKE SCREENS**)

2
3
4
5
6
7
8
9
10
11
12 FORMATC(1H ,38Xe1H*921X920H*SCREENED INTAKES“*)
13
14
16
17
18
19

20 FORMATCLIH ,34Xy1H®*y2uXy1H¥*,20X,)1H*)

21 FORMAT(1H ,58X,1H*,21X,30H *CHEM uwl>C TREA]EU"‘PAYOFF €)

22 FORMATULH 433Xy1H*,23Xy1H¥)

23 FORMATUI1H ,y40Xy17H* COOLING PONU**¥*) .

2% FORMAT(1H ,32X91H%y24X,1H¥)

25 FORMAICLH 439X, 1H*, 18Xs1H¥* 422X 29H¥CHEM UILCH NOT TRT**PAYOFF

27)

26 FORMATULH 931X 91H¥ 427 Xy1H¥ 520Xy 1H*)

27 FORMAICLH »38Xs1H¥y21X,20H¥>CREENED INTAKE>** )

28 FORMAT (1H o30Xy1H¥,4SXy1H¥*)

29 FORMATELIH ,37X,1H¥, 42Xy30H *CHEM GISC ]R:AIEU"‘FAYOFF 8)

30 FORMATH1H ,29Xy1H*) .

31 FORMATE1H ,20X,17H* H20 NuC PWR PLT)

32 FORMATE1H 429X,1H*) .

335 FORMATE1H 519Xy1H¥417X, 1H',#3X,29H‘CH&M DICSH NOT TRI*®*PAYOFF 9)
34 FORMAIG1H ,30X,1H*,49X,1H*) -

35 FORMAICLH ,18X,1H*y)19X,1H*,21X,20H*NQ INIAKE SCREENS®*¥)

36 FORMATULH 931Xy1H¥y48Xs1H¥*)

37 FORMATCLH ,17X,1H¥,21X,1H*%,19X, 1H’,21X,30H‘CHEH UISC TREATEU***FPAY

COFF 1049/431H ,32X,1H*)

38 FORMATU1IH 916Xy1H*y23Xy19H*MEC UFT WET TOWER*,/,1H 535Xy1H¥*)

39 FORMAIQL1H 415X s1H* ¢ 43X91H* 421X 30H*CHEM GISCH NOT TRI**¥PAYCFF 11)
W0 FORMATCLH ,34XyiH¥®,345X,)1H*) '
41 FORMATO1H ,14X,1H*, 45X, 20H*SCREENCU INIAKES“‘)
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42
43
b4
45
4b
47
48
49

50
51
52
53
24
55
5b
57
58
59
60
61
62
63
o4
65
66
67

68
69
74
71
72
73
74
75
76
77
78
79
80
81

82
83
84
85
86
87
848
89
9y
91
92
93
I

FORMAT @ 1H
FORMAT ¢ 1H
FORMAT G 1H
FORMAT € 1H
FORMAT Q1 H
FORMAT € 1H
FORMATC1H
FORMAT ( LH

FORMAT € 1H
FORMAT @ 1H
FORMATC1iH
FORMAT { LH
FORMAT( 1H
FORMAT( LH
FORNAT € 1H

135Xy 1H¥ 44Xy 1H¥)

913X91H*, 66Xy 31H *CHEM DISC TREATEC***PAYCFF 12)

936X 31H¥y/y1H 512Xy 1H¥)

’ 37X91H¥*,43Xy)30H*CHEM ODISCH NOT TRT*#*PAYOFF 13)
911Xe1H¥ 68Xy 1H*)

’ 38Xy 1H* 421X, 20H*NO INTAKE SCREENS®¥)
210X, 1H¥, 69Xy 1H¥)

’ 39Xy 1H*, 19X, 1H* 421X, 30H*CHeM OISCH TREATED¥*PAY

20FF 144/410X41H*)

y&0Xy20H*NAT UFT WET TOWER®* 3/741H ,8X,1H#*)

’ 59X31H¥ 421X y30H¥CHEM wISCH NOT TRT**PAYQFF 15)
s 7T X31lH®472Xy1H¥)

’ 6UXs20H®¥SCREENED INTAKES**¥)

sH6Xy1H¥373Xy1H¥*)

’ 81Xy30H*¥GHeM LISCH TREATEG®*PAYOFF 161
95Xy91H¥)

FORMAT (21HO SITE(NS)/TRANSINTRID

FORMAT ( 1H
FORMAT ( 1H
FORMAT {1H
FORMAT ( 1H
FORMAT( LH
FORMAT ( 1H
FORMAT (1H
FORMAT{ 1H
FURMAT ( 1H
FORMAT{1H

20FF 19

FORMATC1LH
FORMAT € 1H
FORMAT ¢ 1H
FORMAT ¢ 1H
FORMAT € 1H
FORNAT( 1H
FORMAT
FORMAT { 1H
FORMAT ¢ 1H
FORMAT t 4H
FORMAT ¢ 1H
FORMAT € LH
FORMAT ¢ 1H
FORMAT ( 1H

20FF 232

FORMAT C1H
FORMAT ( 1H
FORMAT ¢ 1H
FORMAT T 1H
FORINMAT ¢ 1H
FORMATC1H
FORMAT(1H
FORMAT { 1H
FORMAT
FORMAT ( 1H
FORMAT (1H
FORMAT ¢ 1H
FORMAT ( 1H

(1H

(1

s e Xy1H®) <

’ 81Xy30H*CHEM UIoCH NUT TRT**¥PAYOFF 17}

95 X91lH¥ 4 74Xy1H*)

’ 00Xy 20H*NO INTAKE SCREENS¥¥)

96X 91H* 52Xy 1H¥*,20X,1H*)

y 58Xy LlH¥* 22X, 30H*CHEM LWISCH TREATEU®*PAYOFF 18)
97 Xy1H*,69X,y1H*)

’ 40Xy17H*¥ ONCE-THROUGH¥®¥*)

98Xy1lH¥y48Xy1H*)

’ 39X 91H*¥, 13X,y 1H* 422X, 30H*CHEM OISCH NCT TRT®*FAY

99Xs1H® 349Xy 1H* 420X y 1H*)
’ 38Xy 1H*,21 X, 20H*SCREENEU INTAKE>*¥*)
y10Xy 1 H® , 69Xy 1H¥)
, 37Xs1H", 43X, 30H*CHEM UISC TREATEU®*®*FAYOFF 20)
y11X91H® 9/ 91H 936Xy 1H*)
212X,1H*,68X,30H*CHEM CISCH NOT TRT*¥PAYOFF 21)
335Xy 1H® 5 44X 5 1H®)
913Xy 1H¥, 46X, 20H*NO INTAKE SCREENS*¥)
234X g 1H* g 24Xy 1H* 20Xy 1H*)
y 14Xy 1H* 43X, 1H*, 22X, SOH*CHEM UISC TREATED®**PAYOFF 22)
933Xy 1H® 23Xy 1H*}
y15X91H* 24X, 17H® GCOOLING PONu®®¥)
y32XyLH* 3 24X, 1H®)
916X 91 H¥ 22X, 1H® 18X, 1H*,22X, 30H*CHEM LISCH NCT (RT®**pPAY
931Xy 1H* 27Xy 1H* 420Xy 1H*)
217X o LH¥ 20Xy 1H* 421X 20H*SCREENEU INiAKES*#%)
s 30Xy 1H®y 43X,y 1H¥)
y 18Xy 1H¥y 18Xy 1H® y43X 3 30H¥*CHEM UISC TREATEU®®%FAYOQFF 24)
929Xy 1H*)
v19Xy18H* FOSSIL FIREw PLT)
y29Xy 1 HE)
y37X 94H* 43X, 30H*CHEM UISCH NOT TRT®*PAYOFF 25)
y 30Xy 1H® , 43Xy 1H¥)
238Xy 1H* 321X, 20H*NO INTAKE >CREENS®*¥)
931Xs1H*, 48X,y 1H*)
939Xy 1H¥y 19X 1H®, 21X, 30H*CHEM ULSC IREATEL®®*FAYCFF 26)
y 32Xy L H*)
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95 FORNATC(1H ,4OX91SQH*MEC UF1 WEIP TOWER*,/+1H +33X,1H¥) = .

96 FORMAT{1H ,59X,1H*,21X,30H*CHEM OISCH NOi TRT®*¥PAYOFF 27)

97 FORMATI1H »34Xy1H*,345Xy1H*) : )

98 FORMATCLH ,60X920GH*SCREENEY INTAKES*¥¥,/ 41H 535Xy 1H¥ 444X ,1H*)

99 FORMATCLH 481Xy3UH¥CHEM ulISC TREATEL*¥*PAYOFF 28)

100 FORMAIC1H 436X91H¥y/41H )

101 FORMATG1H 437X91H¥*y 43Xy 30H*CHEM UISCH NOT TRT*¥PAYOFF 29

102 FORMATC1H »80Xy1H*¥y/91H »33X91H*,21X,20H*NO INTAKE SCREENS**)

103 FORNATC1H 48uUX4y1H¥)

104 FORMATOAH 539X91H*y19Xy1H*y 21Xy 30H®CHEM LISCH TREATEC**PAYOFF 3047/
231K )

105 FORMAT(1H ,40X,19H*NAT UFT WET TOWER*)

106 FORMATC(1HOy59Xy1H¥* 521Xy 30H¥*CHEM JISCH NOT TRI**PAYOFF 31)

107 FORMATUE1H +80Xy1H¥y/91H ,60X,20H*SCREENED INTAKLO®®*)

108 FORMATELH ,80Xy1H*,/41H ,81X,30H*CHEN ODISCH TREATEO®*PAYOFF 32)
PRINT 1 & PRINI 2 § PRINT 3 3 PRINT & § PRINT 5 ¢ PRINT 6
PRINT 7 & PRINT 8 & PRINT 9 3§ PRINI 10 § PRINT 11 § PRINT 12

PRINT 13 % PRINT 14 3 PRINT 16 § PRINT 17 § PRINT 18
PRINT 19 § PRINT 20 ¥ PRINT 21 $ PRINi 22 % PRINV 23 $ FRINT 24
PRINT 25 & PRINT 26 & PRINT 27 » PRINT 28 § PRINT 29 § PRINT 30
PRINT 31 & PRINT 32 $ PRINT 33 ¢ PRIN{ 34 $ PRINI 35 & FRINT 3¢&
PRINT 37 ¥ PRINT 38 3 PRINT 39 § PRINT 40 $ PRINT 41 8 FRINT 42
PRINT 43 3 PRINT &4 3 PRINT 45 $ PRINT 46 § PRINT 47 $ PRIN) 48
PRINT &9 3 PRINT 50 & PRINT 51 $ PRINI 52 $ PRINT 53 § PRINI 54
PRINT 55 8§ PRINT 56 & PRINT 57 § PRINT 58 § PRINT 59 ¢ PRINT 60
PRINT 61 $ PRINT 62 3 PRINT 63 § PRINT 64 % PRINT 65 § PRINT 66
PRINT 67 $ PRINT 68 § PRINT €9 $ PRINT 70 § PRINT 71 $ FRINT 72
PRINT 73 $ PRINT 74 3 PRINT 75 & PRINT 76 % FRINT 77 $ PRINT 78
PRINT 79 $ PRINT 80 ¥ PRINi 81 & PRINI 82 § PRINT 83 $§ PRINT 84
PRINT 85 & PRINT 86 $ PRINI 87 ¢ PRINT 88 & PRINT 89 ¢ PRINT 90
PRINT 91 ¥ PRINT 92 § PRINT 93 § PRINT 94 $ PRINT 95 § FRINT 96
PRINT 97 $ PRINT 98 4 PRINT 99 § PRINT 100 $ PRINT 101 $§ PRINT 102
PRINT 103 & PRINT 104 8§ PRINT 105 & PRINY 106 § PRINT 107

PRINT 108

RETURN

ENO
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SUBROJUT INE COOLINGINS, NT,NCO)

GOOLING Io A uUMMY SUBPROGRAM ULSEU TO CALL THz APPLICAELE
JYNATECH SUBPROGRAM FOR COOLING ANALYSIS

IFINCO.EGs1) CALL ONGCEU(NSyNT,yNCO)

IFINCO«£Gse2) CALL PONJI (NS yNTHNCO)

IFINCO.tQe 30 CALL MCHUFTUNSyNT,yNCO)

IF(NCO«EQeu) CALL NATUFTENS,NT,NCO)

RETURN

ENJ
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7

100

40

41

42
i3

15

L 1

30

31

32

SUBROUTINE PONUINS,NTyNCO)

COMMON PSIZEJCCPKHyANFCRyFUGST ¢yNCAPS yCAP(B) »TOTLUI(S)Y s COLPCTI(S) ,,TC
XMIN(6) y PCMIN(6) yTICMAX(D) yPCMAX(BE)y HRCOF2(6),HRCOF1(6),HRCOFQ(6),
XT03,TWB yRH, TAVH20,TCEBASEy NTAMB,AMHBOFC(5),AMBOPC(5) yTAMDB(S) 4 TANMNW
XB(5) yAMBRH(5)y TAMRVIS5) 4yPCIAMB{5y5) yNSYSOPyTDISMXyNSPUCN,UOVALLyA
XREACySPFLOWy NHLOWWIOTHoPRP AGRyCAPFAC USEFAC,TKWHRS yIRITEZIREAD,
6 AMWIND(S) y AMRAL(5) yWINDsRAUYQFLRIVJUEPTH

COMMON/ NEWV/Z GUNCUR,LOCI(20) yACCyCONSCTyuUISLC(5),uI>TR(S), FLOKWL
29YOPCMUS) yCCPM(5) 3 TMLS{5) yTMCST (5) yTRCST yWATER(G) yUISCHIL) ,TOIS (K)
S9CIISCL) FISHITZERDy NRYCSCySSCHCFISHWCHSCoyPNAME(4) y NAMES(20),
43PGR,y >PTRy oPGCOy UELHR,y CCSCy, CCOST, CCUSTSy SPNCyIOGO

PMPEF=0+e8 $ TOTC>1=1.,E3 § WCOFA=0., ¥ WCOFB=15, ® TA=T0UB § 1G=708

CALC OF EQULIBRIUM TEMPERATURE

ECOF=WCOFA+WCOFB¥*WIND

TA=TuB

16=T0B

DH=RAU=1801¢*(TG/460:s¢1.)¥*4=LCOF*S1,7%(P(UTG) =RH*P(TA)) =-4,26%ECC
XF*( JG=TA)

UHP=RAU=1801¢*0(TG+1:)/7L60e+1e) ¥ ¥4~=ECOF*S1,7%¥(P(TG+1,)=RH*P(TA)) =~
Xe 26*ECOF*(TG+1=TA)

UHM=RAD=1801 % (TG=14)/7400e%1,4) ¥*¥ 4= COF¥S1,7¥(P(TG=14)=RH*P(TA)) =~
Xe26*ECOF*([G=1.-1A)

UHPRIM= (UHP=UHM) /2.

IFCABS(OHI=14019252

TNEWST G=uH/UHPRIM
1G=TNEH

G0 70 7

TCALC=TG

BETA=51 7% (P (TCALC*+1,)=P(TCALC=143)/2,

XK=15.7+{0,26+BETA)*ECOF

TC=TCMINI(NCAPS+1)

CINTINUVE
IF(NSPCON=1)30,40,30
CALL PAFGOTINCAPS+L ,TCyPHCSTHUELFCyOQREJ)

UT2= (QREJ/SPFLONW)/(EXPIUOVALL*AREAC/SPFLCH) =1,

uT1=uT2+QREJ/SPFLONW

T1=T7C=DT2

IFINSYS0P=2) 44441404

IFETUIoMXelL1+iCALC)GO TO 197

IFEUTL=CJC-TAVHZ20)) 15,415,542

IFCTIGC-TCMAX(NCAPS+1))13,190,190
TC=TC+1
GO TO &0

T2=TUuISMX

RA=T1-12

IFIRA«LTW040G0 TO 190

GO TO &b

72=iC=-uT1
IF(T2=-TCALGCY»151,151,45
ura2=s.
IF(NOYSOP=2) 31432431

1 2=TCALC+1.
GO TQ 50
IF{TOLSMX«LTTCALG)GO TO 197
T2=TUISMX
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(X 2X 3]

50
51

45

b6

47

48

49

53

156

157
151

154

190
195
196

IFCUC=-0T120-T2)1515154,51
CALL PAFCSTUNCAPS+1,TCyPHCSTyuELFCyQREJ)
IFINOYSO0P=2) 45,446,445
CALL GCONUETGCyT2yQREJ9PHCOTHOT29T1,yuA,FLCH,GPMy;SYSCST yCOSPKHKW)
QREZJT=QREJ
GO TO &7
CALL CONUCTC,yTAVH20yQREVJPHCOT yUT2yT1yUAyFLCHGPMySYSCST 9 COSPKN)
WREJT=QREJ*Lil=i2)}/7(T1=TAVHZO)
RA=11-T2
ALPHA==ALOG((T2=-TCALC)/{T1-TCALCY)
ARCAP=24 *ALPHA®* FLOW/ (XK¥4356043
ALOG MEAN T LIF BCTWEEN AIR ANY WATER
IF(T2-TuB) 48,648,449
WeMTJ=Ci1+]i2)/2.=10U8
GO 70 53
WLMIU=tT1-42) 7ALOGL{TL1-40B) 7612~TLE))
BOWEN RATIO = RATIO OF CONULUCTION TGO EVAPQORATION
HEAT | RANSFER - MODIFIEu FROM EJUINGER AND GEYER
THAV=(T1+4T2)/2.
BOWRAI= 4 26*WLMTU/ (51 7¥(P(TWAV) =RH*P ({0B)))
WLAT=(QREJI=(o 17 3E-8*{(T14T2V/2,+460.)%*4=RAD/24,}*AREAP¥
¥ 435604)7(1.,+BOWRAT)
WEVAP=QLAT/970.3
GPMTI=GPM+WEVAP/(Bs34%00,)
ASSUME 30 FT OF PUMPING HEAu (FRICTION)

PHEAU=3 0.
GHANGE PHEAU TO UNITY(1) AS DONE BY EPA-=CORVALLIS
PHEAU = 1.0

HPPMP=G PMT*PHEAU/ (3960, *PMPEF)

CAPCO>= AREAP*PRPAGR

UELFCUELFC*¥USEFAC

OPGOS={ HPPMP* 7457/ (PS1ZE*100804) ) *PHCOT*USEFAC
COSMAI=,001¥CAPCOS/(PSIZE*10004)+.1¥0PCOS+.01*5YSCSI
TOTCO3=(CAPCOS®*ANFCRI/(PSIZE*1000.*CAPFAL*8476) +0PCOS +COSMAIL+SYS

XCoT+UELFC

IFCTOTCOS=T0IC>1)15441564156

IFINSPGONGEQe1YGO TO 157
IFCNSYSOP.EQ.2)G0 TO 151
T2=272¢1,

GO TO S50

IFENSYSOP.EW2)YGO TO 190

TC=TC+1.,
IFtTC-TCOMAX(NCAPS+1))100,100,190D

RAL=RA

AREAPL=AREAP & T11=T1 § T21=T2 $ 5YS1=>YSC5T ¥ CAPCS1=CAFCOS
COSPKL=COSPKW & OPCH>1=0PCO5 § COSMAL=COSMAI ¥ AFLRi=0. $ HPF1=0.
HPPL=HPPMP $ UELFLI=0ELFC § TCALC1=TCALC $ QRJUL1=QREJ $QRJI1=QREJT
FLOW1=FLOW $ GPM1i=GPM ¥ UAL1=UA § WEVAPI=WEVAP

WBJWNL = o0 $ WATER(NCO)SWEVAP/224700s $ DISCHINCO)=0.0
TUISINCO)=0.0 $§ COISI(NGCO) =0.,0 $ CSC = TOTCS1 $ SPCO = AREAP
IC1=TC § TOiCuL1=1CTCOs & CCSC = CAPCs1 § GO TO 156

IFLI0OTCS1-1.E30200,5195,200

WRITECIRITEL1960TCyT11,RA

FORMAT §/73Xo*FOR THE GIVEN CONLITIONS A SOLUTION CANNOT BE FOUN
Xuto/ 93X sP6C =C9F540,4% 11 =%,F5.0,* RA =%,F5,0)

GO TO 00
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197
198

200

212

227

228
229
230

330
500

20

22

21

301

316
3038
305
306

307

WRITECIRITE,198)

FORMAT{/,3X ,*NAX UIS T LES> THAN EQULIBRIUM T¥)

GO TO 400

GCONTINUE

IFCI0J.tQ.2) GO 710 500
WRITECIRITE,212)

FORMAT {*1%, 15Xy ¥me=e= COOLING PONQ =====®,//,

XALJE> AND CO>TS ARE =*4//)

10Xy *THE OESIGN ¥

GALL PRTUS1(QARJ19TCL1yHPF1,HPPLyWEVAPL1,KBOWNL, AFLRL)

WRITECIRITE227) FLOWL1,T11,RAL,TCALCLAREAP]

FORMATE3Xy*COND FLOW =%,E12.4,* 1 IN =%,F4.0,*% RANGE =%

X,F“oﬂ,/)3X,’CQULIBRIUM TENP :",FIOQO)‘ UEG Fo

X¥ AGRES™)
IFUNSYSO0P=2)23092284230
WRITc ¢ IRITE,229)QGRJUTL

FORMAT (/3X,%*Q REJ PONu =*,£12.49* BTU/HR¥*)

POND AREA =%,F8.0,

CALL PRTUS2{CAPCS1,0PCS519COSMAL»SYS1,UELF1,T01CS1,CO0SPK1)

HRITELIRITES330)

FORMAT(//715X,*VARIABLE AMBIEN] CONUITIONS*/)

IFINTAMBJ.EQ.0)GO TO 400
TOPMIL=0.0 & TOFMIL=0.0

u0 350 I=1,NCAPS
IF(CAP(I).EWe04)GO TO 350
AMBOPC(I)=0,0 & AMBUFC{I)=0.0
U0 340 J=1,NTAMB '
IF(PCTANMBL(I,J)ecCe0.2G0 TO 340

TC=TCMIN(I) $ NV COu=0., $ TA=STAMOB(J) § TG=TA $ RAD=AMRAOD (N

ECOF=ACOFA+WCOFB*ANWINGEU)

UH=RAU=1801e%(1G/7460e+ 1) ¥*¥4=ECOF¥51,7%¥(P(TG)~AMBRH(J) * P(TA)) -

Xe26*ECOF*(iG-TA)

UHP=RAU=18UL+ ¥ ((1G+1e)/7460e+1.) ¥*4=ECOF*51,7¥(PLTG+1.)~-AMBRH(J)*

XPUTA)) =+ 26*ECOF* (TG+1.=TA)

UHM=RAU~1801.%((16=1¢) 7460 +1 I ¥ *4=ECOF®*51,7*¥(P(TG=1,)=-AMBRH(J)*

XP(TA)) =+ 206*ECOF*(T6-1.-TA)
OHPR IM= (UHP~=0HM) /2.
IFCABS(UH)=14)21422422
INEW=T 6=UH/UHPRIM
T6=TNzW
GO 10 20
TCALGC=TG
BETA=51 ., 7*(P(TCALC+1.,)=-PLICALC-1.)) /2,
XK=1574 (. 26+BETAY*ECOF
ALPACT = (AREAPL*XK*4350604) /(24 +*FLONWL)
CALL PAFCST(I+TCyPHCSTLFCOU,URED)
UT2=(AREJ/FLOWL) 7LEXPGUAL/FLOWL) =14)
UT1=0DT2 +QREV/FLONWL
T1=TC-uT2
12=TC-uT1
IFENSYSOP-2) 316,303,316
IFCT2=-TCALCY» 304,304,302
IF(T2-TAMRV(J)) 304,305,306
NI Gou=1
GO TO 306
T2=1CALC+ 1 1=-1CALC) 7EXPUALPACT)
IFCT2=-TuloMX) 310,310,307
WRITECIRITE »308)CAP(I) yTAMHBI(J) sTC,T2
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S08 FORMAT (/78X¥FOR CAP =¥,F44.24%, i WB =%*,F&es0,%, ANU TC =*
XoFlagGy/Z 93X*¥T uld £XUEcuS 1uls MAX = CCNTINUING*)
GO 70 3$15
302 ALPHA==ALOGI(I2=-TCALG)/Z7Cit=TCALC))
IFCALPHALLT JALPACT)GO TO 310
304 TC=TIC+1.
NTCOu=1
IFCTC oLTe TOMAX{I)IGO TO 301
IFCIU0.GTel) PRINT 309, CAPLIN, J

309 FORMAT (*- THE PONJ IS e>SENTIALLY TOO SMALL FOR*,F4.2,
2 ¥ CAPACIITY ANu AMBIcNT NOe*,12/7* PROGRAM LISCONTINUING*)
GO 10 400

310 IF(NTCOUL.GI1+3)GC TO 315
IF(I 004671 41) PRINT 312, CAP(I), J
312 FORMAT(*(0FHE PONu I> LARGER THAN NECESSARY FOR¥,F4e.2,% CAPACITY®,
¢ % ANU AMBIENT NO.*,I2/
¥ COMPUTING COSTy ASoUMING MOST cFFICIENY CCNOITION (PC=FCMINI®)
IFCUFCOUGIoDe)LFCOU=040
315 GONTINUE
UPCOL=CHPPLY 4 7457/ (PSTZE*1000.) ) *PHCST
AMBOPGUI)=AMBOPC(I) +QPCOU*PCTAMBI(J)
AMBUFCC L)=AMBUFC (L) +LFCOL*PCTAMB(J)
340 CONTINUE
TOPMIL=TOPMIL+AMEOPC(IN*TUTLO(I}*COLPCT(IN)*CAPLI)
TUFMIL=iuFMIL+AMBJUFC(I)*TOTLO(I) *COLPCI{I)*CAP(I)
350 GUNIINUE
AVOPCO>=TOPMIL/TKHWHRY
AVUF Co=TUFMIL/TIKHWHRY
AVTICOST= (CAPCOL1®ANFCRI/ZIPSIZE*1G00.*CAPFAC¥8476) +AVCFUS+AVLFCO#5YS
X1+C05MAL
IFUI00. Glel1) CALL PRICUCAVOPCSyAVUFCSHAVICHSTH
400 CONIINUE
RETURN
ENJ
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100

&0

41
42
13

15

b

X 31
31
50

32

51

45

406

&7

SUBROUT INE MOHUFTINSyNTyNCOI

COMMON PSIZeyCCPKWyANFCRyFUCS I 9y NCAPS sCAPIB) wTOTLLIS), COLPCIIS) ,TC
XMINC(G) y PCMINIG) y1CMAXED) yFUMAX(E) HRCOF2(€)yHRCOF1(6) yHRCOFQ(6),
X4JOy IWB gyRHyTAVHZ2U,TCBASEy NTAMB,AMBUFC(5), AMBOPCIS) yTANMLEB(S) 4T AMKW
X8{5) yAMBRH(S5) 3y TAMRVI(S) yPCI AMB(545) yNSYSOP yTUISMXyNSPGCNyUOVALL,A
XREAC 3P FLOHA, NHeOy WIOTHyPRPAGR yCAPFAC USEFAC,TKWHRS yIRITEJIREDL,
6 AMWINU(S) y AMRAU(S) yWINUGJRAUYQFLRIV,UEPTH

COMMONY/ NEWVZ/Z GONCR,LOUCICZ20)yACC,,CONSCTyUISLCIS5) yulsTRIS), FLCW1
23YOPCH(5) yCCPM(5) 3 TMLS(5) yTMCoT(5) i RCOT yWATER(GD JUISCHI4) 3 TUIS (&)
39CIISC4) yFISHYy1ZEROy NRyCuG9SSCyTFISHYCHSCoFPNAME (4) yNAMES(20),
45PGR,y SPIRy oPLC,y UELHRy CCSCy CCUSTy GCUSTSy SPNG,IOO :
VIMENSION XK(20)

FANEF=0.8 & PMPcF=0.8 & TOTCo1=1.£3 € TC=TCMININCAPS+1)

GONTINUE

IFI(NSPCON=1)30,40,30

GALL PAFUST {NGAPS+1,TC, PNC>I,DLLFC,GREJ)

DT2=(QREJ/>PFLOWIZ (EXP(UOVALL*¥AREAC/SPFLUNW) =14}

wil=UT2 +GREJ/SPFLON

T1=TC=L12

IFINSYSO0P=2) bbb 1,44

IF{UT1-(TC-TAVHZ0) 115515,42

IF(IGC=TCMAX(NCAF>+1))13,190,4,190

TC=1C+1

GO TO &0

T2=TIIoMX

APPR=[2~-THB

IFCAPPR L1 e743G0 TO 1990

IFCAPPRGT«2040G0 TO 190

RA=T 1=1 2

IF(RALLT10.,)G0 TO 190

GO TO 46

T2=1C-v11

APPR=f2-1W3

IF(APPR LT #74)G0 TO 151

IF(APPR 4 Gie234)G0 TO 190

GO TO &5

IFINSYSOP-2)31,32,31

APPR=Z,

T2=TWB+APPR

IFLiC-T2)151,151,51

T2=1J15MX

APPR=T2=TWB

IFLAPPR LT «74)G0 TO 190

IFCAPPR «GT4204)G0 TO 190

Dr2=5.

CALL PAFGCOTINGCAPS+1,yTCyPHCSTyUELFCHyQREUN

IFINSYS0P-2) 45446445

CALL CONUCIGCyT2yQREJIPHCST 0129 T13UAFLCWyGPMySYSCHT,

* COSPKHW)

QRcJT=QREJ
GU TO &7
CALL CONUCTCyTAVH20,QREJIPHCOT yLu129T1yURyFLOW,GPM,SYSCST,

¥ GOSPKHW)

UREJT=QREJ* (11~ TZ)/(TI—TAVHZO)
RA=TL1-T2
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IF{RA.LT.10,)G0 710 151
TAXT=0T1+12) /2,

H1=H I WB)

H2=H(TAXT)

AFLR=QREJT/ (HZ=H1)
WAGT=RH*{,0622*P(i0B))/(14.696-P(TuB))
APSAT=(WACT*14.690) 7/ (cB622¢WACT)
UIN=144 4% (14.696=APSAT) /7{53.35%(T0B+460,))
WART=FLOW/AFLR

T3=T2+41%RA

T4=T2¢. 4*RA

T5=T 1=, &*RA

T6=T 1=+ 1%RA

COL=WART*RA

RUHLI=1./(HEI 3)=H1=4 1%CO1)

RUHZ2=1 4 /(H(TU4)=-H1=24%C01)
RIHI=1./(H(T5)=HZ+. 4¥*COL1)

RuH4 =1, /(H{TB) =HZ+.1%(01)
CHAR=(RA/44 ) * {IRUHL+RUH2+RUH3+RLHY)

PACKING HEIGHT FROM FRAAS + 0ZISIK - JECK NUMBER J
UECKHT =2,
PHT=UCZCKHI *(CHAR=407) /0. 103*WART ¥¥ (=4 54} )

WATER LOAUING = <500
WLOAUL=2500.
PLANA=FLCW/HWLOAU

AIR LOAUING OR G

ALDG=AFLR/PLANA ,
ALJUGE=ALUG+3500,

PRESSURE ULROP (INCHES OF WATER) FROM FRAAS AND OZISIK
DELP=C{PHTZ/UECGKHT) #,0675/7uIN) ¥ (0. 4E-B*FALDG*¥2 +,1t-12%2500.,*ALOGE*
X¥2¥2.,62)
RANGE=RA
IK=APPR
IF(GPM) 2104210411
CALK OF K FACTOR = LOCKHAKRT cT AL
IFQIK=7)370,47,41
IFUIK=200242,370
IF(IK=10)645,5
IAXY=IK=7
GO TO (849)IAXY
XK{?)=e42626138S+4 307554 G4 *RANGE=83222851E~02*RANGE**24,14
X130379t~03*RANGE®#*3~.87533682L-06*RANGE**4
GO TO 25
8 XK{8) =e53003286+420855945¥RANGE=07 1968 (70E~02¥RANGE**2+,12
X092005L-03*RANGL¥*3=473568322E-06*¥RANGE**4
GO TO 25
9 XK{9)=4276067081+.27125055%RANGC~e75042365L-02¥RANGE**2¢,12
X884963L~03*RANGE**3=,80021960c-06*RANGE**4
GO TO 25
5 AA=APPR/2.
=0,
IA=AA
AB=T1A
IXYZ=IA=-4

[ SIS

~
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IF(ABsEQsAAIGO TO (104124144+16418,20)IXYZ
GO TO (10,12,14,16,18)1IXYZ
21 1=2.
GO TO (12,14,16,18,20)1IXYZ
10 X(L0)=4B87557520E-01+,2597637 9¥RANGE=,69589515E-02¥RANGE*+*2
X +e11542860LE~03¥RANGE**3=,693832755E~-06*RANGE*%4
IFIABsEW.AAIGO TG 25
IF(Z=2.021923421
12 XK(€12)=430755983c=02+,22692621*¥RANGE=457515664E~-02¥RANGE**2
X #,89248959E=04¥RANGE**3~,50381046E~06*RANGE**4
IF(AB,.EQ.AA)GO 10 25
IF(Z=24021923,y21
14 XK€14)==,33616133+,22612638¥RANGE-457931043E-02*RANGE**2
X+489836029E~04*RANGE**3-,50893025E-06*RANGE**4
IF(ABsEQ.AA)GO TO 25
IF(Z=24021,23,y21
16 XK{L16)==,43379805¢,20785695%RANGE=,51672632c-02*%RANGE**2
X+e77053656E~-04%RANGE**3-,42119093E~-06*¥RANGE**4
IF(ABJEQ.AANGO TO 25
IF(Z'20)21’23,21
138 XK(18)==,91434163+,23827008*RANGE=66801246E=-02¥RANGE**2
X+e10604073E-03*RANGE**3=,61338627L-06*¥RANGE**4
IF(AB.EQ.AAIGC T0O 25
IF(Z’20)21,23’21
20 XK(20)=3-412250402E+01+425793956*RANGE=47655059E~-02*¥RANGE*+*2
X +412169709E~03¥RANGE**3-,70610963E-06% RANGE®**4 :
IF(Z-2+021923,21
23 XKAIK)=(XK{IK=1)+XK{IK+1)) /2,
25 GONWINUE
CHNBS o7+ EXP L4 o17-40767%THB)
Dol HO=UREJT/AFLR
HOUT=H1¢UELHS
T0UT 5=4 99674408 1+.24405952E1%HOUT=,22686654L4E~-1*%HOUT**2 + ,102553
XO0GE-3*HOUT**¥3~414174090E~6*HOUT**4 :
WLAT=QREJT=AFLR* 24*(TOQUTS-TOB)
WEVAP=WLAT/970.3
CONCR=5,
WATER FOR BLOWDOWN
WBOWN=( s 06 *UREJT*6244)1/(500,%7,48%¥(CONCR~14))
WNJG = 04002¥FLQN
WNCEU = WEVAP + HWBOWN +WNLG
GPMT =GPN+WNEED/ (84 34L4%560,.)
FUJGE=GPMT*XK(IK)I¥*CB
LOCKHART SAYo G031 = 2*FUUGE Buil CONVER>c> GOS1S ARE
ABOUT 2¥*LOCKHARI> = ust AVGse = 3¥FUULGE
CAPCO>=3+*FUuLGE
AGFM=AFLR/(6U*UIN)
HPFAN={ ACFM*UELP*5,2) 70323000, *FANEF)
HPPMP=GPMI*(PHi+10.)/7(3960.%PMPEF)
TOTHP=HPFAN+HPPMF
UELFC=UELFC*USEFAC
OPCOO=(TOIHP* 7457/ (PSIZE*10004) ) *PHCST*USEFAC
COSMAI=4001*CAPCOS/(PSIZE*100ue )+ 1¥0PCOS+. 01¥5Y5CS1
TOQiCU>=(CAPLOS*ANFCRI/(PSIZE*10600.*CAPFAC*8,76) +0P(LOS
X +COOMAI+SYSCoT+uELFC
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IF(TOTCOS=TOTCS1)1544156,4150
156 IFENSPCON.EQ41)GO TO 157
IFINSYS0P,EQ.2)GC TO 151
APPR=APPR+1.
IFCAPPR=20+)50450,151
157 IF(N>YS0P.EG.2)GO TO 190
151 iC=71C+1.
IF(TC=TCMAX (NCAPS+1))100,100, 190
154 RA1=RA
GCHAR1=CHAR $ PHT1=PHT $ PLANA1=PLANA § AFLR1=AFLR $ CPL1=LELP
APPR1=APPR $ HWB1=H1 & SY51=SY¥>CsT § CAP(S1=CAPCO> $ COSFK1=COSFKW
OPC51=0PCO> $ CUSMA1=COSMAI $ IHPL=TQOTHP » HPFL1=HPFAN $ HPP1=HFPNP
UELF1=UELFGC $ GRJ1=QGREJ $ QRJIT1=QREJT & FLOWL=FLOW $ GPM1=GPM
WART1=WART $ UAL1=UA 3§ WEVAPLI=WEVAP $ WBUWNL=WBUWN $ WNEEU1=WNEEL
TCL=TGC 8§ XKi=XK(IK) $ TOTC31=TOICOS
WATERENGO) =WNEEU1/224700¢ 3 JDISCHUNCCISWBUWNLZ224700,.
TUISINCOY=TOUTY $CUISINCOI=CONGR ¥ CSC = TOTCol ¢ SPCO = 20.
CG5C = CAPGS1
GO TO 156
1906 IFCI10TCS1-1,£30200,195,200
195 WRITE(IRITE,1961TC,APPR,RA
196 FORMAT (/3X*FOR THE GIVEN CONUITIONS A SOLUTION CANNOY BE
X FOUNO¥ y733X %Il =%3F5.0,*% APPR =% ,F5,0,% RA =%*,F5,0)
GO 70 400
200 GONITINUE
IF(I00.EGe1) GO 10 S00
210 WRITEGIRITE 212)
212 FORMAT (*1%¥,15X,y¥==va= MECHANICAL ORAF1 WET TOWER ==e=e *y//y 10
XX *THE UESIGN VALUES ANO (O0S7> ARE <*,/71)
CALL PRTUS1(WURJL siC1HPF1,HPP1,WEVAPL1,WBUWNL1,AFLR1)
WRITe(IRITE,227)UP1,yFLONL1,yRAL4APPRL
227 FORMAT (3X,*PRESSURE DROP =%#,F5,2,% COND FLOW =¥%,c12.44/,
X IX*RANGE =%,F4,(,* APPROACH =*%,F4.01)
IFINSYSO0P=2)230,228,230 '
228 HWRITECIRITE,229)QRJUT1
229 FORMAT(/3X,*Q REJ TOWER =*,E9,2,* BTU/HR*)
230 CALL PRTUS2(CAPC3150PCO1,C00MALySYS1,UELF1,T01CS1,yCUSPKL)
WRITECIRITE»330)
330 FORMAT (//15X,*VARIABLE AMBIENI CONUITIONS*/)
500 IF(NTAMB.EQ.0)GO TO 400
TOPNIL=0.0
TUFMIL=0,0
U0 350 I=1,NCAPS
IFCCAPEI)EQ.04,)GO TO 350
AMBOPGCI)=0.0
AMBUFGC(I)=0,0
00 340 J=1,NTAMB
IF(PCIAMBILI)J)«EQe04)GO TO 340
TC=TCMINCII
NTC0D=0
301 CALL PAFCST (I TC,PHCSTUFCOD,QREY)
uT2=(QREJ/FLOWLI Z(EXP(UAL/FLOWL) =14}
UTL=0T2+QRCJ/FLONWL
T1=1C~-DT2
12=TC-Di1
IFINSYSOP=-2)316,303,316
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316 IF(TI2=-TAMHBILJ)) 304493044302
303 IF(T12=-TAMRVIJ)) 304,305,300
305 NiGOu=1
306 T2=TOISMX
IF(T2.GTTAMWB(JIIGO TO 302
WRITEU(IRITE,313) TANWBLJ)
313 FORMAT (3X*T uls MAX LEs> THANCOR =) l WB =%,F4e0,y/,
X 3X*REQUIRE> NEGATIVE APPROACH = UISCONTINUING*)
GO TO 4«00
302 TAXI=CTI1+72) /2,
RA=T 1=T 2
T3=T 2+ 1%RA
Te=T2+.4*RA
15=T 1=0 4*RA
16=T1=s 1¥RA
COL=WART1*RA
H1=H{TANKWI (J))
H2=H(TAXT)
RU41=1+ /(H{T3)-H1=-41%C01)
RUHZ=L ¢ /7 {H(T4}=-H1-, 4*CO1)
RUH3=L e/ (HI{T5)=HE+, 4*L01)
RUHG=1./7(H(T6)-H2¢.1*C01)
CHAR=4RA/%¢) *{ROH1+RUH2+RUH3I+RUHKHY)
IF{CHAR «LT. CHAR1) GO TO 310
IFENSYSO0P=2) 304,307,304
307 IFUI00.GTse1) PRINT 308, CAPEI), TAMWB(J), TC

308 FORMAT(/B8X*FOR CAP =%,Fu4.29%, T WB =%,F&s0, ¥y ANU
X TC =% yFle0y/y3X*T OIS EXCEELS TOIS MAX = CONTINUVING®*)
GO TO 315
304 TC=TG+1.
NTGOUu=1

IF(IC +LTs TOMAXII))IGO TO 301
WRITE(CIRITE»30S) PCMAX(I) CAP(I) 4TAMWE(J)

309 FORMAT (/,3X,*CONDENSER PRESS MUST EXCEEU THE GIVEN MAX OF*,7 8
XXgFlb o249 * FOR THE CAPACITY OF¥,F4429% AT T WET BULE =%*,F5,0,/53X,*
XPROGRAM UGISCONTINUING*)

GO TO 400
310 IFINTCOUGTL0)G0 TO 315
IF(I00.GTol) PRINT 312, CAPTI}, TAMWH(JD, TC
312 FORMATUL/B8Xs*FOR CAP =*,F4.2y%, T WB =*,F5.05%, AND
X TC =2%,F4e097/93X¥PC LESS THAN PG MIN ~ ASSUME PC MIN = CONTINUE®)
IF(OFCOUGT+0e)uUFCOU=04,0
315 CGCONTINUE
OPCOU=C(THPL*,7457/¢(PSIZE*10004) ) ¥*PHCST
AMBOPG( T)=AMBOPC(I) +0PCOU*PLTAMB(JI
AMBUFCEe IY=AMBUFC(I) +3FCOU*PCTANB (J)
3640 GONIINJUE
TOPMIL= TOPMIL*AHEOPC(I)'TUTLO(I,’COLPCT(I)'CAP(I)
TUFMIL=TUFMIL+AMBOFC(I) *TOTLO(I) *COLPCTC L) *CAP(I)
350 GONIINUE
AVOPC>=TOPMIL/IKHHRS
AVUF Co=TUuFMILZIKWHRS
AVICST= (CAPCSL®*ANFCRI/Z(PSIZE*1G00.*CAPFAC*8,76) +AVOPCS+AVCFCo+SYS
X1¢COSMA1L
IFCLIQ00+6GY04) GCALL PRTOUCAVOPCS,AVDFCO9AVICSi)
GO TO 4400
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370 WRIGFECIRITE 371) APPR

371 FORMAT (¥ APPROACH=%*,F7+1,* NO CURVES = RUN ABORIED*)
GO 70 400

400 CONTINUE
RETURN
ENJ
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100

40

41
42
13

15

L2}

30
31
50

32

51

45

46

SUBROUTINE NATCFTINS,NT,NCO)

COMMON PSIZE yCCFKWyANFCRHyFUCSTyNCAPSyCAP(B) 4 TCTLGIS)y CCLPCTI5),TC
XMINCGE) yPCMINCED) yTCMAX(E) yPCMAX(B)y HRCOF2(E) HRCOF1{6),FRCOFOQLE),
XTUBy THB gy RHyTAVH2CH,TCEASEy NTAMB,AMBLFCUE) ANMBOPC(S) y1ANLBU5) 4T ANN
XB(5) yAMBRHES)y, TAMRVES) yPCTAMBIES,5) yNASYSOFZICISMXyNSPCCNL,UOVALL,A
XREAC yoPFLOWy NH20yWIDTHyPRPAGKyCAPFACY)USEFACITKWHRSSIRITEZIREAU,
6 AMWIND(S) s AMKAL(5) yWINLYRADSJGFLRIV,,CEPITH

COMMON/NEWV/ CONCR,LCCIC20) yACCoCONSCTHOISLLCIS5),CISTR(5), FLCh1
23YOPGCMES) yCOPM(S) yTHLSI5) yTMCOSTUS) yTRCST o WATEREY) yDISCHUYL) 4TLIS (W)
3,0ulS84) 4FISHLL0) yTZ2ERCyNRyCSCySSCyCFISH,CHSCHyPNAMEC(L) 4 NLMES(20),
45PGR, >PTRy SPCC,y UELHR, CCSC,y CCOST, CCCOTS,y SPNCyICC

PI=3.141C¢

PMPEF=0.8

TOTCS1=1.E3

HORMAX=1,5

TC=TCMIN(NCAFS+1}

GONTINLUE
IFINSPCON=1)30,540,30
CALL PAFCSTUNCAFS+1,4TCyPWCST LELFC,HUREYD

UT2=(QREJ/SPFLCOW) 7 (EXP(UCVALLYAREAC/SFFLCHW) =14}

UT1=0DT2+QREJ/SFFLOHW

11=TC-0712

IFINSYSOF=2) 4byblyieh

IFCLTL«(TC=TAVHZO) D 159154042
IFETG-TCMAX(NCAFS+1))013,190,1¢0
TC=TC+1

GO TO &0

T2=TDISMX

APPR=T2=-TWB

IFEAPPR.LTe124) GC TC 190

IFLAPPR.CTV204)GC TC 190

RA=T 1-T2

IF(RALT.10.0G0 TC 190

GO TO 4¢

T2=TC-UT1

APPR=T2-1TWB

IF(APPR.LT+124.) GO TC 190

IFLAPPR.CT4264)GC TC 1€0

GO TO 45

IFENSYSCP-2)31,32,31
APPR=12,
T2=TWB +APPR

IFITC~T2)151,151,51

T2=TOISMX

APPR=T2~-THWB

IFCAPPRLTe12) GO TO 190

IFUAPPRCTL204)GC TC 190

0T2=5,.

CALL PAFCSTUINCAPS+1,TCyPWCSTyOELFC4GREU)D

IFCNSYSOF=2)45,4€445

CALL CONDCTC T2 yQREJyPWNCST 90T29TL1yUAFLCHyGPNMH,SYSCST,

* LOSPKW)

GREJT=QREJ
GO T0 &7
CALL CCNUCTCyTAVH2C,QREJ)PHWCST yCT2,yT14UAFLCKsGFM,SYSCSi,
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47

¥  COSPKHW)
QREJT=QREJ*(T1-TC)/7(T1-TAVH20)
RA=T1=T2
IFERA.LTH10,)C0 TC 1514
WLOAU=1250,
INITIAL WATER LCAUING 1250 LBM/FT2/HR
B3A=FLOW/WLOAD
GIA=SQRT (4.¥BSA/3.14159)
TAXT = AIR EXIT TEMP = FRAAS + QZISIK
TAXT=(T1+T2) /2,
H1=H(THB)
H2=H(TAXT)
AFLR=QREJ/ (H2=H1)
WART =FLGh/7AFLR

CALG OF CHAR(TOTAL REGUIREDL TOWER GCHARACTERISTIC)

T3=T240 .,1*RA

Te=T2+40 4 4¥RA

T5=T1=-0.4*RA

16=T1-0.1*%RA

COL1=WART*RA

ROH1=1,/(H(T3)~-H1=0.,1¥C01)

RUH2=1¢ /7EH(T 4)=K1~0,4*C01)

ROH3=1,/(HITS)=FZ+0,4%C01)

RDOH&4=1./(H(T6)=HZ+0,1%¥(C01)

CHAR=(RA/4 ) * (RUK1+RCH2+ROH3I+REH L)
UNC - CHAR/FT CF PACKING FRCM LOWE + CHRISTE

UNC=0e1%(1./WARTI**0,73

PHT=CHAR/UNC

FRCM CTI

PPK=- DELTA P OF PACKING = 1.4 X VEL FEAL/FT === RISH FMD STEEL

PPK = 1 4*PHT
P3P-=- CELTA P CF SFRAY
PSP=0,16%( PHT+4s)*WART**1,32

INLET ANC EXIT TURMING LCSSES ANC FRICTICN LCSS = 28.5 X VEL HEAL

TPIX=28.5

TPUP=PPK+PSP+TFPIX
WACT = ACTUAL HUMIDITY

WACT=RH* (0.622%P (TUB))/114.696=P(TOE))

APSAT=(NACT*14.6S€)/{0,622¢H ICT)

DIN=164% 4 ¥(14.696-AFSAT)/7(53.,35%(T0B+4€0.))

ODOUT=014644%(14,0696=PITAXT)III/(S33I5F{TAXT+LED,)
VIN -« INLET VELCCITY

VIN=5,
VHOI - INLET VEL HEAD

VHOI=(VIN**2)*0IN/G4. b

DELP=TPOP*VH(UI

OPHT=C(AFLR/73€00.)/7(PI*0IA®JIN*VIN)

SPRAY NOZZLES ASSUMED & FT ABOVE PACKING

THT=UELP/(GIN=DGLT) + PHT + &4o0 + OPHT

HTOTIA = THT*(IA

CAPCOS = 3.4ES*(HJOIA®**,17)

CONCR=5,

TOUT S=, 99674 408E14,24105952E1¥H2~422686654E~1¥%H2¥¥2

X¥H2#¥3= o 1417 4L0C0E-E¥L2¥% %y

QLAT=QREJ=AFLR*,24*(T0UTS~T0B)
WEVAP=QLAT/970.3
RWBUOWN=( s 0CE*QREJ¥E2+s4)/7(500.%7 48*(CONCR=~1,:))
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WNUG = 0.006*FLCh
WNEED = WEVAF + WEBuWM + WNDG
HPPHP=( GPM* (FHT+4o+CPHTY) /(39EC.*FMFEF)
OPCOS=(HFPMP*, 74S7/(FSIZE*10004) ) ¥PHLST*USEFAC
DELFC=DELFC*USEF AC
COSMAI=4001*¥CAFCCS/ (FSIZE*1000e) t+o1*CFCOS+e01%5Y5CS0
TOTCOS=(CAPCCO*ANFCRI /(PSIZE*1CO0L*CAFFAC*¥8.7€) +CPCCS
X #COSMALI4SYSCST+LelFC
IF(TOTCOS-TOICS111545156,156
156 IFUNSPCCN.EG1)GC TC 157
IFONSYSOF.EGe2)GC IC 151
APPR=APPR+1,
IFCAPPR=-20.)€0,50,151
157 IFONSYSCP.EC.2)GC TC 190
151 TC=TC+1.
IFCTC-TCMAX(NCAPS+1))100,4100,12¢0
154 RA1=RA
CHAR1=CHAR
PHT t=PHT
AFLR1=AFLR
APPR1=APFPR
HWB1=H1
SYS1=3Y5CST
CAPCS51=CAPCOS
CO3PK1=CCOSPKN
OPCo>1=0PLOS
CO>MAL1=CCSMAI
HPF1=0,.,0
HPP 1=HPPNP
UELF1=0ELFC
QRJ1=QREJ
QRJT 1=QREJT
FLOW1=FLCHW
GPM1L =GPM
HWART 1=WART
UAL=UA
WEVAPL=HWEVAP
WBOWNL=WEGHWN
WNEEUL=WNEED
TCL=TC
DIA1=0IA
THT L =THT
TAXT1=T AXT
OPHT 1=0PHT
TPOP1=TPLP
CP1=0ELP
TOTCS1=T0OICCS
WATER(NGC)=WNEEC /72247004 § DISCHINCCI=WBLWN1/7224700,
TUISINCO)=TOUTS §¢ CDISUNCO)= GCCNCR % CSC = TGCICo1 § SPCC = 20.
CC3C = CAPCSI
GO TO 156
190 IFCTOTCS1-1.E3)200,195,200
195 WRITEAIRITE1S63TCHyAPPRyRA
196 FORMAT (/3X, *FOR THE GIVEN CCNCITICNS A SCLUTICN CANMNOT BE FCLUN
XD%y/ 93X 9*¥TC =%*,F5,0,4* APPR =¥ ,F5,0,% RA =%,F5,0)
GO TO 400
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200 CONTINUE
IFCI00.EGs1) GC 1C 500
WRITECIRITE,212)
212 FORMAT (¥1%,15X,¥===-= NATURAL URAFT Wel TORER ==m==%,//, 10X,*
XTHE OES>IGN VALUES ANC COSTS IRE =%*,/7)
CALL PRTUS1(CRU1,TC1,yHFF1,HPF1,WEVAP1,WBLWN1,AFLR1)
WRITECIRITE y227)LFL1,FLCWL,,RAL,AFFRL,THT1,UIA1,CHARY
227 FORMAT(3Xy*FRESSURE COROP =%,F5,1,*% CCND FLOW =%,£1Z44y/,3x*
XRANGE =*,F4s0,% APPROACH =% yFlie0 43/9y3X*TCHER HEIGHT =¥ ,F6.0,
X * TCWER LIAMETER =*FS5.,0/% TOWER CHARACTERISIIC = *FS.2/)
IFENSYSOP=-2)230,228,230
228 WRITEUIRITE y229)GRJT1
229 FORMAT(/3X9%C REJ TCWER =%*,E1Z.L,* ETU/HR*)
230 CALL PRTUS2(CAPC51,CPC515COSMAL1,S¥S14yUELF1,7CTCa1,CCOFK1)
300 CONTINUE
WRITE(IRITE,33C)
330 FORMAT(//15X,¥VARIABLE AMBIENT CCNuITIONS*/)
500 IFINTAMB.,EG.0)GO TO 400
TOPNIL=0,0
TUFMIL=0.0
CO 350 I=1,NCAPS
IFCCAPEI}LEQe0.)GC TC 350
AMBOPC(I)=0.0
AMBOFCE ID)=0.0
00 340 J=1,NTANE
IFCPCTAMBEI 3y J)eEGsD04dGO TC 340
TC=TGMINCI)
NTGOD=0
301 CALL PAFCOTUI,TC,PWCST,CFCOO,GREY)
UT2=(QREJ/FLCW1) /(EXPCLAL/FLOKL) ~1,)
CT1=0T24CREJ/FLONWL
T1=TC-0T2
T2=TC-uT1
IFENSYSOP=2) 316,203,216
316 IFQT2=-TAMWB(J)) 304,304,302
303 IF(T2-1AMRV(J)) 304,205,306
305 NTGOD=1
306 T2=10ISMX
IF(T2.G1 +TAMKECJ)IGC TC 302
WRITECIRITE 313)TAMKEL(J)
313 FORMAT(3IX*T CIS MAX LESS THAN(OR =} T WB =¥ +F@oD,y7,y IX¥REQLIR
XES NEGATIVE APFRCACH - OISCONTINULING®)
GO TO 400
302 TAXT=(T114T2)/2,
RA=T1-T2
13 T2 + 0,1%RA
T4 T2 + Qe4¥RA
15 T1 = 0,4%RA
T6 Ti - 0.1%*R2
COL = WARTL1¥RA
H1=HETANWBEU))

H2=H (T AXT)

ROH1 = 1.,/(H(T3) - K1 - (.1*CC1)
ROHZ = 1./0H{T4) = H1 - 0.4%*C01)
ROH3 = 1./6HET5) - HZ + D0.4%C0O1)
RUH4 = 1./CH{TE) = HZ2 + (.1*C01)
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CHAR = (RA/4LJI¥(RDH1 ¢+ RUHZ2 ¢ RUH3 + ROHY)
THT = 0.0 .
IFACHAR LT CHAR1) GC TC 320
321 IFENSYSCOP~-20304,307,304
307 WRITECIRITE,3UBICAP(I),TAMWBIJ)TCy CHAR, THTY
308 FORMATHE/8X¥FOR CAP =¥%,F4,2,%, T KB =¥%,F4,0,%, AND 1C =*
‘ X sFho0/73Xy*(CHAR =¥F5,2% THT = ¥FG,0¥%)¥/* T UIS EXCEEGS T DIS M
JAX=-=CONTINUING*)
GO TO 315
304 TC=TC+1.
NTCOD=1
IFCTC oLTe TOMAX(INIGO TO 301
WRITE(IRITE,,20S)FCMAX(I), CAPII) yTAMKE (J)

309 FORMAT{/,3X+s*CCNIENSER PRESS MUST EXCEEL THE GIVEN MAX CF®,/ 8
XXgF & 429®% FOR THE CAPACITY OF*,F442,% AT T WET BULB =%,FC.0y793Xy*%P
XROGRAM OISCONTINUING*)

GO TO 400

320 WACT=AMBRHUJI®(,0622*P(TANMUBI(JIDII/Z(14.,696=-P{TAMUB(JI))
APSAT=WACT*14.69€/(,€E22+HACT?
DIN=144 o ¥ (14 .696=APSAT)I/ (53 35% (TAMUELU) +46042)
DOUT=C144e¥{14eBSE-P{TAXTIN)I/(53.35% LTAXT+4EDS))
AFLR=QREJ/(HZ=H1)
VIN=(AFLR/736004)/7{PI*0OIA1*0PHTL*CIN)
VHOI=(VIN®*2)*0IN/64 o4
THT=(TPUP*VHLCI) /(DIN-OCUT) + PHT1 + 4,0 + OFHT1
IFCTHT = THT1) 310,310,321

310 IFENTCODWGT.0)GC 70 315
IF(IC0.G6GTs1) PRINT 312y CAP(I)y TAMWE(J)y TCy CHARy THT

312 FORMAT L{/8X,¥FCR CAP =%,FL.2y%, T WB =*,FS.C,*¥y, AND TC =%,
X F440/% (CHAR = ¥F5,2% JHT = ¥Fge(%)¥/* FC LESS THEAN PC MIN
3 ASSUME PC MIN == CONTINUE®*)

IFCOFCOULGT«04)UFCOD=0.0

315 GONTINUE
OPCOD=(HPPL*,74L457/(BSTZE*1000.) ) *PHCST
AMBOPC I I)=AMEBCPC (IV+CFCOC*PCTAMB (W)
ANBUFCCI)=AMBDFC(I) +0FCOD*PCTAMB (J)

360 CONTINUE
TOPMIL=TCPNIL+AMECPC(I)*TOTLUCI)}*COLFCTCI)*CAF(I)
TOFMIL=T1CFMIL+ANECFCCID*TOTLOCII*COLPCICId*CAFTI)

350 CONTINUE
AVOPCS=TOPMIL/IKWRRS
AVOFCo=TOFMIL/TKAWHRS
AVTCST=UCAPCS1¥ANFCRI/ZUPSIZE*1000¥CAPFAC¥8.7€) +AVCPCS+AVLFCS+SYS

X1+COSMA1L
IF(IO004GTe1) CALL PRTIOCCAVOPCSsAVGFCS»AVICSH)
GO TO 400

400 CONTINUE
RETURN
ENO
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OO0

SUBROUT INE ONCEU(N>yNTHNCO)

COMMON PSIZE,CCPKWyANFCRyFUCST ) NCAPS,CAP(B) ,TOTLUIS), COLPCT(5),]IC
XMINCSG) y PCMIN(GE) y ICMAXIDE)yPOMAX(6)y HRCOF2(6),HRCOF1(6) ,HRCOFO(E),
XTUBys TWU yRH»T AVH20,TCHBASEy NTAMB,AMBUFC(5)yAMBOPCES) 4TANDB(5) 4TANK
XBI5) yAMBRH(5)y, TAMRVI(5) ,PCTAMB(595) yNoYSOPyTUISMXyNSPCONyUGVALL,A
XREAC 93P FLOW, NH20,WIUTH,PRPAGR,CAPFAC,USEFAC,1KWHHRS,IRITE,IREALD,
6 AMWINO(S5) yAMRAL(S5) yWINU,RAD,QFLRIV,DEPTH

COMMON/ NEWV/ CONCR,yLOGI(20)yACCHCONSCT,DISLCE5) UISTR(5), FLOW1
29YOPCN(5) yCCPMES) yTMLS(5) s TMCST (5) 3 TRCSTHyWATER L) JUISCHI4) , TUIS (W)
39CUIot4)yFISHYTZEROy NRyCSCy35CyCFISHYCHSCHPNAME (4) g NAMESE20),
45PGRy >PiRy SPCO,y OELHRy CC>Cy GCOST, CCOSTSy SPNC,IOO

WCOFA=0+ 3 WCOFB=15. § PMPEF=0.8 $ TOTCS1=1,E3 $ T1A=TuB $ TG=TCE

SPCO = G.0

CALCULATION OF JHE EQULIBRIUM TEMPERATURE, TCALC, TO
STATEMENT 1 == tQUAIION TAKEN FROM EOINGER
cCOF=HCOFA+WCOFB*WINU
TA=T 0B
T6=TUd
7 UH=RAU=1801.%(7G/460s+1)**4~ECOF*51,7%(P{TG)~RH*P(TA)) ~,26%ECC
XF*UIG=TA)
UHP=RAU=1801¢*((1G+1:)/640Us#1¢) *¥4=ECOF*51,7*(P{TG#+1.)~RH*P(TA)) =~
Xe26*EGOF*(TG#+1.-TA)
UHM=RAU=1801,%0(TG=1+) 7460e+14)**4~ECOF*S1.7¥(P(TG=1.,)~RH*P(TA)) -
Xe26*cCOF*(iG=1.~TA)
UHPRIN= (UHP=UHMI) /2,
IF(ABS{UHI=1.01,2,42
2 INEW=TG~uH/UHPRIM
TG=TNEW
GO 10 7
1 TGALC=TG
BETA=51.,7*{(P(TCALC+1.)-P(TCALC=1.))/2,
XK=15.7+(U0+26+BETA) *ECOF
TC=TCMIN(NCAPS+1)

100 CONIINUE

IFENSPCON=1)30,40,30
40 CALL PAFCOT(NCAPS+1,ICyPWCSTyLELFCHyGREUD
UT2=(QREJ/SPFLOW) /7 LEXPIUOVALL*¥AREAC/SPFLCHR)=1,.)
UT1l=Ul2+UREJ/SPFLONW
Ti=TC=ul2
12=TC=-011
IFINSYSOP=2) 41946441
b1 IF(UT1=-(TC=-TAVH20) »45,445,151
30 0T72=5.
IF(NSYSOP=2)31,46,31
31 T2=TAVH20
GO TO 51
46 WRITECIRITE,50)
50 FORMAs {/¥CANNOT HAVE TOPPING WITH STRAIGHT CONDENSER COOLING*/)
GO 10 00
51 GALL PAFCST(NCAPS+1,TCyPHCST LUELFC,QREJY
45 CALL CONUCICyT2yQREJyPHCST yOT2yTLyUAJFLCHWyGPM,y,oYoCoT
¥ GCOSPKHW)
RA=T1-T2
IFI(NH202 13914415 :
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13
14

15
16

156
151

154

190
195
196

200

212

220
197

228
198

230
157

23
227

PLAC= COST PER KW FOR WATER DUCTING
PLAC=1.5
GO T0 16
PLAC=1.25
GO TO 16
PLAC=1,0
CONTINUE
IF(NSPCONeEQs1)PLAC=0,0
SYSCST=0YSCST+PLAC*ANFCR/ (CAPFAC*¥8,76)
ASSUME 5 FT OF PUMPING HEAD (FRICTION)
PHELAU=S o
HPPMP=GPM*PHEAL/ (39604 PMPEF)
CAPGO>=0.0
CHANGE OPCOS STAIEMENT TO MATCH EPA=~ GQORVALLI> VERSION Auu USEFAC
OPCOO=( HPPMP ¥, 7457/ (PSTIZE*1U004) Y *PWCHT
OPCOS=(HPPMP* 7457/ (PSIZE*L10004) ) *PHCST*USEFAC
CO3MAI=¢00L*CAPCOS/(PSIZE*¥10004) +,1*0PCOS+,01*3SYSCS]
TOICO0o=SYSCSTHUELFG+#0PCOS+COSMAL
IF(IOICOS=TOIGCS1415449156,4156
IFUNSPCONJEQ.1)GO TO 190
I1C=T7C+1.
IFCTC-TCMAXINCAPS+1))10308,100,190
RA1=RA '
T11=T1 ¢ 121=T2 § 5Y51=8Y5CsT § CAPCS1=CAPCOS $ COoPK1=(COSKH
OPC51=0PCO> § GOSMAL1=GOSMAI § PLACL=PLAC $ HPF1=0s $ HPP1=HPPMP
DELF1=UELFGC % TCALCI1=TCALC % QRJ1=QREJ ¥ FLOWLI=FLOW § GPM1I=GPM
FCFS=FLONW1/7224700. & JA1=UA § 1CL=TC § 10TCS51=10iCO0S
WATERINCO) = FGFS $ UISCHINCOI= FCFS $ TUIS(NCO) = T4
COI>INGCO)=1,0 % C5C = TOTGCS1 $ CCoC=CAPCSL ¢ GO TO 156
IF(TOTGo1=1.E302004195,4200
WRITE(IRITE,1960TCyT1,RA
FORMAT (/3X, *FOR THE GIVEN CONDITIONS A SOLUTION CANNOJ BE FOUN
XU¥y/ 93X 9¥TC =%4F5,0,* T1 =*%,F5,0,*% RA =%,F5,0}%
GO TO 400
GONTINUE
IF(I00.LT.2) GO TQ 23
NRITE‘IRITE,Z;Z’
FORMAT (¥*1#15X*eee==3TRAIGHT GONDENSER COOL INGm=====¥*,/)
IF(NH20) 220,228,230
WRITECIRITE197) :
FORMAY (20X*(WITH SEA WATERM*//)
GO TO 23
WRITE(IRITE,198)
FORMAT (20X* (WITH UNTREATcU FRESH WATER)*//)
GO TO 23
WRITECIRIVTE,157)
FORMAT (20X*(WITH TREATED FRESH WATER)*//}
IF(I00.GTe1) PRINT 227y GRJUL, TC1, FCFSe FLOW1, HPP1, TCALC1, RA{
FORMAT {10 X*THE LESIGN VALUES ANU COSTS ARE <*,//,3X*Q REJECT = ¥,
1E12. 4%y * BTU/HR AT T CONUENSER =%4F4e0,793X*¥CONDENSER FLOW =%*,E12
2elty® CFS (*,E12.4% LB/HRI*/Hy1H
3 * PUMP FOWER =%,E12¢4y * HP¥,/3X*EQUILIBRIUM TEMP =*FiL,D
Xy® RANGE =¥%,F4.0,7)
IF(I00¢GTel) CALL PRTUS2{CAPCS1,0PGCS1,4COSMAL,,y>¥S1,LELFL1,TOTGY1,4CCS
2PKL)
IF(I004GTe1) PRINT 302

168



302 FORMAT (//715X*==«RIVER TEMPERATURES==%,//,
XiXg LGHD ISTANGE=MILES 9yIX 91 7HSTREAM TEMP UEGeFy 3Xy17HPLUME TEMP.~0E
XGoF 93X 914HPLUME WIDTH=MI/19X,8HNO PLANT 42X 4SHMIXEC,/7)
CALC OF PLUME [EMP> ANU WI1O0OTH ANO RIVER TEMPS= TO SH1AT 22
VELRIV=(UFLRIVZ(WIUTH®*OEPTH)) *3600.%24,
DTRIV=(QRJUL/7QFLRIVI/Z(3600.%624¢%)
TZERO=T AVH20+DTRIV
I=-1
307 I=I+1
IF(IEQs11)1I=20
XI=1I
QCON=FLOWL/(3600.%6244)
C1=ALOG{QFLRIV/Z(QFLRIV=QCON)?
PLUMEWSWIDTH*(1e-EXP(=-(XI/2.,+#C1)))
ALPHAL== ((XK*XI*¥5280,) /7 (62.L*UEPTH¥*VELRIV))
TXUISI=4TZERO=ICALC) *EXP(ALPHAL) +TCALC
IWREAL=(TAVH20=TCALC) *EXPI(ALPHAL)+TCALC
PLUMEW=PLUMEW/5280.,
PLUMT=C(TXOIST=THWREAL) 7 {1 +=EXPL=(XI/2:+C1)) ) ) *THREAL
IFCIC0.6Te1) PRINT 308y XI, TWREALy TXUIST, PLUMT,; PLUMEMN
308 FORMATMO6XyFS54196X9FBe29lXsFDe295XyFBely911XyFOolsl
IF(I.LT.20)0G0 TO 307
IF(I00.GTe4) PRINT 330
330 FORMAT (//715X,#VARIABLE AMBIENT CONUITIONS*/)
IFINTAMBL.EQ.UIGO TO 400
TOPMIL=0.0
TOFNIL=0.0
00 350 I=1,4NCAPS
IF(CAP(INEQsD43G0 1O 350
AMBOPCCI)=0,0
AMBUFGC(TI)I=0.0
GO 340 J=1,NTAMB
IFIPCTAMBC(I,J)oEQeds)GO TO 340
TC=TCMIN(I)
NTGOU=0
301 CALL PAFCSTIUILiCyPWCST,yuFCOD,QREY)
OT2=(QREJ/FLOW1) 7{cXP(UAL/FLOW1) ~1.)
UT1=0I2+QREJ/FLONKL
T1=TC~-DT2
12=TC-0171
IFET2=-TAMRVAUII3IG4,305,310
305 NIGQO=1
GO TG 310
306 TC=TC+1.
NTCOUL=1 ‘
IF(TG JLTe TCMAXI(I))IGO TO 301
WRITEC(IRITEy309)PCMAXC(I) yCAP(I) 4TAMWB {J)

309 FORMAT (/43X *CONDENSER PRESS MUST EXCEEDL THE GIVEN MAX OF%*,/ 8
XX9FG@e29® FOR THt CAPACITY OF%,F&e29% Al | WET BULB =%,FS54035/9y3Xy*P
XROGRAN UISGONTINUING*)

GO TO 400 :
310 IFUINIGOL.GT.0)60Q0 TO 315
IFCI00.GTel) PRINI 312, CAP(I), TAMWBJ)Y, TC

312 FORMAT{/8X4¥FOR GCAP =%,F4.2 4%, T WB =%,F5,04%y AND TC =%,

XFGe0 9/ 93X*PC LESS THAN PC MIN =« ASSUME PC MIN = CONTINUE®)
IFCUFCOU«GTe04)UFCOD=040
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315

340

350

400

CONIINUE

OPCOUL=(HPPL1*,7457/(PSIZE*10004) ) *PWCST

AMBOPC U I)=AMBOPC I +OPCOUL*PLTAMBILY)
AMBUFCUI)=AMBuFC (I} +uFCOU*PCTAMB(J)

GONTINUE

TOPMIL=TOPMIL#AMEOPCII) *TOTLU(I)*COLPCT(II*CAPL(I)
TUFMIL=TUFMIL+AMBUFC(IN*TIGTLOCI)I*COLPCICI)*CAP(I)
CONIINVE

AVOPCo=JOPMIL/TKWHRS

AVUFCo=TuUFMIL/TKKHRS

AVIGCST= AVOPLO+AVUFCO+5Y51+CUSNMAL

IF{I004GTe1) CALL PRTOULAVOPGCSyAVUFCo,AVTCoa)
CONITINUE

RETURN

ENJ
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[N p]

OO0

1

2

10

SUBROJT INE TRANS (N> gNTRyNI)

COMMON PSIZE yCCPKWyANFGCRyFUCS1 9 NCAPS,CAP{6) y10TLULS) y GCLPCT(S),TC
XMIN(B) y PCMIN(GE) y ICMAX(6) ,PCMAX(B)y HRCOF2(6),HRCOF1(6)yHRCOFO(O)
XT3y 1A8 yRHyTAVH20,ICBASEy NTAMB,AMBOFC(5),AMBOPCIS) ,TAMULBIS) 4T ANNW
XB5) yAMBRH(5) y TAMRVIS) ,PCTAMBIS5,5) yNSYSOP,TUISMXyNSPCCN,yUOVALLA
XREAC y3PFLOWy NH20yWIDTH)PRPAGRyCAPFAC,USEFAC)TKWHRS yIRITE yIREAD),
6 ANWINU(5) y AMRAU(S) yWINUJRADQFLRIV,yOEPTH

COMMON/ NuWV/ CONCRyLOCI(20)4ACCyCONSCToUISLCES) DISTRIS), FLCNWL
29YOPCMES) yCCPMIS) g TMLSES) gy TMCOTE5) yTRCST 9y WATERIG) yUISCHC4) ,TOIS(4)
39Culolle) yFISHyTZERDy NRyCOCySSCyCFISHICHOC s PNAME (4) yNAMES (200
#>PGRy SPT1Ry SPCO,y WELHR, CCSGCy CCOST, CGOSTSy SPNC,I00

FORMAT ( *4 RESULTS OF IRANSMISSION COST CALCULATICNS FOR SITE N
2UMBER *#I3,/7% WIIH PLANT TYPE *¥I3,//,25Xy* CAPITAL COSTS *10X* CO05
3i PER UNIT POWER */,28Xy* (UOLLARS) %*15K* {MILLS/KW=HR) */% TRANOM
4ISSION OPTION IS *I24/)

FORMAT (* NEW TRANSMISOION LINES */7%¥0 CONSTRUCTION CC>T ¥8XyE9.2)
218X4€94 2y /7% MAINTENANCE COST *8XyE942518X9E942/% NEW TRANS 1
30iAL COOT*33Xy£942//% LOAD CENTER RELAIED COSIS */7% WHEELING COb
4T (BPAN* 35X9E9.2//7% TOTAL TRANSMISSION GOSTS AT THIS SITt ARE *E9.
52% MILLS/KW=HR., *//)

L = P3I1Zc*1.E3*CAPFAC*8.76

R = P3IZE/1000,

CCOST = DISTRUNTRI*R¥CCPMINTR)

OMCOST = UISTR(NIR)*R¥YOPCMINTRI

UGG = CCOST*ANFCR/J

U0C = O0MCO3i1/70

¢ = JCC + UoOC

CALGULATE GOST IN MILLS/KW=HR FOR TRANSMISSICN OF POWER 10 LOAg

CENTER USING THE BPA WHEELING FORMULA '

IPEN = (UISLCINIKI*TMCSTINTRY + 0.810/8.76

TRGST = TPeEN + TL

LAND USE CALCULATION FOR 500 KV TRANSMISSION LINES8 FOR 1000 MW
ASsUME GURRIUOR IS 175 FT WIDE

SPNG (UISTRUINTR)*5280,%175.)743560,

SPTR (UISLCINTRI*5280.*175.)/743560.
IF(I00.EQ.1) GO 10 10

PRINT 14 NOsNT4NIR

PRINT 2y CCOSTy UCCy OMGOSTy UOL, TCy TPENy TRCST
RETURN

ENJ
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OCOOOOO0

SUBROJT INE SLUWSTINSyNiyNCOyNSCyNCH,NP)

COMMON @S5IZEsCCPKWyANFGRyFUCST 9NCAPS,CAP(6) 4 TOTLUIS)y COLPCT (5),TC
XMINC6)  PCMIN(6) ,1CMAX (D) yPCMAXI6), HRCOF2(6),HRCOF1(b),HRCOFOLG),
XTOB,y T hB yRHyTAVH20,TCBASEy NTAMByAMBUFGC{5Y,AMBOPCI5) ,TANMUB(S),TANK
XB(5) yAMBRH{5) y, TAMRV{S) yPCTAMB(5,5) yNSYSOP,TUI>MXyNSPCONyUOVALL,A
XREAC y3PFLOW, NH20yWIJOTH4PRPAGRyGAPFACJUSEFAC T1KWHRSyIRITEHZIREAD,
6 AMWIND(S) y AMRAU(S) yWINU,RAU,QFLRIV,UEPTIH

COMMON/ NEWV/ CONCR,LOGCI(20),ACCyCONSCT,0ISLCES),,DISTIRIS), FLCOW1
23Y0PCM{S) ,CCPMI5) g TMLS(5) ,THCST (5) y TRCST yWATERC4) yOTISCH (L) yTDIS (4)
34,0uUlsta) yFISHYTZEROy NRyC5C935CyCFISHCHSCy PNAME(4) y NAMES (20D,
43PGRy SPTR, SPCO, JELHR, CCSC, CCOST, CLOSTS, SPNC,I00

SLOWST I> A SUBROUTINE WHICH CALCULATES SOLID WASTE GENERATED EBY
A FOSSIL FIREU PCWER PLANTI(COAL) . THE SUBROUTINE GIVES
INFORMATION ON BASELINE SOLIO WASTES GENERATED ANu THE EXTRA
BURUEN CAUSEu 8Y EXTRA FUEL CONSUMPTION FROM THE USE OF NON-ONCE
THRU GOOLING. BASE HEAT RATE IS ASSUNED TO "E 7200 B8TU/KWHR.

1 FORMAT(*O BASELINE 30LIu WASTE LOAuU I> *F7.2% LB/KW=HR*/* THIS
2 AMOUNTS TO GENERATING ®*EQe.2 Y LB/HR OF SOLID WASIE FOR THIS PLANT*
3)

2 FORMAI(®*0 SOLIU WASTE GENERATEOD BY THIS OPTION IS *F7.Z% LB/KHW=H
2R¥*/ ¥ THIS AMOUNIS TO GENERAITING *EG.2* LB/HR OF SCLIC WASIE.*/)

3 FORMAI(*(Q THE NUGLEAR FUEL SYSTEM IS A CLOSED LOCOP.*/* NO FUEL S
20LID WASTE IS HANULED AS A SEPARATE, EXTERNAL FROBLEM.*/* ALL FUEL
JCOOTSCINCLUUING >OLIJ WASTE ARE INTERNALIZED IN FUEL PRICEI*/)

SWGB = 0424

SWGBH = 0.24¥CAPFAC*PSIZE*1000.

SHG = 0426%¥(7200, ¢+ JcLHRIZ7200.

SWGH = SWG*CAPFAC*PSIZE*1000.

IF(NCOsEQe1e ANUONTeEQe2) PRINT 14 SWGB, SWGBH
IF{NCO«NEsL1+AND«NT«EQs2) PRINI 2y SWGy SHGH

IFINT.EQel) PRINT 3

COOLING SYSTEM >OLID WASTE GENERATION WILL BE AUuEU FOR LATER WERS
COOLING SVYSTEM SOLIU WASTE GENERATION WILL BE AUUED FOR LATER
VER>ION OF THE PROGRAMe uLATA IS INCOMPLEIE AT THIS TIME
RETURN

ENJ
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FUNCIION H(T)
H =21¢572142-¢G93539227*%1+.28365243L=01°%T%*2 =,206(5772E-03%T**3+

Xe126G8996E-05%T%%4

10

b

RETURN
£Nu

FUNGTION PILT)
P 2,16618166E=1+414461083E-2% 1 +.8340U24T7E=5*T?%2+4,4L987537E~6

X *[*%3-,200568843E=-9%T*%4+,22620224~10%T%*5
RETJRN
ENO

sUBROUI INE PRTOU(CPCOUyuFLOU,TCOU)

COMMON POIZEyCOPKWyANFCRyFUC L1 9 NCAPS,CAPID) yTQiLLISY,y COLPLTIS),,TC
XMIN(G) yPCMINIE) 3 ICMAX(6) yPCMAX(B)y, HRCOF2(E),HRCOF1(b6) yHRCOFO(E),
XiuByTWB yRHy TAVH20,TCBADEy NTAMB,AMBUFC{S),AMBCPL(5) 4TAMUBI5) ,TAMK
XBUS) yAMBRHIS)Y, TAMRVIS) sPCTAMBI545) 3NSYSOPyTUISMXyNOPCCNyUOVALL,A
XREAC yoPFLOWy NH20,WIUTH)PRPAGR,CAPFAU USEFAC,TKWHRS,,IRITE, IREAD,
b AMWINLI(S) yAMRAL(5) yWINU yRAUQFLRIV,yUEPIH

COMNON/ NEWV/ CONCR,LOCI(20) ACC,CONSCIyuISLCIS) yuISTIRIS), FLOWL
29YOPCMES5) yCCPMES) yiML3(5) 3 ITMCOT (5) i RCST yWATERLL) yLISCHIL) ,TUIS (W)
$39CIIo04%) yFISHyTZERDGy NRyCSGy>0CsCFISHyCHOC yPNAME (4) s NAMES (20D,
45P3Ry >PTRy SPCO, DELHR, CC5Cy CCOST, CCUSTSy SPNC,I100

WRITECIRITE,1G) OPGCQU4s0FCOU,TCCOuU

FORMAG €/S5X,*¥WIiH [HE VARIOUS AMBIENI TEMPERATURES*,/,
X SXy¥IHE CO>TS ARE =*,//,
X 3Xy ¥OPERATING CGST =%,F6,3,% MILLS/KW=HR¥,/,
X 3Xy¥OIFFeRENTIAL FUEL COST =*4Fbe3¢*% MILLS/KA-HR*,/,
X /93Xy*TOIAL SYSTEM COST =*,F6.3,% MILLS/KW=HR¥)
RETURN
ENJ

SUBROJT INE PRTUSZ(CAPCOS,O0PCOsyCOSMALySYSCOS yLELFCyT101CCS»COSPKW)

COMMON PSIZEyCCPKWyANFCRyFUCSTyNCAPS ,CAP (6) ,TOTLO(S) 5 CCLPCT(5),TC
XNINC6)  PCMIN(6) y TUMAX(6) yPCHAX(6)y HRCOF2(6),HRCOF1 (6) yHRCOFO(6),
XTUB,TWB yRH, TAVH20,TCBASE, NTAMB,AMBUFC(S),AMBOPCES) yTANUBIS) ,TAMW
XB(5) JAMBRH(5), TAMRV(5),PCIAMB(5,5) yNSYSOP,TUISMXyNSPCCN,UOVALL ,A
XREAG 35PFLOW, NH20,WIOTH,PRPAGR,CAPFAC,USEFAC,TKWHRS yIRITEyIREAD,
6 AMWINU(5) y AMRAL(5) yWIND,RAUQFLRIV ,CEPTH

COMMON/ NEWY/ CGNCR,LOCIC20) yACC,CUNSCT,0ISLCES) ,UISTRES), FLOWL
2;YOPCMES) yCOPMES) , TMLS(5) yTMC1 050 3 TRCST yWATERC4) s DISCH (4) ,TOIS (4)
39C0IS(4) yFISH,1ZEROy NRyCSCySSCHyCFISH,CHSCy PNAME (4) 9 NAMES €20) ,
45PGRy SPTR, oPCO, JELHR, CCSC, CCOST, CGOSTS, SPNC,I00

WRITECIRITE,10) LAPCO>yCOSPKW,0PCOS>yCOSMAIL,SYSCOu,UELFG,701CO0S
0 FORMATC*0 CAPIIAL COST =%,E12.4,* UOLLARS*/*  CONUENSER ANU PUMP
1C0aT =%,E12.45% LOLLARS/KW®/*  QPERATING COST =+,

X F6e35% MILLS/KW=HR¥*,/, 3X,*MAINTENANCE COST =%*,F6¢3,* MILLS
X/KH=HR* 4/y 3X,®*CCNUENSER SYSTEM COST =*¥5Fbe3y* MILLS/KW=HR*,/, 3X,
X*UIFFERENTIAL FUEL CCo>T =%*,F6e3,% MILLS/KW=HR¥,//, 3X,* TOTAL SYs
XTEM COo>T =*,F6e39% MILLS/KW=HR¥/)

RETURN
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SUBROUT INc PRIUSL(IAREJyTCyHPF yHPPyWEVIHBOyAFLR)

COMHON PSIZcyCCPKWyANFURYFUCSToNCAPS+CAP(B) 9T0iLut5), COLPCTI5) ,,TC
XMINC6) y PCMIN(B) yTCMAX(6) yPCMAXfb)y HRCOF286),HRCOF1(6) ,HRCOFDOLED,
XTUBy1WB yRH»TAVH2C,TCBASEy NTAMB,AMBUFC(5) s AMBOPCIS) »TAMUB(S) 3 TANMK
XB(5) yAMBRHIS)y 1AMRVI(S5) yPCTAMB(595) yNo>YSOPyTCISMXyNSPGCNyUOVALL,A
XREAC)3PFLOWy NHZOWWIJTH.PRP EGRyCAPFACyULEFAC)TKWHRS yIRITEJIREAL,
6 AMWINU(5) 9 AMRAL(S) ¢WINU,RAUZQFLRIV,0EPTH

CUMMON/ NEWV/ CONCR,LCGI(20)5ACC)CONSCTyuInLC(5)UISTRIS), FLCW1
29YOPCMALS)yCCPMIS) yTHMLO(5) s TMCOT (5) yTRCOT yWATER(G) yOISCH(4) yTOIS (&)
39CIISCL) yFISH)IZERDy NRyCOCy5OCCFISH,CHSCyPNAME (4) ¢ NAMES(20)
4oPGRy SPTRy 5PCCy UELHR, CGCSCy CGCOSTy CCOSTSy SPNCy100

WEVCF3=Wev/224700.

NIUGF3=RWBU/224700,

WRITECIRITE$L10)UREJyTCyHFF yHPPyWEVCFSsWEV WBUCFS s WBL 4AFLR
10 FORMAT{/43Xs*%Q REJVELT =%,E12.49% BTU/HR AT T CONDENSER =%*, F5.,0
Ly/93IXy*FAN POWER =*4EL12449*HP PUMP POWER =%,512.4y%HP¥,/,3Xy*
2H20 EVAP =%,012.44% CF> (¥,E12.4 %L B/HR)*/
3 ¢ HZ20 BLOWUOKWN =%,E12.4,% CFS (*yE1244s* LB/HR)*/
b * AIR FLOW RATE =%*,c12.49% LO/HR¥)

REIJRN

ENV

174



SUBROUTINE PAFCSTUI»1CyPHCSTyuLELFCHQREJ)

COMMON PLIZE yCCPKWyANFCRyFULST 9y NCAPSyCAP(6) ,TOTLO(S)y COLPCT(5),TC
XMIN(B) yPCMINIO) yTCMAX{6) yPCHAX(6)y HRCOF2(6),HRCOF1(6) yHRCOFO(E),
XTUByiWByRHy1 AVH20,7TCBAGE, NTAMB,AMBUFCUS) ,AMBOPC(E5) 4TANDBIES) 4T AMK
XB(5) yAMBRH(5), TAMRVI5)4PCIAMBIS595) yNOYSOPyTOISMXyNSPCCONyUOVALLHA
XREAC yoPFLOWy NHZOyWIJUTHyPRPAGR,CAPFACyUSEFAC,TKWHRSyIRITEIREAL,
6 AMWIND(S) g AMRAU(S) yWINDyRAUSQFLRIV,DEPTH

COMMON/ NEWV/ CONCRyLOCI(20) ¢ACCoyCONSCT,DISLCI5) yuISTRLS), FLCNW1
29yYOPCMES) ,CCOPMIS) yTMLS{B) yTMCOST (5) yTRCST yWATERLL) yUISCHIGL) , UIS(4)
39G0I504) »FISHT ZERDy NRyCHGSSCHyCFILHyCHSGyPNAME (4) ) NAMESE20),
45PGRy SPTRy SPCO, UELHRy CGSC, CCOSTy GGOSTSy SPNC,I00

HRBASE=HRCOF2(I) *TCBASE**2+HRCOF1{(I) *ICBASE+HRCOFOCI)

HEATR=HRGCOFZ (I} *1G**2+HRCOFL{II*TC+HRCOFO(I)

QREJ=C(HEATR-3G413,)¥PSIZE*CAP(1¥%¥1000,

UELHR=HEATR-HRBASE

UELFC=FUCST*UELHR*1.c=5

PHCS> 1=F UCST*HEATR*14E=S5+(CCPKW*ANFGR) /(CAPFAC*¥8.76)

RETURN

END
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10
15

20
25

30

50

SUBROJT INE CONUCTGONUyTINyQREJ)PUCST yuT2,yTOUT UAZFLONW,GPM,
SYSCSTyCOSPKHWI
COMMON PSIZE yCOCPKWyANFGRyFUGCST yNGAPSyCAP (B) ,TOTLU(S)y COLPCT (5)4TC
XMINCE) y PCMIN(E) yTCMAX(E) yPCMAX( D)y HRCOF246),HRCOF1(6) HRCOFO(6),
X1UB9sTWB 9yRHy TAVH2CyTCBASEy NTAMB,AMBOFC(S5)yAMBOPCIS5) ;TAMLB(S) ,TAMNK
X845) yAMBRH(S5)y, TAMRV(IS) yPCTAMB(545) yNSYSOP sTOISMXyNSPGONyUOVALLHA
XREAG ySPFLOW, NHCQOyWIJTHyPRPAGRyCAPFACyUSEFAC,TKWHRSyIRITE,IREAUL,
6 AMWINU(S) s AMRAULILS) ¢WINGsRAD+QFLRIV,DEPTH
COMMON/ NEWVY/ GCONCR,LOCI(20) yACCHCONSCT ulISsLCIS5),4,UISIRES), FLOW1
29YOPCM(5) yCCPNIS) s TMLI(S) yTMCST (5) yTRCST yWATER(GL) 4DISCH{(4) ,TUIS (4)
SsCULlSCe) yFISHYTZEROy NRYyCOHCy3SCsCFISHWCHSCyPNAME (4) y NAMES(2D0)
45PGRy >PTRy SPCO, ULELHR,y CCSCy CGGCOSTy CCOSTS, SPNC
PMPEF=,8
IFI{NSPCON.EQ.1)GC TO 30
VARIATION OF HEAT TRANSFER COEFFIGCIENT, UALL,y WITH TYPE
OF WATER
IFINH20)20,10,415
UALL=340,
GO IO 25
VALL=420,.
GO TO 25
UALL=250,
GONTINUE
DTi=TCONU=TIN
TOUT=TCONU=uUiI2
UELT=IOUT=TIN
ALOG MEAN TEMPERATURE DIFFERENCEy LMIU
uTLGM=CDT1=-uT2) 7 (ALOG(UTL/0T2))
AGOND=QREJZCOUTLGM*UALL)
UA=UALL *ACOND
CONCST=20.* (ACONL*1,05)%%,9
65 PERCENT INCREASE IN MATERIAL COSTS IF SALT WATER USED
IFINH2O0 o L1 o 0P CONLSI =CONCST*1,.065
FLOW=QREJZUEL]
GPM=FLOW/(84s34%6041}
ASSUME 35 FT OF HEAU
CHCAUL=35.
PMPCST={GPM¥CHEAL® o 7457 %PHCST) /43960 « *PMFLF*PSIZE*L000.)
1 CGOLLAR PER GPM FOR COS%1 OF PUNMPS
COSPKW=LCONCOT+14¥GPM) /7 (PSIZE*1,.£3)
SYSCST=({COSPKW*ANFCOR)Y/(CAPFAC*6.76)+PMPCST
GO 1O 50
UVA=UOVALL*AREAC
FLOW=3PFLOW
GPM=FLOW/(8,34%60,)
SYSCST=0.0
RET URN
ENQ
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SUBROUT INE SCREENSINSyNT9yNCUOyNSC)

COMMON PSIZE sGCPKWyANFCRyFUJC S19NCAPS CAP(B) »T0TLLISYy CCLPLT (5)4TC
XMINCGB)  PCMIN(B) yTCMAX(DB) yPCMAX(B)y HRCOF2(6),)HRCOF1(b),HRCOFO(OL),
XTOBy TWHB yRHyTAVHRO,TCBASEy NTAMB,AMUBOFC(5),)AMBOPC(53 yTANMUBES) 4T AMNY
XB{5) yAMBRH(5) , TAMRYIS) yPCIAMBES45) yNOYSOP yTUISMXyNSPCCNyUOVALL,yA
XREAG ySPFLOWys NH20,WIOTH,)PRPAGRyCAPFAC USEFAC,TKWHRSyIRITEIREAL,
6 AMWINW(5) ) AMRAL(5) yWINUJRAUJQFLRIV,DEPTH

COMMON/ NEWV/ CONCRSLOCI(20) yACCoCONSCTHulISLCIS) LISIRIS), FLOWL
29Y0PCMES) yGCPMES ), iMLSES) yTMCOT(5) yiRCOTyWATER(L) yD1ISCHIEG) yTUIS (W)
3,Gulnt4) ,FISHYyTZEROy NRyCOCy>SCyCFISH,CHSCyPNAME €4 y NAMES(20D,
4SPGR,y SPTRy SPCOy DELHRy CCSGCy CCOST, CCOSIS,y SPNC,IO0O

UIMENSION NAME(&4)

DATA(NAME(I) yI=1,4) /10HONCE=-THRY ,10HPONU 9y 10HNATLFI THR,
210HMEGCHUFT TR/
1 FORMAT(*Q THE SCREENING COSTS ARE ¥/%0 CAPITAL COSTS * £9.2

2¥MILLS/ KHWHHR*/ ¥ OPERATING COSTS*EQ.2*MILLS/KWHR*/* TJTCTAL COSTS
JARC*E9, 2% MILLS/KWHR*/)
2 FORMATU®*0 INTAKE vOoTS WITHOUl SCREENING*//
2% CAPITAL COST*E9.2*% MILLS/KWHR* /% OPERATING COSTS *EY.2 »
SMILLY/ KWHR*//% 10TAL SYOTEM COST IS* £942*% MILLS/KWHR*/) -
3 FORMATC(*0 THE oCREENING wAMAGE TO FISH HAS A VALUE CF *tg.2* MILL
2O/KH=HR®*/* CUMFAREtuY TO SCREENING GOSTS OF *E9,2* MILLS/KH=HR*/)
4 FORMAT{*1 SCREENING CALCULATIONS FOR *A10%¢ COOLING® /% THE
2FLOA TO BE CONSIUERcU FOR -SCREENING Io ®E9.2% CFo.*)
FLOI = WATERINGO)
IF(IO0s NEsl) PRINT 4, NAME(NCOD),y FLOI
F2= 0,
IF(FLOTI «LT«500.) F1 = 1000,
IF (FLOIL+GE«500G.) F1 = 240,
IFCFLOI LT 1040 GO TO 8
GO TO 10
8 F2=8.0E3%F1=0,
: COMPJTE CAPITAL COoTS FOR A SCREENEL INSTALLATION
10 CGOSiIS = FL*FLCI + F2
COMPUTE COoT PER UNIT ENERGY GENERATED
D = PSIZE*1.E3*CAPFAC*8.70
CCPJP = CCOSTS*ANFGR/U
THE MAINIENANCE FACTOR IS TAKEN TO BE 10 PER CENY OF THE CAP CS1
OCPUP = 0,04%CCOST>/0
1637 = CCPuUP + OCPUP
IFCIO0.NE«1) PRINT 1y CCPUPy OCPUP,y TCSI
INTAKE COSTS WITHOUT SCREcN>S ARE 60 PERCENT OF THOSE WITH SCREENS
X2=046*CCPUP $ X3=0,6%0CPUPE X&= X2 ¢+ X3
IFCI00«NEel1d PRINT 2y X2y X3y X&
AS3UME FIsH UAMAGE IS PROPORIIONAL TC THE FRAGTION OF RIVER WATER
FUNGTION OF THE RIVER ON WHICH THE PLANT IS5 LOCATED.
PUMPEU THROUGH THE PLANT. SCREENING PREVENIS ALL FISH DAMAGE IN
R = FLOI/QFLRIY
UAM = R¥*FISH
JAMP = uAM/U
IFINSCsEGe 1) 5SC=0,6°TCSI
IF(NSG.EQel) CFISH = DAMP
CIFE(NSGC+EQe2) $OC = TCST
IFINSC.£Qe2) CFISH = 0.0
IFII00eNEs1) PRINT 3, UAMP, TCH1?

REIURN
ENJ 177



OO0 ()

(]

OOOn

o

100

200

400
500

SUBROUTINE CHEMINSy)NT9gNCOyNSCyNCH)

COMMON PSIZEyCGCPKWy ANFCRyFUGST 9yNCAPS,CAP(6),TOTLU(5), CCLPCT(5),4TC
XMINC(6) , PCMINC(E) , iCMAX(6) yPCMAX(6)y HRCGF2(6),HRCOF1(6),HRCOFOCE),
XTuB,TWB yRH,1AVH2U,CBASE, NTAMB,AMBUFC(5),AMBOPL(S) y1ANULELS) 4T AMNW
X8(5) JAMBRHI{5)y TAMRVES) yPCTAMB(5,5) yNSYS0P yTUISMXy NSPCCN,yUCVALL,A
XREAC 9SPFLOW, NH20yWIUTH,PRPAGRCAPFAC)USEFAC,TKWHRS yIRITEIREAD )
& AMHINUCS) y AMRAU(5) ,WIND,RAU,QFLRIV,UEPTH

COMMON/ NEWV/ CONCRyLOCI(201yACCsCONSCTHUISLC(5),,DISTRESY, FLCWL
2,YOPGCMI5) yCLPMI5) yTHMLS(5) yTMCOT (5) yTRCST yWATER(4) ,UISCH(4) ,TDIS (W)
39G0ISC4) yFISH,TZEROy NRyCOC»o>SCHCFISH)CHSCy PNAME (4) 9 NAMES(20)
45PGRy SPIRy SPCO, UELHR, CCLC,y CCOSI, CCOTSy SPNC,IO0O

SELECT TREAIMENT PROCES> BASED ON GCOCLING TYPE AND TREATMENT FLAG

GO T0(100,1005200,200) NCO

ESTABLISH TREAIMENT CO3T> FOR SYSTEMS UTILIZING CHLORINATIGN

ONLY (PONus> ANu ONGCc=iHRU)

CONVERI FLOW TG MGuU.

FL = (FLCW1¥2,892/1,E6

CALGULAITE GCAPITAL GOST

CAPC = (0.015%FL**,67)*1,.,E6

OUTPUT y CAPCyFLyFLONWL

O AND M CURW¥E I> VzRY NEARLY FLAT PICK A VALUE .OF «07 $/1000.

GAL ANU GENERATE O + M FOR FLOWRATE

CONVERT BOTH GU>15> TO PER UNIT POWER COS1S AND ADD FOR TOTAL

UCAP = CAPC*1000+*ANFCR/TKHHRS

UOP = 0.07*FL*¥0,01/724,

CH3C = UCAP + UOF

QUTPUT, UCAP,UOP,CH>C

GO TO 500

ESTABLISH TREATMENT COSTS FOR TOWER SYSTEMS FOR THIS CASE TREAT

MENT I> ASSUMeu TO GONSIST OF COAGULATION ANU SEDIMENTATION
PLUS SANuU FILTRATION

NO TREAIMENT IF NCH = 1

IF(NCH. EQ.,1) GO 10 40

CONVERT BLOWOOWN TO MGQ

FL = JISCHINCO)/1.55

COMPUTE COST (CEN1S/71000. GAL)

TC = 4o /{FL*?*,02) + Be/EFL¥*, 40

CONVERT €CO>T TO KMILLS/KW=HR

CHoG = TC*¥FL*(.01/24,

OulPUT » DISCHANLCO)yFLyTCyCHSC

GO TO 500
CHSGC = 0.0
RETURN

ENU
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90
91

92

99

SUBROJT INE PLANT (NS yNTRyNT,IPF)

COMMON POIZE,CCPKWyANFCRyFUCST s NCAPS ,CAP(6) ,TOILLI(S)y CCLPCTI(5),TC
XMIN(G)  PCMIN{G) yTCHMAX (D) yPCMAX(b)y HRCOF2(6),HRCOF1(6),yHRCOFO(B),
XTuBylAB gRHyTAVH20, 1 CBASEy NTAMB,AMBUFCE(S5) 4 AMBOPC(5) +TANCB(S) yTAMNK
XB(5) yAMBRH(5) , TAMRV(5),PCTAMEG(5,5) yNSYSOP,TUISMXy NSPCCNyUOVALL A
XREAC ysPFLOW, NH2O ) WIuiHyPRPAGRyCAPFACyUSEFAC, TKWHRS yIRITELZIREAD,
6 AMWINUI(5) ) AMRAL(S) yWINUYRAUJGFLRIV,0EPTH

COMMON/ NEWV/ GONCR,LOCI(20) yACC,CONSCTHOISLCt5),LISIR(S), FLOWL
29YOPCMUS5) yCCPMI5)yfMLS(5) yTMCOT(5) yTRCST 9y WATEREG) yDISCHEL) 4 TOISY)
39CaISU&) yFISHYyIZERDy NRyGCOC9yS5CyCFISHYGHSCyPNAME (L) s NAMESC(20)
45PGRy >PTRy SPCO,y uELHRy CGoCy CCOST, GCCOSTS>y SPNCyIOO

UIMENSION NHRPTS (6) yHRP (G 46) 4 IHR(B96) yTURBHR(DybH) 9y HRIB 46)

NAMELIST/PLPARM/ P5IZE, CCPKW, FUCST, S5PGR, NCAPS

NAMELIST/CAPTURLY/ CAP, TOWLOy COLPCs 9y NHKRPTS, PGCMINy PCMAX

NAMELIST/TUROPU/ HRP, TURBHR, P(GBASE, PCTAMB

NAMELIST/SYSuUTA/Z NSY>O0P, NSPCONs UCVALLs AREAGC, SPFLOW

IF(IPF.cWs0) GO TO 90

REAV(IREAL, PLPAKM)

NGCAPS1=NCAPS+1

READ(IREAU,CAPIURL)

NNCAP=NGAP3S

IFCNHRPTSUINGAPSL) oGTe 0) NNCAP=NNCAF+1
REAUV(IREAU,TUROPL)

REAULIREAU,SYSIUTA)
GO TO 100

SELECT POWER PLANT INPUT INFORMATION BASEU ON EIIHER UEFAULT OR
INPUT FLAG INFORMATION
UEFAULT INPUT INFORMATION FOR NUCLEAR POWER PLANT

GO i0(91,92) NI

PSIZE=1000. $ CCPKW=250. % ANFCR=0.10 3 FUCST=20.
TURBHR(1,91)=9765+ $ 1URBHR(1,2)=9815, $§ TURBHR(1,3)=9865,
TURBHRE241)=9815. 3 TURBHR{242)=9915, § TUREHR(2,3)=10300.
TURBHR(E3,1)=9815+ 3 1URBHR(3,2)=9915, § TURBHR(3,3)=10300,
TURBHRE 4+1)=9615, 3 TURBHR(4,2)=9915, § 1URBHR(4,3)=10300,
TURBHR{S,1)= 0o § TURBHR(5,2)= Go § TURBHR(4,y3)= Ge0
TURBHR(5,1) = 6. 5 TURBHR(5,2)= 0. § TUREBHR(5,3)= G.0
SPGR = 500, $ HRBASE = 9815. 3 PNAME(NT )= 7HNUCLEAR

GO T0 99
FOoSIL FIRCU(CUALY UEFAULT INPUT DAITA

P31Zc = 1000, 3 CCPKW = 190, ¥ ANFCR = 0,10 $ FUCST = 27,
JURBHR(1,1)=7200. $ 1URBHR(1,2)=7220. $ TURBHRU1,3)=7250.
TURBHR{+1)=7220. § TURBHRI(Z,2)=7280., & TURBHR(2,3)=7350,
JURBHR{3,1)=7240+ $ IURBHR(3,2)=7280. $ TURBHR(3,3)=7350.
TURBHRO4+1)=7220¢ 3 TURBHR(4,2)=7280. $ 1URBHR(4,3}=7350,
TURBHR(5,1)= 0. 3 IiURBHRI(5,2)= 0. $ TURBHR(5,3)= 0.

SPGR = 3uU0. § HRBASE = 7220 $§ PNAME(NT) = 7H FOSSIL

NSY30P=0 $§ NSPCON=0 $ NCAP31=6 § NCAPS = 5 ¢ PCBASE = 1,5
CAP(1)=1.0 $ CAP(2)=0,8 $ CAP(3)=0.6 & CAP(4)=0,25 § CAF(5)=0,0
10ILD(5) =300,
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100

238

239

2he

243

26 h

246

20

TOTLull)=6450, ¥ TOTLUE2)=750. § TOTLUl3)=700. 3 TOTLOC4L)=500,
COLPCT(1)=140 $ COLPCTI(2)=1.0 9% COLPCT(3)=1.,0 % COLPCT(4)=1,0
COLPCT(5)=1.0

PGMINIL)=1,0 § PCMIN{2)=1,5 3 PCMIN(3)=1,5 & PCMIN(4)=1,5
PCMIN(5)=1.5 $§ PCMIN(B)=0.0

PCMAX(1)=2,0 % PCMAX(2)=3,5 § PCMAX(3)=3,5 § PCMAX{4)=3.5
PCMAXES)=3.,5 & PCMAX(6)=0.0

NHRPTS01)=3 $ NHRPTS{2)=3 § NHRPTL(3)=3 § NHRPT>(4)=3
NHRPT3(5)=3 $§ NHRPTS{G)=0

PCTAMBE141)=0s5 § PCTAMBE1,2)=041 $ PCTAMB(1,3)=0.2
PCTAMBE1,4)=0.2

PCTAMB(291)=0e1 & PCTAMB(2,2)=0e4 & PCTAMB{2,3)=044
PCTAMBI2,4)=0,1

PCTAMB(341)=0s.2 & PCTAMBE3,2)=0e4% » PCTAMB{3,3)=0.3
PCTAMB( I 4)=041

PCTAM:H‘nl)-‘:().S g PCTAMB(‘OQZ.:GQJ. $ PCTAMB(443)=044
PCTAMBI 4y4) =042

PCTAMB(5,1)=1.0 $ PCTAMB(5,2)=0.0 § PCTAMBI5,3)=0.0
PCTAM3(S,4)=0,0

HRP(1,10=1,0
HRP (241)=1,5
HRP(3,1)=1,5
HRP(491) =145
HRP(5,10=1.5

HRP(1,20=1.5 & HRP{1,3)=2.0
HRP(2,2) =245 $§ HRP(243)=3,45
HKP(392) =245 § HRP(3,3)=3.5
HRP{442) =245 § HRP{4,3)=3.5
HRP(5,2)=24,5 § HRP(5,3)=3.5

o 5 B

LOAU UURATION HOURS CHECK = i0 STATEMENT 246
TOTOUR = G.0
U0 243 I=14NCAPS
TOTAM=0.0
PERCENT AMBIENT TIME CHECK = TO STATEMENT 242
U0 238 JU=1,NTANB
TOTA4=TOTAM+PCT AMBII,J)
IFC TOTAM +EWe 14) GO TO 242
WRITECIRITE 23N I
FORMAY {* 10T PCT AMBIENT HR3S NOT = 1.0 FOR CAF NO*,1I2)
GO TO 500
CONTINUE
TOIUUR=TOTOUR+TOILUI(D)
CONTINUE
IF (TOTUWUR +cQe 8760.)G0 TO 246
WRITELIRITE,244)
FORMAT €* TOT Lu HR> NOT = 8760 *)
GO 70 500
CONT INUE

CALC OF RELAVTIVE HUMIJUITY - RH ANU AMBRH
PBAR=14 .,696
PV=PATWEBI=(((PEAR=-PITWEI I *(TUB=TWBI) /(2800.-1,3%¥THB) Y
RH=PV/P (TUB)
u0 20 I=1,NTAMB
AMBRHECT) ={P (T AMUB{IN)=C({PBAR-P(TAMKB(I})) *
X QVAMDBEI)=TAMABC(I) ) /(28310 =10 43¥TAMWBCINI)D)/PLTAMLBAT)

QUAURAUIGC CURVe FIT OF HcAT RATES (iQ0 STATEMENT 9
NNCAP=NGAPS $ GAPINGAPS1) =1,
IF(NHRPTS(NGAPSL) +GTes 0) NNCAP=NNCAP+1
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0

a1

k2

45

11

U0 9 I=1,NNCAP

IFINHRPTSEI) «Gie 2) GO 10 ¢

WRITCUIRITE,b6)1]

FORMAT (* LEs> THAN 4 HEAI RATES FOR CAP NO +,12)
GO TO 5060

X1z 0o X2=0adX3=C o8 X4=0eEXVY=0s0X2Y=0a8V¥1=0,
M2=NHRPTSCI)

uo 8 J=1,M2

HRII yJ) =TURBHR(I, J)

CALC OF TSAT FROM PRESSs (IN. HGH
BLOG=ALOG(HRP (I, J))
THRUI; J)=79,035793+30.462409%BLOG+1.S760416*
X (BLO3) *%2+0.13124035*(BLOG)**3
X1=THRCI J)+X1
X2=(THR (I,J) *¥¥2) +X2
Y1=HRUI yJ)+Y1
X3=C(THRC(I,J) **3) +X3
Xe=(THARCIy J) *¥4) +X4
XYSXY+THREI 9y JY*HRII 9 J)
X2Y=X2Y+{THRAL, ) *¥2) *HR(I,J)
B=NHRPT S (I}
VENSXG¥ (B¥FX2=X1¥¥2) =X3* (B¥X3=X2%X1) +X2¥ (X3* X1=X2*+2)
ANJM=X2 Y*IB*X2=X1¥#2) =X3¥(B¥XV=X1¥Y1) +X2*(XY¥X1-X2%Y1)
BNUM=X4 ¥ (¥ XY=X1¥Y1)=X2Y¥ (B¥X3=X2¥X1)+X2¥(XI*Y1=-XY¥X2)
CNUMSXH* (X2% Y1=XY¥X1) =X3¥(X3*Y1=-XY®X2)+X2Y*{X3¥X1=X2¥%*2)
HRCOF2( I)=ANUM/UEN
HRCOF1( I)=BNUM/LEN
HRCOFO4 I)=CNUM/DEN
CONTINUE

MAKING DESIGN HR = 100PCT CAPACIIY HR C(IF NOT SPECIFIED)
IFCNHRP TS U(NCAP>1) GTe 0) GO TO 45
00 406 I=1yNCAPS
LF(CAPC(I) +EQs 1.) GO TO 42
CONTINUE
WRITECIRITE,41)
FORMAT (* NO 100 PCT CAPACIIY OR UESIGN HR*J
GO TO 500

HRCOF2 (NCAPS1)=HRCOF2(I)
HRCOFL ENGCAPS1) = HRGOFL1(I)
HRCOFO ( NCAPS1) = HRCOFO(I)

PCNININCAPS1)=PCMIN(I) $ PCMAXUNCAPS1)=PCMAX{I)
CONTINUE

u0 11 I=14NGAPSL

BLOG=ALOG(PCMIN(I))

TCMINCI)=79,035793+30,462409%BLOG+1.9740416*

X (BLOG) **¥2+0,131264035%(BLOG) **3

BLOG=AL OG(PCMAX(I))
TOMAX(I)=79,035793+30.402409¥BLOG+1.9740416%

X (BLOG) *¥2+#0.13124035%(BLOGI**3

8LOG=AL OG(PCBASE) :

TCBASE=79,035793+30.462409%8B8L0OG+1.,9740416%

X (BLOG) ¥¥2+0.,13124035*(BLOG) **3
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c CALC OF AYG CAPACITY FACTOR AND COOLING USE FAGCIOR
TKWHR>=040 & CKWHR3=040
U0 47 I=1,NCAPS
TKAHRS=TKWHRO+(CAP(II*T0TLO(I))
b7 CKWHRS=CKWHRS+(CAP(I)*TOTLOC(IY*COLPCTLIN)
CAPFAC=TKWHRS/8760. $§ USEFAC=CKWHRS/TKWHRS

IF{I00.EQe3) PRINT 350y PSIZE, CCPKW, ANFCR, FUCSiy PNAMEINT)
350 FORMAT(1H1,10Xy¥o=me= PRINTOUT OF POWER PLANT DATA=====*
2/%0 PSIZE{MWE) CAP C>T(3/KW) ANFCR(FR) FUEL GOST(CTS/MILLION BT
3u) TYPE¥/ 45X 9F5:043X0F9e0+46X9FB8e39F300415XyA777)
IF(IPF,EQe0) PRINT 1000
1000 FORMAT(#*(=w=== NOTE PONWER PLANT DATA SPECIFIEU IS INTERNAL DATA®/*
2 NO POWER PLANT uATA WERE INPUT.*7//)
IFCI00« NEse3) GO TO 500

WRITE(IRITE,360) (CAP{ID I=1,NCAPYS)
NRITECIRITE,361) (TOTLULI) yI=1,NCAPS)
WRITECIRITE,362) (COLPCTEI),I=1,NCAPS)
WRITECIRITCE363) (PCMINCI),I=1,NCAPS]1)
WRITECIRITE,364) (TCMINCIN), I=1,NCAPS1)
WRITE(CIRITE,365) (PCMAX(I) yI=1,NCAPS1)
WRITECIRITE,366) (TCMAX(I),I=1,NCAPS1)
360 FORMAT (SX,*CAPACI/IE> ANu CORRESPONUING UATA*,/, 7X, $(EXTRA V
XALJES ARc UESIGN UAiIAY*,//,y 3Xy*CAPACITY - ¥y5F7.2)
361 FORMAT(* HRS/YEAR = ¥,5F7.0)
362 FORMAT(* PCT COOLING = *,5F7.2)
363 FORMAj(* MIN P COND = ¥,6F7.2)
364 FORMATC(® MIN T GOND - *96F742)
365 FORMAT(® MAX P CONU = ¥y6F742)
366 FORMAT(*® MAX T CONUL - *,6F7.2)

WRITECIRITc 370V CAPFACYUSEFAC
370 FORMAT (SXs*GCAPACITY FACTOR =*,F54297y5Xy*C00LING USE FACTCR =*
X 9F5e297/)

WRITECIRITE,403)
403 FORMAT (5X,*CONu PRESS ANU CORRESPONUING OATA AT EACH GAPACITY
X*)
LO &G7 I=1,NCAPS
WRITeC(IRITE,404) CAFIIY
404 FORMAT (/72X *CAPACITY =%*,Fie2)

c
M2=NHRPI>€I)
WRITECIRIIcy40G5) (HRPIIyJ),J=1,M2)
405 FORMAI (3Xy¥PRESSURE = ¥y6F8421
c

407 WRITECIRITE, 400) (iURBHRI(I,J),Ju=1,M2)
406 FORMAT (3Xy*i HEAT RATE = *,6F8.0)

M2=NHRP15(NCAP>1)
IFEM2 +EQe 0) GO 70O 412
WRITE(IRITE,409) (HRPINCAPo1,yJ) yJ=19M2)
409 FORMAT (//5Xy*ULESIGN VALUES (CAPACITY = PLANT SIZEN*,//, 3X, *PR
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XEoS3URe = ¥,6F8es247)
WRITECIRITE y410) (TURBHRINCAPS14J) 9yJ=1,yM2)
410 FORMAT €3X,%i HEAT RATE = *,6F8.0,/7)

412 WRITEQIRITcy)429)FCBASE,ICBASE
429 FORMATA3X,*BAGE P CONu BASE 1 COND¥*,/37XyFb6e2y8XyF6e177)

WRITECIRITE,y417)
417 FORMATUHE//5X¥PERCENT OF COOLING SYSTEM TIMt AT ABOVE*,/,
X 8Ky *AMBIENT CONLITIONS*,/7)
vl 418 I=1,NCAPS
418 WRIVECIRITE y419)ICAPII),(PCTAME(IJ) yJ=1,yNIAMB)
419 FORMATE/3Xs*CAP = ¥,F4,2,% -%,5F7.2)

424 IF(NOPGON=1) 500,425,500

425 WRIIc(IRITE,426)J0VALL yAREAG+SPFLOW ‘

426 FORMAT (S5X,)*CONUENOER SPECIFICAIIONS*,/y 3IX,*OVERALL U = *,F6,
1097y 3Xy¥TUBE AREA = *,E12.49/93Xy¥H20 FLOW = *,E1244y/7)

500 CALL TRANSENSyNiRyNT)

RETURN
END
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OO0 (3] [

SUBROJT INE SITE(NSyNSEI9yNTRyMNIRy NTy MNT 9 NCOyMNC ) NSG9yNCHyNP 4 IPF,ICF
2)

SITE IS THE SUBROUTINE WHICH INPUTS ALL THE oITc RELATEL OATA

COMMON PSIZE,CCPKWy ANFCRyFUCSTyNCAPS,CAP(BH) yTOTLO(5)y CCLPCT(5),IC
XMIN(G) y PCMIN(D) y TCMAX(6) yPCMAX(6)y HRCOF2(6),HRCOF1(6),HRCOFOLB),
XTUByTWB yRHyTAVH2O,TCBASEy NTAMBsAMBOFCU(5) yAMBOPC(5) yTANMLB(5) yTAMNK
XB(5) JANBRH{5), TAMRV(5) ,PCTAMB(59+5) yNOYSOP»TUISNXy NOSPCCNyUOVALL,A
XREAG y5PFLOW, NH20yWIJiH,PRP (GRyCAPFAC,USEFAC,TKWHRS,IRITE,IREAD,
6 AMWINU(5) 9 AMRAL(S) yWINU yRADyGQFLRIV,0EPTH

COMMON/ NEWVZ GONCR,LOCI(20) yACC,yCONSCTHyUISLCIS) 0ISTIR(S), FLCK1
24YIPCMUS) yGOPHMIS) 4 TMLS(5) yTMCST E5) yTRCOT yWATER(4) yULSCHI4L) yTOIS(Y)
3yCulolb)yFISHYTZEROy NRyCOCy)SSCyCFISHyCHSCyPNAMEL L) s NAMESC20),
45PGR, SPTR, oPLO, UELHR, CCSC, CCOST, GCOSTS,y SPNCyIOO

NAMELIST/CONFLG/ No gyNSEIgNTRyMNTRyNT yMNT yNCC,MNC,NSCyNCH,y NP,y IPF,
2IGF,4 I00

NAMELI>T1/VARAMB/ TAMUByTAMWByTAMRV,AMWINU,AMRAD

NAMELIST/INPUT/ 108, TWBy WIND, O0IR, RAUy PRPAGR, NI AMB, ACC,
2CON>CTy McTy YOPCM, CCPM, TMLSy TMCST, ANFGR, GEOy ULUISTR, OISLC

NAMELIST/WATRV/ GFLRIVy WIOTH, uEPiH, TAVH2Q, NH20, TUISMXy FISH,
2 NR

1 FORMAT (20A2)

2 FORMAT(*¥0 SITEL NUMBER *I3*% IS *20A2/% ITS LOCATION IS *20A2/)

3 FORMAT(®4 THE VARIOU> AMBIENT CONUITIONS ARE */%0 UP T0 (5) OPERAT
2ING CONODITIONS CAN Bc SUBMITTEL BESIUES. DEVIGN VALUES*/*(0 ZEROS IN
SUICATE LESS THAN (5) VARIABLE CONUITIONS WERE INPUI*//4y1H04921X,y1H1
499X 91H2 99Xy LH39IXy1HH»9Xy1H5, SX*UESIGN*/*0 DRY BULBI(F)*6F10
Sely/7*0 WEI BULB(F)*6F1041,/%0 WINUIMPH) *6F10.14+/7%0 RACIATION *o6
6F10e1,7%0 H20 TEMP(F)*6F10s1,7%0 LANU COOLT IS *F10.0* $/ACRE*///)

4 FORMAT(*0 FOR THIS >Liky INPUl TRANSMISSION LINE INFORMATION IS #*
2/%0 NUMBER OF TRANSMISSION OPTION> IS #I3//% OPTION NO. NEW CO
SN3TR OIST,. LCAU CTRe DISTe ¥#/920Xs* (MILES)Y*14X¥(MILES)*/)

S FORMAT(*0 SITE INPUT INFORMATION®/)

10‘0 FOR"AT“ 1H0,5X,12 )13X,F701’110x ,F7|1’

420 FORMNAT(?*O0 RIVER INPUT PARAMETERS %//* FLOW(CFS) WIO0T
QHLFT) UEPTH(FT)*/3F12.1//7% FIoH VALUE AT PLANT IS *EG,.2% WO
SLLARSe* /%0 WATER GYPE = ®12,2Xy*(0 = UNTRT, FRESH WATERy 1 = TRT F
4RoH WATER, =1 = SALT H20)*¥//)

IREAL=% § IRITE=6

READ(IREAU,CONFLG)

INPUT i HE SITE NAME ANw I1S LOCATION

REAUIIREAU,1) (NAMES(I),I=1,20)

REAUV(IREAUy1) (LOCI(I),I=1,20)

WRITECIRIIES2) NSyNAMESHLOCI

INPUT o176 INFORMAIION WRT AIR ANu LANU PARAMETERS

REAUCIREAU, INPUT)

INPUT WATER BQuY PARAMETER> FOR THIS SITE.

READ (IREAUWWATRVI

INPUT OPERATING CONuUITIONy (ATMOSPHERIC ANU WATER) UNUER WHICH THE

PLANT WILL PERFORM,

INITIALIZE ALL AMBIENT OPERATING CONU ARRAYS TO 0.0

v 100 I=1,45

TAMOBEI) = 0.0

TAMWBCI) = 0,0
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TAMRVCI) 0.
AMRAULT) Go
AMAINJLI) =
100 CONTINUVE

REAU(IREAU, VARAME)

WRITE QUT JE>IGN PARAMCTERS FOR COOLING SYSTEMS

IF{I0J.EWe3) PRINT 5

IFEI00.£Ge3) PRINT 3, TAMUB,TUBTAMWBTHB,AMWINUSWINLyAMRAL,yRAD,
2TAMRV,T AVH20,PRPAGR

WRITE OUT TRANSMIS>ION uIoTANCES

IFCI00,EQe3) PRINT 4yMNTR

IFCI004EQe3) PRINT 1042 €TouISTRELIYyuISLG(I) »I=1yMNTR)
IFCI004EGe3) PRINT 420, QFLRIV, WIULIH, DEPTHy FISH, NH2C

RETURN

ENu

0
0
o0
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SUBROUTINE PAYOFF(NSyNTRyNTsNGCOyNSCyNCHe NPy ICF)

COMMON PSIZE,CCPKWyANFCRyFUCST ¢ NCAPSCAP(6) ,TOTLUAS) y CCLPCT(5) ,TC
XMINEO) s PCMIN(G) ,TCMAX(6) yPCMAX(B), HRCOF2(6),HRCOF1(6) yHRCOFO(B),
XTUByTWB yRH,TAVH2C,TCBASEy NTAMB,AMBOFC0S) , AMBOPC(5) yTANMUBI(S5),TAMNK
XB(5) JAMBRH(5), TAMRVIS5) yPCTAMBL545) yNSYSOP,TUISMXyNSPCON,UOVALL,A
XREAC ySPFLOWy NHCOWWIUTHsPRPAGR,CAPFAC,USEFAC,TKWHRS,IRITE,IREAL,
6 AMNMWINU{(S) , AMRAU(S) yWINUyRADyQFLRIV,,UEPTH

COMMON/Z NEWVY/ CONCR,LOCI(20) yACCsCONSCTHyUISLCIS) yuISTR(S), FLOWL
29YOPCMES)yCOPMIS) yTMLI(5) yTMCOT(5) yTRUST gWATERC 4 yUuISCHI4) yTUIS (4)
J9GuIoted) yFISHyTZEROy NRyCSCySSCHCFISHWCHSCyFNAME (4) yNAMES€20)
45PGR,y SPTRy SPCO, UELHRy CGSCy CCO3STy CCOSTSy SPNC,ICO

JIMENSION NAMEC(2) yRNALG) yCNACL) ySNAL2)3RTIu(6),450KIby16)9ySSL(6,416)
293L>{bs 16}y TCUIS(G)

JATA STATEMENTY

JATA(NAMECI) 4I=1,2)/7HNUGLEAR, 7H FOSSIL/

UATAIRNAC(IN yI=1,6)/8HCOLUMBIA,10HSACRAMENTOy10HUPPER MISSy 9HLOWER
2MISS y9HTENNESSEE y8HOCLAWARE/

DATA(CNA(I) yI=144)/5HRIVERy4HPONUy7HMECHTWR y7HNATOTWRY/

DATA(SNAC(I) 4yI=1,2)/8HDOES NOT,4HDOES/

VATAIRT 10L(I) ,I=1,63/6%10.0/

UDATACSOK(I) 91=15960/100039100091000910069300¢91000590098Se¢91004,
21000 9100091004 982097809100609100069100091000¢965¢ 964091000 91004,
31006 9100¢95509640910009100069990998695309610391006¢9100699%ea99%0y
4109474 987098809 8le)804692060945494D06969¢960095709120986392609314
521093949100 96091249200 9144927 29809309100 31606910639184698493asb4y
612-,9.112.,00,0.’00,‘0.)30,100 918%0,/

GATALISSLU(I) y1=1,596)/6%00910e911ey)4¥0e9184922e94¥0093509360094%04,
23%9¢925%0 900 90e9ley2e 9410928090090 eslesbertler28e3913469120691645204,
34309190 95409310 9)34e 943095143530 9740a969e 97749010341 e95549884980,4,
48409730 9140393909740 98409876970098093309%5¢9550957 0941431246984,
5260928 3919¢927¢98090099032069130¢9240 309309309110 95¢9164696%04/

UATASLOMI) yI1=1996)/724% 009009 11es4®009b0 9110 y4¥0e3184925494%04
23109300 94%0493703539092% 0092090094906 93% 92%0092090097849584910649
30609 30912098606 9D08095109330934 094749884093 2¢97 4096849784 96349924
49009916 9800 18709764 99609974997 ¢989¢995e984096%10047/

FORMAT OSTAIEMENTS

1 FORMAT(*1 BASELINE EVALUAIION FOR *A7¥ FIREC THERMAL POWER PLANT A
2T THIS SITEL*/)

2 FORMAT(*1 THIS Io PAYOFF CALCULATION NUMBER *I2%¥ FOR A *A7* POWER
2 PLANI«*/%0 RIVER GLASS *A10/%0 THE PLANT VUTILIZES *A10*COOLING*/
3%0 IT *A8*% HAVE A SCREENEU INTAKE.*/%*0 THE PLANT *®AB* TREAT ITS CH
4EMICAL UISCHARGE.*/¥(0 THE TRANSMISSICN OPTION NOe IS #I4/%0 ====-
See==<WATER USE INFORMATION====e=ccaat/)

3 FORMAT(*0 THE PLANT WITHDRAWS *£9e.2%* CF> OF HATER FOR SUPPLY ¥//,*%
2 THE PLANT OISCHARGES *EG.2% CF> BACK FO THE RIVER.*/%0 NET WATER
3 REMOVEW BY +HE PLANT IS *¥£9,2¥% CFS*/¥0 (NOT COUNTING WATER EVAPOR
4ATEU A> A ResULYT OF A THERMAL DISCGHARGE.)*/7)

4 FORMAT(*0 OISCHARGE TEMPERATURE IS *F7.2% DEG-F*/%0 CHEMICAL CUNCE
2NTRATION I> *F4.0% TIMES THE INLET CONGCENTRATION®/)

5 FORMAT(*0 INFORMATION ABOUT THERMAL STATuU> OF FIoH SPECIES AT UIsC
2HARGE POINT*//1H0 40Xy*PER CENT SPECIES IN¥*/* CONUITION®11X®*TEMP*
S4X*TEMP ZONE L¥*SX*TEMP ZONE 2*S5X¥TEMP ZONE 3%/91H 921X,*LEG=-C*/)

6 FORMAT(*0 PROBLEM> W/0 PLANT *FSel 4X9FSe0910XsFS5e¢U910XsF5e04/)
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OO0

FORMAT (*0 NO oPECIES IN UANGER WIiHOUT JTHERMAL PLANT.*)

FORMAT(*0 PROJLEMS W/ PLANT #FSa1,y4XyF5¢0910X9F5,0,510X3F5.0,47/)

FORMAI 6 *0 NO SPcCIcs IN uANGER WITH THERMAL FLANT OPERATING.*7)

FORMAT(*1 COoOT CALCULATIONS FOR THIS> SET OF ALTERNATIVES.¥)

FORMAT(*0 GSASE PLANT COST I3 *F5.0% MILLION UOLLARS */* PLANT Csi

2 AT THIS 5Iit lo *FS5.0% MILLION COLLARS. */)

12 FORMAT(*3 GCOOLING SYSIEM COSIS ARE *10X,EQ42495X49EQ.2)

13 FORMATE*0 INTAKc SYSTEM COST I> *13X9E9e295X9EQe2/% FISH DAMAGES
2FROM SCREEN> ARE ¥5X4294295X9E942)

14 FORMAT(*0 CHEMICAL I1REZATMeNT >YSTEM CCOoT> ARE*EG.295XyEC.2)

15 FORMAJC(*0 TOVAL TRANSMISSION COSTS ARE ¥6Xy3EQe<y5XyE9.2/)

1o FORMATELHO»3X*TOTAL LANU UTILIZED FOR GENCERATION, COOLING ANU TRAN
2oMISSIONCACRESY ¥/ 41H 4 3X¥ PLANT LANU *1UX¥COOLING LANU®10X*TRANSNMI
300I0N RT OF WAY¥*/41H ,44X* §O LU GCENTcR NEW CONST.*/)

17 FORMATUCLHO y4X gF740915XyF7e0912XyF74095XyF740//7% TOTAL LANu USED IS
2 *F7.0% ACRES.*/)

13 FORMAT(*(0 {0TAL GOST OF POWER AT THIS SITE IS *E9.2¥% MILLS/KK=HR
2:%////)

19 FORMAT(*(0 BAMELINE AIR POLLUTANTS eMITTEU BY THE NUCLEAR PLANT ARE
2%/* 0.238 MICROCURIE> OF LONGLIFeU ISOTCPES PER KW/HR«*/)

20 FORMATC(*0 SASELINE AIR POLLUTANIL EMITIEU BY THE COAL FIRED PLANT
2ARE EXPRESoEu IN TERMS */% OF LB OF QUANILITY X EMITIED PER KW-HR
3JOF ELECIRICITY GENERATEL.*//7*% MATERIAL QUANTITY®///7 * NC2
Y¥10X*6, 0E-04¥*//% 502 *10X*¥5,7c~-03%//% CO *11X*1.5E-05%//% HYOROCAR
SBON> b6.0c=-06*//7% ALJEHYDES 1.5E=-07% /7% PARTICULATES 5.9E-03*
67)

21 FORMAT{*0 AIR EMISSIONS FOR COAL FIREU UNIT CHANGE> RESULTING FRO
2M NON-ONCE=THRU CUOLING®*//%* MATERIAL QUANTITY (LB/KHW=HR)*5X*
SQUANTITY{(LB/HR AT 100 PER CeNT POWER)I*///% NO2 *10X43E9e195X4ESelir¥
4 5302 ¥ *#10X9t9e1+5X9ET617% HYUROCARBUNS *E9ely5XyEGe1/* ALUEHY(ES
5 ¥£94195X9£941/7% PARTICULAIES *£Se195%XyET9el/)

22 FORMAT(*D JATA I5 INSUFFICIcNT AT THIS TIME TO CALCULATE EXTRA N
2UCLEAR* /%] PLANT EMISSIONS CAUSEU BY NON-CNCE=-THRU COCLING.*/)
23 FORMAT(1HO,20Xs® UDEFINITION OF THERMAL ZCNES¥®/41H0,5X4*20NE 1 = PR
2EFFERREUL (EMPERATURE RANGE*/,1H0,SX¥ZONE 2 = LUHBOPTIMAL TEMPERAIU
3RE CONOITION*/491HO9yS5Xy*ZONE 3 = IEMPLRATURE ZONE WHERE SPECIES*/,1

bH y14X,*I5 EXPECTED TO BE LOOT FROM SYSTEM%/)

2% FOINATC*1 THIS IS AN INUIVIUUAL FAYOFF CALCULATION FOR A ¥A7* PQOKWE
2R PLANT «*/7%0 RIVER CLASS IS *A106/%0 PLANT UTILIZE> *A7® COOLING*/*
30 IT #A8* HAVE OCREENED INTAKES<*/%0 THE PLANT *A8* TRtAl ITS CHEM
4ICAL DISCHARGE«*/7%0 iHE TKANOMI>SION OPTION NO., IS *#I2/¥(e-c=ec===-
S-WATER USE INFORMATION===-cccc-- */)

111 FORMAT{(*0 VARIOUS COMPONENT CO>To FOR THIS PLANI ARE *//31X*MILLS
2 PER KW=HR CAP COST3($)*)

112 FORMAT(*0 BASIC FLANT COSi ¥1U4X9ETe2 95X 9EG.2)

113 FORMAT (*#0 BASIC PLAN: FuclL COS1 *13X,ES.2)

o W N

1
1

PRINT OUT ALTERNATIVE COMBINATION NAME

IFCIGFstQel) PRINT 24,NAMEINT), RNACNR),CNAINCO) » SNAENSGC) ySNAINCH),
2NTR

IFCICF«EQe0) PRINT 29y NPyNAME(NT) yRNA(NR)I»CNACNCO) ySNALINSC) 9y SNA NG
2H), NTR

IFINCOeEQelaANUSNICeEQe1e ANUGNCHeEGs1) PRINT 1, NAME(NT)

PRINT OUT WAIER INIAKE ANu UISCHARGE TO RESIUENT WAITER BOOY

UNET = WATER(NCO) = JISGH(NCO)
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OO0

OO0

OO0

OOO0O0

PRINT 349 WATERINCO)y JISCHINCO) s+ UNET

PRINT OUT WATER QUALITY OF UISCHARGE WITH RESPECT TO TEMPERATURE
ANJ CHEMICAL CONTENT

IF(NCHeEQel) TCUISINCO)=CUIS(NCO)

IF{NCH. EQe2) TCUISINCO}=0.0

PRINT &y TUISENCO), iGOISENGO)

DETERMINE POSSIBLE FIoH UAMAGE FROM HEATEU CONSENSER DISCHARGE
BASEuU ON MIXEOD RIVER TEMPERATURE AT POINT OF DISCHARGE

PRINT 5

TAVHZC S¥(TA¥H20 - 3243/9,

1ZcROC = S*¥(TZERC = 32.)79,

InP = (TZEROGC = Se5)72,

INP = (TAVH2L = S.5) 72,

IFCINP.GTo0) PRINI 6y TAVH2Cy SOKANR,INP)y SSLANR,INP},SLS(NRyINP)
IF(TAVH2C LT 410430 PRINT 7

IFINCOsEQel1e ANUGIZERQC4GE1040)PRINT 8y TZEROGC, SOKINR,INWP)4SSLINR
23yIWP)y SLSINR,IWP)

IFINCOCEGeLoe ANUCTZEROC.LT 41040 PRINT 9

PRINT 23

CALCULATE AIR EMISSICONS FOR THIS> ALTERNATIVE

IFINCOs EWale ANUe NToEQel) PRINT 19
IFINCO+EQe1ANUSNT«EQe2) PRINT 20
IFI(NCOsNEel1 s ANUsNToEUel) PRIN 22
CALGULATE EXTRA AIR EMISSIONS CAuSZU BY CHANGE IN HEATRATE LUE
10 USE OF A NON=CNCE=-THRU COCLING SYSITENM
XFJEL = (LUELHR/2.4)*1.E-7

NO2 = XFUEL*6.0E~-4

NO2H = 1000.*PSIZE*NO2

S02 = XFUEL¥*5.7E=5

502H = 1000.¥%P>12E*S02

GO = XFUEL*1.5E-5

COH = 1000.%PSIZE*CO

HYJU = XFULL®*6.0E-6

HYOH = 1000.%PSIZE*HYD

ALy = XFUEL¥*1.,5¢c=-7

ALUH = 1000.%*PSIZE*¥ALD

PAR = XFULL¥5.9E~-3

PARH = 1000.*P>IZE*PAR
IFCNCOWNEL1 o ANUSNToEQe2) PRINT 214 NO2yNO2H 95024S02H+CO4COHyHYD 4HY
2UHe ALUy ALUHyPAR,PARH

CALL SLUWSTINSI NI yNCOyNSCyNCH NP

PRINT OUT UOLLAR COSis FOR THIS ALIERNATIVE

COMPARE >TANUARU PLANT CAPIT A COST WITH CAPITAL COST AT THIS
LOCATION,

PRINT 10

COAT = CLPKW®(1. + (AGC + GCONSCT)/7100.)

C1 CCPKW*PSI/E/1000.

G2 COAT*PSIZE/1000.

C3 C2%1000.*ANFCR/TKWHRS

TG2 = G2*%1.k6

PRINT 11, C1, C2
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SO 0O

OO0 OHoo [PX N 9

o

COo7 JUT COULING ALIERNATIVE

PRINT 111

PRINT 112, C3, TC2
IFINT.cQs1) HREASE 9815,
IFINT.£Qs2) HRBASE 7220,
CFJ = HRBASE*FUCST*1.c~5
PRING 113, CFuU

PRINT 12, Couy CCoC

CO>T OUT oSCREENING ALTERNATIVE

U = P3IZE*1600.*CAPFAC*8.76
CCF = CFIsH*y
PRINT 13y 5350y CCO5Toy uGFISHy CCF

ESTIMATE CHEMICAL TRcATMENT CO>1S

CCT = CGHSC*D
PRINT 14y CHMHCHy CCT

TRANSMISSION CO>5T5 FOR THE SITE ARE
PRINT 15, TRC>T,y CCOST

AJu UP COMPONENT COoT3S 10 GET 1HE CO>TS OF 1HZ POWER DELIVEREU TC
IHE GRIU >YSTEM ANuU 1HE LUAU CENTER.

TG = TRCST + CHSC + SGC + CFISH ¢ CSC + C3 + CFu

PRINV 18, TC

UETERMINE TOJAL LANU CONSUMEU BY THE PLANT, COOLING MEANS, AND
TRANSHISSION LINES,

PRINT 16

oPT = 5PGR + SPTR + oPCO

PRINT 17, 5PGR, SPCO, SPTR, SPNC, SPT

RETURN

END
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POWER PLANT SITING ANALYSI> PROGRAM

oI1E NUMBER 1 I> SAMPLE UuATA INPJUI CALE FOR HITING FROG.
ITo LOCATIUN Io PLANT ON RIVER GLASs NO 1

eee==NOTE POWER PLANT OATA SPECIFIcU I> INTERNAL UATA
NO POWER PLANT uAlA WeRe INPUT,

RESULI® OF TRANSMISOION COST CALCULATIONS FOR SITE NUMBER b
WITH PLANT TYPE 1

CAPITAL GOoT»s. COST PER UNIT POWER
(UOLLARS) {MILLS/KW=HR)
TRAN>MISS>ION OPTION IS 1
NEW TRANSMISSION LINES
CONSTRUCTION GOST 4.50E+00b 5.92c-02
MAINTENANGe L£OOT Le 8BE+U3 bt 2E-04
NEW TRANS J0TAL COST 5.99E-02

LOAU CENTER RcLATEU COSIS
WHCELING GOST (BPA) 2.64E-01

TOTAL TRANSMISSION 505Ts Al 1HI> SITE ARE  3e424E=-01 MILLS/KW=HR.
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----- MECHANICAL URAFT WEI TOWER =====

THE DESIGN VALUES AND CO>TS ARE =

Q ReJECT = ©04514c+09 BTU/HR AT T CONDENSER = 101
FAN POWER = S5,7984E+03HP PUMP PCWER = 1,3436E+04HP
H20 cVAP = 2.,9446E+01 CFS ( 6.6165E+06LB/HR)

H20 BLOWUOWN = 7.,18546+00 CFS (  1.6146E+06 LB/HR)
AIR FLOW RATE 3.3621E+08 LE/HR

PRESOURE ODROP «37 COND FLOW = 5,3602E+08
RANGE = 12 APPROACH = 11

CAPITAL GO37 = ©6.8169E+06 UOLLARS

CONUENSER AND PUMPCOST = 1.0569c+01 UOLLARS/KH
OPERATING GOoT = +076 MILLS/KH-HR

MAINTENANGCE GOST = 4016 MILLS/KHW=HR

CONUENSER SYSTEM COST = 2186 MILL3/KW=HR
UIFFERENTIAL FUEL CO>T = 4010 MILLS/KHW=HR

TOTAL SVYSTEM GOOT = 377 MILLS/KW=HR

VARIABLEL AMBIENT CONUITIONS
FOR CAP = .80, T W8 = 20, AND
PC LESS THAN PC MIN = ADSUME PC MIN - CONT INUE

FOR CAP = ,80, T WB = 45, AND
PC LESS THAN PG MIN = AS5UME PC MIN = CONTINUE

FOR CAP = .80, T WB = 33, AN
PC LE>S THAN PC NIN = ASSUME PC MIN = CONTINUE

FOR CAP = .60, T WB = 20, ANu
PC LEs> THAN PC MIN = A>SUMc PC MIN = CONTINUE

FOR CAP = ,60, T WB = 45, ANu
PC LE>> THAN PC MIN = A3SUME FC MIN = GONTINUE

FOR GAP = .60, T WB = 33, ANU
PG LESS THAN PC MIN = AooUMt #C MIN = CONTINUE

FOR CAP = .25, I WB = 75, AND
PC LESS THAN PC HIN = AOSUME PC HIN = CONTINUE

FOR CAP = .25, { WB = 20, AND
PC LE>S THAN PC MIN = A>>UME FC MIN = CONTINUE

FOR CAP = ,25, T WB = 45, AND
PG LESS THAN PG MIN = ASSUMt PC MIN = CONTINUE

FOR CAP = .25, T WB = 33y ANUY
PC LES> THAN PC RNIN = ASSUME PC MIN = CONTINUE

WITH THe VARIOUS AMBIENT TEMPERATURES
THE CO37S ARE -

OPERATING COST = o083 MILLS/KW=HR
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UVIFFERENTIAL FUEL COSI = =,004 MILLS/KW=HR
TOIAL SYLIEM COST = +371 MILLS/KW=HR

SCREENING CALCULAT IONS FOR NATUFT THWR COOLING
THe FLOW TO BE CONSIVEREU FOR SCREENING IS 4.14E+01 CFS.

THE SCREENING COSTS ARE
CAPITAL COST> D5+45E=04MILLY/KKHHR
OPERATING CO3T> 5.45E=05MILLS/KHHR
TOTAL GOSTS ARE 6400E-04 MILLS/KHWHR
INTAKe COSTo WITHOUT SCREENING

CAPITAL COST 3.27E-=04 MILLS/KHWHR
OPERATING COST> 3427E-U5MILLO/KWHR

10TAL SY>TeM GOoT I3 3.60E-04 MILLS/KWHR
THt SCREENING JAMAGE TO FISH HAo A VALUc OF 2418E=04% MILLS/KW=HR
COMPAREU 10 OCREENING COSIS OF b5.00E~04 MILLS/KW=HR

vISCHINCOY = 7.,185436 FL = 4.635765 IC = 64210690
CHSG = 40158585
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THI> IS AN INOIVIOUAL PAYOFF CALCULATION FOR A NUCLEAR PONWER PLANT.
RIVER CLASS Is GOLUMBIA

PLANT UVILIZES MEGHTWR COOLING

IT GOES HAVE SCREENED INTAKES.

THE PLANT U0Es TREAT IT7S CHEMICAL OUISCHARGE.

THE TRANSMISSICON OPTION NOe IS 1

m=eecccmcecHATER USE INFORMATION===e-=cea=

THE PLANT WITHURAWS 4e.14E+01 CFo OF WATER FOR: SUPPLY
THE PLANT uISCHARGE> 7.19E+00 GCF> BACK FO THe RIVER
NET WATER REMOVEU BY THE PLANT Io 3.42E+401 CFS

(NGT COUNTING WATER EVAPORATEL A> A RESULT OF A THERMAL ULISCHARGE.)

UISCHARGE 1EMPERATURE Io 90,39 UEG=F

CHEMICAL CONCENTRATIION Io 0 TIMES THE INLET CONCENTRAT ICN

INFORMATION ABOUT THERNAL >TATU> OF FISH SPECIES AT UISCHARGE POINT

PER CENT sPeCIEs IN

GONUITION TEMP TEMP ZONE 1 TeMP ZUONE 2 TEMP ZONE 3
DEG=C
PROBLEMS W/0 PLANT 18.9 65 35 0

UEFINITION OF THERMAL ZONES

ZONE 1 = PREFFERREU TEMPeRATURE RANGE
ZONE 2 = SUBOPTIMAL TEMPERATURE CONWITION
ZONE 3 = TEMPeRATURE ZONE WHERE SPECIES

I> EXPcCTED 10 BE LCST FROM SYSTEM

DATA I> INSJFFICIENT AT THIS TIME TO CALCULATE EXTRA NUCLEAR

PLANT EMISSIONS CAUSED 8Y NON=ONCE=THRU COGLING.,

THE NUCLEAR FUEL SYSTEM IS A CLOSEUL LO0OP,
NO FUEL SOLIU WASTE IS HANULEU A5 A SEPARATE, EXTERNAL PROBLEM,.
ALL FUELCOSTS{INCLUUING SOLID WASTE ARE INTERNALIZEJ IN FUEL FRICE)
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CO>T CALCULATIONS FOR THIS SET OF ALTERNAJIVES.

BA>E PLANT CO>1 IS 250 MILLION uwOLLARS
PLANT C>{ AT THI> SITE Io 267 MILLION OOLLARS,

VARIOUS COMPONENT COS1S> FOR THIS PLANT ARE

MILLS PER KW=HR CAP COSIS(®)

BASIC PLANT CO0o7 3.52E¢00 2.67E+08
BASIC PLANT FUEL CO>1T 1.96E+400

GCOOLING SV¥>TEM CO5T5 ARE 3.77E=01 6.82E+06
INITAKE SYSTEM CGOST IS Bellc=04 GelWE+OL
FISH UAMAGEs FROM SCREENS ARE 1 0.
CHeMICAL TREATMENT SYSTEM COSTS ARE 1.59E=02 1.20E+05
TOTAL TRANSMISSION COST> ARE 3.24E-01 LeS5C0E+0G

TOi AL COST OF POWcR AT 1HIS SITE IS 6.20E+00 MILLS/ZKW=HR,

'TOTAL LAND UTILIZEU FOR GENERATION, COOLING ANu TRANSMISSIUN(ACRES)

PLANi LANv COOLING LAND TRANSMISSION RT OF WAY
10 Lu CENTER NEW CONST.
500 20 3182 318
[OTAL LAND ustu I3 37u2 AGREDS.
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THIS IS AN INDIVIDUAL PAYNDFF CALCULATINN FOR A NUCLFAR POWFR PLANT,
RIVER CLASS IS COLUMBIA

PLANT UTILIZES POND COOL ING

IT DOES H&YE SCREENED INTAXES,

THE PLANT DOES MOT TOEAT ITS CHEMICAL NISCHADAE,

THE TRANSMISSION OPTION MO. IS 1

THE OLANT WITHDRAWS 7,45E+0)1 CFS OF WATER FOR SUPPLY
THE PLANT DISCHARGES 0, CFS BAC~» FO THE RIVER,
NET WATER REMOVED BY THE PLANT IS 7.45E+01 CFS

(NOT COUNTING WATER EVAPORATED AS. A PESULT OF A THERMAL DISCHARGE,)

DISCHARGE TEMPERATIIRE IS 0.00 DEG=F

CHEMICAL CONCENTRATION IS ¢ TIMES THE IMLET CONCEMTRATION

INFORMATION ABOUT THERMAL STATUS OF FISH SPECIES AT DISCHARGE POINT

PER CENT SPECIES IN
CONDITION TEMP  TEMP ZONE | TEMP ZONE 2 TEMP ZONE 3
DEG-C
PROBLEMS W/0 PLANT 18,9 65 35 0

DEFINITION OF THERMAL 7CNES

ZONE 1 = PREFFERREN  TEMRPEPATUPL PANGE
ZONE 2 = SUBCPTIMAL TEMBLRATUSE COUDITION
ZONE 3 = TEMPFRATURE Z0NE WAZRE SPECIES

IS EXPECTED TN 8E LOST FPAM SYSTEM

DATA IS INSUFFICIFNT AT THIS TINT TO CALCHLATZ £ XTRA MUCLEAR PLANT
EMISSIONS CAUSED RY MNOM=-0NCE =Tridt CO0L 1.V

THE RNUCLEaAR FHEL SYSTEM IS A LQ°UD tOnD,
HO FUEL SALIN ®ASTF 18 WANDLED A% & SIRABATE. S, TTRNAL PROALEM,

;2
ALL FUELCOSTS LIRNTLUDNING SOULTID WASTE ARD INTY 10D IN FUEL PRICE) |
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Appendix C. Dynamic Model Description

Program MAIN

MAIN is the executive routine. It calls the analysis subprograms in the

proper order. A flow chart for MAIN 1s shown below.

CT-1 ]
[ CALL READ ‘j]
Nt
1
CALL C@ST
CALL LPG@GO
T=T+1
Check for

Abnormal Output,
If Abnormal,
Print Diagnosis)|
STOP

Call DYNAMI

Call PL@TRY

NG X

YES

STOP
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Subroutine READ

This subroutine reads all input variables and performs partial initializing
for future processing. Format for the input data is given below. The in-

put data cards are discussed in the order of their appearance in the input

file. A sample data set for the sample output is supplied immediately

following the deck listing.

Card 1: Title  A72 A72
Card 2: M, N, NSTA, NYEAR, NTYPE, ICHECK 615

Note: ICHECK = 1 gives complete output

= 2 gives abbreviated output

Card 3: C@STP@ (I,J) 4F10.4

I =1 to No. of Regions (7 maximum)

J =1 to No. of Types of Power Generation

within each region (4 maximum)

Each card is for a region.

As many cards are needed as there are regions.
Next I Cards:

I+ 4: TR (I, J) 7F10.4

Transmission cost from region I to J.

One card per region.
Next I Cards:

PEX(I) Power expansion Unit (MWe) 8F10.4
Next' I Cards:

PRES(J) 7F10.4

Reserve power required in region I (MWe)
Next I Cards:

PSDM(I,J) 4F10.4

One card per each region I, gives

PSDM(I,J), J = 1, NTYPE. Zeros acceptable
Next Card: PSDIN(I) 7F10.4
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Next Card: P@P(I,l) 7F10.4
Initial population for the I regions (lO6 people)

Next Card: P@PMAX(I) 7F10.4
Maximum population for region I (106 people)

Next Card: GR@OW(I) 7F10.4
Growth rate in region I (%/yr)

Next Card: PWD(I,1) 7F10.4

Initial power demand in region I = 1, No. of regions (MWe)

The above input is followed by a lengthy input se;tion for the linear
programming optimization routine. For the above input reference can be
made to the following list of variables and comment cards in the program

for added helpful information. The linear optimization routine is

slightly modified from Daellenbach and Bell (1970). A complete explanation
of the routine and input is found therein. The following discussion applies

to the input in the sample case:

14 Cards: PWDl A6
PWD7
PSD1
PSD7
Identifying constraint equation names.
Two cards for each region. Constraints are
supply and demand satisfaction. Names begin

in column 1 and must be no longer than 6 characters.

The next n cards are variable cards. Each decision and slack variable
must be identified. 1In this case power interties between each region are
identified. Names begin in column 9 and must end by column 14. The

following short example is shown for region 1 to all others. 56 cards

198



P11
P12
P13
P14
P15
P16
P17

others begin with

P21, P31, P4l,.

must input identifying all such interchanges PIJ (49) plus 7 slack variables
(SLACK 1....SLACK 7).

Input next are the cards giving the left hand side coefficient of the
variables in each.constraint relation. For 7 regions there are 7 sets of
7 cards each. Again one set is shown with n sets being necessary for n

regions. Columns are indicated above the significant letters.

1 9 28
PWD1 P11 ' 1.00
PWD1 P21 1.00
PWD1 P31 1.00
PWD1 P41 1.00
PWD1 P51 1.00
PWD1 P61 1.00
1.00

PWD1 P71

Input Format is A6, 2X, A6, 2X, F12.6. After all similar variables above
are entered. The supply constraints are input to construct the supply
relations. The same format is used as shown above. The sample data cases
are not precisely right adjusted because blanks count as zeros. Care

should be exercised in use of such methods, however.
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PSD1 . P12 -1.00

PSDL P13 -1.00

PSDL P14 ~1.00

PSDL P15 -1.00

PSD1 P16 -1.00 Sample for
PSDL P17 -1.00 Region = 1
PSDL P21 1.00

PSD1 P31 1.00

PSDL P41 1.00

PSD1 P51 1.00

PSD1 P61 1.00

PSDL P71 1.00

pSDL SLACK1 1.00

Such a data set is input for each region. The Last card input is S@LVE

beginning in col. 1.
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Subroutine C@ST

The routine determines the cost of power production in each region. Since
the objective is cost minimization, all costs are multiplied by a -1 for
processing by the linear program and stored in ARRAY (M + 1, L). M is

the number of constraints, L is the number of variables.

If power production in any region is done by methods other than hydro
power, new units are added in increments of 1 MW, The cost of production
is an average value over all costs within the region. The flow chart for
CAST appears on the next page. Variable B generates the right hand side
coefficients for the constraint relations., Coefficients are generated

for power demands and power reserves for each region.
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STACK(I)=1

YES

NO

-~

COST
TION

L

= COST OF PRODUCH

+ TRANSMISSION

COST
=L+ 1

A(M+l) = - COST

NO

YES

POWER COST
COST OF
PRODUCTION

L

\

FIND THE AVERAGE COST
L=L+1

A(M+1) = ~ COST

POWER COST = COST OF
POWER PRODUCTION

D

SET COEFFICIENT OF
SLACK VARTABLES TO
ZERO

B(1l) to B(7) = POWER
RESERVE + PEX

B(8) to B(14) = POWER.

Flow Chart for Subroutine C@ST
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RESERVE
SET A(I,J)
I =1, M =0
J=1, N

RETURN




Subroutine LPGPHGQ

The routine is a modified linear optimization routine from Daellenbach
and Bell (1970). It is calculationally unmodified. A performance check

variable has been installed to check for improper functioning.

U

IN@FES
IN@FES

1, Normal Execution

2, No Feasible Solution

3, Inconsistent Names in Input

4, Unbounded Solution
Output from LPG@PGP is stored in arrays IR@PW1 and X1.

Subroutine DYNAMI

This routine takes results from LPGPGH and calculates future demand, future
supply and future power cost for each region. Program flow is explained

by the detailed comment cards included in the listing.

Subroutine PL@TR@

This routine outputs results by region oﬁ a line printer. The routine
utilizes UMPL@AT for the CDC-6400. Call statements should be checked for
compatibility with local routines. Seven plots are generated for each

region.

1. Power Demand v. Year
2. Power Produced v. Year
3. Power Price v. Year

4, Population v. year

Sample outputs show results for sample data so that program functioning

can be checked.
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VARIABLE

CPSTPP
ELAS
GROW
ICHECK
IN@FES
L@SS

M

N

NSTA
NTYPE
NYEAR
PADD
PC@S
P@P
PPPMAX
PPWEXI
PRES
PDS
PSDIN
PSDM
PS@LD
PWD

T

TR

VAL

LIST OF VARIABLES

DEFINITION

Cost of power production (mills/kW-hr)
Price elasticity of demand

Population growth rate (%/yr)

Variable used to suppress output
Qutput check variable

Power loss in transmission (%)

Number of constraints

Number of variables

Number of regions with power generating capacity

Number of types of power generation within a region

Number of years in analysis

Power added each year (MWe)

Cost of power production

Population (millions of people)

Maximum population (millions)

Existing power production capacity (MWe)

Power reserve required (MWe)

Power supplied (MWe)

Sum of maximum power production capacity (MWe)
Power supplied by each method (MWe)

Selling price of power (mills/kW-~hr)

Power Demand

Time (years)

Transmission cost region to region (mills/kW-hr)

Value
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sNeleXvNsEoNeNoNoNoNoNoRoNoNoNoNoRv oo NoNoNoNoNoNsRoRoN RPN o No R QN )

PROGRAM MAIN(INPUT yOUTPUT s TAPES=INPUT,TAPE6=0UTPUT)
UIMENSION COSTPQ(104,5)4F(10,10) ¢NEWP(10), POWEXIC(10),
18(52) yJCOL (100) yIROW(50) yIBASIS(50) +ITITLE(12) 4PEX(50),
1PWD (7 450) ¢ PSUO(7 95C) yPSOM(1G+5) 4PCOS(10,50),ELAS(10) 4PPC(10)
1IROW1(100) yX1(100) yPRES(10) yPSDINC(10) 4POP(10,450),POPMAX(10) ,
16GROW(10) 4A(524150) 4PPCL1(10) ySTACK(10) 4POPX(104+50),TR(10,410),
1DPOP(10),PADO(10) yIDUP(150) 4JDUP(150) 4, VALDUP(150) ,PSOLD(10,50),
1CON(10) ySROCON(10)
COMMON TyA4B4JCOLIIRIWLIBASISHyITITLEsMyNyNSTAZPEXPWDHPSD,
1Py NEWPyPOWEXIPCOS4ELASyPPCyPPC1ySTACK,LOSS yVAL yPOPX NTYPE,
1IROWL 4 X1 yMPLUS2 yNMyNYEARJPRESHPSDIN,POPMAX,POP,3RON TRy PADD,
1COSTPO,PSOM,IDJP4+JOUP 4 VALDUP, INOFES+ICHECKsPSOLDsCONyGROCON
1 NAME OF PROBLEHM Ii COL. 1 70 12
2 NO OF ZONSTRAINTS,NO OF VARIABLES INCLUDING SLACK VARIABLE
NO OF SENERATING STATIONSHNO OF YEARsNO OF TYPES OF
POWER PROJUCTION AND ICHECK
ALL SIX INPUTS IN ONE CARD FORMAT 6I5 OATA RIGHT ADJUS
ICHECK = 2 WILL SUPRESS MOST OF THE INTIAL PRINTOUTS

3 COSTPO(I.N COST OF PROOUCTION OF POWER BY VARIOUS METHODS
IN EACH STATION I = 374, J = METHOD
FORMAT 4Fi0.4

DATA & PER CARD STATION B3Y STATUON ,

4 TR(I,LJN TRANSMISSION COST FROM STATION I TO STATION J
FURMAT 7F10 .4
7 DATA PER CARD STATION I TO ALL THE OTHER STAIONWS

S PEX(I)
FORAMT 8FL0 .4

6 PRES(J) PIWER RESERVE
FORMAT(7F10.4)

7 PSDM{I,4J) MAXIMUM POWER THAT CAN BE PRODUCED BY EACH METHOOD
FORMAT 4Fi0.4
NO OF CAROS NO OF STATIONS
IF NO POWER IS PROUCED BY ANY METHOD LEAVE THAT COL. BLANK OR R
ZERO

8 PSDIN(J) SUM UF POWER PRODUCED BY ALL THE METHODS IN A STATION
FORMAT(7F10.4)

9 POP(Jsy1) PIPULATION IN EACH REGION * (10%¥*6) FOR THE BASE YEA
FURMAT 7F10 .4

10 POPMAX(J) MAXIMUM POPULATION IN EACH RESION®* (10*¥5)
FORMAT (7F10 4 4)

11 GROW(J) GROWTH RATE OF POPULATION FOR ALL THE REGION IN PERC
FORMAT 7F10.4

12 PWD(Js1) POWER DEMAND FOR THE FIRST YEAR FOR ALL RESIONS
FORMAT 7F10 .4 .

13 INPUT FOR LPGOGO EXPLAINEO IN SUBROUTINE LPGOGO
T T Y S PR TIN WYY ¥

INTEGER T,4STACK

REAL NEWP,LOSS

INGFES = 1

‘T =1

SUBROUTINE READ READS IN ALL THE INPUT VARIABLES ACCORDING TO
CIFICATION SIVEN IN COMMENTS 1 TO 12

CALL READ
SUBROUTINE COST DETERMIMES THE AVERAGE COST OF POWER PRODUCTI

20 CALL COST
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OO

15

10
31
32

33

SUBRUUTINE LPGOGO FINDS THE UPTIMAL SOLUTON
CALL LP3U30
GO TO (1424344) INOFES
SUBROUTINE JYNAMI CALCULATES POWER DEMAND,POWER SUPPLIED,POPULA
ETC FROM THE OPTIMAL SOLUTIONS OBTAINED FRQM LPGOGO
CALL OYNAMI '
IF(T «GTe HYEAR) GO TO 15
GO T0 20 _
SUSROUTINE PLOTRO PLOTS THE QUTPUT ON LINE PRINTER
CALL PLOTRO
GO TO 10
THE FOLLOWING 3 WRITYE STATEMENTS PRINTS THE OIAGONOSIS FROM LPG
WRITE(6,31)7
GO T0 10
WRITE(6,32)
60 To 10
WRITE(6,33)
STGP
FORMAT (10Xy*NJ FEASIBLE SOLUTION FOR TH VYAER *,I5)
FORMAT (10X +*IN CUNSISTANT NAMES IN THE INPUT UNABLE TO
FORM CUNSTRAINT CQUATIONS CHECK INPUT*,/)
FORMAT(10X,#SILUTION UNBOUNDED CHECK THE CONSTAINTS AND
AND THE OBJECTIVE FUNCTIONS®*,/)
END
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OO0

1

IR

240

501

502

10

210G

11

20

2054

21

SUBRUUTINE READ

DIMENSION COSTPO(1034+5)4P(10,410) 4NEWP(13), POWEXI(10),

18(52) yJCOL (100) 4 IX0W(50) ,IBASIS(50) ,ITITLE(12),PEX (50},

1PWO (7,4,50) ,PSD(7,450) 4PSOM(10,+5) »PCOS(10,50) ,ELAS(10) ,PPC(10),
1IRUW1(10C) yX1(100) +PRES(10),PSOIN(10),POP(10,50)+POPMAX(10),
15ROMW(10),A(52,150) 4PPC1(10) ,STACK(10),POPX(13+450),TR(10,10),
10POP(10) ,PADO(10),IDUP(150) ,JO0UP(150) yVALDUP(150),PSOLD (108,50},
1CON(108) yGROCON(10)

COMMON T,A,8,JCOL,IRON,IBASISHyITITLEyM9NyNSTA4PEX,PWI,PSO,
1P NEWP FPONEXIZPCOS 4EL AS4PPCyPPCL1,4STACK,LOSS,, VAL ,POPX,NTYPE,
1IKRONW1 ¢ X1 4MPLUS2 yNM4NYEARPRESyPSOIN,POPMAX,POP,GRON,TRyPADD,
1C0STPO,PSD44IDJP, JOUP yVALDUP,INOFES yICHECK,yPSJOLD+CONyGROCON

INTEGER T4STACK
REAL NEWP,LOSS

00 4 K=1,12

ITITLE(K)Y = 0

CONTINUE

READ(S5,1001) (ITITLE(I) I=1412)

NRITE(O 1101 (ITITLE(I) 9I=1,412)

M = NO OF CONSTRAINTS

N = NO JF VARIABLES

NSTA = NO OF 3SENEARTINSG STSATIONS

ICHECK 2 WILL SUPRESS MOST OF THE OYTPUT

NTYPE NO OF TYPES OF POWER PRODUCTIONS

ICHECK VALUE =1 OR 2
READ(5,1002)MyN4NSTA NYEARSNTYPE,ICHECK
MPLU>2 = M+2

00 51 = 1,MPLJSZ
B(i) = G.0

DO 5 J = 1,NM
A(L+J) = 0.0
CONTINUE

NM = N+M

00 240 I=1,NSTA
STACK(I)=1
CONTINUE

6O TO0 (501,502) ,ICHECK
WRITE(695060) My NyNYEARYNSTALNTYPE
READ IN COST OF PROJUCTION FOR VARIOUS METHODS
READ(9,2001) ((COSTPO(I4J) s J=1,NTYPE) 4I=1,NSTA)
69 TO (10,11),ICHECK
WRITE(6,2010)
WRITE(6,2020)
0O 210 J=14NSTA
WRITE(642040)Jy (COSTPI(Ja1)9I=1,4NTYPE)
CONTINUE
READ(5+2050) ({TR(I4J) 9J=14sNSTA) I=1,4NSTA)
GO 1O (20+21),1CHECK
HRITE(6,2051)
WHRITE(642052)
I=1
WRITE(6 5205511y (TR{IyJ)yJ=14NSTA)
I=1I+1
IF(ILLE.NSTA) 30 TO 2054
READ(5,2060) (PEX(I)4I=14NYEAR)
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READ(5,2070) (PRES(J)yJ=14yNSTA)
READ(5,2001) ((PSDM(IyJ) yJ514NTYPE) yI=1,NSTA)
30 TO (30431),ICHECK
30 WRITE(6,220)
DO 200 J=1,4NSTA
WRITE(6,2040)Jy(PSOM(JyI)I=214NTYPE)
200 CONTINUE
31 READ(542070) (PSDIN{J) 9J=1yNSTA)
READ(552070) (POP(Js1) yJ=14NSTA)
READ(5,20670) (POPMAX(J) 4J=1,NSTA)
READ(592070) (GROW( J) »J=1,4NSTA)
READ(5,2070)(PND(JyT)4J=14NSTA)
00 260 J =14NSTA
SROW(J) = 3RIOW(J) /100,
GROCON(J) = SROW(J)
260 CONTINUE
D0 250 I=1,4NSTA
IF(PSOM(I,1) «EQ. 0.0) 50 TO 251
GO TO 250
251 STACK(I) = STACK{i) + 1
MI = STACK(I)
PADD(I)= 1.0
IF (PSOM(I4MI) .EQe 0.0) GO TO 251
250 CONTINUE
D0 230 I=1,4NSTA
MI = STACK(D
POWEXI(I) = PSOM(IsMI)
CUN(I) = (PWO(I,1)/POP(I,1)) + 0.03
230 CONTINUE
50 TO (5104511) +ICHECK
510 WRITE(64281) (PSOLIN(J) 9J=21yNSTA)
WRITE(64282) (PIP(Jg1) ¢J514NSTA)
WRITE(6,283) (POPMAX(J)yJ=1,NSTA)
WRITE(69284) (GROW(J) yJ=1,NSTA)
WRITE(6,280) (POWEXI(1),4I=14NSTA)
WRITE(64285) (CON(I) »I=14NSTA) A
220 FORMAT(SXy7HSTATIONy8Xy6HMAXHYD 97Xy 11HMAXONCE THRyBX,
112HMAX COOL TOW,7X48AMAX ORY 4//)
280 FORMAT(SXy*EXISITING POWER*7(S5XyF10.4))
1001 FORMAT(12A6)

500 FORMAT(10X4*NJD OF CUNSTRAINTS s %4154/410Xe*NO OF VARIABLES
1 = %4I54/910Xy*NO FO YEAR = #,154/910X,*NO OF GENERAING STAT
1IONS = *,15,/,10X,*N0 OF TYPES OF POWER PROOUCTIONS = %41547)

1002 FORMAT(6I5)
2001 FOURMAT(4F10.%)
2010 FORMAT(10X,*COST OF PROOUCTION POWER BY VJARIOUS METHUDS*4///)
2040 FORMAT(5XsI5+4(5XyF12e4)//7)
2050 FORMAT(7F10.4)
20240 FORMAT(SX97TASTATION,8XsSHHYORQ 910Xy BHONCE THR912X,8HCOOL TOW,
17Xy SHORY  4//7/)
2051 FORMAT(1H1,10X* TRANSMISSION COST REGION I TO REGION J*///)
2052 FORMAT (14X 41HL199IXy1H2 99X s1H 399X 41HL 39X y1H5,9X91HE912X,1H7//)
2055 FORMAT(2X,I247(2XyFi0el)//)
2060 FORMAT(BF10.4%)
2070 FORMAT(7F10.4).
2080 FORMAT(8E10.4)
208



11901
231
282
283
284
285
511

FORMAT (1H1412A64///)
FURMAT (1L 95 Xe*PSOIN® ¢7(5X,F1244))
FORMAT(SXy*POP J91*y7(5X,F1244))
FURMAT (5Xy *POPMAX* 3 7(5XyF1244))
FORMAT (O Xy *GRUA® 47 (5X4F1244))

FORMAT(S5X y*CON  *,4,7(5XyFi12.4))
RETURN

END
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OO0

SUBROUTINE COST

THIS SUBROUTINE FINJS THE COST C(I,J) = C(I)+TR(I,LJ

C(I) IS THE COST TO PRODUGE POWER AT STATION I :

TR(I+J) IS THE CO>T TO TRANSMIT POWER FROM STATION I TO J
DIMENSION COSTRO(10,5)4P(20,10) 4NEWP(10), POWEXI(10),
18(52) 4 JCOL (1G0) yIROW(S]) 41BASIS(50) ,ITITLE(12)4PEX(50),
1PWO (7450) yPSDO(7450) +PSOM(10+5)4PCOS(102,50),ELAS(10) ,PPC(10),
1IROWL(100) ¢X1(160) yPRES(10) 4PSOIN(10),POP(10,50) 4POPHMAX(10),
1GROW(1U) yA(52,4150) yPPC1(10) 4STACK(10),POPX(10,50),TR(10,10),
1UPOP(1G) 4PADD(LG) s I0UP(1583) 4J0UP(150) ,VALOUP(1L50),PSOLD(10,450),
1CUN(10) yGRGCON(10)

CUMMON T4AyByJCOLyIROWSIBASISyITITLE Y9N NSTALPEXyPWD,PSD,
1Py NEWP ,POWEXI4PCOS54EL AS4PPC4PPC1,STACK,LOSS, VAL 4POPX4NTYPE,
1IROW1 X1 4MPLUS2 yNMyNYEAR4PRESyPSOIN,POPMAX,POP,5ROW,TRyPADD,
1COSTPOWPSOMyIOUP 4 JOUP 4 VALOUPINOFES yICHECKPSOLD4CONyGROCON

INTEGER T,S5TACK
REAL NEWP,LOS3
L=0
DU 106G I = 1,iSTA
MA = STACK(I)
"IF(MA «NE. 1) GO TO 81
DO 170 J=1,4NSTA
CUST = COSTPO(IMA) + TR(I W
L =L ¢1
A(M+1,0L) = (-1,*COST)
170 CONTINUE
PCOS(I,T)=COSTPG(1,MA)
G0 T0 100
81 COST2 =0.0
COST1 = G0
ML = MA-1
00 160 L8 = 1,M1
COST1=C0STL + COSTPO(I4L8B) * PSOM4(I,L3)
COST2 = COST2 + PSOM({I,LB)
16 G CONTINUE
COST1 = CUST1 + PADU(I) * COSTFPO(I,MA)
CuST2=C0ST2 + PAULDI(I)
CuST3 = CUST1/G0sT2
30 18G J=1,NSTA
COST = COST3 + TrR(I,J)
L =L +1
AlM+1,L) = (-1.*COST)
180 CONTINUE
PCOS(L,T)»=COST3
100 CONTINUE
NSLAK = N-L
00 30 1 = 14NSLAK
L=L+1
A(M+i,l) = Je0
30 CONTLINUE
U0 113 J=1,NSTA
118 BCJI=PRU(JZTI+PEX(T)
NOTE PRES SIGN CHANGED
DU 128 J=14NSTA
120 BINSTA+J)= PRES()
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00 50 I=14M
00 50 J=1,N
Allyd) = (a0
CUNTINUE
RETURN

END
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2004
2003
12
10

50

240

245

60

SUBROUTINE LPGOGY
DIMENSICN CCSTPO(1055),P(10,1C) 4NEWP(10), POWEXI(10),
18(52),JCOL (100) 4 IFOW(53) 4ITBASIS(S0) ,ITITLE(12),PEX(50),
1PWO (7450) ¢y FSO(7 +5() 9PSEIM(104+5) yPCOS(10,59),ELAS(10),PPC(10),
1IROW1(190G6) 4y X1(100) 4PRES(10) ,PSOIN(10) ,POP (210,50} 4POPMAX(1D),
1GROW(10),4(52,150) ,PPCL1(10) ,STACK(10) 4POPX(10,50),TR(10,10),
10POF(10) ,PACG(L0) ,IDUF(1E0) ,JCLP (150),VALDBUP(150),PSOLD(10,50),
1CON(10) y5R0CON(1D)
COMMON TyA4EgJCOLWIROWIIEBASISHyITITLE yMyNyNSTA,PEX,FWD,PSLC,
1Py NEWPyPOWEXTPCOSHELASyPPCyPPC14ySTACKLOSSyVAL 4POPXNTYPE,
1IROK14X14MPLUS2 yNMy,NYEAR,FRES,FSCIN,POPMAX,POP,5ROW,TR,FADD,.
1COSTPO,PSDM,IDUP, JDUP 4 VALDUP,INOFES yICHECKyPSOLDyCON,GROCON
INTEGER T,STACK
REAL NEWP,LOSS
LPGOGO MAXIMIZES A LINEAR FUNCTION SURJECT TO LINEAR EQUATICNS.
ALL RHS PARAMETERS MUST R2E NONNEGATIVE.
DATA KBASIC/SHBASIC/
DATA LSASIC/S5H /
DATA MRASIC/6H3INONG/
DATA N3ASIC/SHSLACK/
DATA ISOLVE/OBHSOLVE /
INPUT
ISTGP
ITERS
Ial =0
It = 0
D0 5 I=1,VMFLUS2
I3ASIS(I) = ¢C
CONTINUE
IF(T +CEs 1) ICHECK = 2
REAG EQUATION NAMES AND NON-NEGATIVE RHS PARAMETERS
IF(T «5Te 1) 50 70 12
READ(5,2002) (IROW(I) 4 I=1,M)
READ(S,2004) (JCOL(J) 4 J=14N)
FORMAT (8X, AB)
FORMAT (AB)
GO TO (10,50),ICHECK
WRITE(6,1103) (IROW(I)4B(I)yI=1,4M)
WRITE(64,1104) (JCOL(J)9A(MEL4J) 9 J=14N)
READ LHS CCEFFICIENTS
I2=0
J2=0
IF(T .NE. 1) GO TO 240
I31 = IB1 + 1
READ(5,1005)10UP(IB1), JDUP(IR1) ,VALOUP(IRY)
I = IDUP(IBL) 3 J =JOUP(IRL) ? VALUE = VALDUP(IS1)
IF(I «EQe ISOLVE) GO TO 99
30 TO 245
I31 = IBL + 1
I = IJUP(IeYY 3 J = JOUP(IBDL) $ VALUE = VALDUP(ISB1)
YF(I .EG. ISOLVE) GO TO 99
DO 60 I1 = 1,M
IF( I «EQe IROW(I1)) GO TO 62
CONTINUE
GO TO 700

0

~
o
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b2 12 = I1
DO 65 J1 = 14N
IF(J +EQG., JCOL{J1)) GO TO 66
65 CONTINUE
50 T0 7¢¢C
66 J2 = )J1
90 A(I2,J2)=VALUE
GO T0 S0
99 WRITE(6,1107)
IF(ISTOP,EQ.1) GO TO 1
100 CONTINUE
GO TO (204+21),ICHECK
20 WRITE(B6,1105)(IDUP(LC)JOUP(LC) ,VALDUPI(LC),LC=1,1I81)
21 K=2
N1=N+1
c SETUP PHASE I ROW
0C 120 J=1,N
A(M+2,4J) =0.,0
00 120 I=1,M
A(M+2,J)=A(M+2, J) +A(14))
126 CONTINUE
c SET UP IMITIAL BASIS AND ARTIFICIALS
00 110 I=1,M
NPLUSTI = N + 1
A(ILNPLUSI) =1.0
IBASIS(I)=C
B(M+2) = 8(M+2) +8(1I)
110 CONTINUE
C FINO PIVOT COLUMN
399 pDPS=0.0
MPLUSK = M ¢+ K
400 D0 410 J=1,N
605 IF(A(MPLUSKsJ)=0PS)410,41C442C
420 DPS = A(MPLUSK, J))
JPIV=)
410 CONTINUE
IF(OPS~1.0E-(6) 501,501,450
C FIND PIVOT RQM
450 RATMIN = 1.0€406
IPIV=M ¢ 3
00 470 I=1,M
IFCA(TI, JPIV) LEL1.0E-06) GO TO 470
RATIQO = 8(I)/A(1I,4,JPIV)
IF(RATIOCLGELRATMIN) GO TO 470
RATMIN = RATIOC
IPIv=1
470 CONTINUE
IF(K.EQe2) GC TO 475
DO 475 I=1,.M
IF(IBASIS({I)NE.O) GO TO 475
IFCAES(A(IWJFIV) ) LEL1.0E=-06) CO TO 475
IPIV = 1
475 CONTINUE
PIVOT = A(IPIV, JPIV)
IBASIS(IPIV) = JPIV
ITERS=ITERS+1
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IF PIVOT FCUNDy, TRANSFORM TABLEAU
IF NCT, EXIT, SOLUTINKW UNBOUNDED
IF(IPIV.EQ.M+3) GG TO 496
DO 500 T = 1,MPLUSK
IF(I.EQ.IPIV) 50 TO 500
00 48C J=1,NM
IF(J.EN.JPIV) G0 TO 480
ACT 4y J)=A(I4J)=-A(I,JPIV)®A(IFIV,J)/PIVOT
480 CONTINUE
B(I)=B(I)=A(IJPIV)*3(IPIV)/PIVOT
A(I JPIV) = 0.0
500 CCNTINUE
3(1PIV)=8(IPIV) /PIVOT
DG 495 J=1,NM
ACIPIV,J)=A(IPIV,N/PIVOT
495 CONTINLUE
50 70 399
4396 WRITE(6,10(C6)
INOFES = &
GO 70 571
501 IF(K.EQ.1) 30 70 S1G
IF(B(M+2)~1.0E-03) 504,504,505
NO FEASIRLE SOLUTION EXISTS
505 WRITE(6,1007)
INCFES = 2
20 T0 571
504 K=1
GO TO0 399
OPTIMAL SOLUTION OUTPUT
510 CONTINUE
WRITE(6,1008) ITERS
ZIMBOX = «=B8(M+1)
WRITE(6,1010) ZIM30X
S0 TO(6504+651) y ICHECK
650 WRITE(6,1011)
651 DO 580 J=1,4N
JCOLJ = JCOL ()
DELTAS = A(M+1,))
00 520 I=14M
II=1
IF(ISASIS(I)L.EQ.J) GO TO 550
520 CONYINUE
X=0.0
JBASIC = LBASIC
GO T0 560
550 X = 8(II)
J3ASIC = KBASIC
560 IAL = IA1 + 1
IROW1(IA1)=IRONWI £ X1(IA1)=X
IF(T «GTe 1) G2 7O 580
WRITE(6,1009) JCOLJy JBEASIC+X,DELTAJ
580 CONTINUE
561 GO TO(660,661) 4 ICHECK
660 WRITE(6,1012)
661 00 570 I=1,M
JBASIC = MBASIC
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562
563

564
606

601

605

900

OO0

569
C 569

5691

572
C 572

5721

S74
C 574

5741

576
C 576

5761
57¢

571

8oc

IROWI=IROW(I)

NPLUSI=N+I

X = =A(M+1,NPLUST)

IF(ABS(X) = 1.0E-09)5B2,562,60¢
IF(IBASIS(I))564,4563,4 5064

JBASIC =LBASIC

FLOWER = 0.0
FUPFER = 0.0

50 T0 569

JBASIC = NEASIC
FLOWER = =~1,0E+10
FUPPER = 1.0E+10

DO 900 K=1,M
IF(A(KyNPLUSI)) 601,900,605
QUOT = =-B(K)/A(K,NPLUSI)
IF(GUOT.GELFUPPER) GO TGO 900
FUPPER = QUOT
GO TO <900
QUOT = =B(K)/ZA(KNPLUST)
IF(QUOT.LE.FLOWER) GO TO 900
FLOWER = QUOT
CONTINUE
FLOWER = ~FLOKWER
IF(FLOWERGEQe+1+BE+10LANDFUPPER LT .1, 0E+10)G0 TO S74
IF(FLOWERGLT.+1.0E+10.AND.FUPPER.EQ.1.0E+10)50 TO 576
IF(FLOWER«EQe+10E+10.AND.FUPPER.,EQ.1,0E+10)GQ TO 572
NOTE THE FOLLOWING FOUR SYATEMENTS ARE CHANGED TO SUPRESS
QUTPUT FRCM LPGOGO AFTER T=¢
TO SET THE ORIGINALCHANGE STATE NOS TO THE FOLLOWINS IF CARD
IF(T «GT. 1) GO TO 5691
WRITE(6,1013)IROWT 9 JBASICyX4FLCWER,FUPPER
WRITE(641013)IROWI,JBASICyX+FLOWER,FUPPER
TA1 = TA1+1
G0 70 570
IF(T GT. 1) 60 70O 5721
WRITE(641017)IROWT,JBASIC,X
WRITE(6,1017)IROWI 4JIASIC,X
TA1=TAL1+t
GO T0 570
IF(T «GTs 1) GO TO 5751
WRITE(6,1018)IROWI|JIASIC,X FUPPER
WRITE(6,1018)IRONWI4JBASICyXFUPPER
IA1 =JA1 + 1
GO 70 S70
IF(T 457. 1) 50 TC 5761
WRITE(6,101S)IROWT, JBASIC+XsFLCWER
WRITE(6,1019) IROWI , JRASIC,XFLOWER
IAL =IA1 + 1
CONTINUE :
FULL TABLEAU PRINTOUT AVAILABLE EY REMOVING THE FOLLOWING CARD.
GO 70 1
WRITE(6,1015)
MPLUS2 = M + 2
DO 800 I = 14MPLUS2
WRITE(6,1016)(A(I,J),43=1,NM),B(D)
CONTINUE
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WRITE(6,1015)
GO TC 1
700 WRITE(6,1014%)
ISTOP = ¢
INOFES = 3
GO TO 50
1003 FORMAT (12X ,A641X,4Fi0.,0)
1004 FORMAT(BXyR642X,F12.56)
1305 FORMAT(AB42X A 42X 4F1246)
1006 FORMAT(19H SOLUTION UNBOUNDED)
1007 FOKMAT(21H NO FEASISLE SOLUTION)
1008 FORMAV(23H4SOLUTION OPTIMAL AFTER,2X,IS¢11H ITERATIONS)
1009 FORMAT(L4X4AB 42X A545X sF12.644X4F12.6)
1010 FORMAT(20H MAXIMAL OBJECTIVE = ,F16.5)
1011 FORMAT(2XeBHVARIABLE 4 2Xs6HSTATUSy8X4SHVALUE ,3X,6HOELTAY)
1012 FORMAT(11HOCONSTRAINT 44X ,6HSTATUS,8X,5HVALUE,9X,8HDECREASE,9X,8HIN
1CREASE)
1013 FORMAT(LXyAB 92X g Afig4X 9F 1246 94X 4F12e6 44X 9F12.6)
1014 FORMAT (18H INCONSISTENT NAME)
1015 FORMAT(10X,//77)
1016 FORMAT(1X48F1447)

1017 FORMAT(UX9AB 92X A6 4X 9F12.644X912H - OFEN 2y 4X912H OPEN )
1018 FORMAT(LXy A6 92K g AB G UX ¢Fl2,644Xy12H OFEN 14Xy FL1246)
1019 FORMAT(UX BB 92X gy AB s X sF 12,6 44XsF12.64UX412H OPEN )

1103 FORMAT(1XAB,410X,F12.6)
1104 FORMAT(9XyA642X4F1246)
1105 FORMAT(1XA642XeAB42X,FL246)
1107 FORMAT(1X,5HSOLVE)
1 RETURN
END
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SUBRUUTIRE OYNAMI
UIMENSION COSTPO(LGy5) 9P (L10910) yNEWP(LG)y POWEXI(10),
18(52) 4 JCOL(133) 1 OW(503) ¢IBASIS(50) 4ITITLE(12),PEX{(50),
IPAD(7450) yPSI(7456)4PSIM(10,5) ,PCOS(10,50),ELAS(10),PPC(10),
1TIROWL(L1CC) 9X1(100) yPRES(10) yPSOIN(L1G) 4POP(10,50) 4POPMAX(10) ,
15RUNW(L10) yA(524150) 4PPCL(12) ySTACK(10) 4POPX(13+50),TR(1I+1G)
1DPOP(10) yPAID(13)+I0UP(150) »JOUP(150) 4y VALDUP(150) yPTRIN(1D)
IPTR(10,45C0) yEQUL(10,53) 4PPROD(13) +PSOLD(10450) 4CONCL10),GROCON(L0)
COMMON T oA 9B4JCOLsIRINIIBASIS,ITITLEMyNyNSTALPEX,PHI,4PSO,
1P ¢ HEWP g PUWEXL4PCO- 9ELASyPPC4PPCLySTACKLOSS 3 VAL +POPXyNTYPE,
1IRUWL ¢ X1 9MPLUS2 y ¥ 14 NY EARYPRES yPSOINGPUPMAXsPIP+GROWsTRyPADD,
1COSTPOPSOMyIDJP 4y JOUP 4y VALDUPy INOFES yICHECKP30LD 9 CON4GROCON

INTEGER T,STACK

REAL NEWP,LOSS

THESE OATA MAY BE SUPPLIED IN REAJ
DATA NBACK/S5/
DATA CUNST/.03/

L =40

IFLAG = 2
VAL = 0.1
LOSS = 0.05

ARRAY X1(L) CONTAINS OFTIMISED QUTPUT FROM LPGOGO. IT IS REARR
INTU ARRAY P(1,4J) POWER TRANSHITTED FROM STATION I TO STATION
DU 20 I=1,NSTA
DO 20 J=1,WNSTA
L =L ¢+ 1
P(Iy= X1(L)
20 CONTINUE
FINOS THE POWER PRODUED PLUS THE POWER TRANSMITTED
NEWP (I) IS THL PJIWER PRODUED PLUS TRANSMITTED
Cu &40 I=1,NSTA
SUM = (.0
DU 41 J=1,NSTA
SUM = SUM+P (I, J)
41 CUNTINUE
NEWP(1) = SUM
40 CONTINVUE
FINODS THE TOTAL POWER.PROOUCED
D0 50 J = 1,N3TA
PSU(J,T) = NEWP(J)*(1.4L038)
50 COUNTINUE
FINOS THE SELLING PRICE OF POWER
D0 500 Is14NSTA
SUM1L = 0.0
SUM = (.0
00 9510 J=1,NSTA
IF(I « EQs J) GO TO 520
SUM = SUM + P(Jyi)*(TR(JyI)+PCOS(J,T))
SUML = SUML + P(J,I)
30 TO 510
520 SUM = SUM + ((PCUS(IsTI+TR(IZNI*P(I43))
SUML = SUM1 + P(1l,J)
510 CONTINUE
PSOLD(IT) = SUM/SUML
580 CONTINUE
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OO0

435

(@ N @

(@]

WRITE(6,211)T
T=T+1
WRITE(6,214)
WRITE (6,215)
I=1

212 WRITE(64213)14(P(14J)+J=1,NSTA)

I =1 +1

IF(I JLE.NSTA)
IF(T «NEs 27 GO
WRITE(64,210)

00 218 I=1,NSTA

GL TO 212

i0  40¢

WRITE(G9219)PAD (L4 T=1)9PSO(IyT=1),4PSOLD i,T=1),POP(I,T~1)

PPROG(I) =
218 CUONTINUE
S0 T0 470

430 WRITE(64210)

P3SJ(I,T-1)

IF THE PRESENT POWER PRODUCTION IS LE

REGION THE PREVIVOUS YEARS VALUE ARE U.. .

ASTRITCH (**%)
DO 415 I=14NSTA
IF (PPROO(I) JLE.
PSO(I,T-1) =
IFLAP = 1
GO TU 425
IFLAP = 2
PPROD(I) =
IF (ELAS(I)
IF (ELAS(I)
IF (ELAS(I)
IF(ELAS(D)

191
425 «LE.,
LE.
«GT .
oGT

IN THE COLOUM PSD DENOTESs

PSJO(1,4T-1)) 560 TO 191

PPRUO(T)

PSO(I, T-1)

VAL
VAL
VAL
VAL

«AND .
«AND.
«AND.
«AND.

IFLAP +EQ.
IFLAF EQ.
IFLAP .EQ.
IFLAP LEQ.

1150
2) G0
1)60
2160

VAN PREVIOUS YEARS AT
IN THE OUTPUT DOUBLE
THIS

TO
T0
79
T0

436
435
440
445

430 WRITE(G4450)PWI(I4T=1)4PSD(TsT=1)4PSOLD(IyT=1),POP(I4T~1),
1ELAS(I) EQUL(I,T=-1)

G0 TO 415

1ELAS(I) ,EQUL(I,T~-1)

GU TO 415

WRITE(64451)PW0 (1 4T~1) 4PSO(147T-1),PSOLO(I,T-1),POP(I,T-1),

440 WRITE(H4452)PHI(TI,T=1)yPSO(LyT=1),4PSOLD(I+T=1),POP(I,T~1),
1ELAS{I) »EQUL I, T-1)

30 TO 415

445 WRITE(6,453)PWI(I4T~1)4PSO(I14T-1)+PSOLO(IT=1),POP(IyT-1),
1ELAS(I) yEQUL(IZT=-1)

GO TO 415
415 CONTINUE
47¢ DO 220G I=1,NSTA
SUM = 0.8
DO 221 J=1,NSTA
IF(I .EQ. J)
SUM =
CONTINUE
PTR(I,T=1) =
220 CONTINUE

221
SUM

FIND WEATHEX HiIHER

DU 133 I=1,NSTA"

530 10 221
SUM + P(Jy D)

COST OF PROJDUCTION IS REQUIRED

IN THE NEXT STATE4ENY , NOT SURE PSD DR NEWP
IF THE POWER UEMAND IS LARGER THAN POWER SUPPLIED
THEN A POWER UNIT OF 1 MW IS ADDEU TO THAT STATION
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132 IF(PSO(isT=1) +GE. POWEXI(I)) GO TO 131
GV TO 130

131 PADU(I) = PADI(I) + 1.
POWEXI (L) = PIWERXI(L) +1.

15 Ml =STACK(I)
IF(MI JEQ. 1) G370 13
IF(PSDM(IsMI) «5E. PADD(1)) 50 TO 132
IF (PSOM(I MI) «EQ. Ue0) GO TO 14

PADD(I)=1,
STACK(1I) = STACK(I) + 1
50 TO 132
13 IF(PSOM(IsMI) LT« POWEXI(I)) STACK(I) =STAGK(I) + 1
GO T0 132
14 STACK(iI) = STACK(i) + 1
SU T0 15
130 CONTINUVE
c CALCULATES ELAC,EQUL4PPC,IPOP,PHC,POP FROM THE PREVIOUSLY CALCU
C DATA
DO 140 L = 1,NSTA
SUM = 6.0

MC = STACKI(I)

00 141 J = 1,40

SUM = SUM + PSOM(i,4J)
141 CUNTINUE

PTRIN(I) = SUM
140 CONRTINUE
00 70 J = 14dSTA

NOTE ELAS SET TO 1. AND PSDIN(J) SET TO PTRIN(D)
XXX PSS L LY R Y PR P
ELAS(J) = 1ot =(0.4*(PSOLU(J,T=1)/PSOLD(Jy1)))
ELAS(J) = 1.0 _
PTRIN(J) = PSIINC(J)
EWQUL(JeT) = (Le=(PTR(JyT=1)/PSDIN(NH))*
1(1.=(P3D(JeT=2) /PIRINI(J)))
IF(C T «LTe 7) GO TO 200
SRUW(J) = SRICON(J) * EQULIJ,T=NSACK)
200 IF(ELAS(J) «LT. VAL) IFLAG = 1
PPC(J)=CON(I®* (POP(JyT=1)/PIP(s,1))
OPOP(J) = (POP(JsT=1)2GROW(J)Y*(POPMAX(J)=PO2(JyT=1)))=POPX(J,T)
PHD(JyT) (PAD (JyT=1) +(DPUP(JI*PPC(J))) * ELAS(I)
PGP(J:T) PO2 (JyT=1) + DPOP())
IF(IFLAG «NE. 1)G0 TC 70
WRITE(6,90)J
ELAS(J) =M1
70 CONTINUE
ICHECK = 1
Gu TO (u485,485) 4 iCHECK
485 WRITE(64154)(PTR(JsT=1)4J=1,N5TA)
WRITE(69155) (PTRIN(J) yJ=14NSTA)
ARITE(64156) (GROUW(J) 9yJ=14NSTA)

WRITE(6415L) (PWO(J4T) o J=1,NSTA)
WRITE(69151) (PPC(J) 4 J=1,NSTA)
NRITE(645152) (JPIP(J) 9J=14NSTA)
WRITE(64,153) (PADT(J) 9y J=1,NSTA)

WRITE(6,158) (STACK(I)sI=14NSTA)
WRITE(6+159) (POWEXI(I) ¢I=14NSTA)
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WRITE(69160) (PCOS(JyT=1)4J=1,NSTA)

160 FURMAT(3Xs*PCOS JsT*47(5X,F12.4))

158 FORMAT(SX,*STACK*,7(5X,112))

159 FORMAT(SX,*¥POWEXTI* 37 (5XF1244))

153 FURMAT(S5X,*PAUD *,7(5X,F12.4))

150 FORMAT(7Xy¥PHI* 37 (5XyF1244))

151 FORMAT(7X4*PPC* 4 7(5X,F12.4))

152 FORMAT(SXy¥0POP* 47 (5XyF12.4))

154 FURMAT (SX9//7 43X 3*PTR JsT=1%,7(5X,F12.4))

155 FORMAT(SX*PTRIN*,7(5X,F1244))

156 FOURMAT (DX, #GRIN* 4 7(5X,F12.4))

213 FORMAT(23X,I542X47(5X,F12.4))

219 FORMAT(5Xy4(5XyF15.4))

211 FORMAT(1H6,15X* CALCULATION FOR THE YEAR *i54//)

214 FORMAT (10X *POAER ODISTRIBUTION BETWEEN STATIONS *,//)

215 FORMAT (15X 31H1917 X912y 17 X913 917Xy 1HU 917X 91H5917X91H6417X41H7 4/ /)

216 FORMAT(S5XI597(5%XyF12.4))

210 FORMAT(10UX//410X,*PIHER DEMAND *,45X,*POWER SUPPLIED *410X,*PIHWER
1COST ¥3 IX9*POPULATION®*96X9* ELASTICITY *,13X,*EQUL *,//)

450 FORMAT(SXy2(5XyF15.4) 91X y2H¥* 42X 9F15s492(5X ,F15.4) 41X 2H**%,2X,
1F15.4)

451 FURMAT(SX 94 (5K s F1564) g1Xs2H** 42X sF15e¢4,35X3F15.4)

452 FORMAT (5X 42(5X 4F15¢4) 91X 4 2H** 42X 4F 15443 (5X4F15.4))

453 FURMAT (5X 46 (5X4F15.4))

9C FORMAT(10X.*ELASTICITY OF REGION*,I342X,*LESS THAN 0.1 CHECK*)
ICHECK = 2

486 RETURN
END
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SUBROUTINE PLITRI

OIMENSIUN COSTPO(1045)4P(10410) yNEWP(19)y POWEXI(13d),
18(52) y JCUL (100) y IXOW(53) yI3ASIS(50) ITITLE(12),,PEX (53},
IPHD (7450)4PSO(7450),PSOM(10,45),PCOS(10,50) yELAS(13),PPC(1]),
1IRUW1(100) 4X1(100) 4PRES(16) ,PSDIN(L0),POP(10,50) ,POPMAX(10),
15ROW(10) yA(524150) 4PPCL(1C) 4STACK(10),POPX(13,50)4+TR(10,10),
1DPOP(10) 4PADD(10) ,IDUP(150) 4JBUP (150) »VALDUP (150),P50LD(10,150),
1IMAGE(867) 4CON(10) yGROCON(1G)

COMMON T4A48,JC0LsIROWIBASIS,ITITLE,MyNyNSTA,PEX,PHD,PSD,
1Py NEWPFONEXIZPCOSyELAS yPPC4PPC14STACK4LOUSSy VAL yPOPXNTYPE,
1IRONWL X1, MPLUS2 y NMyNYEAR,PRESyPSOIN,POPMAX,POPyGRONWsTRyPADD,
1COSTPOWPSOM,I0UP,JOUP ¢ VALDUP,INOFES s ICHECK,PSOLD,CON,GROCON

INTEGER T,STACK
REAL NEWP,LOSS

XMAX = NYEAR
XMIN = 1.
I= 1

76 HWRITE(6,80)1
WRITE(6,100)
D0 85 J=1,NYEAR
85 WRITE(6,3C)PWD(I,J),PSD(L,sJ),PSOLO(I,J),POP(IyI)
CALL PLOT2(IMAGEyXMAXyXMINSe0yded)
WRITE(b460)
WRITE(6,61)1
00 50 J=1,NYEAR

TIME = J
PEL = POP(I, )
PS1 = PSO(I.WD

COST = PSOLD(IyJ)
PW1i = PWO(I,J)
CALL PLUT3(1HP,TiME,PEL1,1)
CALL PLOT3(1H53,TIME,PS1,1)
CALL PLOT3(1HC,TIME,COST,1)
CALL PLUT3(1HI,,TiME,PW1,1)
56 CONTINUE
CALL PLUT4(43,43H POPULATION,POWER SUP,POWER CO3T,POWER DEM)
ARITE (b6462)
I =1+1
IF (I .GT. NSTA) GO TO 72
GO 10 7¢
72 RETURN
108 FORMAT({SX,*POAER DEMAND *#,5X,*PUAER SUPPLIEJ *,5X,* POWER COST
1 ¥,5X4* POPJLATION *9/7/)
80 FORMAT (1H1,10X,* CUMPRESSEQ QUTPUT DATA USED FOR PLOTTING
1FOR THE REGION®*,I5,///)
906 FURMAT(5X,4(5XsF1544))
60 FORMAT (1H1,30X*TIME v POPULATION, POWER SUPPLIED, POWER COST AND P
2OWER DEMANO*//)
62 FORMAT(10Xy/+10X.*P = POPULATION*10X* S = POWER PRODUCED*10X* C =
2 POWER COST*10X*® 3 = POWER DEMANI*/)
61 FORMAT (106X ,*PLOT FOR THE REGION*,I5,4/)
END
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(444

POWER ULILTRIBUTION PROBLEM

NO OF CONSTRAINIS = to

NO OF VARIABLE> = 56

NO FO YEAR = 15

NO OF GENERAING STATIONS = 7

NO OF 1YPES OF POWER PROJUCTIONS = 4

COoT OF PRODUCIION POWER BY VARIOUs METHCUS

STAIION HYO RGO ONCE THR COOL VOW ORY
1 2.0000 S.00uD 7.0000 13.0000
2 2.,0000 4.0000 5.5000 11.5000
3 2,0000 L.0000 5.,5000 11.5000
4 2.0000 g.0000 6.00C0 -12.0000
5 2.0000 5.0L000 6.5000 1<.5000
6 20000 5.00080 6.5000 12.5000

7 2.0000 5.0000 6.5000 12.5000
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%t

PSIIN 32.3309 27.9393 43,1033 16.0001 32.0200 23.03500 - 27. 1000
PCPLiy1) 1.2392 1.2338 4330 «6000 «60010 6300 . 2701
PO PMAX be 206 5.1332 5.7030 5.G003 5.0000 5.0700 " %.1000
5ROH LG230 «31490 0121 .0230 » 0180 «A13C0 «0186
EXISITING PUAER 2.18L) 200993 t0.Cc000 1.9300 5.5090 2.03320 7.0130¢C

CON 15925 15233 7809 1.1967 « 3h33 1.3633 1.03%9%

SOLVE
SOLUTION DPTIMAL AFTER 2r IT-RATIDNS SLACKL 0.C35330 J.373960
MAXIMAL OBJFCTIVE = -2t.325633 SLACKZ 0.CL33938 ~2.097090
°ll JASIC » 77193592 3339669 SLACK3 0.60%20¢ J.03¢C00y
P12 3A51IC 1.30333¢C 0.3523C10 SLACKSe 2ASIC 24932904 J.200622
P13 Ce 070G ~2.270011) SLACKS 3A351C «5C13 3¢ 3095830
Pl 0.073309 ~e123999 SLACKd =ASIC «5G35305 34200015
P15 0.623302 ~-¢153907 SLACK?7 SASIC «50500°0 0030030
P15 C. 230900 -.13818099 PACSLL 0.Cus56G0 ~24159G090
P17 £.613795 -+140600 PADSLZ 0.65200¢% -%.150078C
P21 3A51IC 1.43393¢C 2.333939 PADSLY 0.2G37353 -2.153000
r22 3.09303% -053995 PAJSLG 0.053306 -24159073
P23 €C.212393¢C ~+120090 PACSLS C.G0001J0 -2,1500933
P24 G.0n009¢0 -«1209993 PADSLA 0.00333°7 ~2.150899
P25 J034333% ~+150039 PWOSL? C.06300¢C -2.150060¢C
P25 C.Uu0G32% ~e183503 PWD 1 SINUNS -2.1509008 «7000450 OPEN
P27 0.00300¢ -+130000 PWO 2 HINDNG -4,15000¢C 1.300G600 «703000
P31 0922008 ~.120000 PWD 3 3 INDNG -2.15000¢C «3300030 «703009
P32 BASIC «331208 3.009003 PHD & GINONG ~2425500% 1.200000 JPEN
P33 0.,0C999¢ 5.030000 PADS BINDNG -2.15G090 «73000¢C OPFEN
P36 0.239%97 ~+13C303 PWD 6 BINDNG -2.15¢000¢ 1.300000 CPEN
P35S Ge03000GC ~+129009 PRC7 B8 INCNG -2.15390¢C «700000C OPEN
P36 0.0G000¢0 ~«120000 P3D1 SLACK -0,C0003¢C «730000 1.,303C00
© P37 0.000008 -«150099 PsC2 BINDNS 2.000006 «730000 1.300000
P41 0.0800009 -+120080 PSD3 SLACK -0.,00200¢C «730G00 «300600
PW2 BASIC « 720306 J,900C33% PSO & SLACK -0.,000009 . 249306000 OPEN
Pu3 3AS1C «333090 0300000 PSO5 SLACK -0.00200% »5000600 OPEN
Pt BASIC 1.20000C 0.300000 PSD6 SLACK - -0.00339¢C «500C06C OPEN
P45 0.040280 ~+120090 PSD7 SLACK -C.0C00CC «500600 CPEN
P46 0.033390 -«18C300
P47 6.020000 -+1870910
P51 0.0300300 ~+1506005%
PS2 0.C040009 ~+150906C
P53 €.05090°% -«120000
PS4 5.00000¢C -+150300
P55 8ASIC +730000 0.900000
P56 0.000000 ~+120009
P57 0.0600300 -.150009
P61 0.60000¢ -.140000
P62 0.00000C ~.180001
P53 0.03309¢ ~+120000
P64 0.000000 ~+120030
P65 0.039300 1.009300
P56 BASIC 1.2903066 0.000000
P67 0.0G0600C ~+120000
P71 0.900000 ~+180000
pr2 0.00000¢ ~+136030
P73 0.97G30¢C ~.129090
P74 0.GU0006 ~«120030
P75 C.0080000 -+1590039
P76 0.0200060 ~«1290GC

PT? 8ASIC «7231%0 3.920820



YA

CALCULATICN FOR THZ YEAR 1

PORER DISTRIBUTION BETWEEN REGIONS

1 2 3 L} 5 6 7
1 «780C 1.3000 0.G003 0.0000 0.0000 0.0000 7.0390
2 1.8600 0.0000 0.0000 0.0000 2.0000 £.0000 2.31170
3 C.G000 « 3000 C.0007 0.009¢C 0.00630 0.0006 0.33¢C0
[ 0.G0J¢0 «7002 «80Q03 1.,2000 0.0000 e.90c00 0.0309
5 C.000C 0.0039 ¢.0000 0.0000 « 7000 9.00a¢ 0.3120
6 0.C0J0 0.000¢0 0.6009 0.0000 0.00093 1.3900 0.7120
7 C.0800 8.3000 0.0009 0.00390 D.C000 0.00020 7308
POWER DEMAND PIWER SUPPLIE)D POWER COST SO0PULATION ELASTICITY EQuL

2.00G0 2.1009 3.5960 1.9000

1.8C0¢C 1.830) 2.1500 1.2002

«3C010 «3153 2.159¢ «4G630

= 7000 2.9359 241500 .600°0

.2C00 +73590 201590 «56000

.80GC 1.35%3 2415990 «6300

«2003 «73%1 2.150¢ 2380

PTR{JoT-1) 1.8008 22,3000 8000 0.0900 0.06505 0.0990 (.T%7
PTRIN 32.0600¢C 27,0303 ©3.GCE0 16,0639 32.0600 28,3200 279100
GROW «623C 20130 <0122 20233 «0:230 00130 .n24¢g
PHWO 201457 19327 «3172 7727 « 2173 « 8467 «? 179
PPC 1.0826 1.5323 «7800 1.1967 «3633 1,322 1.73%82
apPoP «1355 «3533 «0221 «1607 «JW75 «0363 .L327
PACD 1.005¢C 139369 0.600% 2,008 0.8552 7.0360 L3308
STACK 2 2 1 3 1 i 1
PIKWEXI 3.0800 2.063) 10.0309 3.,0000 5.5000 2.32G30 7.3109
PCOS{J, T} 20,3000 %.33131 2.032 2.0093 243706 2,300 20 301G
SOLVE
SOLUTION QPTINMAL AFTER 33 ITERARTIINS

MAXIMAL G3JECTIVE = -53.35679%
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CALCULATION FOR THI YZAR

POWER DISTRIBUTION ZETWIEN REGLIONS

1 2
1 7560 «8307
2 148917 0,000
3 9.9G60 1.50113
& .0C0¢ 442999
5 0.0000 : 0.,0072
6 6.000¢C 0.0339
7 7.0040 0.0038
POWER DEMANY POWER SUPPLIZ)
2ell457 24 2540
1.83907 1. 49352
«3172 2, 4331
7727 244331 =%
«2173 « 7331
« 3608 1. 41061
2079 « 7433
PTR{J,T=1) 143907 2.3927
PTRIN 22400360 27,0005
GROW «£232 2139
P WO 243075 1.9330
PRC 1.1593 146056
gpoP 1384 « 0512
Papn 1.0007% 1.99312
STACK 2 2
PO WEXI 3.006030 248009
PZOS(g, T 3.C000 4.7300

30LVE

0.8000
0.J001

8172
6.3090
0.0009
0.%003
0.0000

POWER COST

38647
2.5226
241500
442993
241539
2.1500
2,.,1500

0.C00¢

43.0002
£ 0125
«3363
«§231
0232
0.C002

1
10.0939
2.0000

«5000
0.0000
0.0000

7727
0.0000
0.0000
0.00090

POPULATION

2.0355
1.2593
s4221
«6507
«HLT75
5343
2077

«5000
16,0009
20230
«8595
1.3173%
<0659
2.0003
3
3.0008
4. 6657

5 6 4
0.0000 6.0000 00700
0.0030 0.039¢0 0.0700
0.0000 0.00C0 0.0300
0.0990 0.,90319 0.91300

« 7173 0.0000 0.0200
0.0000 1.3468 0.9730
0.0000 0.0000 7379

ELASTICITY £EQuL
1.0000 «38113
1.0000 «357%
1.0000 « 3742
1.0000 «3223
1.0000 «3770
1.9900 « 3512
1.3000 «3728
0.0300 0.0900 0.0€09
32,0000 28.701080 27,7300

<0130 «0130 1980

«2372 «8987 22164

3921 14413 1.0596
. 0507 . 0360 « 0030
8.00C0 0.0000 0.0150

1 1 1
5.5050 2.006¢0 7.0100
2.0000 2.06C0 27C00
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COMPRESSED CUTPUT DJATA

POWER DEMAND

POWER SUPPLIED

2.0000
21467
2.3076
2.4827
2.6713
28727
3.0603
342542
3.4527
3.6544
3.8575
4.0604
L.2621
L6610
4.56560

POWER COST

2.1000
22540
2.4239
245368
2.8049
3.0153
3.2133
3.4169
35253
3.8371
4.0503
4.2535
Lo4752
L.5840
L.8888

JSED FOR PLOTTING FCR THE REGION 1

POPULATION

3.5330.
3.8644
3.8584
3.8525
3.8469
3.86419
3.3993%
349317
3.9903
3.9293
3.9319
L.4255
4.4270
4.42933
Le4325

1.9000
2.0355
21743
2.3156
2.4585
2.6022
2.7288
2.8535
2.9756
3.0945
3.2097
3.3207
3.4272
3.5291
3.6261
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