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ABSTRACT

The objectives of this project conducted by Versar, Inc. were:
(1) to survey, verify, and calibrate, if necessary, simple generic cooling
system evaporation computer models and (2) to compare water evaporation
predictions made by cooling tower and cooling pand/lake models in the
same water resource region. Models were to be identified that accurately
predict evaporation rates within *15 percent of actual operation. Seven
water resource regions were included in the study. The project was conducted
fram the fall of 1977, through the summer of 1979.

The following conclusions were drawn from this study:

e The ILeung and Moore cooling tower model generally predicted
evaporation rates within *15 percent of mass balance calculated
evaporation rates, (i.e., evaporation = makeup - blowdown - drift),
for cooling towers on baseload power plants. However, the model
tended to overpredict evaporation rates for cooling towers on
power plants with low capacity factors. It was assumed that the
average make~up and blowdown flow rates provided by the utilities
were accurate representations of cooling tower operation. These
data served as the basis for testing the accuracy of computer
model predictions.

e The Harbeck-Koberg-Hughes model (Lake Colorado City study) and
the Meyer model produced the best results for predicting cooling
pond/lake evaporation when compared to water balance calculations
using field data. Both models generally predicted rates with
a *15 percent accuracy.
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e Evaporation rates nommalized per surface area were quite consistent
with all the cooling pond/lake models' results. Summer evaporation
rates between .067-.073 cu m/min-ha (0.027-0.030 cu m/min-acre)
were found for all lakes and ponds studied. Annual values were
about 0.04-0.05 cu m/min-ha (0.02 cu my/min-acre) for cooling
ponds/lakes in southem locations and 0.03-0.04 cu m/min-ha (0.012-
0.015 cu nm/min-acre) for northern region ponds/lakes. Results
from all models showed that natural evaporation is between
30-80 percent of total evaporation, depending upon location,
time of year and power plant load.

e Cooling ponds/lakes generally evaporate more water than cooling
towers. This relationship was true for all regional comparisons
where the cooling pond/lake area per unit power (ha/MW) ratio
was greater than 0.6 and the differences increased as the ratio
increased.

e For use as simple, generic cooling system models, we would recommend
the Leung and Moore model for cooling towers and the Meyer model
or Harbeck-Koberg-Hughes model for cooling ponds/lakes.

® The results presented in the Espey, Huston & Associates, Inc.
(EH&A) study show cooling ponds/lakes consume less water than
cooling towers. This study indicates that cooling ponds/lakes
evaporate more water than cooling towers. Differences in conclusions
drawn by both studies were due mainly to the EH&A definition of
consumptive water use which includes a credit term for rainfall
runoff added to the pond/lake. This rainfall runoff term causes
a significant decrease in predicted consumptive water use as
conpared to predicted evaporation rates.
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SECTION 1

INTRODUCTION

This project was initiated through the Industrial Environmental Research
Laboratory of the EPA Office of Research and Development at Research Triangle
Park, North Carolina. This is one of several projects supported by the
laboratory to assist EPA's updating of effluent guidelines for the steam-
electric generating industry.

As a part of this updating, the EPA evaluated models that predict
the site specific water evaporation caused by steam-electric generating
plants. The first step in this evaluation was to survey and analyze
existing simple, generic computer models that predict evaporative losses
from power plant closed-cycle cooling systems.

The second phase of the program was to verify and calibrate, if
necessary, the simple and generic cooling system evaporation models selected
earlier. The third phase of the program was to compare water evaporation
from closed cycle cooling ponds/lakes and towers on a regional basis and
to provide a simple regional classification.

Five tasks were performed to satisfy the requirements of this project.
The first task was to obtain actual cperating data on cooling towers and
cooling ponds/lakes at representative steamelectric power plants. The type
of data requested provided input to cooling system models and allowed calcula-
tion of water balances around the cooling system. The information cbtained
from the utilities was used as received, unless it appeared to be inconsist-
ent or questionable. In such cases, the utility was contacted for verifi-
cation of its data. Because of time constraints, only data from power plants
in five water resource regions were cbtained. The seven regions were the
Upper Mississippi, Chio, Mid Atlantic, South Atlantic-Gulf, Texas Gulf,
Rio Grande and Lower Colorado.



The second task used the actual operating data to test the accuracy
of the simple, generic models selected. Model prediction evaluations
involved comparison of model results with mass balance calculations of
evaporation rates or evaporation values provided by the utilities themselves.
The percent deviation of computer-predicted values from given or mass
balance-calculated values was determined and any major deviations were
analyzed to determine possible causes.

Since a major tool in causal detemminations is sensitivity analysis,
the third task was to perform sensitivity analyses on the parameters within
the oooling models. (ooling pond/lake model sensitivity analyses were
performed using data on pond temperature, plant heat rejection rate and
load factor. Sensitivity analyses were also conducted for the mechanical
draft cooling tower model.

For the fourth task, a comparison was made of evaporation from power
plant cooling towers and ponds/lakes in the same water resource region. The
comparisons were performed on annual, seasonal and monthly time periods.

To eliminate size and efficiency differences between power plants, the
evaporation values were compared on a per Mie (unit power output) and
kcal/hr (heat rejection rate) basis. In addition, cooling pond/lake
evaporation rates were compared on a unit area and area/MWe basis.

The final task involved comparing the evaporative losses for cooling
systems between water resource regions to determine which type of cooling
system evaporates less water and what factors may affect the regional differ-
ences. The results were compared to those from a similar study performed
for the Utility Water Act Group by Espey, Huston & Associates, Inc.??



SECTION 2

QONCLUSICNS

Analysis of the data for cooling systems used at 16 power plants
provided several conclusions concerning cooling system model accuracy
and evaporation rates. These conclusions are summarized below:

e FResults from the Leung and Moore cooling tower model!’ were
generally within *15 percent of the material balance calculated
evaporation rate for mechanical draft cooling towers on base-
load power plants. A plant is defined as baseload when it has
a capacity factor greater than or equal to 50 percent. For
these plants the ratio of the Ieung and Moore model evaporation
predictions to evaporation rates obtained from material balance
calculations ranged from 0.67 to 1.5.

e The Ieung and Moore cooling tower model did not accurately
predict evaporation rates for cooling towers on power plants
with low capacity factors (i.e., peaking or intermediate load
plants). For annual capacity factors below 50 percent, the
model overpredicted evaporation rates by several hundred
percent.

e The ILeung and Moore model proved adequate for predicting
evaporation rates from natural draft ocooling towers. Utilities
typically do not have the kind of information needed for input
to the natural draft tower cooling model develcoped by EPA's
Environmental Research Laboratory at Corvallis, Oregon.??

e The Harbeck-Koberg-Hughes model and Meyer model gave predictions
within *15 percent of the actual value and appear appropriate
for preliminary designs or studies. The results obtained using
the five ocooling pand/lake models showed that: (1) the Marciano-
Harbeck model (Lake Hefner study)?’ produced consistently lower

3



evaporation rates than the other models and also lower rates
than the material balance results; (2) the Brady model!? and the
Harbeck namograph plus natural evaporation® also produced
consistently low results, but these were less pronounced than
the Marciano-Harbeck model predictions; and (3) the Harbeck-
Kaberg-Hughes model (Lake Colorado City study)® and the Meyer
model!? produced the best results when compared to industry-
provided or material balance calculated evaporation rates.

There was excellent agreement between the model-predicted

values (using the most appropriate model) for cooling pond/lake
nomalized summer evaporation rates in cu m/min-ha. The values
for the four ponds/lakes analyzed were between 0.067 and 0.073
cu m/min-ha (0.027 and 0.030 cu m/min-acre). In addition the
annual values showed good consistency: southerm region ponds/
lakes, normalized evaporation rates of 0.04-0.05 cu m/min-ha
(about 0.020 cu m/min-acre); and northem region ponds ranging
from 0.03 to 0.04 cu m/min-ha (0.0l to 0.02 cu m/min-acre).

This narrow range of values, regardless of pond gecmetry or area
per wnit power output, indicates that a significant portion of
the cooling pond/lake evaporation is natural evaporation. The
lower annual evaporation rate differential in the northem regions
is probably caused by the cold winter weather which produces a
50 peroent reduction in natural evaporation as compared to the
sumer weather.

A oooling paond/lake used by a power plant with an area to
power ratio greater than 0.6 ha/Md results in the cooling pond/
lake evaporating more water than a cooling tower on an electric
generating wnit of comparable size. This is primarily due to
the larger increase in natural evaporation as compared to the
slight decrease in foroced evaporation as the area to unit power
output ratio increases.

Many results and oconclusions of this study could be strengthened
or better defined if more confidence could be placed on the
4



utility-supplied data. At present, the utilities do not
measure many of the parameters needed for improving water
balance estimates, especially with respect to cooling ponds/
lakes. Because the data were supplied by the utility and not
measured directly by the EPA contractor, confidence limits
could not be determined. The data supplied by various utilities
also differed significantly in completeness, accuracy, and

form. Consequently, a consistent methodology was developed

by Versar to permmit material balance calculations. However,
since most of the utility-supplied information is routinely
needed for power plant operation, the contractor assumed

that these data were sufficiently accurate for the purposes

of the study. The appropriateness of this assumption is
supported by the good general agreement of model predictions with
field-data-based values for total evaporation rates and the
generally consistent trends of these evaporation values despite
their being based on varied sources.

This study indicates that cooling ponds generally evaporate more
water than cooling towers. The results presented in the Espey,
Huston and Associates, Inc. study show that single purpose
oooling ponds/lakes consume less water than cooling towers.
Differences in conclusions drawn by these studies are due to the
EH&A definition of consumptive water use which includes a credit
term for rainfall runoff added to the pond/lake which offsets
evaporation. This rainfall runoff term causes a significant
decrease in predicted consumptive water use. If consumptive
water use is predicted using the EH&A forrmla, C=E + (r-l) P,
the consumptive rate (C) reflects a credit temm for rainfall
runoff that provides for increased water availability for down-
stream usage. This term, howewer, is site and time specific
and its application over large drainage basins requires further
analysis. There is also some question among hydrologists about
the applicability of the term while the results of this study do
not support using the credit term.



SECTION 3

RECOMMENDATTONS

The results from this study provide answers and insights to many
questions and concemns regarding water evaporation by power plant
oooling systems. The results can be used in the evaluation of power
plant operation on regional water resources. Regional EPA personnel may
use these results as a tool for licensing new plants and planning
regional activities relative to water utilization. A note of caution
is, however, that the results of the study are based on limited data
within unspecified accuracies and therefore more material balance data
for cooling ponds/lakes would be useful for further verification of results.

Based on the findings of this report, the following recommendations
are made:

e The Ieung and Moore cooling tower model should be used as a simple,
generic model for estimating evaporation rates from baseload power
plants (i.e., capacity factor greater than 50 percent). No adjust-
ment of results is needed to provide accuracy of *15 percent.

e In most cases, evaporation rates from cooling ponds/lakes were
predicted to within #15 percent of material balance values for both
the Harbeck-Koberg-Hucghes model (Lake Colorado City study) and the
Meyer model. It is recommended that, in general, either the Harbeck-
Koberg-Hughes or Meyer model be used for determining evaporation
rates and consumptive water use for future power plants using
single purpose cooling ponds/lakes.

e The normalized evaporation rate coefficients (based on actual
operating capacity) for cooling towers and cooling ponds/lakes
should be compared with accurate material balances around cooling
systems in regions of the U.S. not covered by this study. This is



especially true for the normalized sumrer and annual evaporation
rates for cooling ponds/lakes in cu my/min-ha, which proved to be
relatively constant within the southernm and northem regions,
respectively.

The normalized cooling pond/lake ratio (area per unit power) which
produces evaporation rates in cooling ponds/lakes approximately

equal to cooling towers for the same operating conditions and in the

same region should be determined in future investigations. This study
showed that the ratio is less than 0.6 ha/MWe (1.5 acres/Mwe), but

could not define it further. Note that as this ratio decreases, the
thermal loading on the pond/lake increases which correspondingly increases
the forced evaporation rate; however, this increase is more than off-

set by the reduced natural evaporation rate produced by a smaller
pond/lake surface area.

Further studies should be performed to detemmine the validity of
the rainfall runoff credit term (P(r-l)) applied on a regional
basis to cooling pond/lake consumptive water use. The study should
attempt to quantify the confidence limits of the credit temm,

if determined to be applicable. These limits may be substantial
since the site-specific rainfall-runoff coefficient is applied

on a regional basis.



SECTION 4

PROJECT METHODOLOGY

Five tasks were performed to accomplish the project. Collection of
actual operating data from various power plant closed-cycle cooling systems
was the first task. The second and third tasks involved verifying evapora-
tion predictor models with actual operating data and performing sensi-
tivity analyses to show the critical variables within each model. The
fourth task was to campare evaporation from cooling towers and cooling ponds/lakes
in a water resource region. The study culminated in a regional comparison
of evaporation rates and model accuracy.

MOLETS USED

The evaporation predictor model selection process for this program was
based upan three criteria. The first was that the models should be mathe-
matical and non-iterative with respect to input data. The second was that
the models should be generic, although any cooling system model that could
be calibrated for regional differences was acoeptable. The third criterion
was the need for simple, understandable models. Since general understanding
by the public is desirable in the decision-making process and licensing
requirements for siting and operating power plants, complex computer models
were not considered responsive to the objectives of this program. Simplicity
was defined in terms of the definition of variables and allowance for site-
specific deviations, rather than the requirement for a simple relationship
between variables.

Cne model was selected for evaluation of ccoling towers and five for
cooling ponds/lakes. The model selected for cooling towers was the mechanical
draft cooling tower model developed by Paul Ieung and Raymond Moore!® from
studies performed for the Navajo Station in northern Arizona. In addition,
the algebraic approximations presented in the October 1973 EPA review
document'® were included for comparison of results.



The model selected satisfies the three EPA criteria and has the added
benefit of having been used previously for effluent guidelines formulation
or subsequent hearings. The Leung and Moore model is also widely accepted
throughout the utility industry.

The five cooling pond/lake models chosen also satisfied the criteria.
Four of the models are presented in the Littleton Research and Engineering
Corporation (May 1970) report'? for predicting the temperature of a thermally
loaded captive pond/lake. These four models fit the general mass transfer
equation:

Qe = f(w) (es—ea)A
where Q . = evaporation rate, cfs

f(w) = wind speed finction, where w is wind speed in miles per hour,
ft®/acre-sec-in. Hg
e, = water vapor pressure in air at the pond/lake water surface
temperature , in. Hg
e, = water vapor pressure in the ambient air, in. Hg

A = pond/lake size, acres

For each model a different empirical value for f£(w) is used. The four
models and their respective values for f(w) are:

Equation f(w)
Marciano-Ha.rbeck“ (2.25 x 10~ %)w
(Iake Befner)
Harbeck~Koberg-Hughes® (3.31 x 10 )w
(Lake Colorado City)
Meyer * 1.44 x 10~2 + (1.44 x 10-%)w
Brady et al '? 1.38 x 102 + (1.38 x 10~%)w?

The four general mass transfer models were not developed using campara-
ble wind measurement heights. The two Harbeck models use 8-meter wind
speeds (i.e., wind speeds measured 8 meters above the water surface), the
Meyer model is based cn 9-meter wind speeds and the Brady model requires
4.5-meter wind speeds. As a result, wind velocity data were adjusted vor
the specified heights before being input to each model. To adjust National
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Weather Service (NWS) wind speed data to the appropriate height for use in
each model, the power law of Deacon was used.2® This expression is: wu; =
(z/21)P, where u is the wind speed at altitude %, u; is the wind speed at
altitude 2, and p is equal to 0.16 for flat country and lakes.

The fifth cooling pond model uses the Harbeck nomograph, developed
by G.E. Harbeck from studies at Lake Colorad City®, in conjunction with
natural evaporation rates. The nomograph is presented as Figure 1. Based
on energy balance concepts, the Harbeck namograph permits the estimation
of forced evaporation rates resulting from the addition of heat by a power
plant to a cooling pond/lake. To use the nomograph, the heat rejection
rate, air temperature, and wind speed at the plant must be known. Given
this information, the percentage of heat added that is utilized in
increasing evaporation can be cbtained fram the nomograph as a function
of wind speed and water surface temperature. Dividing this value by the
product of the latent heat of vaporization and water density giwves
the rate of forced evaporation. The total evaporation rate is then
calculated as the sum of the foroed and natural evapqration.

For calculating natural evaporation, pan evaporation rates were obtained
from data provided by the National Weather Service, the U.S. Climatic Atlas
or from the utilities themselves. Note that a pan coefficient of 0.7
as recommended in Reference 25 was applied to the measured pan evaporation
data to get the ocorrect cooling pond/lake natural evaporation rate.

All models used in this project were verified using literature-provided
data to check systems analysis and computer programming efforts.®r!%/*° The
camputer programs were written in Fortran IV and are presented in Appendix A.

DATA ACQUISITION

Actual cooling tower and cooling pond/lake operating data were solicited
from utilities, cooling tower vendors, spray module vendors and architect/
engineering firms. The utilities contacted represented all regions of the
country; twenty-one utilities gave positive responses to the data requests.
Twelve utilities responded in time to be included in this program study
representing 18 operating power plants.

10



90

80

S
N\ |w¢/ o
. ]
)\
\ , .m,wtz o
4! |
N//o, A

uoTieaodear bursearouy 103 pazTITIN ST ey JueTd AQ pIppy sl JO JUa0ID]

Water-surface Terperature, in °F

Estimated increase in reservoir evaporation
resulting from the addition of heat by a

Fiqure 1.

a

power plant.’

il



The type of data solicited and received ranged from hourly to
annual periods,

EVAPORATION PREDICTION

One intent of this study was to determine the accuracy of the various
cooling system models. The accuracy was determined by camparing evaporation
rate estimates based on material balance calculations with model predictions.
Therefore the ability to reliably and accurately measure inflow and outflow
streams to the cooling system had a major effect on the accuracy determina-
tion.

For performance tests on cooling towers, correct flow data are important
to the vendor and utility , if flow rates with a 5 percent accuracy are to
be cbtained. For monthly or annual data it was assumed that the averaging
effect is provided by a sufficient approximation of station operation and an
adequate estimation of consumptive water use. The primary concemn with
material balance data is short tem estimation of flows which, if based on
pump curves, indirect flow measurements or experience, may be accurate to
within only *#10 or #15 percent. Thus, the error factor in pump flow alone
may be as large as the *15 percent accuracy requireneht of the models. Since
there is no altemative for independently measuring operating data provided by
the utilities, this study assumes the reliability of the utility-provided data
is sufficient for comparison purposes in this study. Also, random measure-
ment errors should average out with the sample size of 18 power plants used
in this study.

Cooling Tower Model Input Data

Input cooling tower parameters for model prediction were heat rejection
rate to the cooling tower, make-up and blowdown water flow rate, range,
approach, cooling tower basin temperature, outlet air temperature, air flow
rate and an approximation of drift. Evaporation rates measured during perform-
ance tests or estimated in design specifications were also requested from
the utilities as an independent source for comparison with model predictions.
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Cancurrent meteorological data required for the Leung and Moore model
were ambient dry and wet bulb temperature and relative humidity. Meteoro-
logical data were obtained from on-site measurements or the nearest
National Weather Service (NWS) meteorological station.

Cooling Pond/Lake Model Input Data

The cooling pond/lake model operating data required were pond/lake
temperature (measured), pond/lake inflow and outflow, pond/lake surface
area, pond/lake elevation, drainage area, estimates of runoff coefficients
and seepage. Since surface water temperatures were not usually available,
inlet water temperature to the condenser was used when the surface tempera-
ture was unavailable. Evaporation rates, if previously predicted or
measured by the utility, were also requested as an independent check on
model predictions. Meteorological input parameters were precipitation,
dry bulb temperature, relative humidity, wind speed and barometric pressure.

Evaporation Rate Estimates - Material Balance

Since evaporation rate is not measured directly, material balances were
used to calculate consumptive water use. That is, evaporation rate is the
difference between inflow (i.e., for towers it is make—-up water to tower;
for lakes it is stream flow to the lake, runoff, and direct precipitation)
and outflow (i.e., for towers it is blowdown from tower and drift; for
ponds/lakes it is pond/lake outflow and seepage) associated with the
cooling system. Steady-state conditions were assumed to be maintained
throughout the operating period. For one set of cooling tower data, however,
the time period was sufficiently short that steady-state conditions could
not be assumed. For that data set an adjustment was made for basin drawdown
(as measured by the utility).

There was considerable discussion between the contractor and the utili-
ties oconcerming the ability to determine evaporation rates on cooling ponds/
lakes. It was noted that most natural ponds or lakes had feeder creeks,
underground springs, and indeterminant runoff conditions that caused makeup

13



water values to be gross estimates at best. Lake drawdown from seepage
and outflowing streams was also considered difficult to measure or
estimate. As a result, the owerriding belief was that water balances
around cooling ponds/lakes would be inaccurate. To overcome this concem,
data from man-made lakes or ponds with known make-up and outflow rates were
sought.

The water balance used the following generalized equation:

E
where:

SF + DR + DP - OF - LE

E = evaporation
SF = stream flow into the pond/lake
DR = direct runoff into the pond/lake
DP = direct precipitation on the pond/lake
OF = dam outflow
LE = change in lake volume (elevation) over the period of concem.

All values in the equation are expressed in cu m/min. Note that seepage
is not included in the equation, since it is assumed negligible. If data
were available on seepage, they were included in the value 0.

The cooling pond/lake material balance values for stream flow, runoff
and dam flow were estimates based on USGS hydrologic data. The USGS
hydrologic data provide empirical equations that quantify the daily
stream flows. 2ccording to the USGS, these equations are accurate to within
*5 percent. Precipitation for each site was obtained from the nearest
National Weather Service station. The material balance included changes
in pond/lake elevation where available.

COMPARISON OF ACTUAL MEASUREMENTS AND PREDICTED RESULTS

Received data were checked against model requirements, and any deficien-
cies were referred back to the squrce for clarification or correction. Except
for outlet air temperatures and outlet air flow rates for cooling towers and
stream flows and surface water temperature for cooling ponds/lakes, the
utilities were able to provide most of the requested data. To estimate
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outlet air conditions, rating factor curves extracted from a Marley Cooling
Tower Reference Manuall® were used. These curves provide outlet wet bulb
temperatures and outlet air (dry) flow rates as a function of ambient wet
bulb, design and operating range, design approach, and heat load on the
tower. In many cases the heat load data (Kcal/kwh) provided were for the
total plant. For those circumstances an assumption of 50 percent of the
total energy input rate to the plant is heat rejected to the circulating
water system. This heat rejection rate to the cooling system is taken from
Table B-V-1 in the Dewvelopment Document for the Steam Electric Power Generat-
ing Point Source Category. °

To estimate the average surface water temperature on a pond/lake,
the inlet water temperature to the condenser was used. The intake structure
is usually near the shoreline, and puws provide surface or near-surface
water to the condenser. The inlet water is therefore considered to be a
best estimate of average surface water temperature.

Evaporation predictions were made by the appropriate models only after
data oollection was complete. For mechanical draft towers and natural draft
towers, the Leung and Moore model was used. Cooling pond/lake data were
applied to the five cooling pond/lake evaporation rate prediction equations,
after adjusting for the elevation of wind speed.measurements. The model
results were then compared to water-balance-derived evaporation rates. The
comparisons are discussed in Section 5.

If the camparison of actual measurements and predicted results indicated
a critical relationship existed for a particular variable, sensitivity
analyses were performed on that parameter. The sensitivity analyses were
designed to show the variation in evaporation rates as a function of the
parameter being tested, with all other variables held constant. Sensitivity
analyses were performed on the following cooling tower parameters: outlet
air temperature, inlet dry bulb, relative humidity and heat rejection
rate. For the cooling pond/lake models, sensitivity analyses were conducted
using pond temperature, wind speed, heat rejection rate and load factor as
variables. The results of these analyses are presented in Sections 5
and 6.
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COMPARISON OF COOLING TOWERS AND COCLING PONDS/LAKES

Upcn completian of the model accuracy analyses, the predicted evapora-
tion rates for cooling towers and cooling ponds/lakes were compared. Since
the power plants differed in size, efficiency and regional meteorology,
the comparisons were made on common bases. Towers and ponds/lakes in the
same meteorological area were studied together, and evaporation rates
were nomalized with respect to capacity and heat rejection rate (correcting
for capacity factor), i.e., cu m/min-MW and cu n/10° kcal. Both model-
predicted and material balance evaporation rates were used.

The nommalized evaporation rates were also compared between regions
to illustrate regional variations for each cooling system and identify con-
sumptive water use differences for towers and ponds/lakes. A regional
classification of relative evaporation rates was generated as a result of
these conparisons.

The data analyses presented in the following sections were based on one
or more of the following assumptions and bases:

e Marley nomographs of outlet air flow rate and temperature for mechanic-
al draft and natural draft cooling towers were valid approximations,
since these data were generally not provided by the utilities.

e When not provided, constant heat rejection rates of 50 percent of the
plant energy input rate were used.

e For monthly and annual evaporation rate calculations, average monthly
meteorological data were used.

@ Data at the nearest National Weather Service (NWS) station character-
ized the on—-site meteorology.
e Cooling pond/lake surface temperature was characterized by one value,

generally the inlet water temperature to the condenser, since it

is usually the only water temperature parameter measured besides
discharge temperature.



e A water balance around a cooling pond/lake including inlet stream flow,
direct runoff to the pond/lake, direct precipitation and pond/lake outflow
provided a reascnable estimate of pond/lake evaporation. Seepage was
negligible unless noted otherwise by the utility.
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SECTION 5

DATA EVAIUATION AND RESULTS

Power plant operating data received from 12 utilities were included in
the analysis of ocooling system models. These 12 utilities presented actual
operating data for 14 mechanical draft cooling tower systems, one natural
draft cooling tower system, seven cooling ponds/lakes, and one cooling canal.
In addition, design data were available on ancther natural draft cooling
tower system.

A summary of the data received follows:

® Average annual data on mechanical draft cooling towers for a 400-MW
unit operated by Utah Power and Light Company at Huntington Station.

e Hourly performance test data for induced draft towers operated by
the Salt River Project at Navajo Generating Stétion.

® A cne-week performance test on mechanical draft cooling towers for
a 75-MW unit operated by Texas Electric Service Company at its
North Main Station and a six-hour performance test on a mechanical
draft cooling tower for a 110-MW unit at its Permian Station.

® One month of summer data for six mechanical draft cooling towers
operated by El Paso Electric Company at its Rio Grande Station and
Newman Stations.

e Monthly and annual data on three mechanical draft cooling towers
operated by Arkansas Power and Light Company at Moses, Couch and Lynch
Stations . |

e Hourly data for two months (January and August) on mechanical draft
towers operated by Minnesota Power and Light Company at Clay Boswell
Unit 3.

e Daily data for three ponths (January, April and July) on natural
draft towers operated by Pennsylvania Electric Company at its Homer City
Station '
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e Monthly data averaged over a three-year period on a cooling pond at
Arizona Public Service (Company's Cholla Station.

e Monthly data for 10 months on a cooling lake at Texas
Electric Service Company's at Morgan Creek Station.

® Average annual data on a cooling pond and lake at Commonwealth
Edison's Kincaid and Powerton Stations, respectively.

e Daily data for two months (January and July) on a cooling lake
at Virginia Electric and Power Company's Mt. Storm Station.

@ Daily data for one year on a cooling at Duke Power Campany's
at Belews Creek Steam Station.

e® Monthly data for one year on a cooling lake at Carolina
Power and Light Company's H.B. Robinson Plant. '

e Monthly data on one cooling canal at New Hampshire Public Service
Company's Merrimack Station.

® Design data on one natural draft cooling tower being built for
Wisconsin Electric Power Campany at Koshkonong

The following two subsections present the operating data supplied and the
results of the model analysis and sensitivity analysis for each cooling
system. The subsections are divided into cooling tower data and results

and cooling pond/lake data and results. The meteorological data are provided
in Appendix B. The actual computer printouts of the model predictions for
cooling towers and cooling ponds/lakes are provided in Appendices C and D,
respectively.

COOLING TOWER DATA AND RESULTS

Mechanical Draft Cooling Towers

Utah Power and Light Company, Huntington Station—

The Huntington Station has a 400-MW unit. A mechanical draft cooling
tower system has been in operation for two years. The utility sent average
values for the 1976 operation which are presented in Table 1. Make-up
water flow and blowdown rates were given as average values, while the
remaining data were given at design conditions. The cooling tower is
operated at about 12 cycles of concentration. The make-up flow rate is
held constant, while the blowdown varies as a function of water quality in
the circulating water system. 2An evaporation rate value of 12.5 cu m/min
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TABIE 1.
HUNTINGTON STATION

Plant Capacity (W)

Plant Capacity Factor (%)

Unit Eeat Rejection Rate
kcal/kwh (BTU/kWh)

OOOLING TOWER CPERATING DATA FOR UTAH PCWER AND LIGHT Q0.

(AVERAGE 1976 DATA)

1,300 (5,100) (est.)

Circulating Water Flew Rate, cu m/min

(GPM)

Make-up Flow Rate, cu m/min
(GPM)

Blowdown Flow Rate, cu m/min
(GEM)

Range, °C (°F}
Approach, °C (°F)

Air Flow Rate, std cu m/min
(SCFM)

Cutlet Air Temperature, °C (°F)

Approximate Drift losses,
(GPM)

Evaporation Rate, cu m/min (GPM)
Material Balance
Model Prediction

cu m/min

704 (185,800)

15,1(4,000)
1.21 (320)
13.3 (23.9)
9.7 (17.5)

5.0 x 10° (18 x 10%)

varied 28 - 36 (82 - 97)

1.41 (372)

12.5 (3,300)
12.8 (3,380
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(7.37 cfs) was calculated from a water balance around the tower (i.e.,
make-up - blowdown - drift = evaporation).

Meteorological parameters were cbtained from the National Weather
Service station at Grand Junction, Colorado. The weather station is located
over 150 kilameters (100 miles) from Buntington and is at 1,525 meters (msl),
(425 meters below the power plant). The monthly meteorological conditions
used as input are presented in Appendix B. A pressure correction was made
because of the 1,950 meter (msl) elevation of this plant.

Since temperature rise (range) in the condenser and approach were
assumed to vary minimally throughout the year for this baseload plant, cam-—
pared to meteorological conditions, the range and approach were held ceonstant
for all model calculations. The variable which appeared most sensitive to
meteorology and to the model was cutlet air temperature. Five computer cal-
culations using the Ieung and Moore model were performed with the outlet air
temperature ranging from 28°C to 36°C. For these runs, the outlet air
temperature that most closely approxurated the average annual evaporation
was 36°C (97°F), or 8°C above design basin temperature. This result is
merely an average value, however, since outlet air temperature is a function

of inlet conditions and therefore varies over a large range throughout the
year.

The results do confimm that monthly evaporation rates vary directly
with meteorology and differ by as much as 50 percent. One implication of
this variation is that for drought conditions the consumptive water use
can be as much as 25 percent above annual average conditions as shown on
Figure 2.

A sixth case was investigated for Huntington Station inwvolving the
sensitivity of the model to heat load. The outlet air temperature calcu-
lated using the Marley nomographs of 36°C ( 97°F) was used in the model
(Case V of Figure2 ), but the heat rejection rate to the tower was increased

by 10 percent. This produced a 10 percent increase in predicted evapora-
tion.
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Air flow rates and outlet water temperatures in mechanical draft cool-
ing towers also vary with meteorology but over a smaller range than other
variables. The impact of these parameters was not investigated using the
Huntington Station data.

In conclusion, as shown on Figure 2, an increasing outlet air tempera-
ture decreases water consumption and an increasing heat rejection rate
increases consunptive water use in cooling towers (all other parameters
being constant). Owverall, the Ieung and Moore model predicted evaporation
rates relatively well. For Cases I throuwgh V, the evaporation predictions
were within 17 percent of the calculated water balance evaporation rate. A
primary concern, however, is that no data were available on ocutlet air tempera-
ture variation throughout the year. Since this parameter can be expected to
vary by as much as 22°C (40°F) over the year at the Huntington Station,
the accuracy of evaporation rate calculations based on constant outlet air
temperature needs further study. Air flow rate is another variable which
is held constant in the ILeung and Moore model but which varies throughout
the year. The validity of this assumption should also be inwvestigated.

Salt River Project, Navajo Generating Station—-

Performance test data were received from the Salt River Project for the
Navajo Generating Station. These data were of special interest because the
Leung and Moore mechanical draft tower model was based on the design condi-
tions for the Navajo towers. The data, presented in Table 2, consisted of
two performance tests conducted on each of the two mechanical draft tower
cells - Tower 1-A and 1-B. The first performance test was conducted on
August 6, 1977, for one-hour duration. The second test for a duration of
two hours was performed on August 20, 1977. Both tests were performed at or
above 100 percent rated electrical capacity of the generating wnit.

Meteorological data and material balances were part of the test
results. Some meteorological data were supplemented by information from the
NWS station at Winslow, Arizona. For both tests, material balance results
for Tower 1-B were questiocnable.
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TABLE 2, COOLING TOWER PERFORMANCE TEST DATA FOR ARIZONA PUELIC

SERVICE (0., NAVAJO PIANT (August 1377)

Test 1A

(One-hour duration)

Plant Capacity (MW)
Plant Capacity Factor (%)
Unit Heat Rejection Rate
kcal/kih (BTU/kWh)

Circulating Water Flow Rate,
cu m/min (GPM)

Make-up Flow Rate, cu m/min
(GPM)

Blowdown Flow Rate, cu m/min
(GRM)

Range, °C (°F)
Approach, °C (°F)

Air Flow Rate, std cu m/min
(SCrM)

Outlet Air Temperature, °C (°F)

Approximate Drift Losses, cu m/min
(GPM)

Evaporation Rate, cu m/min (GPM)
Model predicted

Material Balance

Marley Predicted

750
107

1,130
(4,480)

551
(145,326)

13,2
(3,482)

0

15.6 (28.1)
11.3 (20.3)
7.8 x 10°

(2.8 x 107)

34.9 (94.8)
1.11 (293)

14.1 (3,720)
12.1 (3,190)
12.6 (3,330)

Test 2A
(Two~hour duration)

750
100

1,130
(4,480)

558
(147,306)

13.0
(3,432)

0

15.4 (27.7)
12.6 (22.7)

8.0 x 10°
(2.9 x 107)

33.3 (92.0)
1,12 (295)

13.8 (3,640)
11.9 (3,140)
12,3 (3,250)



The computer model results overpredicted by almost 17 percent the actual
water consumption rates as measured directly fram circulating water flows
and changes in basin level. Using the data from Tower 1-A for performance
tests 1 and 2, the computer model predicted evaporation rates of 14.1 cu n/

min and 13.8 cu m/min respectively. These compare to material balance
results of 12.1 and 11.9 cu m/min.

A third set of results can be included based on performance curves
used by the cooling tower vendor (The Marley Company) during the test. The
cooling tower vendor predictions for the same two tests were 12.6 and 12.3
cu m/min. The Ieung and Moore model overpredicted these evaporation rates
by 12 and 13 percent, respectively. The vendor predictions and material
balance values were within four percent in both cases.

The utility later found that the circulating water flows and heat reject-
ion rates were about 10 percent abowe the design values. This may account
for the differences in predicted and calculated evaporation rates, since the
(increased) heat rejection rate is input to the model, but circulating
water flow rate is not. The model may carpensate for the increased heat
rejection rate by overpredicting evaporation.

From the standpoint of evaporation rate, the Navajo plant produced the
lowest value of any tower analyzed - 0.015 cu m/min-MW. This low unit
evaporation rate is probably a function of the high capacity factor (100
percent) during the tests and the high efficiency of this new, large power
plant, which has a low heat rejection rate of 1,130 kcal/kwh (4,480 BTU/kWh).

Texas Electric Service Company, North Main Steam Electric Station--

To study the variations in air temperature, air flow rate, and heat
rejection rate over a short time period, an analysis of performance test
data from Texas Electric Service Company's North Main Station in Fort Worth,
Texas, was made. The North Main Station has a mechanical draft cooling
tower on its 75-MWe generating Unit No. 4. A performance test was made
during January 21-26, 1960, to determine tower capabilities over a large
range of heat rejection rate and meteorology. During the test the unit

generated up to 86 MWe gross capacity. The data for these tests are pre-
sented in Table 3.
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TABLE 3. COOLING TOWER OPERATING DATA FOR ‘I'EXAS ELECIRIC SHRVICE 0.,
NORTI! MATIN STATION [l-Week Performance Test - January 21 -

26, 19601
‘Test No. 1 .2 3 4 5 6

Plant Capacity (W) 85.85 85.85 85.85 85.85 85.45 85.85
Plant Capacity Factor (%) 48 63 35 6 82.5 100

Unit lleat Rejection Rate, kcal /kvin 1,517 1,507 1,591 1,499 1,528 1,542
{1/ kwh) (6,018) (5,979) {6,315) {5,948) (6,063) (6,119)
Circulating Water Flow Rate, cu m/min 251 239 242 240 243 241

{GrM) (66,244} (63,116) (64,092) {63,429) {64,189) (63,765)
Make-up Flow Rate, cu m/mn 1.92 2,04 2.1 1.92 2.46 2.7
(GPM) (508) (535) (553) (509) (644) (710)
Blowdwn Flow Rate, cu m/unin .78 .96 .96 .54 .54 .54
(GPM) (201) (250) {250} T (141) (141) (148)
Range, °C 4.3 5.6 3.3 6.7 7.8 9.1

(°r) (7.8) 10.0) {(6.0) {12.0) (14.0) (16.4)
Approach, °C 8.8 12.1 7.6 12.3 12.3 12.9

°r) (15.9) (21.9) (13.7) (22.2) (22.1) (23.3)
Air Flow Rate, std. cu m/min 1.0 x 10* 1.0 x 10° 1.0 x 10° 1.0 x 10° 1.0 x 10* 1.0 x 10°
(SCFM) (3.5 x 105) (3.5 x 10%) (3.5 x 10°}) 3.5 x 10°) (3.5 x 10°) (3.5 x 10%)
Outlet Air Temperature, °C 19 22 18 26 29 33
(°F) (66) (71.5) (64) (78) (84) {91.5)
Approximate Drift Losses and Bvaporalion -
Rate, cu m/iin 0.97 0.99 0.90 1.85 1.56 2.53
{(GDM) (256) (260) (237.8) (489.1) (412.8) (668, 7)

Relative Humidity 2 25 70 78 90 80 68

Test Date 1/21/60 1/25/60 1/25/60 1/26/60 1/26/60 1/26/60



The data were cobtained over 6 two-hour test periods. Evaporation rates
were calculated by the utility and were measured from a material balance
around the tower, including water level fluctuations in the cooling tower
basin. Drift losses could not be measured and drift loss guarantees were
not provided. However, since drift losses in modem oooling towers are
typically less then one percent of the evaporation rate, the lack of drift
data should not affect the results significantly.

Meteorological values were measured on~-site during the test, but
relative humidity was extracted from a psychrometric chart, based on given
dry and wet bulb temperatures and assuming standard atmospheric pressure.
Figure B-2 (Appendix B) provides these data.

The conparison of the Ieung and Moore model prediction for evaporation
and actual measurements is shown on Figure 3. This comparison reveals
the following:

o The model overpredicted evaporation in all cases except that of
design conditions.

e For three tests (numbers 3,4 and 6) the computer model over-
predicted evaporation by as much as 15 percent of measured values.

e For test numbers 1,2 and 5, the model overpredicted by 70,

60 and 55 percent, respectiwely.

e The actual measured evaporation for test number 5 was unacoount-
ably low for the given conditions.

e The evaporation prediction formula developed by EPA'" also over-
predicted the evaporation rate in all test cases (but it is with-
in 15 percent of the Ieung and Moore predictions for all test
runs) .

e The meteorological variations and, therefore, evaporation rates
over the one-week period were large. Constant evaporation over
short time periods (weekly) cannot be assumed. Thus, monthly
values may prove to be insufficient for water resource-drought-
effect calculations.

An initial observation of these results was that under all meteoro-
logical and operating conditions, the Leung and Moore model tended to
overpredict evaporation.
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One possible explanation for the owerprediction is that the low
relative humidity characteristic of this location may preclude a saturated
outlet air stream. Since unsaturated air contains less water at the same
temperature than saturated air and the Leung and Moore model assumes the
outlet air is 100 percent saturated, the model-predicted evaporation
rates will exceed actual evaporation rates for unsaturated air outlet
conditions.

Another possible explanation is that the circulating water system is
sufficiently large that it reacts slowly to meteorological variations. Thus,
for rapidly changing meteorological conditions, the cooling system param-
eters lag, causing the model to overpredict in some circumstances and under-
predict in others. This system lag could produce incorrect input values for
parameters which must be calculated using ncmographs based on steady-state

meteorological conditions. Such parameters are outlet air temperature and
outlet air flow rate.

Any lag would be especially pronounced for this performance test because
of the large variation in input parameters over the six-day period. For
example, inlet water temperature to the tower varied by 18°C (33°F), tower
water basin temperature varied by 12°C (22°F), and heat load increased by a
factor of three throughout the week. Meteorological conditions also changed
significantly with wet bulb temperature varying by 7°C, dry bulb varying
almost 11°C (20°F), and relative humidity increasing from 25 to 90 percent
and then decreasing to 70 percent as the week progressed. Over longer .time
periods, one would expect this lag to have less effect on results.

A calculation using the Leung and Moore model, assuming the station
operated under full load conditions for the entire test period, showed that
the predicted evaporation rate would have varied by 25 percent. The maximum
evaporation rate occurred during the lowest relative humidity period and
was 17 percent greater than the mean evaporation. Figure 4 presents the
model results from these synthesized full load data. It should be noted
that the circulating water flow rate, range, air flow rate, outlet water
temperature and heat load were held constant for these calculations.

Conclusions based on these data and predictions are:
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e The leung and Moore model tended to overpredict actual evapora-
tion, although it often gave values within 15 percent of the
actual values.

e Unsaturated outlet air conditions could cause the Leung and
Moore model to overpredict evaporation rates.

® Meteorological variations over a cne-week time span were
sufficient to cause a 25 percent change in evaporation rate.

Texas Electric Service Campany, Permian Station—

Texas Electric also provided the results from a second mechanical draft
tower performance test at Permian Station for a 100-MW load. Data for the
6-hour test period are given in Table 4. Sufficient data were supplied to
predict evaporation using the ILeung and Moore model. The results were
similar to those above in that the cooling tower model slightly overpre-
dicted evaporation rate. The camputer model evaporation rate prediction
was 3.1 cu_m/min (1.80 cfs) versus a calculated evaporation rate of
3.0 cu m/min (1.76 cfs), only a two percent difference.

El Paso Electric Company, Newman and Rio Grande Stations—
El Paso Electric Campany provided results for one summer month at two
stations with three units, August 1977 data for Units1-3 at the Newman
Station and July 1977 data for Units 6-8 at the Rio Grande Station. The
Newman Station units (1-3) have capacities of 86 MW, 90 MW and 110 MW respectively.
Unit 1 is an intermediate load unit, while wnits 2 and 3 are baseload units.
The Rio Grande units have capacities of 50 MW, 50 MW and 165 MW. All
three had monthly capacity factors below 60 percent. The operating data
for these six units are shown in Tables 5A and 5B.

Data received were average values for those months which El Paso
Electric Company believed most closely approximated design conditions.
Since the Leung and Moore model was generated using design conditions,
one would expect the model to closely predict evaporation rates. This
expectation was realized for the two baseload units. A comparison of
model predictions versus calculated evaporation rates is shown for all

six units in Table 6.
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TABIE 4. COOLING TOWER OPERATING DATA FOR TEXAS ELECTRIC

SERVICE CO., PERMIAN STATION (Six~hour Test
Period November 5, 1958)

Plant Capacity (MW) 100
Plant Capacity Factor (%) Not given
Unit Heat Rejection Rate
Unit 1, kcal/kwh (BTU/kWh) 1,207 (4,788)

Circulating Water Flow Rate, cu m/min (GPM) 263 (69,550)
Make-up Flow Rate, cu m/min (GPM). 2.64
Blowdown Flow Rate, cu m/min (GPM) 0
Range, °C (°F) 7.7 (13.8)
Approach, °C (°F) 9.5 (17.2)
Air Flow Rate, std cu m/min (SCFM) 9.2 x 10* (3.3 x 10°)
Outlet Ajir Temperature, °C (°F) 33 (92)
BApproximate Drift Losses, cu m/min (GPM) .0456 (12)
Evaporation Rate, cu m/min (GPM) ,

Model Prediction 3.1 (812

Material Balance 3.0 (794)

NOTE: During this test the water lewel in the cooling tower basin dropped
4.75 inches. This acoounts for the differential between makeup
flow-rate and evaporation rate for a zero blowdown condition.
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TABLE 5A. OOOLING TOWER OPERATING DATA FOR EL PASO ELECTRIC

., NEWMAN STATION (August 1977)

Plant Capacity (MW)
Plant Capacity Factor (%)
Unit Heat Rejection Rate
kcal/kwh (BTU/KWh)

Circulating Water Flow Rate,
cu m/min (GPM)

Make-up Flow Rate,
(GPM)

Blowdown Flow Rate, CU m/min
(GPM)

Range, °C (°F)
Approach, °C (°F)

Air Flow Rate, std cu m/min
(SCFM)
Outlet Air Temperature, °C (°F)
Approximate Drift Losses, cu m/min
(M)
Eveporation Rate, cu m/min
Material balance
Model prediction

cu m/min

(GPM)

Unit 1 Unit 2 Unit 3

86 90 110

59.3 85.5 98.2

1,430 1,440 1,340
(5,680) (5,715) (5,310)
164 159 16l
(43,300) (42,000) (42,500)

6 5.64 6.36
(1,580) (1,484) (1,672)
1.44 1.32 1,50

(375) (350) (397)

14 (25) 14 (25) 16 (28)
13(24) 11 (20) 10(18)

6.4 x 10* 8.4 x 10* 11.5 x 10"
(2.3 x 10°) (3.0 x 10°) (4.1 x 10%)
40 (104) 36 (97) 36 (97)
.330 .318 .324

(87) (84) (83)

4.2 (1,122) 4,0(1,050) 4,5 (1,194)
3,9(1,032) 4,5 (1,194)

3.7 (974)
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TABLE 5B.

COOLING TOWER OPERATING DATA FOR EL PASO ELECTRIC

(0., RIO GRANDE STATION (July 1977)

Plant Capacity W)

Plant Capacity Factor (%)

Unit Heat Rejecticn Rate
kcal /kWh. (BTU/KWh).

Circulating Water Flow Rate,
ca m/min (GPM)

Make—-up Flow Rate, cu m/min
(M)

Blowdown Flocw Rate, cu m/min
(GPM)

Range, °C (°F)
Approach, °C (°F)

Air Flow Rate, std cu m/min
(SCEM)

Cutlet Air Temperature, °C (°F)

Arproximate Drift Losses, cu m/min
(GPM) '

Svepcration Rate, cu m/min (GPM)
Material balance

Model prediction

Unit 6

50
30.5

1,650
(6,545)

139
(36,800)

1,80
(500)

0.54
(145)

6 (10)
7 (12)

1.0 x 10°
(3.5 x 10%)

30 (86)
0.3c (74)

1.1 (283)
2.4 (646}
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Unit 7 Unit 8

50 165

58.5 48

1,415 1,298
(5,615) (5,150)
107 -

(28, 350) %%%,300)
2,28 6.18

(608) (1,627)
0.66 1.56

(175) (407)

8 (15) 12 (22)

9 (16) 9 (17)

0.8 x 10° 2.4 x 10°
(3.0 x 10°) (8.7 x 10°%)
33 (91) 34 (94)
0.24 (57) 0.42 (113)

1.4 (377) 4.2
2.1 (561} 6.5

(1,108)
(1,714)



<3

TABLE 6. EL PASO ELECTRIC CO. NEWMAN AND RIO GRANDE STATIONS EVAPORATION RESULTS

Calculated?® Camputer ModelP EPA (1973) ¢4 Capacity Factor

Unit No. cu m/min (GPM) cu my/min  (GPM) cu m/min (GPM) (%)
Newman Station

1 4.2 (1120) 3.7 (974) 3.2 (844) 3.8 (1,010) 59.3

2 4,0 (1,050) 3.9 (1,030) 3.0 (790) 3.6 (947) 83.7

3 4,5 (1,190) 4.5 (1,190) 3.4 (893) 4.1 (1,070) 98.1
Rio Grande Station

6 1.1 (283) 2.4 (646) 1.1 (278) 1.3 (332) 30.5

7 1.4 (377) 2.1 (561) 1.2 (318) 1.5 (386) 58.5

8 4.2 (1,110) 6.5 (1,710) 3.5 (933) 4.2 (1,120) 48.0

Calculated from water balances around the towers

Results from leung and Moore induced draft cooling tower model

EPA model assuming 75% of waste heat is dissipated by latent heat transfer
EPA model assuming 90% of waste heat is dissipated by latent heat transfer

O 0 U o



For Unit 2 at the Newman Station, the model-predicted evaporation rate
was within two percent of the evaporation rate calculated from a water
balance around the tower. For Unit 3, which had a capacity factor of
98.2 percent, the model and water balance values were identical. These
results imply that for high capacity units, the model is quite accurate.

In contrast, Unit 1 had a capacity of only 59.3 percent. The model under-—
predicted evaporation by 13 percent.

The model results, in terms of percent deviation fram calculated
values, were similar at Rio Grande Station. For all three units the
conputer model overpredicted evaporation. The percent overprediction was
127 percent for Unit 6 (a 30.5 percent capacity factor), 50 percent for

Unit 7 (a 58.5 percent capacity factor), and 55 percent for Unit 8 (a 48
percent capacity factor).

These results show that average evaporation prediction accuracy is a
function of the capacity factor. Figure 5 shows this relationship for the
six El Paso units. This figure indicates that a semi-logarithmic
correction might be used to adjust for capacity factor.

Arkansas Power and Light Company, Moses Station, Couch Station and Lynch Station—-
Arkansas Power and Light Company supplied annual and monthly operating

data for three peak load plants. These were the Moses, Couch and Lynch

Stations, which had plant capacities of 126 MW, 161 MW and 239 MW, respec-

tively. Each plant uses a mechanical draft cooling tower system. The data

for the average annual conditions are shown in Tables 7 through 9. The

utility-provided make-up and blowdown flow rates were averaged during plant

operation only. Therefore the capacity factor, which includes this down-

time, was not applied to camputer model input parameters. National Weather

Service data were used to input monthly and annual values.

The results from these three plants were similar to the El Paso Electric
results in that for low capacity factor power plants (peak and intermediate
load plants), the model overpredicted evaporation. This is an expected result
since the model is attempting to predict evaporation rate from a plant
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TARLE 7. COOLING TOWER OPERATING DATA FOR ARKANSAS POWER
AND LIGHT, MOSES STATION (Annual Data 1976)

Units 1 & 2
Plant Capacity (MW) 126
Plant Capacity Factor (%) 11
Unit Heat Rejection Rate, kcal/kWh (BTU/kwWh)

Unit 1 1,915 (7,600)
Unit 2 1,910 (7,575)
Circulating Water Flow Rate, Cu m/min (GPM) 301.5 (79,650)

Make-up Flow Rate, Cu m/min (GPM) 3.9 (1,030)

Blowdown Flow Rate, €u m/min (GPM) 0,84 (221)

Range, °C (°F) 4.7 (8.4)

Approach, °C (°F) 7.8 (14)

Air Flow Rate, std. cu m/min (SCFM) 2.5 x 10° (8.9 x 10°)
Outlet Air Temperature, °C (°F) 19 (66)

Approximate Crift Losses, Cu m/min (GEM) 0.6 (160)

Evaporation Rate, cu m/min (GPM)
Model Prediction 7.2 (1807)
Material Balance 2.4 (646)
Model Prediction X Capacity Factor 0.79 (211)
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TARIE 8. COOLING TOWER OPERATING DATA FOR ARKANSAS POWER
AND LIGHT, COUCH STATION (Annual Data 1976)

Units 1 & 2
Plant Capacity (MW) 161
Plant Capacity Factor (%) 29
Unit Heat Rejection Rate, kcal/k¥Wh (BTU/kWh)

Unit 1 1,855 (7,370)
Unit 2 1,675 (6,650)
Circulating Water Flow Rate, cu m/min (GPM) 441 (116,500)

Make-up Flow Rate, cu m/min (GPM) 2.4(622)
Blowdown Flow Rate, cu m/min (GPM) 0.6(160)
Range, °C (°F) 7 (12)
Approach, °C (°F) 8 (14)
Air Flow Rate, std. cu m/min (SCFM) 3.2 x 10° (11.3 x 10°)
Outlet Air Temperature, °C (°F) 28 (83)
Approximate Drift Losses, cu m/min (GPM) 0.18 (46.6)
Evaporation Rate, cu m/min (GPM) )
Model Prediction 7.6 (2,019)
Material Balance 1.6 (413)
Model Prediction X Capacity Factor 2.2 (583)

3%



TABLE 9. COOLING TOWER OPERATING DATA FOR ARKANSAS POWER
AND LIGHT, LYNCH STATION (Annual Data 1976)

Units 1, 2 & 3

Plant Capacity (MW) 239
Plant Capacity Factor (%) 12
Unit Heat Rejection Rate, kcal/kwh (BTU/kwh)
Unit 1 2,395 (9,500)
Unit 2 2,040 (8,090)
Unit 3 2,000 (7,950)
Circulating Water Flow Rate, cu m/min (GPM) 622.8 (164,500)
Make-up Flow Rate, cu m/min (GPM) 4.5 (1,186)
Blowdown Flow Rate, cu m/min (GPM) 0 (0.1)
Range, °C (°F) 5.4 (9.8)
Approach, °C (°F) 7.8 (14)
Air Flow Rate, std. cu m/min (SCFM) 3.5 x 10° (12.5 x 10°)
Outlet Air Temperature, °C (°F) 20 (68)
Approximate Drift Losses, cu m/min (GPM) 0.252 (66)
Evaporation Rate, cu my/min (GPM)
Model Prediction 14.3 (3,770)
Material Balance 4.2 (1,120)
Model Prediction X Capacity Factor 1.7 (449)

40



operating at constant load, whereas peaking and intermediate plants spend
considerable time relative to their total operating time building up to full
load and shutting down. During these transition periods, the cooling system
is rejecting varying heat loads at a fraction of full load conditions. The
Ieung and Moore model is not designed to handle these transition conditians.

In an attempt to correct the model for these transition conditions, a
correction factor was applied to the model results. This correction factor
was equal to the capacity factor. For example, the Moses Station had an 11
percent capacity factor for 1976 and the Ieung and Moore model-predicted

value for 1976 was 7.2 cu m/min. The oorrected evaporation rate is therefore
7.2 % 0.11 = 0.79 cu m/min. A comparison of predicted, ocorrected, and
material-balance calculated evaporation rates is provided in Table 10 for
the three plants.

Minnesota Power and Light Campany, Clay Boswell Unit 3—

Minnesota Power and Light Campany provided hourly data for two months
in 1977 for the Clay Boswell Unit 3 mechanical draft towers. The two months,
January and August, represent meteorological extremes and were expected to
show the minimum and maximum evaporation rates. The average for each month
is shown on Table 1l. Since make-up and blowdown rates to the towers were
not measured on an hourly basis as part of the nomal reporting activities
of Minnesota Power and Licht, only an anmual average was obtained. As a
result, hourly evaporation rates could be predicted by the model, but material
balance calculations could only be performed for annual evaporation.

Meteorological data were measured cn-site and were provided as part of
the hourly data (see Appendix B, Figure B-3).

The results of the Leung and Moore model for January and August are
shown in Figure 6. For Jamuary, the evaporation rate varied between 4.0 and
6.8 cu ny/min., Although the values appear to be relatively constant, the
range represents a difference of 20 percent. August evapcration is also
relatively constant ranging from 7.0 to 9.5 cu m/min, a range variation of
35 percent. It is noteworthy that the maximum Jamuary and minimm August
daily evaporation rates differ by only 2 percent, but the average August
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AL 10, MONEE PREDICIED EVAPORATION RATE WITH AND WITHOUT GORRECFION FACTOR COMPARED WITH MATERTAL

BALANCES CAFCULAIED EVAPORATION RATE FOR ARKANSAS POWER AND LIGHT PLANTS (All values in cu m/iin).

PLANLY/
LVAPORAT JON
PRIDICTICN

MOSES

M1l Predicted @
Model (Jorrectn:-zdh
Material Balance
couen

Model Predicted @
Model Corrected b
Material Balance
LNl

Model Uredicted @
Modal (orrected b
Material Balance

7.0
1.6
1.7

6.3
1.7
2.0

14.2
2.4
5.0

7.4
1.3
2.2

6.4
1.4
1.5

14.1
6.9
5.3

M

9.2
0.3
2.8

7.6
2.2
2.0

14.0
1.5
3.6

b M
7.7 1.0
L0 1.0
2.9 2.7
7.2 1.1
1.9 1.7
1.7 L6
15.0 13.3
1.8 11
4.0 4.3

MONTES

AL
7.3 1.0
0.5 1.3
2.8 3.1
8.4 9.6
2.2 3.1
1.8 2.2
15.7  14.2
1.7 L6
4.2 4.1

All values in cu m/min

a'ihe noxkel used was the Leung and Moore Model
Model prediction x plant monthly capacity factor

7.1
1.9
3.2

9.8
3.3
2.2

14.3
1.7
1.8

7.4
2.1
1.9

14.0
1.6
3.8

7.7
6.2
1.4

6.8
1.3
1.3

14.2
0.7
4.3

7.0
0.4
1.3

6.5
2.7
2.6

14.5
0.6
5.0

6.8
2.5
2.8

6.9
3.0
2.9

16.0
2.1
6.4



TABLE 1l. OOOLING TOWER OPERATING DATA FOR MINNESOTA POWER AND
LIGHT, CLAY BOSWELL PIANT, UNIT 3 (January and August 1977)

Plant Capacity (MW)
Plant Capacity Factor (%)

Unit Heat Rejection Rate
kcal/kwh (BTU/KWh)

Circulating Water Flow Rate,
cu m/min (GPM)

Make-up Flow Rate,cu m/min
(GPM)

Blowdown Flow Rate,cu m/min
(GPM)

Range, °C (°F)
Approach, °C (°F)

Air Flow Rate, std cu m/min
(SCFM)

Outlet Air Temperature, °C (°F)

Approximate Drift Losses,cu m/min
(GPM)

Evaporation Rate, cu m/min (GPM)
Model Prediction
Material Balance (Annual)

Jan
350
86

1,293
(5,130)

495.1
(130, 800)

(500)
11.1 (20)
18.27 (32.9)

3.4 x 10°
(12 x 10%)

17.9 (64.25)

0.049
(13)

5.61 (1,470)

Zug
350
93

1,251
(4,965)

495.1
(130,781)

10.9 (15.6)
12,1 (21.8)

3.4 x 10°
(12 x 10°%)

32,0 (89.5)

0.049
(13)

8.41 (2,220)

Annual

9.9
(2,616)

1.90
(500)

7.95
(2,100)



147

is)

Evaporation Rate (¢

10

3]

o0bgg o o
o a o o (8]
O o
o] (o]
O O
o
O
o (o]
(o]
LEGEND
O-JANUARY 1977
0 -AUGUST 1977
* AVERAGE
ANNUAL VALUE HASED
ON MATERIAL BALANCE
8 10 12 14 16 18 20 22 24 26 28 30 N
Day of Month
Figure 6. Cooling tower predicted evaporation rates based an

actual operating data for Clay Foswell Station.

16

14

12

10

m?‘lmin.



value is 50 percent greater than the January average (8.4 cu m/min vs. 5.6
cu m/min). Since the daily average of these two months, 7.0 cu m/min,

is almost 1 cu m/min less than the calculated annual average, cne may
sumise that the model is underpredicting the evaporation rate for Clay
Boswell Unit 3, but is within 15 percent of the actual evaporation rate.
(Figure. 6 illustrates this conclusion.)

On an evaporatiorr-loss per MW basis, the Clay Boswell Unit 3 value
was consistent with other units (0.031 cu m/ min-MW) near its size and
capacity factor. This relationship with other cooling tower systems is
discussed further in Section 6.

Natural Draft Cooling Tower Data and Results

Pennsylvania Electric Company, Homer City Station—

Pennsylvania Electric Company provided daily natural draft cocling tower
data for three months - January, April and July, 1977 - at Hamer City Station,
Units 1 and 2. These data were the only natural draft cooling tower opera-
ting data used in this study. The January and July average monthly operating
conditions for these 664-MW units are presented in Table 12. The correspond-
ing meteorological .data, shown in Appendix B, were taken from the National
Weather Service station at the Pittsburgh, Pennsylvania airport.

Figures 7 and 8 illustrate the daily predicted and material balance
evaporation rates for January and July. These figures show that the Leung
and Moore model generally underpredicts evaporation rate versus the material
balance values. However, the material balance possibly produced considerably
greater consurptive water use values because the make-up flow rates provided
were for the entire station, and the utility could only estimate plant water
use (500 cpm) and ash sluice water flows (800 gpm). The cu m/min-MV values
(ranging from 0.027-0.040) are relatively high for these large power units
(664 MW units). It is noted that the Leung and Moore model was initially
developed for mechanical draft towers, but has been used in previous studies
to predict evaporation for natural draft towers. Insufficient information
was available from the utility to use the EPA natural draft cooling tower
model developed by Winiarski. '
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TABLE 12.

COOLING TOWER OPERATING DATA FOR PENNSYLVANIA ELECTRIC

CQOMPANY'S HOMER CITY PLANT (January, April, July 1977)

Plant Capacity (MW)
Plant Capacity Factor (%)

Unit Heat Rejection Rate
kcal/kiWh (BTU/kWh)

Circulating Water Flow Rate,
cu m/min (GPM)

Make-up Flow Rate,
cu my/min (GPI)

Blowdown Flow Rate,
cu m/min (GP})

Range, °C (°F)
Approach, °C (°F)

Air Flow Rate, Std. cu m/min
(SCFM)

Outlet Air Temperature, °C (°F)

Approximate Drift Losses,
cu m/min (GPM)

Evaporate Rate, cu m/min

(GPM)
Material Balance

Model Prediction

Vendor Design Curves

1977
January Z_AEril July
1,328 1,328 1,328
49.41 34.94 57.35
1,319 1,404 1,432
(5,238) (5,576) (5,685)
777.8 777.8 777.8
(205,500) (205,500) (205,500)
34.7 33.6 53.5
(9,186) (8,889) (14,150)
9. 84 10.08 10.74
(2,595) (2,660) (2,838)
19.4 (34.9) 15.6 (28.1) 15.7 (28.3)
26.67 (48) 13.33 (24) 10 (18)
3.5 x 10° 2.34 x 10°  4.09 x 10°
(12.38 x 10°) (8.25 x 10°) (14.44 x
10%)
33.9 (93) 33.3 (92) 40.6 (105)
0.078 0.078 0.078
(20.6) (20.6) (20.6)
18.5 18.0 39.5
(4,080) (4,760) (10,500}
16.8 13.8 25.9
(4,440) (3,640) (6,870)
_— 13.5 25.1
(3,550) (6,640)
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For this plant a third source for estimating evaporation losses was
available - vendor (Gilbert Associates) design evaporation loss curves
which are presented in Appendix E. Table 12 also compares the Leung and
Moore model predictions with the evaporation loss curve results. The model
tends to overpredict when compared to this method of evaporation predicticn.

Wisconsin Electric Power Campany, Koshkonong Plant--
Design data were used for a natural draft cooling tower under construc-
tion to supplement the actual operating data received.

Natural draft tower design data were extracted from the Wisconsin
Utilities Project Envirormental Report (ER) for the Koshkonong Nuclear
Plant located in southern Wisconsin.”’ The evaporation rates and input data
presented in the ER were detemmined by Stone & Webster Engineering Corpora-
tion. These data are shown in Table 13. The data were found to be insuffi-
cient to meet the input requirements to the EPA natural draft cooling tower
model.?’ This model is sensitive to heat transfer and friction coefficients
and requires considerable information on inlet and tower packing geametry.
To our knowledge, final verification of this model has not been performed
using actual operating test data.

There was sufficient information for input to the Leung and Moore
model. Since this model has been used to predict evaporation rates in
natural draft towers as well as mechanical draft towers, a computer analysis
was performed on the design data.

The Leung and Moore model predicted an evaporation rate of 42 cu m/min
(24.6 cfs) versus the Stone & Webster prediction, using a more sophisticated

energy balance model, of 40 cu m/min (23.8 cfs). The difference is less than
four percent.

If the natural draft tower operating data received to date are repre-
sentative of the type and extent available from the utilities, then it is
believed there is insufficient input to conclusively test the applicability
of the Winiarski generic m:)del.23 In particular, the data input to the EPA
natural draft cooling tower model on packing gecmetry is not expected to ke
available fram the utilities, but may be available from the vendors.
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TABLE 13. COOLING TOWER OPERATING DATA FOR WISCONSIN ELECTRIC
POWER COMPANY'S KOSHKONONG PLANT (Design Data)

Plant Capacity (W)

Plant Capacity Factor (%)

Unit Heat Rejection Pate
kcal/kWh (BTU/kWh)

Circulating Water Flow Rate,
cu mymin (GPM)

Make-up Flow Rate, cu m/min
(GPM)

Blowdown Flow Rate, cu my/min
(GPM)

Range, °C (°F)
Approach, °C (°F)

Air Flow Rate, std cu m/min
(SCFM)

Cutlet Air Temperature, °C (°F)

Approximate Drift Iosses, cu m/min
(GPM)

Evapcoration Rate, cu m/min (GPM)
Design Value
Model Prediction

Unit 1

900
100

1,860
(7,383)

1,986
(524,100)

28.4
(12,500)

7.2
(1,850)

14 (26)
10 (18)

1.1 x 10°
(40.2 x 10°)

28 (32)

0.096
(26)

40 (10,700)
42 (11,200:



COOLING POND/LAKE DATA AND RESULTS

The data obtained from utilities on cooling pond/lake and cooling
canal operation reflect the inherent difficulties in measuring or accurate-
ly estimating evaporation. Unlike cooling towers that operate under con-
trolled flow rate conditions, cooling pond/lake operation is affected by
uncontrolled variables such as direct rainfall, runoff, intermittent and
underground stream inflow, seepage, and variable natural evaporation. As
a result, utilities in general only monitor cooling pond/lake elevation
and condenser inlet and outlet water temperatures.

To perform material balances around cooling ponds/lakes without direct
measurerents from the utilities requires estimation of the following
parameters: stream inflow and outflow, drainage area for the pond/lake,
pond/lake level variations over time, and precipitation. In some cases
many of these data were unobtainable, but for the Cholla Plant, H. B.
Robinson Station, and Belews Creek Station a material balance for determinine
evaporation rate could be applied using available information.

The cooling pond/lake data and analyses of results are presented in
this section on a plant-by-plant basis. Throughout this section the terms
"cooling pond/lake model-predicted evaporation rates", or "Model Predictions"
are used. These phrases denote results from each of the five cooling pond/
lake models; Marciano-Harbeck (Lake Hefner Study-OH)2° Harbeck-Koberg-
hughes (Lake Colorado City Study-0C),° Meyer Model (QM)!? Brady et al model
(0B)*2, and the Harbeck Nomograph Method.® Where only one model is
discussed and its results presented, the model is specified by author or
study name. The letter designations are used in figures presenting model-
predicted evaporation rates.

Arizona Public Service Company, Cholla Plant—-—

Arizona Public Service provided annual average operating data for the
period 1974-1976 on the Cholla Plant located in the Lower Colorado region.
The operation data are presented in Table 14. Actual evaporation rates
were provided by the utility, the values provided being based on pan
evaporation data. Representative meteorological data were obtained from
Winslow, Arizona (see Appendix B).
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TABRLE 14. COOLING POND OPERATING DATA FOR ARIZOMA PUELIC SERVICE'S

CHOLIA FLANT (Average 1974-1976)

Plant Capacity w)
Plant Capacity Factor (%}

Unit Beat Rejection Rate,
kcal/kWh (BTU/kWh)

Circulating Water Flcw Rate,
cu m/min (GPM)

Tlow Rate into Pond, cu m/min
(GEM)

Flcw Rate out of Pond,
cu m/min (GPM)

Range, °C (°F)
Condenser Make-up Water Tempera—
ture, °C (°F)
Surface Area of Cocoling System,
ha (acres)
Volume of Cooling System, cum
{acre-ft.)
Drainage Area
Evaporation, cu mymin (GP)
Material Balance
Model Predictions
Lake Hefner (QH)
Lake Colorado City (QC)

Meyer (OM)
Brady (QB)

Harbeck Nomograph & Pan Evaporation(QHN)a

120

70 (design)

1,215
(4,820)

105.2
(27,800)

6.42
(1,636)

1.18
(313)

Not given

13.8
(56.9)

135.7
(340)

Mot given
N/A

6.9 (1,840)

3 The corrected pan evaporation rate was 3.5 cu m/min



The predicted rmonthly average evaporative losses are shown on Figure 9.
The average evaporative loss provided by the utility was 6.9 cu m/min
(4.1 cfs). This value is within %15 percent of the predictions
of the Lake Colorado City and the lMeyer model values of 6.9
and 6.1 cu m/min (4.1 and 3.6 cfs), respectively. This cooling pond system
is characterized by an area/MW ratio of 2.8, which is relatively high
compared to most utility cooling pond systems. This larger ratio is
reflected in a small difference between pond and ambient tenperatures.
The largest temperature variation occurs in the winter months when the
pond remains a few degrees above freezing and ambient temperatures lie
a few degrees below freezing.

Factors of special note that affect the results are:

e BAn accurate estimate of seepage and inflow was unobtainable, so
utility estimates of evaporation were used. The confidence
limit on the value is wknown. However, variations of *30%
would put all the models within the sought *15% predictive range.

® A larce pond size in comparison to the plant electrical load
implies that natural evaporative loss contributes a major
portion of the total evaporative loss. This is seen by
comparing the historical annual average corrected pan evaporation
of 3.5 cu my/min with the material balance value of 6.9 cu m/min
(i.e., 51%).

Texas Electric Service Company, Morgan Creek Station—

Texas Electric Service Campany was contacted to determine if cooling
lake data were available camparable to the performance test data on their
oooling towers. They suggested the cooling lake study conducted by G.E.
Harbeck, J.S. Meyers, and G.H. Hughes at Lake Colorado City in 1960.°
The Lake Colorad City model was generated from that and previous studies.

The Harbeck et al study’® provides lake temperature, meteorological
and evaporation data, but no plant operating data for the Morgan Creek
Station that discharges to Lake Colorado City. To supplement the study,
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operating data were obtained from the Steam-Electric Plant Air and Water
Quality Control Data Summary Report published by the Federal Power
Commission!® (now the Federal Fnergy Requlatory Commission). The combined
data are provided in Table 15. The meteorological data are presented
in Appendix B.

Water balance and energy calculations were performed as part of the
study for October through September, 1959 and 1960, and an annual cumula-

tive evaporation of 252 am (96.9 in.) is given. This is equivalent to 20.9
cu m/min (12.3 cfs).

The data were used to calculate predictions from all five models.
The predictions are presented on Figure 10. As might be expected, the
closest model to the actual evaporation rate of 20.9 cu m/min was the
Lake Colorado City model at 17.9 cu my/min (within 14 percent).

The 1960 study used a nearby reservoir and energy balances to detemmine
that forced evaporation accounted for about 15 percent of the total lake
evaporation. This is lower than, but consistent with, forced evaporation
results found at other cooling ponds/lakes in this study.

Commonwealth Edison Company, Kincaid Generating Station—

Cammonwealth Edison Caompany provided operating cooling lake data from
the Kincaid Generating Station on Sangchris Lake. The data were primarily
annual average operating data for July 1, 1976 - June 30, 1977. Table 16

presents these data. Monthly lake and plant discharge temperatures were
also provided.

Table 16 also lists a utility-calculated evaporation rate of 36.2
cu m/min (21.3 cfs). This value was provided by Commonwealth Edison Company
and based an themmal modeling of the reservoir and is an average for the years
1971-1975. Because no relevant gaging station data were available from tie
USGS and the data for verifying the utility~derived evaporation rate were not
provided, the value ocould neither be verified nor adjusted for the January
1976 through June 1977 period for which operating data were provided. Since the
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TABLE 15. COOLING LAKE OPERATION DATA FOR TEXAS ELECTRIC
SERVICE COMPANY'S, MORGAN CREEK PLANT, LAKE COLOFADO

CITY (1959-1960)

Plant Capacity (MW) (equivalent)?

Plant Capacity Factor (%)
Annual Heat Rejection Rate,
kiWwh/yr (BTU/hr)

Circulating Water Flow Rate,

cu m/min (GPM)

Flow Rate into Pond,
cu m/min (GPM)

Flow Rate out of Pond,
cu m/min (GPM)

Range, °C (°F)

Condenser Make—-up Water Temperature,

°C (°F)
Range
Average

Surface Area of Cooling System,

ha (acres)

Volume of Cooling System,
cu m (acre-ft)

Drainage Area,
sq km (sg.mi.)

Evaporation, cu m/min (GPM)

Material Balance
Model Predictions

Lake Hefner (CQH)

Lake Colorado City (QC)
Meyer (QM)

Brady (0OB)

Harbeck Namograph & Pan Evaporation (HN)

b

102
N‘A.

1.64 x 10°
(5.62 x 10%2?)
1,869
(493,714)
23.1

(6,075)

3.24

(860)

Not Given

6-26 (43-79)
20 (68)

445
(1,100)

38,223,000
(31,000)

846
(326)

20.9 (5,520)

12.2 (3,230)
17.9 (4,710}
15.0 (3,950)
13.9 (3,640)
14.7 (3,860)

? Based on 1.64 x 10° kwh/yr rejected to Lake Colorado City.
The corrected pan evaporation rate was 12.3 cu m/min.
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TARLE 16. COOLING LAKE OPERATING DATA FOR COMMONWEALTH EDISON' S,
KINCAID STATION (1977 Annual Data)

Plant Capacity @MW) 1,319
Plant Capacity Factor (%) 34 (47.8, 1971-1975)
Unit Heat Rejection Rate, 1,310
kcal/kwh (BTU/kWh) (5,200)
Circulating Water Flow Rate, 1,817 (479,981)
cu m/min (GPM)
Flcw Rate into Pond, cu nmy/min 109.2 (28,800)
(GPM)
Flow Rate out of Pond, 73.2 (19,300)
cu m/min (GPM)
Range, °C (°F) 7.7 (13.8)
Condenser Make-up Water Tempera- 16.7 (62.0)
ture, °C (°F)
Surface Area of Cooling System, 972*
ha (acres) (2,400)
Volure of Cooling System, cu m 41,305,500 (33,500)
(acre-ft.)
Drainage Area, sg. km. (sg. mi.) 198 (76.6)
Evaporation, cu m/min (GPM)
1976 Annual Average 36.2 (9,560)
Model Predictions
Lake Hefner (QH) 26.4 (6,960)
Lake Colorado City (QC) 39.0 (1,030)
Mever (OM) 34.4 (9,070)
Brady (QB) 30.1 (7,940)
Harbeck Nemograph & Pan Evaporation(QHN) 19.8 (5,340)

4 NOTE: 2,165 acres was the effective area used as suggested by
Commonwealth Edison. The available cooling area was
reduced because one arm of Sangchris Lake is not
available for cooling.

b The ocorrected pan evaporation rate was 12.6 cu m/min.
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evaporation rate is an independently derived value based on an accepted
thermal model, it was used for comparison with the predictions from the
five models.

Meteorological data (shown in Appendix B) were obtained from the NWS
at Springfield, Illinois, about 20 miles south of the plant.

Using the 1976 data, model predictions of the evaporation rate were
made and are presented on Figure 11. Based on a map of the lake and
information from the utility, one amm of the lake (about 10 percent of
the surface area) was not included in the evaporation calculation because
it was not available for cooling.

As with most other pond results, the model predictions understate the
evaporation from the cooling lake. Two cooling lake models were within
+15 percent of the utility-provided 36.2 cu m/min evaporation rate; the
Harbeck et al (Lake Colorado City) model predicted a value of
39.0 cu m/min , while the Meyer model predicted 34.4 cu m/min.

A compariscn of meteorological and operating data between the period
1971-1975 vs. 1976 shows generally cooler ambient temperatures and lower
pond temperatures for 1976. This will normally result in less evaporation
and may account for some of the cooling lake models underestimating the
evaporation rate. The fact that the capacity factor for 1971-1975 was
48 percent versus a capacity factor of 34 percent for 1976 probably caused
some decrease in pond temperature for 1976.

Caomonwealth Edison, Powerton Generating Station—

Cammonwealth Edison also provided operating data shown in Table 17
for two wnits at the Powerton Generating Station and the associated ocool-
ing pond. The man-made pond uses levees to contain water pumped to the
pond, but considerable seepage occurs which acts as a blowdown stream. This
seepage has been estimated by the utility to be 56 cu m/min (32.9 cfs).
The pond is baffled to enhance mixing and direct flow.
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The operating data were average values for the time period September 1971
through February 1974 and the 12 months ending June 30, 1977. For comparison
purposes, the utility provided 1973 pond temperature data when only Unit
5 discharged to the pond (840-MW unit) and 1977 pond temperature data when
Unit 6 (945-MW) also discharged to the pond. Meteorological data for 1973
were obtained from the NWS at Peoria, Illinois and are presented in
Appendix B.

The evaporation and seepage values from the cooling pond were determined
by Commmwealth Edison Company for the period September 1972 through February
1974. The evaporation rate was calculated as the difference between
make-up from the Illinois River plus direct precipitatian and estimated
secpage losses. 2An annual average value of 18.5 cu m/min (10.9 cfs) was
provided by the utility as the cooling pond evaporation rate during this
period.

The model values, shown on Figure 12, predict an average annual
evaporation rate for 1973 (Unit 5 only) from 12.6 to 18.0 cu m/min. The
Lake Colorado City and Meyer models were within *15 percent of the water
balance value provided by Commonwealth Edison. The evaporation rate predict-
ed by that Lake Colorado City model was 18.0 cu m/min (lU.6 cfs), under—
estimating evaporation by 3 percent, while the Meyer mocel predicted
evaporation of 15.7 cu m/min (9.2 cfs), a difference of -15 percent.

The 1977 operating data provided an opportunity to approximate the
increase in forced evaporation from this cooling pond when Unit 6 was
added. Its effect on evaporation is reflected in the 1977 model predict-
ions. The values below show the difference between 1973 and 1977
evaporation rates predicted by the Lake Colorado City and Meyer models.

Model-predicted evaporation rate for January through August 1977 (cu m/min)

Difference in Increase In
MODEL 1977 1973 Evapcration Rate Evaporation
Lake Colorado City 27.4 18.0 9.4 52%
Meyer 24.1 15.8 8.3 53%
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TARLE 17. COOLING PONMD CPERATING DATA FOR COMMONWEALTH EDISCN,
POWERTCON STATION (Unit No. 5 and No. 6 1977 Annual Data)

(1973) (1977}
it No. 5 nit No. 6
Plant Capacizy 0 840 945
?lant Capacity Factor (%) 51.7 47.1
Unit Seat Rejecticn Rate, 1,140 (4,5400%
Cireulating Water Flow Rats, 2,614.4 (690,562)3
kcal/kih (BTU/kWh)
Tlow Rate into Pend, cu m/min 74.4 (19,666.2)2
G}
Tlow Fate out of Pend, 55.9 (14,772.12
cu m/min (GPM)
Rance, °C (°F) 10.4 (18.8) 10.7 (19.3)
Condenser Make-up Water Torpera— 34,1 (61.5) 33.6 (60.6)
oxs, °C (7)
Surface 2rea ¢f Cocling System, 577 (1,42672
ha (acTes)
Volure cf Cocling System, cam 712,094 (15,60Q0)2
(acra-fs.) ’
Drainage Arsa N/A N/A

Iveporaticn, cu m/min (M)
9/71 - 2/74 hverage Amnual (Utility-provided) 18.5 {(4,891.3 N/A

Model Predictions (1973} - Uhit No. 5

Lake Hefner (QH) 12.6 (3,320}
Lake Colorado City (QC) 18.0 (4,760)
Meyers (QM) 15.7 (4,130)
Brady (QB) y 14.0 (3,680)
Harbeck MNomograpn + Pan Evaporation (QEN) 14.0 (3,680)
Model Predicted Evaporation -
(1/77-8/77) - nits 5 and 6
Lake Colorado City (QC) 27.6 (7,270)
Yever ((M) 24.2 (6,370)

2 values placed between nits No. 5 and No. 6 correspond to average data
for the vear ending 6/30/77.

® The corrected pan evaporation rate was 7.1 cu m/min.
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for Powerton Staticn (1973).
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Camparing 1977 and 1973 meteorology shows that 1973 was generally
wanmrer, more humid, and more windy. These three factors should act to
narrow the difference between the two years. It appears therefore that
Unit No. 6 by doubling the plant produced at least a 50 percent increase
in the total evaporation rzte.

Virginia Electric and Power Company, Mt. Storm Station--

The utility supplied relevant operating data for two months, January
and July 1977, for Mt. Storm Station which are shown in Table 18, These
data have restricted use for evaluating which of the four models better des-
cribes actual evaporative loss for a geographic region without concurrent
flow or evaporation data. Since the utility did not provide actual field
data, USGS stream data were relied upon for performing a material balance.
The components used for the water balance equation are:

® Gaged inflow fram creeks or tributaries
® Drainage basin areas and runoff rates
o Seepage, if any

® Gaged outflow

A USGS gaging station is located 7% miles downstream from the Mt.
Storm Lake dam; this distance adds another 17 square miles of drainage basin
that must be subtracted to obtain dam flows. The actual lake drainage
basin area is known, but not the flows in Stony Creek which
is the major inflow to the lake. 2An attempt was made to estimate flows
in Stony Creek from USGS-provided data on other nearby creeks with similar
flows. Abram Creek, Patterson Creek, the North Branch of the Potomac River
and the Blackwater River were chosen. January and July flows were obtained
for Stony Creek, but the estimated flow varied by 30 to 70 percent depending
upon which of the five similar creeks were used in the determination.

Therefore, the estimated Stony Creek flows added large uncertainties to
the material balance.

The water balance-calculated evaporation rates for Mt. Storm Lake
were -2.0 cu m/min for January and 4.7 cu m/min for July. The negative
evaporation rate and low summer evaporation rate were attributed to the
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TaRLE 18. COOLING LAKE OEERATTNG DATA FOR VIRGINIA EIECTRIC AND
POWER'S MT. STORM PLANT (January and July 1977).

Plant Capacity (MW)

Plant Capacity Factor (%)
Unit 1
Unit 2
Unit 3

Unit Heat Rejection Rate,
kcal/kvh (BTU/kWh)

Circulating Water Flow Rate,
cu m/min (GPM)

Flow Rate into Pond,
cu m/min (GPM)

Flow Rate out of Pond,
cu m/min (GPM)

Annual Range, °C (°F)

Candenser Make-up Water
Temperature, °C (°F)

Surface Area of Cooling System,
ha (acres)

Volure of Cooling System,
cu m (acre-ft.)

Drainage Area, sq. km. (sg. mi.)
Evaporation, cu m/min (GPM)

Material Balance
Model Prediction
Lake Hefner (QH)
Lake Colorado City (QC)
Meyer (QM)
Brady (QB)

January July
1,662 MA
68.8%
61.2%
35.4%

1,078 (4,280) 1,078 (4,280)
3,366 (889,020) 3,366 (889,020)

692 (182,743) 339 (142,378)

29.0(7,676) 11.8(3,124)
18.5 (33.3)
5.7 (42.2) 28.4 (83.1)

457.6 (1,130)

6.0 x 107 (4.9 x 10%)
78 (30)

-2.0 (-539)% 4.7 (1,260)

7.7 (2,029)
11.2 (2,960)
10.6 (2,780}
10.0 (2,650

10.9 (2,87C)
16.2 (4,260
24.3 (6,420)
19.2 (5,070)

2 e negative material balance value was caused by uncertainties in the

estimated flows in Stony Creek.
The lack of monthly pan evaporation data precluded calculation of

b
rodel-predicted values.
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uncertainties in the estimated flows in Stony Creek and the lack of informa-
tion concerning lake lewvel changes during the period.

Nevertheless, model predictions were made based on meteorological data
from the NWS at Elkins, West Virginia (Appendix B). The results obtained
from the models are presented in Figure 13 and 14.

For the month of January, three of the four models predicted about
1C-11 cu my/min, with the Lake Hefner model producing a lower value of 7.7
cu m/min. The model results for July varied by more than a factor of two
with the Lake Hefner model predicting only an 10.9 cu m/min rate, while
the Meyer model produced an evaporation rate of 24.3 cu my/min compared to
the material balance computation of 4.7 cu m/min.

For a 1,660-MW generating station, these evaporation rates are relative-
ly low compared to other power plants studied in this program. This is
probably due to the low area per unit power (acre/Mie) ratio which
in effect reduces natural evaporation more than the increased lake thermal
loading increases forced evaporation. A further discussion of the effect
of area per unit power on cooling pond/lake evaporation rate is provided J.n
Chapter 6. A definitive analysis of these model predictions, however, needs
more reliable field measurements to characterize the water mass balance
around the Mt. Storm cooling lake.

Carolina Power and Light Company, H.B. Robinson Station--

Carcolina Power and Light operates two units at its H.B. Robinson
Station with a total capacity of 885 MW. The cooling lake contains 2,250
acres of surface area and 173 square miles of drainage. The utility per-
formed a study of its cooling system discharge for the Robinson impound-
ment for the period April 1975 through March 1976.° This study provided
operating and meteorological input data for the computer models and
material balance calculations. Table 19 presents the annual average opera-
ting data for this station. Concurrent meteorology is provided in Appendix B.

The various components of the water balance around the impoundment
were available from the Section 316 Demonstration Study.® An estimate
of the evaporative loss was computed as follows:
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TABLE 19. COOLING LAKE OPERATING DATA FOR CARCLINA PONER AND LIGHT
COMPANY'S H.B. FOBINSON PLANT (April 1975 - March 1976).

Plant Capacity QW) 885
Plant Capacity Factor (%) 67
Unit Beat Rejection Rate, 1,230
kcal/kwh (BTU/kWh) (4,900)
Circulating Water Flow Rate, 1,896.4
cu m/min (GPM) (500,923)
Flow Rate into Pond, cu m/min 496.7
(GM) (131,202)
Flow Rate out of Pord, 474.1
cu m/min (GPM) (125,232)
Range, °C (°F) | 7.8 (14.1)
Condenser Make-up Water Tempera=— 22.0 (71.6)
ture, °C (°F)
Surface Area of Cooling System, 911.2 (2,250)
ha (acres)
Volume of Cooling System, cu m 5.06 x 107
(acre-ft.) (41,000)
Drainage Area, sq. km. (sq. mi.) 448 (173)
Evaporation, cu nymin (GPM)
Material Balance ‘ 44.6 (11,800)
Model Predictions
Lake Hefner (QH) 26.0 (6,870)
Lake Colorado City (QC) 38.3 (10, 100)
Meyer (M) 40.2 (10,600)

Brady (QB) a 34.0 (8,980)
Harbeck Nomograph & Pan Evaporation (QHN) 26.8(7,090)

%The corrected pan evaporation rate was 16.0 cu m/min.
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Evaporative loss = Inflow fram Black Creek and others + precipitation
- flow over the dam + changes in pond level.

In 1975, the annual average loss was calculated to be 44.6 cu m/min
(26.2 cfs).

The model predictions based on actual monthly operating data are pre-
sented in Figure 15. The annual average model-predicted evaporation and
the material balance results (all in cu m/min) are compared below:

Model
Lake Hefner Lake Colorado City Meyer Brady Material Balance
26.0 38.3 40.2 34.0 44.6

The relatively good agreement of the Lake (olorado City and Meyer models with
the material balance values on an annual basis does not reflect the fact that
for some months the model predicted evaporative losses differed from the
material balance values by as much as 50 cu m/min.

The utility provided measured temperature data in its Section 316
Demonstration such that the net temperature rise in the pond due to the power
plant heat rejection could be calculated by comparing a baseline year (1960)
when the plant was not in operation with average temperatures for three years
when the plant was operating (1972-1974). Under summer conditions, the
power plant discharge caused an average 1.8°C rise in lake discharge tempera-
ture and 2.8°C for winter months.?® The models were exercised using data for
baseline (1960) and one operating year (1973) which provided the following
annual averages in cu m/min.

Total Natural Forced Forced
Model Evaporation Evaporation Evaporation Evaporation, %

Lake Colorado
City 42 .4 32.5 9.7 23

Meyer 45.6 35.2 10.4 23

These values do not reflect the variations that arise on a month-to-month
basis. The power plant discharge accounts for an evaporation rate of
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about 10 cu mymin (6 cfs) on a yearly average, which is about 20-25
percent of the total evaporative loss. Since the lake was constructed
primarily as part of the ocooling system, the total evaporative loss has
been attributed to the plant.

Duke Power Campany, Belews Creek Station—-

Duke Power operates two wnits with a total capacity of 2,286 M4, on a
large lake serving a dual purpose as a cooling lake and a recreational
facility. The annual average operating data for 1977 are presented in
Table 20.

The topographic layout of the plant's intake and discharge points are
so arranged that the total area of the lake (3,550 acres) should not be in-
cluded in the model computations for evaporative loss. It is difficult to
arrive at the effective surface area, since no estimate could be made of the
flow characteristics around the power plant. This uncertainty impacts the
calculation of the forced evaporation rate. The total surface area con-
tributes to the natural evaporative loss.

The utility provided operating data on a daily basis for the year
1977. This represents the most extensive data for a cooling pond used in
this study. In conjunction with the operating data, dam flows, lake
levels, inflows and precipitation were given. A material balance calcula-
tion yielded an average evaporative loss of 91 cu m/min (54 cfs). This
value is considerably larger than a water budget value of 31 cfs which
was presented by the utility and North Carolina Geological Surwvey at
regulatory hearings. Duke Power Company believes that the 31 cfs value
may be low, however.

The meteorological data were provided by the utility from a meteorologi-
cal tower situated in the middle of the cooling lake. The average monthly
meteorological data are shown in Appendix B. The averages of the model
predictions for each month are presented in Figure 16.
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TABLE 20. COOLING LAKE OPERATING DATA FOR DUKE POWER COMPANY'S
BELEWS CREEK STATION (1977 Annual Average)

Plant Capacity (M)
Plant Capacity Factor (%)

Cnit Beat Rejection Rate,
kcal/kwh (BTU/kWh)

Circulating Water Flow Rate,

cu m/min (GPM)

Flow Rate into Pond, cu m/min

(GPM)

Flow Rate out of Pond,
cu mymin (GPM)

Range, °C (°F)

Condenser Make-up Water Tempera-

ture, °C (°F)

Surface Area of Cooling System,

ha (acres)

Volume of Cooling System, cu m

(acre-ft.)

Drainage Area , sq. km. (sq. mi.)
Evepcration, cu m/min  (GPM)

Material Balance
Model Predictions

Lake Hefner (CH)

Lake Colorado City (QC)
Meyer (QM)

Brady (QB)

Harbeck Nomograph & Pan Evaporation (omN) 2

2,286
66

1,065
(4,225)

3,976.5
(1,050,332)

99.3
(26,222)

43.1
(11,381)

10.2 (18.4)
19.9 (67.9)

1,439 (3,553)

2.17 x 108
(176,000)

114 (70.9)

90.9 (24,000)

37.8 (9,960)

55.5 (14,600)
58.7 (15,500}
46.5 (12,300

48.8 (12,900)

2 The corrected pan evaporation value was 24.1 cu m/min.
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A oomparison of the annual predicted evaporation versus material
balance calculations show that the model predictions range from 35 to 58
percent lower. The Meyer model provided the best estimate, 58.7
cu m/min or an wnderestimation of 35 percent.

To investigate evaporation during extreme meteorological conditions,
material balance and predicted evaporation rate values for the months of
January and August were compared. For January, the material balance provided
a value of 64 cu m/min. The Harbeck et al (Lake Oolorado City) model
and Meyer model predicted evaporation rates of 45 and 42 cu m/min, respect-
ively, a 30-35 percent underestimation. In contrast, for August, the
computer model-predicted evaporation rates ranged from 31 percent to 2
percent lower than the material balance value of 99 cu m/min. The Hefner
model prediction of 68 cu nmy/min was the only model-predicted value not
within *15 percent of the water balance calculated result. The Lake
Colorado City model value of 108 cu my/min was the most accurate prediction.

A possible reason for the underprediction is the method for estimating
lake inflow. The USGS data for area streams are used to predict inflow,
based on a historical correction factor for runoff and drainage area
differences between streams. According to the USGS, these stream flow
values are accurate within +5 percent. Gaging station data from four
similar streams in the vicinity of Lake Belews were used to estimate pond
inflow. The inaccuracy and uncertainty of averaging similar stream
flows could cause an error in the water balance greater than the desired
+15 percent model accuracy. This hypothesis is strengthened
by the fact that for August when stream flows are low and less varied, the
computer model predictions and water balance values are quite close.

A further discussion and sensitivity analysis on Lake Belews is
provided in Section 6.
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SECTION 6

MODEL ACCURACY AND SENSITIVITY ANALYSES

To compare evaporation rates for different sized power plants with
uequal capacity factors, a common (normalized) basis is needed. The two
normalizing parameters used here were average hourly power generation
(MW, or MiH/hr) and wnit heat rejection (10° kcal/hr). These parameters
were divided into the predicted or given evaporation rates to normalize
the results (i.e., cu ny/min-MW and cu m/10° kcal).

OOOLING TOWERS

A ocomparison of cooling tower evaporation rates on a common basis
(i.e.,nomalized) was made to further inwvestigate the variables that impact
consunptive water use. Table 21 lists each power plant's cooling tower
evaporation rate on a unit power (per MW) and unit heat rejection (per
10°% kcal) basis. The accuracy of the Leung and Moore model relative to
material balance values is also illustrated.

On the average, the Leung and Moore model was within *15 percent
of the material balance data when those power plants with capacity factors
less than 50 percent were excluded. The previous discussion concerning
Arkansas Power and Licht's peaking and intemmediate units is relevant
here. That is, the varying heat load and inherent inefficiencies in
peaking operation are not well simulated by the simple ILeung and Moore
model. The necessity for steady-state data input to the model precludes
modeling of peaking and possibly intermediate units.

With the exclusion of the non-baseload units, the mean of the ratios of
material balance calculation values to model-predicted values is 1l.02. This
might be interpreted as indicating the owerall accuracy of the Leung and
Moore model is better than #15 percent. However, there are several units,
including North Main Station and Hamer City (summer), that were outside.
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TABLE 21. COMPARISON OF ALL (DOLING TOWER EVAPORATION RATES AS CALCULATED AND HOWMALIZED

Ratio Normalized Evaporation Normalized Evaporation
Material Model Pre~ Model/ cu my/min-dW cu ny10* kcal
) Time Balance diction Material Material Material
Plant/Unit Size (MW) Period {cu m/min) {cu m/min) Balance Balance Model Balance Model
Huntington/400 annual 12.5° 12.8 1.02  0.039 0.040 1.84P 1.88
Navajo/750 hourly-swrmer 12.6 13.8 1.10  0.016 0.018 0.85 0.96
(12.2) 2.88"
N. Main/B5 tourly-sumer 1.46 1.96 1.34  0.025 0.034 0.99 1.32
Permian/100 hour ly-summer 3.0 3. 1.03  0.030 0,031 1.49 1.54
Newman-1,/86 Auqust 4.2 3.7 0.88  0.082 0.072 3.44 3.02
-2/90 August 4.0 3.9 0.98  0.052 0.051 2.17 2.15
-3/110 August 4.5 4.5 1.00  0.042 0.042 1.86 1.86
Rio Grande-6/502 July 1.1 2.4 2,18 0.072 0.157 2.62 5.73
~7/50 July 1.4 2,1 1.50  0.050 0.075 2.11 3.17
-8/1652 July 4.2 6.5 1.5  0.053 0.082 2.45 3.79
Moses/1262 annual 2.45 7.2 3.0 0.177 0.531 5.54 16.5
{0.85)¢ (0.35}% {0.061) (1.92)¢
Iynch/239@ annual 4.16 14.4 3.5 0.145 0.508 4.93 17.3
(a.7e 0.41)¢ {0.047) (1.60)€
Couch/1612 annual 1.62 7.6 4.7 0.035 0.163 1.02 4.77
2.2)¢ (1.35)¢ {0.059) (1.73) ¢
Hamer City/1328 January 16.9 14,7 0.7  0.030 0.026 1.19 1.04
July 40.5 26.0 0.67  0.054 0.036 2.62 1.68
(18.6)d : {1.44)d (0.026)d (1.20)
Clay Boswe11/350 January 5.61 0.019 0.86
Auqust 8.41 0.026 1.24
annual 7.95 0.88  0.031 1.50
Koshkonong Nuclear/ 900 annual 40 42 1.05 0.044 0,046 1.43 1.50

Units with capacity factors less than 50 percent
Rased on constant outlet air temperature

Marley test results

Gilbert Assoc. curves

Results X capacity factor

Do oo



the #15 percent limits. In fact, for summer conditions, the average

ratio of the Leung and Moore model to material balance results was 1.15.
This illustrates the tendency of this generic model to overpredict slightly
during the sumrer months. The summrer evaporation rate was underpredicted
for only one case, by 12 percent, at Newman Station No. 1.

The normalized evaporation rates for cooling towers vary over a large
range as shown in Table 21. There is a marked tendencv for the large, base-
load wnits with high capacity factors to have the lowest evaporation rate per
MW. This is probably due to their lower heat rate (higher efficiency) during
operation. The five units that operated at or near 100 percent capacity
(Navajo, North Main Station, Permian, Newman No. 3, and Clay Boswell Unit 3)
also had low normalized evaporation rates. Based on model predicted values,
the peaking and intermediate wnits of the Arkansas Power and Light Company
and the two Rio Grande wits with less than 50 percent capacity factors had
the highest normalized evaporation rates.

For baseload units, a value of 0.040 cu m/min-MV and 1.3 cu my/10° kcal
appear to be adequate approximations of sumer evaporation rates. An annual
factor of 0.040 cu m/min-MW is supported by these data. Regional
variations between cooling towers appear to be insignificant (this is con-
sistent with the fact that cooling towers are designed to reject between 70
to 90 percent of the heat load as latent heat based on regional meteorology).

COCLING PONDS/LAKES

Table 22 is the summary of annual and summer month evaporation rates as
calculated and nommalized (i.e.,on a common basis and corrected for capacity
factor) for cooling ponds/lakes. In contrast to the cooling towers
discussed in this report, the power plants associated with the cooling ponds/
lakes were generally large baseload units. Only two plants, Morgan Creek
and Kincaid, had annual capacity factors less than 50 percent.

A major point highlighted in this table is the relatiwve accuracy of the
Lake Colorado City (Harbeck-Koberg-Hughes) and Meyer models.
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TABLE 22, SUMMARY OF UOOLING POND/LAKE MATERIAL BATANCE AND GOMPUTER MODEL BEVAPORATTON VALULS ON
AN '2S IS' AND NORMALIZED BASIS.
< . Nomal ized Evaporation Rate
Material Model Lvaporation Area/Power For Best Mxdel Prediction
Plant/Alit or Tine Balance Predicted Rate Ratio Acres :
Station Size (Md) Period cu m/min_ | cu aymin Model /Material Balance Md cu ny/min-MA a1 mymin-ha | kcal{cuny1d]
o | oo |omos Joamou |oc fov los law | hame
Cholla/120 July - 6.8 9.9} 8.7} 7.6 (2.83) 0.103 0.073 5.81
annual 6.9 4.3] 6.3] 6.0} 5.35.0]0.62] 0.9} 0.87]0.77}0.72] 1.15 0.075 0.046 3.70
Morgan Creek/102 August 29.8 22.6{ 33.3]30.0]25.6 0.76] 1.12 1.01|0. 86 (4) 0.234 0.067 11.1
(equivalent) annual 21.v 12,21 17.9]15.0313.9(14.7, 0.58| 0.840.71|0.66 J0.70] 1.62 0.201 0.043 7.60
I.B. Robinson/885 Auyust 76.5 38.1) 56.0]62.9 0.5(;' 0.730.82 (2.549) 0.089 0.069 4.37
annual 44.6 26.0] 38.3|40.2]34.0126.810.58{ 0.864 0.90]0.76 [0.65] 1.03 0.068 0.046 3.3
Belews Creek/ August 99.1 68.5] 101 |109 |83.5 0.69f1.@]1.090.86 (1.64) 0.062 a 0.070 3.45
2,286 annual 90.9 37.8]55.5 [58.7 |46.518.8/0.42] 0.61] 0.65 |0.51]0.54] 0.66 0.039(0.060) (0.041) 2.19
(0.063)
Mt. Stomyl,662 January 7.7111.2 |10.6]10.0 (0.68) (0.012-0,02¢) (0.019-0.024) ]0.45-0.68
July 10.9116.2 {24.3}]19.2 0.275 (0.024-0.053) ]0.66-1.5
Kincaid/l,319 August: 44.7§65.8 163.1151.5 (1.64)
annual 36.2 26.4139.0 {34.4|30.1{19.8/0.73] 1.08 0.95[0.83]0.55] 0.664 0.077 0.035 3.51
Powerton/840 August 18.8]27.6 |26.1]21.5 (1.70)
annual 18.5 12.6]18.0 |15.7]14.0[14.0{0.68] 0.97]0.85|0.76|0.76] 0.689 0.046 2.40
(1973)

2 pased on material balanoe evaporation calculation

4l - Marciano and Harbedk model (Lake Hefner)
QC - Harbeck et al model (Lake Colorado City)

{ll =~ Meyer model

QB - Brady et al nodel

QN - Harbecdk Namograph plus Pan Lvaporation



The Lake Colorado City (Harbeck-Koberg-Hughes) model predictions are
with 15 percent of the annual average values for 5 of the 6 plants for
which independently-provided values were available. The one exception
is for the Belews Creek Station, although here the model is within 15
percent of the water budget value estimated by the North Carolina Geologic-
al Survey. The Meyer model is within *15 percent of annual average values
for 4 of the 6 plants. In oontrast, neither the Marciano-Harbeck model nor
Brady model is within #15 percent of the given or calculated value for any
plant. The Harbeck nomograph plus pan evaporation method was not within
t15 percent for any plants.

For plants where summer month values were given or could be calculated
by material balances, the Lake Colorado City and Meyer models showed about
the same accuracy (i.e., within *15 percent of summer material balance values
for 2 of 3 plants).

Based on this discussion, it is suggested that estimates of the Lake
Colorado City and Meyer models generally predict evaporation rates within
t15 - of material balance or thermal model calculated values.

A second finding is the consistency of the normmalized values for
evaporation rate in cu my/min-ha for both summer and annual values. These
values are grouwped into two distinct classes; those associated with a
southemn climate (Cholla, Morgan Creek, H.B. Robinson and Belews) have
summer evaporation rates between 0.067 and 0.073 cu m/min-ha (0.027 and
0.030 cu m/min~acre) and annual rates of 0.04 and 0.05 cu m/min-ha (about
0.020 cu m/min-acre), while northern cooling ponds have annual values of
between 0.03 and 0.04 cu m/min-ha (0.01 and 0.02 cu m/min-acre). This
consistency in evaporation values may be attributed to two factors:

® A large percentage of evaporation per acre is natural and
therefore is dependent on climate but not power plant thermal
discharges .

e The relatively constant area per wnit power (ha/MW) ratio
which varies between 0.66 and 1.15, excluding Mt. Storm
and Morgan Creek.
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On the other hand, the nomalized evaporation rate per megawatt is
not as consistent. The annual average values range over a factor of about
four from 0.046 to 0.175 cu m/min-MW. Based on a constant area per unit
power (ha/MW) value, there is some similarity in the results. Figure 17
shows a relatively second-order relationship between evaporation rate
per unit power (cu my/min-MW) and area per wnit power (ha/MW). This curve
may be useful for estimating evaporation rates for similar ocooling ponds/
lakes at power plants with capacity factors of 0.5 to 0.7; however, further
data and analyses are needed to support this finding.

Althouch the different models utilized in this study share the same
basic variables such as thermal driving force and wind speed, the Harbeck
et al and Brady equations are more sensitive to wind speed.

The dominant variable, however, in computing cooling pond/lake evapora—
tive loss is the pond/lake equilibrium temperature. This is particularly
true in the hot summer months when evaporation is several times higher than
in winter. High sumer evaporation rates are directly attributed to the
non-linear behavior of the thermal driving force. To demonstrate this
behavior, several hypothetical camputations using the Lake Colorado ‘city mocel
were performed for Mt. Stomm using data for the extreme meteorovlogical condi-
tion months of January and July. Wind speeds in January average more than
twice the magnitude of July; yvet for all five models, July evaporative loss
computations are twice as large as January. The average ambient temperatures
for January were about -8°C (18°F) and for July were about 24°C (75°F).

If AT is defined as being the difference between average ambient air and
pond/lake temperatures, the following results can be calculated:

Evaporation
Time Lake Ambient Rate,
Period Temp, °C Temp, °C AT, °C (cu m/min)
January 1977 5.7 -8.3 14 11.2
July 1977 23 21 7 16.2
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An increase in the pond/lake terperature of 10 percent (approximately
3°C) during the summer months caused a 60 percent increase in the
evaporative loss. A 10% wind speed increase only produced up to a 10%
greater evaporation rate as would be expected when using a model having
a linear evaporation rate-wind speed function relationship.

As a seoond rough estimate of the relationship between wind speed
and pond temperature conceming evaporative loss, Lake Oolorado City model
predictions were made on Lake Belews data for the month of August. These
computations indicated that an average increase of wind speed of 50
percent had the same effect an pond evaporation rate as a 2°C (3.6°F)
increase in pond temperature.

Since meteorology is uncontrollable, pond temperature emerges as the
variable that can be controlled to limit evaporative loss.

Even if pond/lake temperatures were minimized, natural evaporation
would cause significant water consumption. This water consumption is caused
by exposing large water surfaces to solar radiation and wind currents.
Matural evaporation from the cooling ponds/lakes investigated were estimated
using National Weather Service pan evaporation data and applying a correc-
tion coefficient of 0.7.2° Table 23 compares adjusted monthly pan evapora-
tion data and the Lake Colorado City oooling pond/lake model-predicted values.

The table shows that the monthly natural evaporation can be as low as
25 percent of total monthly evaporation or as high as 110 percent depending
on location, time of vear, and plant load. Two monthly values where natural
evaporation exceeds total evaporation at Morgan Creek reflect the fact, as
noted by Harbeck,’ that at this location total evaporation exceeds natural
evaporation by only 5 to 10 percent in the sumer months. Potential
inaccuracies of pan evaporation values and small variations in model predic-
tions could readily accomnt for these anamalies. Extended power plant down
times for annual maintenance are reflected in the table when total and
natural evaporation are nearly equal (e.g., Cholla and Morgan Creek plants
in Jwme and Robinson in April). For the hotter, dryer climatic regions,
represented by Cholla and Morgan Creek, natural evaporation is about 60-80
percent of total evaporation in the summer and 50-60 percent in the autum
and winter. In contrast, for the more temperate climatic regions, natural
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PABLE 23, MONTHLY ADJUSTED PAN EVAPORATION DATA OQOMPARED 10 ODOLING POND MODEL TOTAL
EVAPORATION PREDICTIONS (m*/min}
i’lant Jan Fols Mar April May Jun July S ] Sept Oct tlov Dec
Cholla 7.44 9.22 5.93 5.18 3.98 2.58 1.47
Morgan Creek 4.5 17.9 19.7 25.7 21.3 22,1 17.4 11.6 7.9 5.2
Kincaid 25,86 33.4 35,77 25,2 23.63 14.4
Towerton 12,53 18.9 18,1 15.64 10.5
Il. B. Robinson 18,2 19,7 27.8 26.5 30.9 25,2 27.5 19.8 15.34 11.5 1.2
Belews Creck 25.3 38,7 40.2 42.3 55.1 43,3 34.8 20.7
Mt. Ltom 10.4 g.1 10.7 9.1 6,02 4.4
Model Predicted Total maporationa

Cholla 1.94 3.69 5.91 8.60 11.37 13.89 9.94 10.98 6.77 5.04 2,96 2.21
Morgan Creek 8.5 11.0 5.4 21.2 17.9 25.6 26.1 33.7 32.8 21.5 14.7 7.0
Kincaid 26.8 8.7 15.8 16.7 53.1- 47.4 57.8 65.8 46.0 43.8 46.5 39.0
rowerton 16.0 7.0 12.2 4.4 25.2 32.0 26.6 27.6 32.3 15.7 6.8 10.4
Il. B. Robinson 15.3 35.0 52.1 29,7 37.2 37.4 62.9 56.0 48.2 45.7 27.2 18.0
Belews Creek 45.0 36.7 36.2 44.9 47.2 58.4 88.7 101 65.3 61.9 46.1 34.4
Mt. Storm 11.2 16.2

aUsi.ng lake Colorado City (Harix:ck-Koberg-Hughes) model



evaporation ranges from 35 to 70 percent in the sumer. Pan evaporation
values are typically not measured from November through April in
northem climatic areas.

85



SECTION 7

REGIONAL COMPARISON

A primary cbjective of this study is to compare consumptive water use
from cooling towers and cooling ponds/lakes on a regional basis. The 18
U.S. water resource regions are shown on Figure 18. The 16 cooling systems
investigated provide comparisons for seven water resource regions. These
regions are the Lower Colorado, Texas Gulf, Rio Grande, South Atlantic
Gulf, Upper Mississippi, Ohio, and Mid-Atlantic.

A major problem in comparing these cooling systems is that they are
of different sizes and capacity factors. Therefore, the normalized values
presented in Section 6 were used in the comparison instead of actual
evaporation rates.

Another point of concern is how natural evaporation from cooling pands/
lakes should be charged to the power plant. 1In this study the natural
evaporation has been included in total plant consumptive water use, because
the cooling systems were built specifically to accommodate the power plants.
Several ponds/lakes are used for recreational purposes as well. If only
forced evaporation was considered, then annual evaporation rates would
decrease by as much as 80 percent (shown by the Lake Colorado City (Harbeck-
Koberg-Hughes)model at Morgan Creek) and at least by 45 percent
(at H.B. Robinson Plant). For 5 of the 6 cooling ponds, the natural
evaporation is between 45 and 51 percent of the best model-predicted result.

The comparison of cooling ponds and cooling towers is presented in
Table 24. The values in the table generally show that evaporation rates
for cooling towers are lower than oooling ponds/lakes. This relationship
is strongest in the southermn regions due to high natural evaporation rates
and area per unit power ratios above 0.6 ha/MW (1.5 ac/MW). For the
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TABLE 24. REGTONAL COMPARISON OF COOLING SYSTEM EVAPORATTION RATE
Model Predicted/ Sumiey Anual
Material Balance | Normalized Evajoration Rate | Normalized Evaporation Rate
Water Resource Cooling | Plant Size | Capacity Ev?pogationb'c Am/min-MA) | (m°/10" kcal) ("ET@-E‘J‘T}?)_‘ (m"/10% keal )
! Region Plant System (M) Factor (m”/min) .
Lower Colorado | thmtington T 400 80 12.8/12.5 - -— 0.04 | 1.88
| Navajo T 750 100 13. 8/12.?1 0.018 1.68 - —
(holla P 120 0.7 | 6.3/6.9 0.103 5.81 0.075 3.70
'"Texas Gulf
' Rio Grande Newman-thit 1 T 86 59 1.7/4.2 0.072 2.88 - -
. Newman-Uni t 2 T 90 86 3.9/4.0 0.024 2.00 - -
g Newman-Unit 3 T 110 98 4.5/4.5 0.025 1.86 - ! -
i Rio Grande-Unit 6 T 50 30 2.4/1.1 0.292 5.73 — -
» Rio Grande-Unit 7 T 50 58 2.1/1.4 0.075 3.17 — -
i Rio Grande-Unit 8 T 165 48 6.5/4.2 0.101 3.96 - --
North Main T 85 100 2.9/2.5 0.034 1.89 - —
Permian T 100 - 3.1/3.0 0.031 1.54 - -

: Morgan Creek I 102 12 20.5/17.9° 0.29 1.1 0.201 7.60
South Atlantic [ I1.B. Robinson L 885 67 40.2/44.6° 0.089 4.4 0.068 3.3
I“”” Lake Bellews I 2,286 66 58.7,90.2° 0.062 3.5 0.039 2.19
upper Clay-Boswell T 350 93 8.4/7.95% 0.026 1.35 - -
Mississippi Koshkonong T 900 100 42/40 - - 0.04 1.50

Kincaid L 1,319 34 34.4/3.2°% - - 0.077 3.51
i Powerton-Unit 5 p 840 47 8.0/18.59 - -- 0.046 2.40
LOhio laner City T 664 57 25.9/39.F 0.036 1.68 0.03 1.40
jMid-Atlantic e srom L 1,662 55 - 0.012-0.026 | 0.66-1.5 — -
{ ]

a

For ocooling towers the leung and Moore mdel was used.

Qoling Tower (T): Cooling Pond (P): and Cooling Lake (L).
For avoling ponds, the Harbeck-Koberg-liughes, or Meyer wmdel, or the Harbeck nomograph

was used depending upon which nodel nore closely approximates material-balance values. The Harbeck nonograph was calibrated using Morgan Creek data

o]

- 0

Harbeck-Koberg-1lughes model
Mever wmodel

Sumer value

Annual values are shown, except for performance test results on oooling towers which are based on full capacity test.



Upper Mississippi region, the normalized cooling pond evaporation rate begins
to approach the cooling tower value, and for the Ohio region the Mt. Storm
nomalized predicted evaporation rate is less than that for Homer City
Station. This result is consistent with the low ha/MW value. A reason

that the Mt. Storm cooling pond evaporation rate is lower than that for the
Homer City Station cooling tower may be a result of its unusually low area

per wnit power ratio of 0.28 ha/MW, which reduces natural evaporation relative
to forced evaporation.

It can be interpolated from the table that the cooling system evapora-
tion rate equivalency point (tower evaporation = pond evaporation) would
occur where the area per unit power value is less than 0.60 ha/MW. Certainly
further work must be performed to verify this conclusion and obtain a
better estimate, regionally, of the evaporation rate equivalency point.

FURTHER DISCUSSION OF EVAPORATION RATE PREDICTIONS AND CONSUMPTIVE WATER USE

The evaporation results from cooling ponds/lakes and cooling towers in
this study differed from the results presented ‘in earlier studies b}{ Espey,
Huston & Associates, Inc. (EH&A) for the Utility Water Act Group. The EH&A
studies presented predictions which indicate that cooling towers consume more water
than cooling ponds/lakes for large baseload units. However, similar models
for determining water consumption by cooling ponds/lakes were used in the
two studies and the same ocooling tower model (i.e., Leung and Moore model)
was used.

Since the disparity between the EH&A method (i.e., Harbeck ncmograph
plus pan evaporation) and material balance results were 2 to 45 percent
below material balance values, further investigations were performed into
the procedures used in the EH&A report. The differences in conclusions
in this study and the EH§A reports are partially due to the fact that
consumption by cooling ponds/lakes, as defined in the EH&A report, includes
a credit term for rainfall runoff.
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The EH&A study defined consumptive water use as evaporation losses
minus a rainfall rumoff term which conceptually accounts for increased
water availability downstream of the cooling pond/lake. The equation
used by EH&A was:

C=E+ (r-1) P
where: C = consuptive water use
E = forced evaporation (from the Harbeck nomograph) plus
natural evaporation (from pan evaporation data)
runoff coefficient (always less than 1)
precipitation falling directly on the ocooling water surface.

r
P

Evaporation rates were calculated as the sum of forced evaporation values
obtained from the Harbeck nomograph and natural evaporation values taken
fram National Weather Service pan evaporation data (described in Section
4.0).

The credit temm, (r-1l) P, always negative , represents the storage
of water that would otherwise be lost to evapotranspiration, soil moisture
and grondwater (i.e., basin recharge). The assumption made by EH&A is
‘that r can represent the nmoff for an entire water resource region,
despite the fact that r is a function of the following variables that
change with site location, time and climatic conditions:

Soil infiltration capacity
Antecedent precipitation
Vegetation cover and type
Duration of rainfall
Terrain

Simple rainfall runoff relations such as given above, infiltration indices,
and nmoff coefficients are normally applicable only to a single small
river basin. More complex rainfall runoff relations have, however, been
aplied to large areas, including a number of basins.!!
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The magnitude of this credit term can be seen by comparing the results
for similar plants in the two studies. A comparison was made for the
885-MW H.B. Robinson plant of Carolina Power and Light Company and the
1,319-MW Kincaid Plant of Commonwealth Edison Company and the hypothetical
plants in Richmond, Virginia and Columbus, Ohio, presented in the EH&A
report. The values presented in Table 25 permit comparison of evaporated
of an operational and hypothetical plant in adjacent water resource
regions, since the report by EH&A did not present values for cities in

the water resource regions where cooling ponds covered by this study were
situated.

Table 25 shows that the credit temm can cause about 40-50 percent
decrease in water consumption by the cooling pond/lake. Since the rainfall
rmoff term alone reduced consumptive water use in the examples by up
to 50 percent, the accuracy of the credit term used in the EH&A method
for determining water consumption by cooling ponds/lakes was studied by
Versar.

No ocorroborating field data or studies were found that indicate
what degree of precision ocould be expected using the simple rainfall rmoff
credit term on a large river basin scale. Until further studies verify
that the term can be used for large basins, it is suggested that the
rainfall runoff credit term be used only on a site-specific basis, as it
was intended.

This study generally supports the use of model-predicted values (i.e.,
Lake Colorado City or Meyer model) for evaporation rates and water consump-
tion from cooling ponds/lakes for the following reasons:

® Field data-derived evaporation rates agree more closely with
model-predicted evaporation rates without the rainfall runoff
credit in the water consumption equation.

e Hydrologists consulted during this study questioned the general
use and significance of this rainfall nmoff credit temr(27).

e The rainfall nmoff credit term has not been validated for large

water basins and its value with a general model is unproven.

91



z6

TABLE 25. QOOMPARISON OF EH&A METHOD WITH AND WITHOUT
RAINFALL RUNOFF METHOD

CALCULATED MATERIAL

CAPACITY AREA EVAPORATION  BALANCE
PLANT LOCATION SIZE (MW) FACIOR (%) (acres)  EHSA METHOD (m®/min)
H.B. Robinson Darlington, S.C. 848 67 2,250 28.8% 44.6
Hypothetical Richmond, Va. 1,000 80 2,000 15.0°/12.0°C
Kincaid Springfield, IL. 1,310 34 2,400 23,52 36.2
Hypothetical Columbus, OH. 1,000 80 2,000 13.6°/9.2PC

aExcludes rainfall runoff term.

bInclud:es rainfall runoff term.

C, . . .
Linear correction for plant capacity and pond acreage based on operating plant comparison values.
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SECTION 9
GLOSSARY

aproach: The temperature differential between the inlet air wet bulb
temperature and the outlet water temperature from the cooling tower.
It indicates how close the tower is to the theoretical equilibrium
between the cooling air and circulating water.

blowdown: The discharged water stream taken from the circulating water system,
needed to avoid the buildup of dissolved solids in cooling towers.

droculating water system: Water used to draw off heat from the power
plant condenser(s) and reject that heat to the cooling system.

woling pond: A surface water impoundment which accepts the heat rejected
from the plant by the circulating water system.

ooling tower: A heat exchange structure in which the circulating water
contacts ambient air for the purpose of cooling the water by
vaporization and conductive heat transfer. The air may be drawn
into the system by an induced-draft fan (mechanical) or by convective
forces produced by the temperature differential between the inlet
and outlet air (natural).

evaporation loss in the oooling pond - (Natural): Water vaporization from
the ocooling pond surface caused by the natural forces of the sun's
radiation, wind, and other natural forces. (Forced): The increase
in water vaporization from the cooling pond surface due to increased
water temperature, caused by rejection of the power plant's heat.

leat rejection rate: The amount of energy per unit time accepted by the
circulating water system from the condenser(s) and delivered to the
cooling system.

mkeup: The water constantly added to the circulating water system to
replace losses due to evaporation, blowdown, and drift.

plant capacity factor: The percentage of the power plant's full load

electrical output rating which was actually delivered during the
period of concem.

mnge: The water temperature differential between the circulating water
system inlet and outlet at the cooling tower.
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APPENDIX A

QOMPUTER PROGRAMS FOR COOLING SYSTEM MODELS



DPUCED DRAET COCOLING TOWER MODEL, Computsr Drearam

OO0 a0Ooo

v N eN el

10

100
101
102
103
104

105
106
107
108
200

FROGRAM TO COMFUTE THE EVAFORATIVE LOSSES FROM A MECHANICAL

DRAFT TOWER,

FOWER DIVISI
THE REQUIRED

TEMPERATURE»WATER BASIN TEMFERATURE,
HEAT LOAD IN BTU/HR»

HUMIDITY
LBS/HR s AND
DIMENSION
REAR(S,200)
READ(S»200)
READ(S,200)
READ(S,200)
READ(S,»200)
READ(S,200)
READ(S,2007)
READ(I,200)
CF=0.24
ATMOS=(14,469%
SUM=0.9

0o 10 I=1,12
TIN=TI(I)
ALQAD=HL (I}
TBASIN=TR(I)
TOUT=TEX(IJ
WFLOW=WF{I)
FHI=PH(I)/10

SUBROUTINE THERMO RETURNS THE VALUES FOR
INLZT AND WATER BASIN TEMFERATURES.
FROM THE CHEMICAL ENGINEERS’

AND ENTHALPY
THE DATA IS

REFERENCE?

ON VaL 97,
VARIABLES @

LEUNG AND
OF THE AMERICAN SOCIETY OF CIVIL ENGINEERSSs
FAGES 749-75%46.

MOORE IN THE FROCEEDINGS

JOURNAL OF THE

AIR INLET TEMFERATURE» AIR EXIT
FERCENT RELATIVE
AIR FLOW RATES

WATER AND iN

THE ATMOSFHERIC FRESSURE IN INCHES.

TIC(L2) 9 TEX{12) s FPHI{L12) phWFCLZ2) vHL(L2) r TH(LZ) 2 AF (12D

(TICI)sI=1s12)
(TEX(I)»I=1,12)
(TR(I)sI=1,12)
(PHCI)»I=1,12)
{(WF{I)sI=1s12)
(RL{I>»I=1,12)
(AF(I)sI=1,12)

~

&/29.22)%kF

0.0

AT THE AIR
TAREN

THE VAFOR FRESSURE

HANDRGORK 1973,

CaLL THERMO(TINs TRASINSENTsFS3)

FU=FHIAPS
AIRM=aF{I)
AT=HLOAD+ (WF
W1=(0.,422%FW

LOWKENT ?
)/ (ATHOS-FUW)

HAL=(CPATIN)+(WLK{1041.80+(0.44XTIN)))

HA2=(QAT/AIRM

)rHAL

UZ=(HAR-(CPATOUT )/ (1061 .80+(0.,4a%TQUT))

GFM=(AIRM/S0
CFS=GFM/348.
SUM=SUM+CFS
WRITE(Sr 1047
WRITE(S7107)
WRITE{&s100)
WRITE(S:2101
WRITE(Sr 1022
WRITE{&,103J
WRITE(S5105)
WRITE(S3r104)
CONTINUE

AUG=SUM/12.0
WRITE(4,108)
FORMAT(’ AIR
FORMAT (*
FORMAT(
FORMAT(”

FORMAT( INL

11F6.2)

FORMAT(
FORMAT(
FORMAT(”
FORMAT(

EVA

STOP
END

0.0)%(W2=-Wl)
8

TINsFH(I)
GFMsCFS
AIRM
WFLOW
HLOAD

R

TBASIN
TOUT

AVG

FLOW IN FOUNDS FER HOUR
MARKE-UF WATER FLCW IN POUNDS FER HOUR =’,T345,1E12.4)
HEAT LOAD IN BTU FER HOUR
ATMOSPHERIC PRESSURE IN INCHES =»T4S,1E12.4)
TEMFPERATURE =~

ET

3ASIN TEMPERATURE
AIR QUTLET TEMFERATURE
IN GPM
AVERAGE EZVAFORATION IN CFS =',T745,1F8.3)
FORMAT(12£12.

FORATION

3)

=‘yTAG,1E12.4)
="9T4ZH1E12. 4
»1F 6.2y FERCENT HUMIDITY ='-+«
IN DEGREES F=',745,1212.43)

IN LEGREES F =/,T435,1E12.4)
IN CFS =',1E12.)

’

=7,1E12.4,"’



NATURAL DRAFT QOCLING TOWER MCDEL, Corputer Program

FOR DESCRIFTION, SEZE FACIFIC NORTHWEST WATER LABORATCORY PAFER
NUMBER (8130 GRKF»s» DATED 12/70

a0

PP S S SIS EPEIPPIFECLEFIEFIOFECIELPEPE SN FII TS PECFECEIFTFELFILEEE P ES ]
REAL LBULBAsLBWy LAMBOAYN» LEVLES»LEBVI sKAL
LOGICAL FRITER»EXTAFL/EXTWTOsPRSTERP +FRINFsREADIN, INHIRSENDFLG,
XK FPPPyFRIN
DIMENSION READIN(37)»VALS(37) »UNAMES(37)
DOUBLE FRECISION UNAMESsUN
EAUIVALENCE(WTRTI,VAL3(1)) s (AIRTIVALS(2)) v+ (HTOWER »VALS(3) v«
(DTOWERsVALS(4)) » (HAIRIN,VALS{S) ) » {HUMrVALS (&) ) » (WTRFTIVALS{T V) v
(WTRFrVALS(8) ) s (AIRF s VALS(D) ) » (WTRTOVALS(10) )y
(STEFS VALS(11))» (TOLERT»VALS{(12) )y (TOLERHsVALS(13) )
(AFINSVALS (14 )y (AFOT»VALS(L3 )y (AFSLVALS (16 »
(ADINYVALS(17) ) s {ADOT»VALS(18) )y (ADSLyVALS(19?)) s
(COINSVALS(20)) «(CDOT»VALS(21)) » {COSL,VALS{(22)) >
(CPyVALS(23))y (ATMOSYVALS(24))
{ONSARI»VALS(2T) ) » (THICKVALS(Z28) ) « (SFACE»VAL3(273 s
(ATOTAL »VALS(28) ) v (AFFRVALS(Z7) ) r (ADPK s VALS (30 3 »
(HFACKYVALS{31 )y (LAMBRAYVALS(32) ) » (NeVALS(33) )
(FL3sVALS(34) ) »(PR32VALI (3T ) s (F16,VALS(36) »» (F28+VALS(37 )
DATA (VALS(I)9I=1530)/97.972049350.+s300.+20.+.3778.5E7,
k4 1200.5s2%0.+20.»
K o1910.93K1, r0k0.9.245134,493s3%0,,23Z..
DATA STARYBLANK/1HXyiH /»IPG,LITER,LSTE
X INHIq':NDFLbrEXTﬁFLr=XTUTU/4#.rﬂL::./
DATA UNAMES/ZHWTRTI»SHAIRTI »4AHTOWER »AHDTOWER » SHHAIRIN» SHHUM >
¥ SHWTRFT»SHWTRF »SHAIRF »IHWTRTO,SHETEPS»HTOLERT»SHTOLERH»
£ ZSHAFIN s3HAFOT »IHAFSL »IHALIN »SHALDOT »SHADSL »SHCOIN o
X IHCDOT »SHCDSL »SHCF rSHATHOS » GHONSARI s SHTHICK»
X  SHSPACE»&HATOTAL s IHAFFK »SHADFK » THHFACK s SHLAMEDA » SHN ’
kK 3SHF13 3HP23 SHF1S SHFP2S /
RS FP S PP ES TSP VERFEFEIIVIESIIFIHEE LTSI EFFT T T ET S NEECESECECO LTSI E T & %
C THE RATHER LONG INFUT SECTION IS DESIGNED T3 INSURE THAT
C AFFROPRIATE COMEINATIONS OF VALUES ARE INFUT. aLL VARIABLES
€ HAVE DEFAULT VALUE, AND ONLY THOSE WHICH NEED TO 3E CHANGED
c
c

o R W M P W oK K X

i
.

y .
e 0 g

MUST BE INPUT
KA K KA KK I KA SR S K K I R KK K K 3 K S KA 0K KK S KK O R KK RO K

EXTAFL=.FAL3E.
EXTWTO=.TAL3E.
WRITE(4,104)

104 FORMAT(LHL)
Jr=1
JM=1
Jo=1
D0 70 I=1,37

70 READIN(I)=.FAL3E.
READIS»71,END=101)FRITER » PRSTEF » FRINF
50 TO 101

101 FRITER=.TRUE,
PRSTEP=.FALSE.
FRINF=,TRUE.
30 TO 30

71 FORMAT(3L1) .

77 REAL(S,72,END=7S)UN, UV

72 FORMAT(AB,F10.0)
D0 73 I=1,37
IF(UN.EQ.UNAMES(I)’G0 TO 74

73 CONTINUE
WRITEC4s 76)UN

74 FORMAT('ONO VARIABLE NAMED ‘,n8)
INHIB=.TRUE.
63 7O 77

A=2



74 VALS(I)=uy
READIN(I)=.TRUE.
G0 TO 77
75 DO 78 I=1,7
IF(READIN(I})GO TO 81
79 CONTINUE
80 WRITE(4/79)
79 FORMAT(’ONONE OF THE ESSENTIAL INPUT DATA FROVIDED. THIS'»
* ¢ WILL BE RUN AS A TEST CASE’)
NB=28
NE=30
GO TO 84
81 DO 82 I=1,7
IF(READINCI))GO TO 82
IF(I.EG.7.AND.READIN(S))GO TO 82
INHIB=.TRUE,
WRITE(6»83)UNAMES(D)
83 FGRMAT( OINPUT VARIABLE “,A8ys’ IS ESSENTIAL AND WAS NOT READ IN.’
2 CONTINUE
84 ATGWER=DTOWERXDTOWERX.785398
IF (.NOT .READIN(7) }WTRFT=WTRFXATOWER
IF ( .NOT.READIN(S) )WTRF=WTRFT/ATOWER
IF(.NOT.READIN(10) )WTRTO=WTRTI-2S.
IF ( NOT.READIN(9))AIRF=WTRF
AIRT=AIRTI
NOITER=0
UHUC=.167% (DTOWER/HA IRIN) %2
UPRES=HUMXPSAT (AIRT)
LBULBA= . 622XVPRES/ (A THOS-VPRES)
UPENT=1061.+.444XAIRT
ENTI=CPX(AIRT-32.)+UPENTXLBULEA
UPRESI=UFRES
LEVI=LBUL3A .
DNSARI=( (ATHOS~UFRES)/S3.3+UPRES/85.7) X134,/ (460, +AIRT)
IF (.NOT.PRINP)GO TO 94

IPG=IFG+1
WRITE(45+88) JMs oD JY s IFG
88 FORMAT(-1COOLING TOWER FROGRAM - LISTING OF INITIAL VARIABLZS'»
X 37X%X,I2,2(1H/I2)s° PAGE’+13/°0VARIABLE NAME VALUE " /)
D0 39 I=1,25
FND=BLANK

IF(.NOT.READIN(I))FND=STAR
39 WRITE(S6,70)VUNAMES(I) »VALS(I) FND
90 FORMAT(4XrABs3XrrFl7.5s1XsAL)
O3 A A A0 30 AN K0 00K K S0 KKK KKK KSR SHOK 0 KK K KK O KSOK KKK KKK KKK K
C DETERMINE PACKING TYFE
2R 00K A A A A0 K A0 KKK I K KK KA KKK R KKK KKK K R KK KRR K KK KKK
74 PPP=,TRUE.
FRIN=,FALSE.
NE=28
NE=30
IF(READINC(I8))Gd TO i1
IF(.NOT.READIN{26).AND,. .NOT.READIN(27))G0 TO 3
IF(READIN(263)G0 70 3
WRITE{Sr83)UNAMES(268)
INHIB=, TRUE.
IF(READINC(27))G0 70 8
WRITE(4r33)VUNAMES(Z7)
STOP
8 IF(INHIB)STOFP
NB=24&
NE=31
ATOTAL=24.xHPACK/SFACE
AFPK=(SFACZ-THICK)/SFACE
ADPK=ATOTAL/AFPK
GO0 70 2

(¢}
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-

]

11

IF{.NOT.READIN(32? JAND . .NOT.READIN(33,)GD TO 2
FPP=,FALSE.,

ATOTAL=HFACK

NB=29

NE=33
IF(.NOT.READINC(34) sAND. .NOT.READRIN(3IS) .AND. .NOT.READIN(3S)
X  .AND..NOT.READIN(37))GO TO 11

PRIN=.TRUE.,

NB=31

NE=37

D0 9 I=NBsNE

IF(READIN(I)IIGO TO 9

WRITE(6,83)UNAMES(I)

INHIB=.TRUE.

? CONTINUE

[
(NSNS

-

14

1
7?3

Caxxxk
c
c

CR¥XX

?3

156

CXKXX

c

Cxxxx
]

IF{INKHIR)STOP

WRITE(S212) :

FORMAT( "O(PARALLEL FLATE FACKING NOT ASSUMED) /)
IF(PPPIWRITE(S+13)

FORMAT (*G(PARALLEL FLATE FACKING ASSUMED) /)
IF(.NOT.FRINP)GO TOQ 73

00 14 I=NB,NE

FND=RLANK

IF(.NOT.READIN(I))FND=ETAR

URITE(S s POIUNARMES(I) s VALSKC(I) »FND

WRITE(S6¢51)

FORMAT( 0/ 20X, "XVALUE CALCULATED FROM OQTHER INFUT OR ASSUMED"»
0A=ATOTAL/STEPS

AIRFL=0.

IF(INHIB)STOP
0000000 0 S S 0000 KK I A K K KK G R DI I K0S A KK A S S0 0K G KK MK K 0 0 A KK O KK
END INPUT AND INITIALIZATION

START ITERATION
90K KNG S K9G 3K K KKK KKK K KK K K 4K 0 AR K KK K K HK K KKK K KR XKk X
UNOM=AIRF/ (DNSARI%X34600.)

UHSF=, 164HAIRINXK(WTRF/AIRF > ¥x1.32

IF(PPPIGO TC 15

KAL=HPACKXLAMBDAX (AIRF/WTRF ) X XN

HG=CPXWTRF XKAL/HPACK

HGOUT=0.

IFC(.NOT.PRINJGO TC 146

T1sUNOM/S. -1,

P1=(P15-F137%XT1+P1L3

F2=(PI5-P23)4TL+P23
VHLFK=((P2-F 1)K (WTRF-1000.)/1000.+P 1) kHFACK

CF=0,

GO TQ 13

CF=,0192%(WTRF/AIRFI%XX.3

IF(.NQT.FPP)YGO TO 135
HG=CFXAIRFXCF /(2. +CFR71 . 3K (AIRF/UTRF %X, 25)

NAL=HGXKATOTAL/ (CPXWTRF)

HGOUT=HG

WTRT=WTRTO

ENT=SENTI

HUMI=HUM

A=o *

LBVLBA=L3VI

VUPRES=VPRESI

CONWTR=0.

AIRT=AIRTI
0K 250200 G 0 KK 30 SN0 KK A G SIS N 62K SIS0 K 4R KK  SHCACK KK KKK K K K KK KK
INTEGRATION LOOP BEGINS WITH STATEMENT 4
00300 2 2 2K 20K 350 303K A0 KA KK S0 I K 3K K A S 3K K A I N0 K K KKK KKK KK 8K A K K0 86 K K S KKK K
PSW=PSAT(WTRT)

IF(PSW.EQ.0.)G0 7O 110
ENTSAT=CPX(WTRT=32.7+(1061.+.+.444%XUTRT)I X, 622X%PSW/ (ATHMOS-PSW)

A-4



C=HGXDAX(ENTSAT=ENT)/CF
IF(.NOT.FRSTEF.OR.EXTWTO.OR.EXTAFLOGO TO 35
IF(LSTEP.LT.47)G0 TO 36

IPG=IPG+1
WRITE(6»37)JM»iDrJYsIFG
37 FORMAT('1CCOLING TOWER FROGRAM - STEF BY STEF RESULTS OF ONE’
x »’ ITERATION’»38X,I2,2(1H/I2)»’ FAGE'»I3/
x ‘0 WATER AIR SATUR ACTUAL REL FNDS WTR/ VAFOR"/
x 7 AREA TEMP TEMP ENTHAL ENTHAL HUM FNDS AIR FRES'/)
LSTEP=0
LITER=S2

36 LSTEP=LSTEF+1
WRITE(6s38)AsWTRTsAIRT »ENTSAT,ENT HUMI »LBULBA+ UFRES
38 FORMAT(SF7.17F6.3sF7.5+F7.4)
35 DWTRT=C/WTRF
DENT=C/AIRF
DAIRT=HGADAX (WTRT-AIRT)/(AIRFACF)
WTRT=WTRT+IWTRT
ENT=ENT+DENT
AIRT=AIRT+DAIRT
A=A+DA
UPENT=1061,+.4444AIRT
LBVULBA= (ENT=CPX(AIRT=32.)) /VUPENT
PSA=FSAT(AIRT)
IF(FSA.£0.0.)G0 TO 110
- LBULBS=,4224PSA/ (ATMOS=-FSA)
HUMI=LRULBAX (. 622+LBULES) / (LBVLBSK( . 822+L3ULEA))
UPRES=HUMIXFPSA
IF(HUMIL.LE.1.)G0 TO 99
KRR A AR K KK MK K KA KK K M0 3K 0K K K A K G 3080 K K KKK K KRR KKK KKK K KKK
C IF MIXTURE IS SUPER-SATURATED, RAISE TEMPERATURE TO
C A POINT WHERE MIXTURE IS JUST SATURATED, KEEFING THE TOTAL
C ENTHALPY CONSTANT ,
DKM KA AKX IO K KKK KKK KKK KKK KRR KKK KKK KK KKK KKK KRR KKK UK KKK
T=AIRT
97 T=T+.01
PSAH=PSAT(T)
IF (PSAH.ER.0.)G0 TO 110
UPEN=1061.+, 443%T
LBW=,622¥PSAH/ (ATMOS-PSAH)
ENTSA=CPX(T=32. ) +UPENXLIW
HENT=(LBUL3A-L JW+CONWTR) X (T-32.) +ENTSA
IF(ENT.GT.HENT)GO TO 97
CONWTR=LEULBA-LBU+CONWTR
ENT=ENTSA
AIRT=T
99 IF(A.LT.ATOTAL)GO TO $
KKK AR KK A0 KM KKK KK KK K KA KI I K KA KK K K 0 KK 20K KK KK K KKK KK K
END INTEGRATION SECTION

COMPUTE PRESSURE LOSSES FOR THIS ITERATION
O KKK NS0 K K K SKH KKK K00S0 K K3 KKK K 509030400 MK 3K KKK 3K KKK KKK KKK KKK KoKk

100 IF(EXTWTOXGO TO 24
UPENT=1061.+.444%AIRT
LBULBA=(ENT-CPX(AIRT-32.) ) /UFPENT
YWTRLT=AIRFX(LBVLIA+CONWTR=LBVI)
UPRES=LRVLBAXATMOS/{ . 622+LEBVL3IA)
DNSARDO={ (ATMOS-VPRES) /S3.3+VFRES/85.7)%X144,/(3860.+AIRT)
DNSARO=DNSAROX (1. +CONWTR) /(1 ., +CONWTRXONSARD/52.3)
DNSAVG=(DNSARI+INSARO) /2.
VIN=UNOM/AFIN
VOT=AIRF/ (UNSAROXAFOT4X34600.)
VSL=AIRF/ (DNSARDXAFSL*3600.)
PRLIN=CDINXDNSARIX.0158128XADINKYINKX2
IF(FRIN)GQ TO 102
VFK=AIRF/ (DNSAVGKAFFKX34600.)

Cx
c
c
c
-
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CRLPRK=CFXONSAVGK.01561 246 XKALFKKUFKXX2
GO 7O 103
FRLFK=DONSARIX.0161256KVHLPKXUNOMXX2
VPR=UNOM
FRLOT=CDOTAXONSARDX . 0146128 XANOTHVOT XX
PRLSL=CISLADNSARDX.01461260KA0SLAVSL AKX
PRLVUC=VHUCKINSARIKX, 015128 KUNOMXX2
PRLSP=VUHSPXLNSARIX.0161246KUNOMXUNOM
PRLFR=PRLOT+PRLIN+FRLSL
H=(PRLFR+PRLFRK+FPRLSP+PRLVC) / (UNSARI-DNSARD)
IF(ENDFLG)GO 7O 40

NOITER=NQITER+1
IFC.NOT,.FRITER.OR.EXTAFL)GO TO 21

30 IF(LITER.LT.Z2)GO TO 30

-
o
[ ]

[
[«]
[#]

LSTEP=30

LITER=0

IPG=IFG+1

WRITE(Sy31)UMsSDeJY s IFG

31 FORMAT{’1COOLING TOWER FROGRAM - RESULTS OF ITERATIONS’ »33X.

4 I2,2(L1H/I2)+’ FAGE’'»I3/'0°s22X»’AIR CALC TOWER "/

£ CUTLET VELCTY HEAT CHARAC- SKIN INLET
X’ QUTLET COUTLET FROFILE FACKING SFRAY VENA CON’ Y/

X7 ITER UWATER AIR IN TRANS TERISTIC FRICTION RELAT WATER'
¥’ AIR AIR FRESSURE PRESSURE FRESSURE ~RESSURE TOWER'/

% NO LOSS DENSITY PAKING COEFF (K¥A/L) COEFF HUMID TEHP '«
7 TEMF ENTHAL Lass L38s LOSS Lass HEIGHT ")

30 WRITE(Ss32ONOITERsWTRLT s INSARO s UFK s HGOUT » KAL s CF s HUMI»WTRT»AIRT»
X  ENT»FRLPRsFRLFK,FRLSFsFRLYC s H
32 FORMAT( 0/ sId+sF8.2sFP.89F7.39F8.31F3e39FP.59/F7.3+FS.1>
X Fé.1sF7.1sF10.693F?.4sF7.0)
LITER=CLITER+2
IF(ENODFLGY)GO TO 33
AR IR KKK A AR KA K A KK KKK KA K K KA KKK I KKK K KK K K KKK K KKK KR OR KK KK
c END PRINTING RESULTS OF ONE ITERATION
(280 R OR SKKHHCROKK R OR KKK K 0K K K KKK 3K K R G KCHSKKK KKK KKK R OK K KK KKK
21 IF(NDITER.LE.100)G0 TO 39 '
WRITE(S»?8)
78 FORMAT(’-MORE THAN 100 ITZRATIONS. EXECUTION TERMINATED )
STaOF
PRSP S TSR ES LI PSP FEFTECE LSS EFECEI P EL SRS EETIFIEEIFETEE S
NOW FIND I[F SPECIFICED TOLERAMNCES ARE MET, AND IF NOT. WHICH
OF AIRF OR WTRTO SHOULD 3E ALJUSTED
FRINT A MESSAGE WHICH 3HOWS VALUE FROM WHICH A NEW VALUE WILL
BE EXTRAFOLATED
T KO K R ROK KK KKK KKK KKK AR KKK KKK KKK K KKK KK KKK KKK KKK KK KK KKK K
3% IF(ABS{WTRT-WTRTI).LE.TOQLERTGO TO 27
IFC.NOT.FRITER)GO TO 44
IF(.NOT.EXTAFL)GO TO 48
WRITE(S9»42JWTRTO
42 FORHAT(C (EXTRAFQLATING FROM WTRTO="sFb.1s"37")
LITER=SLITER+1
G0 TO 4
48 WRITE(4,43)WTRTG
LITER=LITER+2
33 FORMAT(/O(EXTRAPOLATING FROM WTRTO='sF&.15") ")
46 WTRT1=WTRT
WTRTO=WTRTO+.001
EXTWTO=.TRUE.
60 TO 1S
27 IF(ZXTAFL)GO TO 30O
IF(ABS(H-HTOWER) .LE.TOLERH)GO 70O 29
IF{.NOT.FPRITER)GO TO 44
WRITE(S6741)AIRF
LITER=LITER+Z
41 FORMAT( O(EXTRAFOLATING FROM AIRF=‘»F7.1,7)")
44 AIRFL=AIRF

OOoO0
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CaXKX

c

c

Caxkx
s

(€]
w

3
&

28

110

111

SASSM
“SAT
$FORT

H1=H
AIRF=AIRF+10.
EXTAFL=.TRUE.
G0 7O 9%

KA 0 S0 A SR SIS I KK A KK S 9GS IKEK KGN KA KK A KK K KK K K
A SAMPLE ITERATION HAS 3IEEN MADE TO ADJUST AIRF OR WTRTO
FRINT MESSAGEs AND DO ANQTHER ITERATION

3K A N AR 00 00K 4G Q0 3K 0K A AN S K K A K S A K A S I 0K K KK K KK AR
H2=H
DAFDH=10./{H2-H1)

EXTAFL=,FALSE.

OLAIRF=AIRF

AIRF=AIRF+DAFDUHX (HTOWER-H)
IF(AIRF.LT.0.AIRF=,1XQLAIRF
IF(.,NOT.PRITER)GO TO 79

WRITE(S3+3IT)AIRF

LITER=LITER+1

FORMAT(’ (MODIFYING aIRF TD ‘»F7.1,7)%)
G380 TQ 95

WTRT2=WTRT

DTOOTI=,001/(WTRT2~WTRT1)

EXTWTO=,.FALSE.,
WTRTO=WTRTO+DTOOTIK(WTRTI-WTRT)
IF{.NOT.FRITER)GO TO1S5

IF(.NOT.EXTAFLIGO 7O 42
WRITE(&+,461WTRTO

FORMAT (7 (MODIFYING WTRTO TQ "»F4%.1»")7
LITER=LITER+1

G0 70 1S

WRITE(4+50)WTRTO

LITER=LITER+2

FORMAT(’ (MODIFYING WTRTO TO ‘rFé.1r°3 )
GO TO 1%

IF(FPRITER)IGO 70 33

ENDFLG=.TRUE.

LITER=32

GO TO 100

WRITE(S,75)WTRTOsH

FORMAT(’ END CODOLING TOWER FROGRAM’/»

X ‘OFINAL QUTLET WATER TEMPERATURE IS’ ' »Fd.1/
¥ OFINAL TGWER HEIGHT IS »F7.0)

STOF

AIRF=(AIRF=-AIRFL)/2.+AIRFL
IF(.NOT.PRITER)GO TO 9?5

WRITE(Ss111)AIRF

LITER=LITER+2

FORMAT("OC(ADJUSTING AIRF TO'sF7.1»" FOR STABRILITY) 1}
GO TO 95

END

FROG

FUNCTION PSATI(T)Y

DIMENSION U(181:

DATA M/0/

DATA U/.08854,.092235.0946035.09995,.10401,.108215.112565.,11705+.121
*¥70,.124652,.131505.138659,14199,.14752,.125323,.15914,.148325,.17137,
%X.17811/,.184885.19182,.199009,20642,,2141+.32220,.2302,.23848.2473¢.
A2THIy + 26359 . 27515 .28509 29519 . 30389.31849 . 32789.33%909.33097,3831r.
375469 .38869.301%99,315692.4298+.44437.4593r .4747 5 ,4904+.506%9.32375
XS54109.3588r.57719.39527.01521.63311.835617:87561.578B2¢.7204,,74325,
K756 479089 .81537,84071+.3668».8935,,9210r .9492,.9781,1.0078,1.0382
X91.069591.1016+1,1345+1.14683,1.2029,1.2584+1,.274851.3122,1.350451,
X3B8%4651.,42985,1.5709,1.,513091.356371.400471,4459,1.6724,1,7400,1.788
*8,1.8387+1.8897,1.,742091.9955+2.0503+2.1064+,2.1438,2.2225,2.282692
XK.3440792,4089:2.4712,2.537022.5604252,6729+2.7432,2.3151-2.38B86+2.%4%

A=7
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X37913.040493,1188r3.199093.28193.,38593.4509,3.53793.627»3.718,3.811»
X3.708934.00394,10274.203+4.30694.411+4.519,4.529,4.741,4,855,4.971,
*5.09095.212s5.33575.446195.590+35.72155.85593.99258.131+8.27394.317>»
X6.5651864¢71596.86897.023+7.13397.345+7.510+7.678,7.8950+8.024,3.202,
X8.383+8.587+8.753518.746+9.141,9.33999.54199.74699.955,10.168+10.38
XS59r10.605,10.830911.058911.2909,11.526911.769912.011,12.262,12.312»1
*X2.771,13.031,13.300+s13.548713.845,14,.123214.410+14.46946/

NT=T

FSAT=0.

IF(NT.GT.31)G0 T0 S

FSAT=V(L)

WRITE(&6»20T

FORMAT{'0ERROR IN FPSAT: TABRLE EXCEZDED. T=‘,F8.2)

M=M+1

IF(M.LE.SO)RETURN

WRITE(S+3)

FORMAT( 0 MORE THAN 30 ERRORS IN FSAT -- EXECUTION TERMINATED )
STOP

IF{NT.GE.212)G0 TO 4

FSAT=V(NT-31)+(V(NT=30)=V(NT=-31) > X(T=-NT)

RETURN

END



COOLING 2OND MXCELS, Computer Program

FROGRAM TO COMFUTE COOLING FOND EVAFOQRATION RATES IN CFS
UVARIARLES REQUIRED! PERCENT HUMILDITY» AMBIENT TEMPERATURE
IN DEGREES Fr WIND VELDOLCITY IN MILES/HOURy FOND TEMFERATURE
IN DEGREES F AND FOND AREA IN ACRES.
IN INCHES
REAL MEY
DIMENSION HUM(127 s TAMBC(1I2)Y sy WINDUL2) »TR(L2)
READ(IS,103) (HUMCIY»I=1,12)
READ(S»103) (TAMB(I)rI=1,12)
REALN S, 103) (WINDC(I)»I=1y12)
READ(S,103) (TP(IJei=1,127
REARD(Ir104) ARER
SUML=0.0
SUM2=0.0
SUM3I=0.0
SUM4=0.90
0g 10 I=1,12
TPOND=TE (I
HUMID=HUM(I)}/180.0
HEF=2.2S5E-3%WINDII)
COL=3.31E-3XkUIND(I)
HEY=1,43E=-2+{1,33E~-3RWINDCI))
SRA=1 . 3BE~2+( 1. 3SE-SXkWIND(I) XWIND(I))
THERMO RETURNS VALUES FOR THE VAFIDR FRESSURE IN L3S/SR. IN.
AS TARKEN FROM PERRY AND CHILTON SNGINEERS® HaANLBRGORs 1773
CALL THERMO(TPOND, TFONDy DUHMMY »FS)
Call THERMO(TAME(I) » TAME(I) s DUMMYFA)
Fa=FakHUMID
ZE3=FSXK(29.92/14.5%94)
EA=FAaX(29.52/14,.574)
TEMF=(Z3-EA ) XAREA
THE HMASS TRANSFZR EQUATIONS ARE GIVEN IN REFORT ~NOQ.:
EFA=-480,2-73-015 ON FAGE 42
IH=HEF XA TZMF
QC=COLKTEMF
AM=MEYXTEMF
GE=BRAXTEHMF
SUMI=SUM1+QH
SUM2=5SUM2+GC
SUM3=SUM3+aM
SUMA=SUM4+QR
WRITE(S,10L) TAMBII)»HUM(I) »WINL(I) »GH,QCQM-AR
10 CONTINUE
AV1=SUM1/12.
AVI2=SUMZ-/12.
AVU3=SUM3/ L2,
AV4sSUMa/12.
WRITE{S,102) alVl1:,aVIsalu3rava
i00 FORMAT{1F10.1r’ ACRES’ +6Xs1F5.2;’ FOND TEMPERATURE 7
101 FORMAT(SF7 . 2+8X s 3(1F7.2,2X )}
102 FORMAT(A{1F7.1,3X))
103 FORMAT(12F5.2)
104 FORMAT(1EB.2)
END
STOF

oo ooa
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APPENDIX B

METEOROLOGICAL DATA USED FOR MODEL PREDICTICNS



Number

- B-1

B-2

B-3

B-4

' BS
B-6

B-7

B-8

B-9

B-10

FIGURES

APPENDIX B

Ambient dry-bulb temperature and relative humidity
for Huntington Creek Station evaporation rate :
calculations (1976) . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o s o o s o o o . B-1

Ambient dry-bulb temperature, ambient wet-bulb

temperature, and average wind speed for North Main

Steam Electric Station evaporation rate calculations

(1960) . . . .. e e e e e e e e e e e e e e e e e e e B-2

Ambient dry-bulb temperature and relative humidity
for Clay Boswell Steam Electric Station evaporation
rate calculations (1977) . . . &« v ¢ ¢ ¢ ¢« ¢« ¢ ¢ ¢ o o o & B-3

T™wo months of relative humidity (January, July) for
Homer City Steam Electric Station evaporation rate
calculations (1977) .« ¢ ¢« ¢ ¢ ¢ ¢ ¢ 4 o o o o o o o o o o o B-4

Amkient dry-bulb temperatures for Homer City Station
(I977) & v e e e e e e e et e e e e e e e e e e e e e B-5

Ambient dry-bulb and pond temperatures for Cholla Plant
(1974=1976) & & & o o o o o s o s s o o s o s o« » o o o o B-6

Average wind speed and relative humidity for Cholla
Steam Electric Station evaporation rate calculations
(1974-1976) & & & v ¢ ¢ 4 4 ¢ 4 o 4 4 s 4 4 o e e e e e s B-7

Ambient dry-bulb and pond temperatures for Morgan
Creek Station (1960) . & ¢ v ¢ ¢ ¢ o o o o o o o o o o « » B-8

Average wind speed and relative humidity for Morgan
Creek Steam Electric Station evaporation rate
calculations (1960) . . . & ¢ ¢ ¢ ¢ ¢ ¢ ¢« ¢ o o o o o o o . B-9

Ambient dry-bulb and pond temperatures for Kincaid
Station (1976) . . . . «. .« .« . . . e e s s e e e e e e e . B-10



Number
B-11

B-12

B-13

B-14
B-15

B-16

B-17

B-18

B-19

B-20

B-21

FIGURES

(Continued)

Average wind speed and relative humidity for Kincaid
Steam Electric Station evaporation rate
calculations (1976) . & . ¢ ¢ & ¢ 4 4 4 4 4 e e e e

Ambient dry-bulb and pond temperatures for Powerton
Station (1973) . . . . . c e e s e s e s e s e e e s . .

Average wind speed and relative humidity for
Powerton Steam Electric Station evaporation rate
calculations (1973) . & v ¢ ¢ ¢ 4 ¢ 4 4 4 e o o 4 4 0 o .

Comparison of ambient dry-bulb temperature with pond
temperature for Mt. Storm Station (January 1977) . . . . .

Camparison of ambient dry-bulb temperature with pond
temperature for Mt. Storm Station (July 1977). . . . . . .

Average wind speed and relative humidity for Mt. Stomm
Steam Electric Station evaporation rate calculations
(January 1977) ¢ ¢ v ¢ ¢ ¢ ¢ s ¢t s o s e o o 4 e s e e

Average wind speed and relative humidity for Mt. Storm
Steam Electric Station evaporation calculations
(JULy 1977) & ¢ ¢ 6 vt e e e e e e e e e e e e e e e e

Ambient dry-bulb and pond temperatures for Robinson
Station (1975=1976) .+ ¢ v ¢« ¢ ¢« & « o o o o o o o o 0 o .

Average wind speed and relative humidity for Robinson
Steam Electric Station evaporation rate calculations
(1975-1976) & ¢ ¢ ¢ v ¢ 4 e e 4 e e s e e e e e e e e ..

Ambient dry-bulb and pond temperatures for Lake Belews
Station (1977) . & ¢ ¢ ¢ ¢ 4 4 4 et e e e e e s e e e e

Average wind speed and relative humidity for Lake Belews

Steam Electric Station evaporation rate calculations
(1977) & v & 4 e e et e e e e e e e e e e e e e e e e e

B-ii

Page

B-11

B-12

B-13

B-14
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rate calculations (1977).
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for Kincaid Station (1976).
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for Kincaid Steam Electric Station

evaporation rate calculations (1976).
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Figure B~12. Ambient dry-bulb temperatures and pond tempera-

tures for Powerton Station (1973).
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APPENDIX C

COMPUTER PRINTOUTS FOR COOLING TOWER MOLEL



DEFINITIONS FOR IEUNG AND MOORE PROGRAM OUTPUT

Parameter

Inlet Temperature

Percent Humidity

Evaporation in GPM

Evaporation in CFS

Air Flow in Pounds Per Hour

Head Load in BTU Per Hour
Atmospheric Pressure in Inches
Basin Temperature in Degrees F
Air Qutlet Temperature in Degrees

F

Average Evaporation in CFS

Definition

Ambient Dry Bulb Air Temperature
in OF

Ambient Relative Humidity

Leung & Moore model evaporation
prediction in gallons per minute

Leung & Moore model evaporation
prediction in cubic feet per second

Air flow rate through the tower in

pounds of air per hour

Heat rejected to cooling tower in
BTU per hour

Ambient barametric pressure in inches
of Hg

Circulating water temperature out
of cooling tower - OF

Tamperature of air exiting fram
cooling tower = CF

Average Model Predicted values for
total run.

Dates shown are day.month.year (e.g. January 8, 1977 is 080177)



HUNTINGTON STATION
SENSITIVITY ANALYSIS

CASE I - AIR OUTLET TEMPERATURE AT

0.5053E+02 0.8865E~01

INLET TEMPERATURE = 21.70 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.2944E+04 IN CFS =
0.5053E+02 0.1138E+00

INLET TEMPERATURE = 38.20 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.344SE+04 IN CFS =
0.5053E+02 0.1160E+00 .

INLET TEMPERATURE = 38.70 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.3462E+04 IN CFS =
0.5053E+02 0.1916E+00

INLET TEMPERATURE = S51.90 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.386lE+04 IN CFS =
0.5053E+02 0.2739E+00 N

INLET TEMPERATURE = 61.80 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.4160E+04 IN CFS =
0.5053E+02 0.3683E+00 L

INLET TEMPERATURE = 70.40 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.4423E+04 IN CFS =
0.5053E+02 0.5007E+00 ]

INLET TEMPERATURE = 79.60 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.4703E+04 IN CFS =
0.5053E+02 0.4343E+00 ’

INLET TEMPERATURE = 75.30 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.4571E+04 IN CFS =
0.5053E+02 0.3273E+00 :

INLET TEMPERATURE = 66.90 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.4314E+04 IN CFS =
0.5053E+02 0.1866E+00 =

INLET TEMPERATURE = 51.20 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.3840E+04 IN CFS =
0.5053E+02 0.1177E+00

INLET TEMPERATURE = 39.10 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.3475E+04 IN CFS =
0.5053E+02 0.8865E=-02

INLET TEMPERATURE = 27.60 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.3127E+04 IN CFS =
AVERAGE EVAPORATION IN CFS =

AIR FLOW IN CUBIC FEET PER HOUR =

WATER FLOW IN GALLONS PER MINUTE =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =

S TOP

END OF TASK 0

c-2

82.5°

= 68.20
0.6561E+01

= 60.50
0.767SE+01

- 45.70
0.7714E+01

= 36.50
0.8603E+01

= 42.50'
0.9268E+01

= 25.70
0.9853E+01

= 31.20
0.1048E+02

= 32.00
0.1019E+02

= 42.20
0.9613E+01

= 35.00
0.8557E+01

= 38.50
0.7743E+01

= 41.70
0.696BE+01
8.602

0.1080E+10
0.1997E+07
0.2530E+10
0.2535E402
0.8259E+02
0.8250E+02



HUNTINGION STATION
SENSITIVITY ANALYSIS

CASE IITI - AIR OUTIET TEMPERATURE AT 92.5°

0.5053E+402 0.8865E-01

INLET TEMPERATURE = 21.70 PERCENT HUMIDITY

EVAPORATICN IN GPM = (0.2630E+04 IN CFS =
0.5053E+02 0.113BE+00

INLET TEMPERATURE = 38.20 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.3128E+04 IN CFS =
0.5053E+02 0.1160E+00

INLET TEMPERATURE = 38.70 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.3146E+04 IN CFS =
0.5053E+02 0.1916E+00

INLET TEMPERATURE = 51.90 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.3543E+04 IN CFS =
0.5053E+02 0.2739E+00

INLET TEMPERATURE = 61.80 PERCENT HUMIDITY

EVAPORATION IN GPM = (0.3839E+04 IN CFS =
0.5053E+02 0.3683E+00

INLET TEMPERATURE = 70.40 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.4102E+04 IN CFS =
0.5053E+02 0.5007E+00

INLET TEMPERATURE = 79.60 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.4379E+04 IN CFS =
0.5053E+02 0.4343E+00

INLET TEMPERATURE = 75.30 PERCENT HUMIDITY

INLET TEMPERATURE = 75.30 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.4248E+04 IN CFS =
0.5053E+02 0.3273E+00

INLET TEMPERATURE = 66.90 PERCENT HUMIDITY

EVAPORATION IN GPM = (0.3992E+04 IN CFS =
0.5053E+02 0.1866E+00

INLET TEMPERATURE = 51.20 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.3522E+04 IN CFsS =
0.5053E+02 0.1177E+00

INLET TEMPERATURE = 39.10 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.3159E+04 IN CFS =
0.5053E+02 0.3865E-01

INLET TEMPERATURE = 27.60 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.2813E+04 IN CFS =

AVERAGE EVAPORATION IN CFS =

AIR FLOW IN CUBIC FEET PER HOUR =

WATER FLOW IN GALLONS PER MINUTE =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =

= 6§8.20
0.5860E+01

= 60.50
0.6970E+01

= 45.70
0.7009E+01

= 36.50
0.789%94E+01

= 42.50
0.8553E+01

= 25.70
0.9139E+01

= 31.20
0.9757E+01

= 32.00

= 32.00
0.9466E+01

= 42.20
0.8896E+01

= 35.00
0.7848E+01

= 38.50
0.703BE+01

= 41.70
0.6267E+01
7.891

0.1080E+10
0.1997E+07
0.2530E+10
0.2535E+02
0.8250E+02
0.9250E+02



0.5053E+02 0.4999E-01

EVAPORATION IN GPM = 0.2549R+04 IN CFS =

ATR FLOW TN CUBTC FEET PER HOUR =
MAKE-UP WATER FLOW TN POUNDS PER

HEAT LOAD TN B7TU PER HOUR =

ATHOSPHERIC PRESSURE IN JTHCHES =
BASIN TEHMPERATURE IN DEGREES F= .

ATR OUTLET TEMPERATURE IN DEGREES F =
0.5053E402 0.1138E+00

THLET TEMPERATURE = 38.20 PERCENT HUMIDITY
EVAPORATION IN GPHM = 0.3041E+04 I8 CFS =

ATR FLOW IN CUBIC FEET PER HOUR =

MAKE-=UP WATER FLOW TN POUNDS PER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERTC PRESSURE IN TNCHES =

BASTN TEINPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.5053E402 0.1160E+00D

HIOUR =

EVAPORATION IN GPHM = 0.3059E+04 N CFS =
ATR FLOW IN CUBIC FEET PCR HOUR =

MAKE-UP WATER FLOW TN POURDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.50531E402 0.1916E+00

EVAPORATION TN GPM = 0.3455C+04 TN CFS =
ATR FLOW TN CUBTC FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

ATR OUTLET TEMPERATURE IN DEGREES F =
0.50531E+402 0.2739E+400

EVAPORATION IN GPM = 0,3751E404 TN CFS =
ATR FLOW IN CUBIC FEET PER lIOUR =

MAKE-UP WATER FLOW IN POUNDS PER IIOUR =
HEAT LOAD IN BTU PER IIOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASTN TEMPERATURE IN DEGREES F=

AIJR OUTLET TEMPERATURE IN DLEGREES F =
0.5053E+02 0.36B3E+00

EVAPORATION IN GPM = 0,.4014F+04 IN CFS =

ATR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW TN POUNDS PCR IIOUR =

HEAT LOAD TN BTU PER HOUR =

ATHOSPHERIC PRESSURE IN INCIES =

BASTN TEMPERATURE IN DEGREES F=

ATR OUTLET TEMPERATURE IN DEGREES F =
0.5053E402 0.5007E+00

JAN THLET TEMPERATURE = 21.70 PERCENT HUMTDITY = 68,20

0.5679E+01
0.1080E+10
0.2000E+07
0.2520C+10
0.2540E+02
0.8250E+02
0.9470E+02

= 60.50

0.6776L401
0.108B0E+10
0.2000E+07
0.2520E+10
0.2540E402
0.8250E4+02
0.9470K+402

MAR I NLET TEMPERATURE = 38.70 PERCENT HUMTDITY = 45,70

0.6815E+01
0.1080E+10
0.2000E+07
0.2520E+10
0.2540E+02
0.8250E+02
0.9470E+02

APR | NLET TEMPERATURE = 51.90 PERCENT HUMIDITY = 36.50

0.7699E+01
0.1080E+10
0.2000E+07
0.2520E+190
0.2540B+02
0.8250E+02
0.9470E+02

MAY i NLET TEMPERATURE = 61.80 PERCCNT HUMIDITY = 42.50
0.8357E+01

0.1080E+10
0.2000E+07
0.2520L+10
0.2540E+02
0.8250E+02
0.9470E+02

JUNE INLET TEMPERATURE = 70.40 PERCENT HUMIDITY = 25.70
i 0.89430L+01

0.1080E+10
0.2000E+07
0.2520E+10
0.2540E+02
0.8250F+02
0.9470E+02

JULY 1t vLew PTEIMPERATURLE =

DEC INLET TEMPERATURE =

oI pITY
I CFS =

TH4. 60 PERUENT

EVAPORATION IN GPH = 0.42%0L+04

AIR FLOW IN CUBIC FEET PER IIOUR =

MAKE-UP WATER FLOW IN POUNDS PLER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERTC PRESSURE IN THNCNES =

BASIN TEMPERATURE IN DEGREES F=

ATR OUTLET TEMPERATURE IN DEGREES F =
0.5053E402 0.4343E+00

AUG TNLET TEMPERATURE = 75.30 PERCENT HUMIDITY

EVAPORATION TN GPM = 0,.4160£+04 IN CFS =

AIR FLOW IN CUBIC FEET PLR HOUR =

MAKE-UP WATER FLOW IN POUNDS PER [IOUR =

HEAT LOAD IN BTU PER IIOUR =

ATHOSPHERIC PRESSURE IN TNCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.5053E402 0.3273E+00 :

SEPT TNLET TEMPERATURE = 66.90 PERCENT MUNTDITY

EVAPORATION IN GPM = 0.3904E+04 TU CFS =

ATIR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN TNCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.5053E402 0.1866E+00

OCT TNLET TEMPERATURE = 51,20 PERCENT HUMNIDITY

EVAPORATION IN GPM = 0.343SE+04 IN CFS =

ATR FLOW IN CUBIC FEET PER HOUR =

MAKE=-UP WATER FLOW IN POUNDS PER {IOUR =

HEAT LOAD TN BTU PER HIHOUR =

ATMOSPHERIC PRESSURE TN TNCHES =

BASIN TEMPERATURE IN DEGREES F=

ATR OUTLET TEMPERATURE IN DEGREES F =
0.5053E+02 0.1177E+00

‘NOV INLET TEMPERATURE = 39.10 PERCENT HUMIDITY

EVAPORATION IN GPM = ©0,3072E+04 IN CFS =

ATR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW TN POUNDS PER IlIOUR =

REAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN TNCHES =

BASIN TEMPERATURE IN DEGREES F=

ATR OUTLET TEMPERATURE IN DEGREES F =
0.5053E402 0.7214E-01

27.60 PERCENT HUMIDITY

EVAPORATION TN GPM = 0.2727E+04 IN CFS =

ATR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =

HEAT LOAD IN DTU PER HOUR =

ATMOSPHERIC PRESSURE IN THCHES =

BASIN TEMPERATURE IN DEGREES F=

ATR OUTLET TEMPERATURE TN DEGREES F =

AVERAGE EVAPORATION IN CFS =

“sTop

END OF TASK 0

HUNTINGION STATION

CASE IV - 94.7°F OUTIET AIR

0.

0.

0.

-z

1L.en
4559 0
0.1080L¢10
0.2000L407
0.25200+10
0.2540004+02
0.8250K£+¢02
0.9470L+02

312.00
92694 0]
0.10801+10
0.2000E+07
0.2520L¢10
0.2540E+02
0.8250LE+02
0.9470FK+02

42.20
B699E+N]L
0.1080E+10
0.2000L+07
0.2520E+10
0.2540E+02
0.8250E+02
0.9470E+02

js5.00

0.76531E+01

0.1080E+10
0.2000E+07
0.2520E+10
0.2540L4+02
0.8250E+02
0.9470L+02

= 38.50
0.6844E4+0])

0.1080E+10
0.2000E+07
0.2920E+10
0.2540E+02
0.8250L+02
0.9470E+02

= 4]1.70
0.6077E+01

0.1080E+10
0.2000E+07
0.2520E410
0.2540E+02
0.8250E+402
0.9470E+02
7.697

.



60

HUNTINGTON STATION — CASE V - 97°F OUTLET AIR

0.5053E+02 0.4999g=-01

THLET TEMPERATURE = 21.70 PERCENT HUMIDITY = 68.20
EVAPORATION IN GPM = 0.2477E+404 IN CFS = 0.55192+01
AIR FLOW®*

AIR FLOW IN CUBIC FEET PER HOUR = 0.1080E+10
4AKE-UP WATER FLOW IN POUNDS PER HOUR = 0.2000E+07
HEAT LOAD IN BTU PER HOUR = 0.2520E+10
ATMOSPHERIC PRESSURE IN INCHES = 0.2540E+02
BASIN TEMPERATURE IN DEGREES F= 0.8250E+02
ATR OUTLET TEMPERATURE IN DEGREES F = 0.9700E+02

0.5053E+02 O0.1138E+00
INLET TEMPERATURE = 38.20 PERCENT HUMIDITY = 60.50
EVAPORATICH IN GPM = 0.2969E+04 IN CFS = 0.6615E+0]

ATR FLOW I CUBIC FEET PER HOUR = 0.1080E+10
MAKE=-UP WATER FLOW IN POUNDS PER HOUR = 0.2000E+07
HEAT LOAD TN 3TU PER HOUR = 0.2520E+10
ATMOSPHERIC PRESSURE IN INCHES = 0.254CE+02
BASIN TEMPCRATURE JIN DEGREES F= 0.8250E+02
AIR QUTLET TEMPERATURE IN DEGREES F = 0.9700E+02

0.5053E+02 N.1160E+00
THLET TEMPERATURE = 38.70 PERCENT HUMIDITY = 45.70
EVAPORATION IN GPM = (0.2986E+04 IN CFS = 0.6654E+01

AIR FLCW IN CUBIC FEET PER HOUR = 0.1080E+10
MAKE=-UP WATER FLOW IN POUNDS PER HOUR = 0.2000E+07
HEAT LOAD TN BTU PER HOUR = 0.2520E+10
ATHOSPHERTC PRESSURE IN INCHES = 0.2540E+02
BASTN TEMPERATURE IN DEGREES F= 0.8250E+02
ATR OUTLET TEMPERATURE IN DEGREES F = 0.9700E+02

N.50S53E+02 ON.1916E+00
TULET TEPERATURE = 51.90 PERCENT HUMIDITY = 36.50
EVAPORATION IN GPM = 0.3383E+04 IN CFS = 0.7537E+01

ATIR FLOW IN CUBIC FEET PER HOUR = 0.1080E+10
MAKE~-UP WATER FLOW IN POUNDS PER HOUR = 0.2000E+07
HEAT LOCAD IN ETU PER HOUR = 0.2520E+10
ATMOSPHERIC PRESSURE IN INCHES = 0.2540E+902
BASTIN TENPERATURE IH DEGREES F= 0.8250E+02
AIR QUTLET TEHPERATURE IN DEGREES F = 0.9700E+02

0.5053E+402 0.2730%E+00
INLET TEMPERATURE = 61.80 PERCENT HUMIDITY = 42.50
EVAPORATION IN GPM = 0.31677E+04 IN CFS = 0N.8194E+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1080E+10
MAKE-UP WATER FLCW IN POUNDS PER HOUR = 0.2000E+07
HEAT LOAD IN BTU PER HOUR = 0.2520E+10
ATMOSPHERIC PRESSURE IN TNCHES = 0.2540E+02
BASIN TEMPERATURE IN DEGREES F= 0.3250E+02
AIR QUTLET TEMPERATURE IN DEGREES F = 0.9700E+02

0.5053E+02 D0.3683E+00
INLET TEMPERATURE = 70.40 PERCENT HUMIDITY = 25.70
EVAPORATION TH GPM = 0.3940E+04 IN CFS = 0.8779E+0]

AIR FLOW IN CUBIC FEET PER HOUR = 0.1080E+10
MAKE-UP WATER FLOW IN POUNDS PER HOUR = 0.2000E+07
HEAT LOAD IN BTU PER HQUR = 0,2520E+10
ATMOSPUERTIC PRESSURE TN INCHES = 0.2540E+02
BASTN TEMPERATURE IN DEGREES F= 0.8250E+02
AIR QUTLET TEMPERATURE IN DEGREES F = 0.9700E+0N2

0.5053E+02

0.5053E+02

0.5053E+02

0.5053E+02

0.5053E+02

0.5053E+02

STOP
END OF TASK

0.5007E+00

INLET TEMPERATURE = 79.60 PERCENT HUMIDITY
\EVAPORATION IN GPM =
ATIR FLOW IN CUBIC FEET PER HOUR =

MAKE~UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN THCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE I DEGREES F =
0.4343E+00

INLET TEMPERATURE = 75.30 PERCENT HUMIDITY
EVAPORATION IN GPM =
AIR FLOW IN CUBIC FEET PER HOUR =

MAKE=UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.3273E+00

INLET TEMPERATURE = 66.90 PERCENT HUMIDITY
EVAPORATION IN GPM =
AIR FLOW IN CUBIC FEET PER HOUR =

MAKE=UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IH DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.1866E+00

INLET TEMPERATURE = S51.20 PERCENT HUMTIDITY
EVAPORATION IN GPM' =
AIR FLOW IN CUBIC FEET PER HOUR =

MAKE=UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.1177E+00

INLET TEMPERATURE » 39.10 PERCENT HUMXIDITY
EVAPORATION IN GPM =
ATR FLOW IN CUBIC FEET PER HOUR =

MAKE=UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.7214E-01

INLET TEMPERATURE » 27.60 PERCENT HUMIDITY
EVAPORATION IN GPM =
ATR FLOW IN CUBIC FEET PER HOUR =
MAKE-UP WATER FLOW ‘IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATHOSPHERIC PRESSURE IN INCHES =

BASTN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
AVERAGE EVAPORATTION IN CFS =

0

0.4216E+04 IH CFS =

0.4086E+04 IN CFS =

0.3B30E+04 IN CFS =

0.3362E+04 IN CFS =

0.3000E+04 IN CFS =

0.2656E+04 IN CFS =

= J31.20

0.9394E+"]
0.1080E+.C
0.2000E+0"
0.2520E+10
0.,2540L+0N2
0.8250E+02
0.9700E+02

= 32.00

0.9104E+01
0.1080E+10
0.2000E*0"
0.2520E+10
C.2540E+02
0.8250E+02
0.9700E+02

= 42,20

n,8535L+0)
0.1080E+.0C
0.2000E+07
0.2520E+10
0,2540E+02
0.8250E+02
0.9700E+02

= 35.00

0.7491E+01
N,108CE+LN
0,2000E+07
0.2520E+10
D.2540E+Q2
0.8250E+02
0.9700E+02

= 38.50

N.6684E+01
0,108BPE+LQ
0.2000E+06"
0.2520E+10
0.2540E+02
0,8250E+02
0.9700E+02

= Jl.70

0.5917E+01L
0.1080C+10
0.2000E+07
0.2520E+10
0.2540E+02
0.8250E+02
0.9700E+02

7.513%



JIHJYINLLT TEMPERATURE = 79,60 PERCENT NUMIDITY = 1}l.26

0.5051E+D2 0,4999F-0) EVAPORATION IN GPM » 0_4651E+04 IN CFS =  0.1016L+02
JBN 1HLET TEMPERATURE = 21.70 PERCENT HUMIDITY = 6R.20 ATR FLOW ¥N CUDIC FEET PER HOUR = O.10BOE+LD
EVAPORATION IN GPM = 0,2912E404 IN CFS = 0.648BE+0D] MAKE-UP WATER FLOW IN POUKNDS PER NHOUR = n.2000E+07
ATR FLOW IN CURIC FEET PER HOUR = 06.1080E+10 HEAT LOAD IN BTU PER HOUR = 0.2760E+10
MAKE~UP WATER FLOW IN POUNDS PER HOUR = 0.2000E+07 ATMOSPHERTC PRESSURE IN TNCHES = 0.2540L+02
WEAT LOAD IN BTU PER WHOUR = . 0.2760E+10 BASTN TEMPERATURE 1N DEGREES F= 0.8250E+02
ATHOSPIERIC PRESSURE TN JHCHES = 0,2540E+02 ATR OUTLET TEMPERATURE IN DEGREES F = 0.9700E4+02
BASTN TEMPERATURE TN DLEGREES Fa 0.8250E+02 0.505)E+402 O0.4)43E¥00
ATR OUTLET TEMPERATURE IN DEGREES F = 0.9700E+02 AUGINLET TEMPERATURE = 75.30 PERCENT HUHIDITY = 32.e0
- 0.5053E402 0.113I8E+00 EVAPORATION Il GPM = O0.4521E+404 IN CFS = 0.1007L+02
EfﬂBINLET TEMPERATURE = 38.20 PERCENT HUMIDITY = 60.50 AIR FLOW IN CUBIC FEET PER HOUR = 0.1080E+10
EVAPORATION IN GPM = O0.34CIE+04 IN CFS = 0.75831E+01 MAKE-UP WATER FLOW IN POUNDS PER lIOUR = 0.2000E+07
AIR FLOW TN CUBIC FEET PER HOUR = 0.108VE+10 HEAT LOAD IR BTU PER HHOUR = 0.2760L+10
MAKE-UP WATER FLOW IN POUNDS PECR HOUR = 0.2000E+07 ATMOSPHERTIC PRESSURE IN THCHES = 0.2540E402
HEAT LOAD IN BTU PER HOUR = 0.2760E+10 BASIN TEMPERATURE IN DEGREES Fw= 0.8250E+02
ATHOSPHERIC PRESSURE IN JNCHES = 0.254PE+02 ATR OUTLET TEMPERATURE IN DFGREES F = 0.9700K+02
BASTN TEMPERATURE IN DEGREES F= 0.B250F+02 0.5053E402 0.3273E+00
ATR OUTLET TEMPERATURE IN DEGREES F = 0.9700E+402 'SEI!rluLar TEMPERATURE = 66.90 PERCFNT NUMIDITY = 42.20
0.5053E¢02 0,.1160E+00 EVAPORATION TN GPM = 0.426SE+04 IN CFS = 0.9501Ee0)
MAR 1 NLET TEMPERATURE = 38.70 PERCENT HUHIDITY = 45.70 ATR FLOW IN CUBIC FEET PER HOUR = 0.10R0E 10O
EVAPORATION TH GPM = O©.)421E+04 IN CFS = 0.7622E+01 MAKE-UP WATER FLOW IN POUNDS PER HOUR = 0.2000E4+07
AIR FLOW TN CUBIC FEET PER lQUR = 0.1080E+10 HEAT LOAD IN BTU PER HOUR = 0.2760E+10
MAKE=UP WATER FLOW IN POUNDS PER 1iOUR = 0.2000E+07 ATMOSPHERIC PRESSURE IN INCHES = 0.2540E+02
HEAT LOAD IN BTU PER HOUR = 0.2760E+10 BASIN TENPERATURE TN DEGREES F~= 0.B250E+02
ATMOSPHERIC PRESSURE TN TNCHES = 0.2540E+02 ATR OUTLET TEMPERATURE IN DEGREES F = N.OT00E02
BASTN TEMPERATURE IN DEGRLCES F= 0.8250E+02 0,5053E402 N,1866E+00
ATR OUTLET TEMPERATURE TN DEGREES F = 0.9700E+02 cx:rlNLET TEMPERATURE = 51.20 PERCENT HUMIDITY = 315.00
ND.S505IE+02 0.1916E+00 " EVAPORATION IN GPM = 0.31797E+04 IN CFS = 0.8460E¢0]
AIHRINLBT TEMPERATURE = 51.90 PERCENT HUMIDITY = 36.50 ATR FLOW IN CUBIC FEET PFR HOUR = 0.1080E*LO
EVAPORATION IN GPM = 0.3817E+04 IN CFS = O0.8505E+01 MAKE-UP WATER FLOW JIN POUNDS PER MHOUR = 0.2000E407
AIR FLOW IN CUBIC FEET PER liQUR = 0.10B0E+10 NNEAT LOAD TN BTU PER HOUR = 0.2760E¢10
MAKE-UP WATER FLOW JN POUNDS PER HOUR = 0.2000E+07 ATMOSPHERTIC PRESSURE IN TNCHES = 0.2540E4+02
HEAT LOAD IN BTU PER IIOUR = 0.2760E+10 DASIN TEMPERATURE TN DEGREES F= 0.3250E402
ATMOSPHERIC PRESSURE TN TNCHES = 0.2540E402 AIR OUTLET TEMPERATURE IN DEGREES F = 0.970012402
AASTN TEMPERATURE IN DEGREES F= 0.8250E+02 0.5053E+02 0.1177E+00
ATR OUTLET TEMPERATURE IN DEGREES F = 0.9700E+02 NOV I NLET TFMPERAT®*
0.5053E+402 ©0.273%4+00 e INLET TEMPERATURE = 39.10 PERCENT HUNIDITY = 38.50
DMXYINLET TEMPERATURE = 61.80 PERCENT HUMIDITY = 42.50 EVAPORATION TN GPM = O0.34)4E+04 IN CFS = 0_.7652E+01
EVAPORATION IN GPH = 0.4112E+04 TN CFS = 0.9162E+01 ATR FLOW IN CUBIC FEET PER HOUR = 0.1080F¢10
ATR FLOW IN CUBJC FEET PER HOUR = N.1L0BPE+10 MAKE=-UP WATER FLOW IN POUNDS PER HOUR = 0.2000E+07
MAKE-UP WATER FLOW IN POUNDS PER HOUR = 0,2000E4+07 UWEAT LOAD TN BTU PER HOOR = 0.2760E+10
HEAT LOAD IN BTU PER HOUR = 0.2760E+10 ATHOSPHERIC PRESSURE IN INCIUES = 0.2540E+02
ATMOSPUERTIC PRESSURE IN JNCHES = 0,.2540E4+02 BASIN TEMPERATURE TN DEGREES F= 0.82S0E+02
BASTH TEMPERATURE TN DEGREES F= 0.R250E+02 ) ATR OUTLET TEMPERATURE IN DEGREES F = 0. 9700E4+02
ATR OUTLET TEHPLRATURE TN DEGREES F = 0.9700E+02 0.5053E+02 0.7214E-01
0.5053E+02 0.36B3E+00 'DEC THLET TEMPERATURE = 27.60 PERCENT HUMIDITY = 41.70
J[lngluLBT TEMPERATURE = 70,40 PERCENT HUMIDITY = 25.70 ~ "EVAPORATION IN GPM = 0.J1090E+04 IN CFS = 0,68850+0]
EVAPORATTION TN GPH = 0_.4175E+04 TN CFS = 0.9748E+01 ATR FLOW TN CUBIC FEET PER HOUR = 0.1080C+10
ATR FLOW IN CUBIC FEET PER HOUR = 0.1080E+10 MAKE-UP WATER FLOW IN POUNDS PER HOUR = 0.2000E+07
MAKE~UP WATER FLOW IN POUNDS PER HOUR = 0.2000E¢07 WEAT LOAD JN BTU PER IOUR = 0.2760L+10
HEAT LOAD TN BTU PER HOUR = 0.2760E+10 ATHOSPIERTC PRESSURE TN TNCMHES = 0.2540E+02
ATHOSPHERTC PRESSURE TN INCINES = N.2540E¢02 BASTN TEMPERATURE TN DEGREES F= 0.8250E+02
DASIN TEMPERATURE IN DFGREES F= 0,8250E4+02 ATR OUTLFT TEHPERATURE IR DEGREES F = 0.9700E+02
ATR OUTLET TEMPERATURE TN DEGREES F = 0.9700E+02 AVERAGE EVAPORATION IN CFS = 8.504
0.5053IE+02 0,S007E400 S TOP

HUNTINGTON STATION
CASE VI ATR OUTLET TEMPERATURE - 97°F



NAVAJO STATION PERFORMANCE TESTS - AUGUST 1975
PREDICTED EVAPORATION PER TEST

!‘

INLET TEMFERATURE = 90,00 PERCENT HUMIDITY = 21.00
EVAFORATION IN GFM = O,3730E+04 IN CFS = 0¢3511F+01
AR FLOW IW FOUNDS FER HOUR = 2. 6000E408
MARE=UF WATEZR FLOW IN #OUNDS FER HOURK = 0.1740E+07
SEaT LOAR IN BTU FER HOUR = 0.,2040E+10
ATHDSFHERIC FRESSURE IM INCHES = 0.2360E+02
HASIN TEMFERATURE IM DEGREES F= 0.82580E+02
SIR GUTLET TEMPERATURE IN DEGREES F = 0.9480E+Q2

-

Test 1A

TTRLET TEHFERATURE = 70e00 FEnGenNT HOMIOITY = 21.00

EVAPORATION IN GFM =  0.3843E+04 IN CF8 = {.3118E+01

ALR FLOW INn ~OUMNDS FER HOUR = 0., 8200E+08

MadE-UF WaTER FLOW IN FOUNDS FER HOUR = Qs 12FGEHOT

HIAT LOAD IN A?d FER OHOUR = 0,2010£4+10
ATHOSFHERIC FF INCHES = 0,23&0E+0QL Test 18
a5 IM TEMF REES F= 0.8080E+02

S P EUTI”T DEGREES F = 0, 74208402

THLET TEMEE = Ei,ou FERCENT HUMILLTY = 3% .00
SUARORATION I GEM = 0.364154+04 IN OF 81585401
AlR FLOW I FOUNDS PER HOL& = 0.5200E408
HAKE-UF WATER FLOW IN FOUNDS PER HOUR = 0. 1710E4+07
EaT LOAD IN BTU FER HOUR = 0.2040E+10
VIO PREBSURE I IHCHES = 0. 25&40E+0D Test 2a
TURE IM DESREES F' = OW8130E4+Q2
ali SUTLET A TURE TN DEGREES F o= 0, 9200E+02

L
"
193184
<
-

—-—

TeMFERATURE = 3500 PERCENT HUMIDITY = 3%.0C
ORATION I8 GFM = (,3578E+G4 I CFS = Q,7972E+01
CFLOW TR FOUNDS PER HOUR = 0.5300E408
MARE-UF WATER FLOGW IN FOUNDS FER HOUR = 0 2070E+07

HEMT LGl I 8T FER HOUR = 0. 1930F'10 Test 28
ATHOSFHERID FRESEURE IN INCHES = 0, 25H0EH02
FASIN TEMFERATURE IN DEGREES F= Q. 8030L+u2

i

AR OUTLET TEMPERATURE IN DEGREES F Q. P200E+02




Test
1

NORTH MAIN STATICN
PERFORMANCE TEST DATA-1-6
JANUARY 21-26, 1960

N.2808E+02 ND.1773E+90
INLET TEMPERATURE 49.99 PERCENT HUMIDITY

EVAPORATION IN GPM = 0,2490L5+03 TN CrIS
AIR FLOW IN POUNDS PER HOUR

MAKE=-UP WATER FLOW IN POUNDS PER HOUR
HEAT LOAD IN BTU PER HOUR
ATHMOSPHERIC PRESSURE IN INCHES
BASIN TEMPERATURE IN DEGREES F=
AIR QUTLET TEMPERATURE IN DEGREES F
N.2876E+02 0H.2729E+N10
TNLET TEMPERATURE 61.79 PERCENT HUMIDITY
EVAPORATION IN GPM N.43N01E+93 IN CFS =
AIR FLOW IN POUNDS PER HOUR
IMAKE=-UP?P WATER FLOW IN POUNDS PER HOUR
HEAT LOAD IN BTU PER HOUR
ATHMOSPHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F
D.3406E+02 0.,1645E+99
INLET TEMPERATURE 47,80 PERCENT HUMIDITY
EVAPORATION IN GPM 0.4077E+03 IN CFS
AIR FLOW IN POUNDS PER HOUR =
MAKE=-UP WATER FLOW IN POUNDS PER HOUR
HEAT LOAD IN BTU PER HOUR
ATMOSPHERIC PRESSURE IN INCHES
BASIN TEMPERATURE IN DEGREES F=
AIR QUTLET TEMPERATURE IW DEGREES F
N.4)125E+02 0.1952E+00
INLET TEMPERATURE 52.497 PERCENT HUMIDITY
EVAPORATION IN GPM 0.5093E+03 IN CFS
AIR FLOW IN POUNDS PER HOUR
MAKE=-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR
ATQOSPHBRIC PRESSURE IN INCHES
BASTN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F
N.4554E+02 D,2435E+00
INLET TEMPERATURE = 58.517 PERCENT HUMIDITY
EVAPORATION IN GPM 0.6418E+723 IN CFS
AIR FLOW IN POUNDS PER HOUR
MAKE-UP WATER FLOW IN POQUNDS PER HOUR
HEAT LOAD IN BTU PER HOUR
ATMOSPHERIC PRESSURE IN INCHES
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F
D.5083E+%2 0.3294E+00
INLET TEMPERATURE 66.30 PERCENT HUMIDITY
EVAPORATION IN GPM 0,7732E+03 IW CFs
AIR FLOW IN POUNDS PER HCUR
MAKE~-UP WATER FLOW IN POUNDS PER HOUR
HEAT LOAD IN BTU PER HOUR
ATMOSPHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F

AVERAGE EVAPORATION IW CFS
Cc-8

(&)

78.00

SS49E+00
0.1900E+98

N,2750E+06
0.,1L930E+909
D.2979E+102
0.6000N0E+02
N.6400E+0N2

25.00
9584E+00
N.1900E+NS8
0.2540E+726
N.2470E+069
0.2970E+92
9.6070E+02
0.6690E+02

70,20
9N8SE+09
5.1900E+938
N.2625E+96
0.3230E+99
N,2970E+902
0.6600E+02
7.7150E+02

90.00
1135E+11
N.1970E+08
N.2541E+96
0.3870E+09
N.2970E+02
N.7320E+02
N.7800E+12

gn.no
1430E+01
0.19007E+08
N.3216E+906
D.4560E+929
0.2970E+92
0.7750E+02
D.8400E+902

68.00

N.1723E+901

5.1900E+98
0.3549E+76
N1.5250E+19
0.2970E+92
N.8250E+92
N.9150E+02
1.363



NORTH MAIN STATION
SYNTHESIZED FULL LOAD RUN

Test No.

3 INLET TEMPERATURE = 49.99 PERCENT HUMIDITY = 78.010
EVAPORATION IN GPI = N,6887E+03 IN CFS = D.1535E+01
AIR FLOW IN POUNDS PER HOUR = N, 1700E+08
MAKE=-UP WATER FLOW Il . POUNDS PER HOUR = D.3550E+96
HEAT LOAD IN BTU PER HQOUR = N,5250E+09
ATMOSPHERIC PRESSURE IN INCHES = 0.2970E+922
BASIN TEMPERATURE IN DEGREES F= N.6930E+02
AIR OUTLET TEMPERATURE IN DEGREES F = N.88S0E+02

0.3585E+Nn2 N,272%E+00

1 INLET TEMPERATURE = 61.70 PERCENT HUMIDITY = 25.710
EVAPORATION IN GPM = n,7812E+03 IN CFS = N.1741E+01
AIR FLOW IN POUNDS PER HOUR = 0.1L700E+08
MAKE=-UP WATER FLOW IN POUNDS PER HOUR = 0.3550E+06
HEAT LOAD IN BTU PER HOUR = N.5250E+09
ATMOSPHERIC PRESSURE IN INCHES = N0.2970E+02
BASIN TEMPERATURE IN DEGREES F= 0.6780E+02
AIR OUTLET TEMPERATURE IN DEGREES F = N.8800E+92

0.,3585E+92 90.1645E+09

2 INLET TEMPERATURE = 47.80 PERCENT HUMIDITY = 70.009
EVAPORATION IN GPM = N.6765E+03 IN CFS = N,15907E+01
AIR FLOW IN POUWDS PER HOUR = N,1700E+08
MAKE-UP WATER FLOW IN POUNDS PER HOUR = N.3550E+06
HEAT LOAD IN BTU PER HOUR = N.5250E+09
ATMOSPHERIC PRESSURE IN INCHES = 0,2970CE+02
BASIN TEMPERATURE I DEGREES F= 0.6780E+02
AIR OUTLE? TEMPERATURE IN DEGREES F = N.8800E+902

0.4295E+02 0.1952E+92"
4 INLET TEMPERATURE = 52.49 PERCENT HUMIDITY = 90.00

EVAPORATION IN GPM = 9.6902E+03 IN CFS = 0.1538E+01
AIR FLOW IN POUNDS PER HOUR = 0.1790E+08
MAKE-UP WATER FLOW IN POUNDS PER HOUR = N.3550E+76
HEAT LCAD IN BTU PER HOUR = 0.5250E+09
TMOSPHERIC PRESSURE IN INCHES = N,2970E+02
BASIN TEMPERATURE IN DEGREES F= N.7400E+02
AIR OUTLET TEMPERATURE IN DEGREES F = 0.9199E+92
0.4644E+02 0,.2435E+00
5 INLET TEMPERATURE = 58.50 PERCENT HUMIDITY = 80.20
EVAPORATION IN GPM = 0,7229E+03 IN CFS = 0.l6l1E+901
AIR FLOW IN POUNDS PER HOUR = 0.1700E+98
MAKXE-UP WATER FLOW IN POUNDS PER HOUR = 0.,3550E+16
HEAT LCAD IN BTU PER HOUR = ’ 9.5250E+909
ATMOSPHERIC PRESSURE IN INCHES = 0.2970E+922
BASIN TEMPERATURE IN DEGREES F= 0.7840E+02
AIR OQUTLET TEMPERATURE IN DEGREES F = 0.9300E+02

- 0.5053E+02 0.3204E+90
6 INLET TEMPERATURE = 66.307 PERCENT HUMIDITY = 68.00

EVAPORATION IN GPM = 0.768lE+93 IN CFS = 0.1711E+01

AIR FLOW IN POUNDS PER HCOUR = N.1700E+08
MAKE=-UP WATER FLOW IN PCUNDS PER HOUR = 0.3550E+96
HEAT LOAD IN BTU PER HOUR = N,5250E+09
ATMOSPHERIC PRESSURE IN IWCHES = 0.2970E+92
BASIN TEMPERATURE IN DEGREES F= 0.8250E+02
AIR OUTLET TEMPERATURE IN DEGREES F = "0,9500E+02

c-9



PERMIAN STATION
PERFORMANCE TEST
(ASSUMED 100% LOAD)

TNLET TEMPERATURE = 80.60 PERCENT HUMIDITY = 54.00

EVAPORATION IN GPM = 0.8127E+03 IN CFS = 0.1811E+0l

AIR FLCW IN POUNDS PER HOUR = 0.1820E+08
JAKE-UP WATER FLOW IN POUNDS PER HOUR = 0.3520E+06
HEAT, LOAD IN BTY PER HOUR = N.,4890E+09
ATMOSPHERIC PRESSURE IN INCHES = N,2970E+02
BASIN TEMPERATURE IN DEGREES F= N.,8389E+02
AIR QUTLET TEMPERATURE IN DEGREES F = 0.9200E+922

0.5183E+02 0,517S5E+929

Cc-10



NEWMAN STATION
WNITS #1, #2, #3

RIO GRANDE STATION
UNITS #6, #7., #8
D.48N4E+02 0.4863E+00
INLET TEMPERATURE = 78.79 DERCEMNT HUMIDITY
STVAPORATION IN GPM N.9728E+03 I{ CF3 =
AIR FLCW IN POUNDS PER HCUR

MAKE=-UP? WATER FLOW IN POUNDS PER HOUR =

HEEAT LCAD IY BETU PER HOUR =

ATMOSPHERIC PRESSURE IN IUCHES =

BASIN TEMPERATURE IN DEGREES F=

ATR OUTLET TEMPERATURE I DEGREES F =
N,48N4E+02 N.4868E+0N

ITNLET TEMPERATURE = 78.70 PERCENT HUMIDITY

EVAPCRATION IN GPM N,1033E+04 IN
ATR FLOW I¥ POUNDS PER HOUR =
MAXE-U? WATER FLOW IN POUNDS
HEAT LOAD IN BTU PER HOUR
ATMOSPHERIC 2RESSURE INW INCHES
BASIN TEMPERATURE Il DECREES F=
AIR CUTLET TENPERATURE IXN DEGREES F
D.4804E+N2  N,.4368E+0N

CFrs

PER HOUR =

=

=

TNLET TEMPERATURE = 73.70 PERCENT HUMIDITY

EVAPCRATICN IN CPM = 0.1196E+74 IN CFS =

ATR FLCW IN 2CUNDS PER HOUR =

SMAKE-UP WATER FLOW IX POUNDS PER EOUR =

HEAT LCAD IN BETU PER HOUR =

ATMCSPHERIC PRESSURE T4 INCHES =

BASTIN TEMPERATURE Il DEGREES r=

AIR CUTLET TEMPERATURE IN DEGREES F =
N,4304E+22 0,.5478E+0D

ITNWLET TZINMPERATURE = 82.30 PERCENT HUMNIDITY

IN GPM N.6441Z+03 IXN
ATR FLOW IN PCUNDS PER HOUR =
MAKE=-UP VWATER FLOW IX POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR
ATMOSPHERTC PRESSURE TIMN INCHES =
BASIY TEMPERATURE IN DEGREES F=
AIR QUTLET TEMPERATURE DEGREES F
N.4304E+02 N,5473E+00
INLET TEIPERATURE = 32.30 PERCENT HUMIDITY
EVAPORATION IMN GPM D.56L5E+03 IN CFS
AIR FLOW IN POUNDS PER HCUR
HMAKE-UP WATER FLOW IN POUNDS PER
HEAT LOAD IN BTU PER HOUR
ATHMOSPHERIC PRESSURE IJ INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR QUTLET TEMPERATURE IN
0.43N4E+102 6,.547B8BE+90
INLET TEMPERATURE 82.30 PERCENT HUHIDITY
EVAPORATION IN G2 = 0,17LSE+04 TN CFS
AIR FLCW I POUNDS PER HCUR =
MAKE=-UP WATER FLCU IX 20UNDS PER
HEAT LCAD IN BTU PER HCUR
ATHMOSPIHERIC PRESSURZ IY INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =
c-11

EVAPORATICH CFS

=

.-

N

HOUR

-
=

-

DEGREES T

HCUR =

43.25

0.2163E+01

N.1NNNE+NE
D.7899E+056
0.5640E+09

D.26L0E+02
N.8NNNE+N2
N.1043E+03

43.25
23N2Z+0%
N,13INNE+NS
N.741L9E+N4

0.5930E+09

N.281LNE+N2
N.3NONE+N2
N,9700E+02

SOE+N4

010E+09

0.80N0NE+N2
N0.9700E+02

75
35E+N Y
NL1300E+0NY
.2500E+Ns6
. 3570E+09
N, 261L0E+D2
Y.T7S0NE+N2
«B38NNE+DZ

oS S N
& A

30500 D>

.75
1251E+0L
N.13NNE+0E
N.3040E+0c
0. 3240E+09
N.261NE+02
N.TSN0E+N2
N.91O0NE+N2Z

44.75
3821E+0L
N.3BNNE+NS
N.31L34E+03
0.1020E+09
N.26L0E+02
N.7500E+02

0. 9400E+02



1=

JAN r1uLCT TLHPERATURE = 19.70 PERCENT HU

N,53032+72 A.1293E+91

LZVAPORATION TN GP!I = A.1698BE+94 IN CFS =
ATR FLOW I 20UNDS PLR HOUR =
HAKE=-UP WATER FLOW IYN POUNDS PER
HEAT LOAD I BTU PER HCUR =
ATIIOSPHERIC PRESSURE Iil JUCHES =
BA3TIL TEMPERATURE Il DEGREES Fw
AIR OUTLET TEMPERATURE TN DEGREES F =
N.S5193E+92 9.1959E+9"

HCUR =

FEB 1HLET TEHPERATURE = 52.517 PERCENT HUMIDITY

APR

EVAPORATION TH GPil = N,1727E+14 IN CFS =

ATR FLOW IN POUNDS PER HOUR =

MAKE=-UP WATER FLOW Il POUNDS PER HOUR =

HEMT LOAT TM ETU PER HOUR =

ATIOSPHERIC PRESSURLC TH INCHES =

EASIH TEUPERATURE TU CEGREES F=

AIR OUTLET TEUPERATURE TY DEGREES F =
AN.STA2E+N2 N,22658E4NN

JTNLET TEHPERATURE = 56.51 PERCENT HUMIDITY

LVAPORATION IN GPH = 9,2716E+04 IN CFS =

AIR FLOUW T POUNDS PER HOUR =

MAKE-UP WATER FLOW IW POUNDS PER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATHOSPHERIC PRESSURE IN TNCHES =

BASTUH TEWUPLRATURE T4 DEGREES F=

AIR CUTLET TE!NPERATURE I DEGREES F =
NL.5922E¢72 D.267°E+ND

TNLET TEIPERATURE =

: 4l.1" PERCENT HUUIDITY
EVAPORATION Il G2M = 2,.1992E+9%4 IR CFS =
ATR FLOW TN PCUNDS PER HOUR =

HAKE=UP WATER FLCH Tk POUUIDS PCR HOUR =

HEAT LOAD IN BTU PEZR HOUR =

ATHOSPHERIC 2RESSURE IN THCUHES =

BASTH TEMPERATURE TN DEGRLES F=

ATR OUTLET TE!IPERATURE Il DEGREES F =
N.56N2E+02 A, IN]1SE+NN

THLET TEMPERATURE = 64.67 PERCCUT HUMIDITY

EVAPORATION IV GPM = 7.2218C*

EVAPORATION IN G2l = 2.2138E+74 IN CFS =

ATR FLOW T!U POUNDS PER HOUR =

UAKE-UP UATER FLOU TM 20UND5 PER HOUR =

HEAT LOAD IN B8TU PCR HOUR =

ATHOSPHERTIC PRLSSURE TN THCHES =

BASTH TENPERATURL IN DEGREES F=

AIR OUTLET TENPERATURE TN DEGREES F =
ALENNLEFNY  A_4216E+NN

JNE 1uLeT TENPERATURE = 74.47 PERCENT UUMIDITY

EVAPORATION TX G2t =

AIR FLOU I PCUNDS PER

HAKE~UP UATER FLOW Il 20QUNDS PER HOUR =

HEAT LOAD T BTU PER HCUR =

ATHOSPHERIC PRESSURE TU TUNCHES =

BASIN TEIPERATURE IY DEGREES F=

ATR OUTLET TENPERATURE Il DEGREES F =
N.6599E+12 9.S194E+99

N.2252E¢%4 Tu CFS =
ilOUR =

= 63.57
D.4237E+7)

= 68.79

N, 31784E+"1
1.3879E+78
N.3N91E+06
9.13%4E+19
N.2977E+02
N.85%7E+72
N.824%E+12

63.59

N.4477E+08
N".2791E+96
N.1374E+19
N,2970E+02
N.8399E+02
N.BTANEFN2

67.90

N".TANAE+N8
9.3791E+76
2.1449%E+1"
9.2970E+22
9.8907E+02
2.7890E+72

N.7290E+98
1.2917E+16
2,1394E+19
N.2970E+22
N.91N0E+D2
0.775S9E+92

N.454%E+2])

N.BNNNELDS
N.2916E+76
A.1352E+19
N,2970E+N2
2,882%E+92
'\_775’\50!\2

EVAPORATION IN GPM = 9.2517E+74 IN CFS =
AIR FLOW TN POUNDS PER HOUR =
MAKE=UP WATER FLOW TN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATMOSPHERIC PRESSURE IN THCHES =
BASTN TEHMPERATURE IH DEGREES F=
ATR OUTLET TEMPERATURE Ili DEGREES F =
N, 6609E+N2 7.4868E+09

AUGINLET TEMPERATURE = 78.79 PERCENT HUMIDITY
0.3849E+91

EVAPORATION IN GPH = 9,2572E+94 TW CFS =
AIR FLOW IN POUNDS PER HOUR =

MAKE-UP UATER FLOW Il POUUDS PER dOUR =
'HEAT LOAD I BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

" BASIN TEMPERATURE IN DEGREES F=

{AIR OUTLET TEMPERATURE IN DEGREES F =

P N,6401E+N2  N.3909E+N0

SEP 16LET TEMPERATURE = 72.19 PERCENT HUMIDITY
9.4493E¢91

EVAPORATION It GPM » 9,1971E+%4 IN CFS =
AIR FLOW IN POUNDS PER HOUR =

| HAKE=UP WATER FLOW IN POUNDS PER HOQUR =

. HEAT LOAD TN BTU PER HOUR =

"ATHOSPHERIC PRESSURE IN INCHES =

. BASIN TEMPERATURE IN DEGRZES F=

| ATR GUTLET TEMPERATURE IN DEGREES | =

| n_.6991E+72 N.237SE+99

OCT 1uLET TEMPERATURE = 57,89 PERCENT HUMIDITY

EVAPORATION IN GPt{ = N, 1823IE+94 TN CFS =
AIR FLOW IN POUNDS PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATHOSPHERIC PRESSURE JH INCHES =

BASIN TEMPERATURE IN DEGREES F=

ATR OUTLET TEMPERATURE T DEGREES F =
N.5992E+92 N.1529E+9)

NOV !NLET TEHPERATURE = 45.99 PERCENT HUMIDITY

EVAPORATION IN GPH = 2,174S5E+74 IN CFS =

AIR FLOW IN POUNDS PER HOUR =

MAKC=UP WATER FLOW IN POUND3S PER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERTC PRESSURE IN INCHES =

BASIN TENPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
NLENDLE+N2  D.11314E+99

TNLET TEMPERATURE = 41.99 PERCENT HUHIDITY
EC

= 72.54
a,5018E+91

n_7899E+18
N.3589C+"6
9.1449E+12
N.2970E+N2
N.9299E+12
N.B8B650E+02

ZIVAPORATION IN GPM = AN,1866E+94 IU CFS =
' ATR FLOW IN POUNDS PER HOUR = '
MAKC=UP WATER FLOW IN POUND3 PER HOUR =

HEAT LOAD IN BTU PER HOUR =
ATHOSPHERIC PRESSURE IN INCHES =
BASTN TEMPERATURE TN DEGREES F=

ATR OUTLET TEMPERATURE IN DEGREES F =
) AVERAGE EVAPORATJION IN CFS =
STOP

END OF TASK

COouCti PLANT
MONTHLY EVAPORATION - 1976

I'-

MIDITY = 68.90" M‘Y INLET TEMPERATURE = 80.2% PERCENT HUNIDITY = 69.59

S618C+1]
N.7891E+N8
N.343%E+76
N.1546E+1L"
n,2970E+N2
N,97VME+02
a.a000g4n2

69.59
S73I0E+OL
N, 720NE+N8
2.4279E+¢76
N.1546E+1"
N.2970E+N2

- N.98NNE+N2

N BTTNE+N2

72.50
4191E¢n)
N.5207E¢78
7. 3157E+N 6
N.1304E+1N
N.2970E+N2
N.96NAE+N2
NLALINNE+N2

64.99
4962E+71
2,5001E+23
nN,23179E+26
N.1352E+19
AL.2970E+22
N,9200E+N02
N.8T77AE+N2

58.71
3I889E+N1
n,4909C+ N8
9.4527C+ "6
N.139%4E+1"
9.2979E+"2
N.9199E+72
N.TT59E+N2

55.99
4158E+7]
1,5379C+13
1.95127E+76
A.1471C+1N
N.2970E+N2
N.9290E¢12
N.TIONERN2
1.4380



£T-D

", 5103IE+N2 0, 1195E+4+00

INLEY TEMPLRATURE = 319.50 PERCENI” HUMIDITY =
EVAPORATION TN GPif = N, 1B87S5Ht¢n4 IN CF5 =
ATR FLOW IN CULIC FEET PER HOUR =

MAKE-UPZ UATER FLOW TN POUNDS PER NOUR =
WEAT LOAD IN BTU PER HOUR =
ATHOSPHERTC PRESSURE TH TNCHES =
BASTN TEMPERATURE TN DEGREES F=
ATR OQUTLET TEMPERATURE IW DEGREES F =
N_4504E¢02 N_2051E+00
TNLET TEMPCRATURE = 53.80 PERCENT NUMTDITY
EVAPGHATION IN GP# = 0.1976E+n4 Tt CFS =
ATR FLOW TN CUBIC FEET PER MOUR =
MAKE-UP WATER FLOW TN POUNDS PER HOUR =
HEAT LOAD IN DTU PER MOUN =
ATHOSPHERIC PRESSURE TN THCHES =
BASTH TEMPERATURE N DEGREES F=
ATR OUTLET TEMPERATURE IN DEGREES F w
D.47IN4E+02  0,2415E+00
THLET TEMPERATURE = 5B.50 PERCENT HUMIDITY
MAR EVAPORATTON TN GPH = 0.2420E+04 TN CFS =
AIR FLOW TN CUDIC FEET PER IIOUR =
MAKE~UP WATER FLOW TN POUNDS PER HOUR =
HEAT LOAD TN BTU PER HOUR =
ATHOSPIERIC PRESSURE TN INCHES =
DASIN TEMPERATURE TN DEGREES F=
AIR OUTLET TEMPERATURE TN DLGREES F =
0.5003C402 N,2016E+ON
TNLET TEHPERATURE = 63.60 PERCENT HUMIOITY
EVAPORATION TN GPM = 0.2067E+04 IN CFS =
ATR FLOW TN CUBIC FEET PER IIOUR =
MAKE-UP WATCR FLOW TN POUNDS PHR lIQUR =
WEAT LOAD TN BTU PER NOUR =
ATMOSPHERTC PRESSURE IN THCHES =
BASTH TENPCRATURE TN DEGREERS F=
ATR OUTLET TEMPELRATURE TH DEGREES F =
0,4804E402 0.7121E+00
My TNLUT TEMPERATURE = 65.67 PERCENT HUMIDITY
EVAPORATION IN GPIt = N.1B71E+n4 [N CFS =
AIR FLOW TiI CUBIC FEET PRR HOWR =
MAKE=ILP WATER FLOW TH POUNDS PER HOUR =
HEAT LOAD TN BTU PER HOUR =
ATMOSPHERTC PRUSSURE TN THCUES =
BASTN TEMPERATURE TN DEGREES F=
ATR OUTLET TEMPERATURE IN DEGREELS F =
N.S101CEN2 0. 4511E+00

60.50
0.4178E+01
Nn.53I3CE+09
0. 4199406
N.1021E+1A
0,2970E102
N.8INAELNZ
N,4700E+02

= 59,00

0, 44N3E+N]
N.51I0E+09
Q. 4791E+NE
0.1096E+140Q
. 2970E+02
0.77A0C+02
N1.5990E+02

= §l.00

N.57191E+01
0.533I0L+09
0. 4999E+06
0,1323E+10
N.29T70E+Nn2
N.7900E+02
n.62005+02

= 55.50

G, 4BOSE+O]
N.53310E+09
N,589E+06
N, 1126E+1n
0.2970F84+02
N, B2ONE+N2
N.6TNBEIN2Z

= (2.00

N_4169E+N)
8,93110E¢09
N.5512R+06
6, 1058E+1N
0,20701402
0, BNNOEEO?
0,7 300E+02

JINE | NLET TEMPERATURE = 76.40 PERCENT NUMIDITY = £5.80

EVAPORATION TN GPM = Nn,]1%949£+04 TN CF5 =
ATR FLOW TN CUBIC FEET PER lIOUR =

MAKE-UP WATER FLOW TN POUNDS PER HOUR =
NEAT LOAD IN BTU PER HOUR =

ATMOSPINERTC PRESSURE TN TNCIES =

BASTN TENPERATURE JTH DEGREES F=

ATR OUTLET TLEMPERATURE TR DIEGRLES F =
n_5502E802 D 53350400

N, 43142FE+N]
N, 5IINE+G9
N,.5524E+Nb
N, 1068G6R+1N
n,2970:402
n.850015402
N.PINNE+N2

81.50 PERCENT (IUNMIDITY
CVAPORATION IN GPM = 0.1853E+04 JN CF5 =
ATR FLOW TN CUBTC FEET PER HOUR =

MAKE-UP WATER FLOW Tu POUNDS PER [OUR =
HWEAT LOAD TN BTU PER !IOUR =

ATHOSPHERIC PRESSURE TN INCHES =

FNLET TEMPERATURE =
JULY

= 62.50
N, 41I1nE+n]

0n,5330E+09
N.68B24E+06
n,1028E%]10
N, 297NE¥N2
a.870NELN2

DASIN TEMPERATURE IN DEGREES F=

ANIR OUTLET TEMPERATURE

A.51NIE4N2

IN DEGREES F =
N, 4BBEE+ND

AUG | HLET

EVAPORATTON TH GPH =
ATR FLOW TH CUBTIC FEET PER 1OUR =
MAKFE-UP WATER FLOW TH POUNDS PER
HEAT LOAD TN DTU PER lIOUR =
ATMOSPHERTC PRESSURE TH THCMES =
BASIH TEMPERATURE TN DEGREES F=
ATR OUTLET TEHMPERATURE TN DEGREES F =
N,5201E+02 N, A010C+0N

HOUR =

EVAPORATION TN GPM = 0,1B1GE+N4 1IN CF5 =
ATR FLOW TN CUBIC FEET PER HOUR =
MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD TN BTU PER HOUR =
ATHOSPHLERTIC PRESSURE TH TRCHES =
BASTN TENPERATURE TN DEGREES F=
ATR OUTLET TEMPERATURE IN DEGREES F =
n,5101E+02 0,246BL+ND
OCT TNLET TEMPERATURE = 58.90 PERCENT HUMIDITY
EVAPORATION TH GPM = O.201RE+Nh4 TN CFS =
ATR FLOW IN CUBTC FEET PER HOUR =
MAKE-UP WATER FLOW JN POUNDS PER HOUR =
HENT LOAD JTH BTU PER WOUR =
ATMOSPIERTC PRESSURE TN INCHES =
BASIN TEMPERATURE JN DEGREES F=
ATR QUTLET TEMPERATURE IN DEGREES F =
N 4NNSE+N2  O,1505E+0N
NOV THLET TEMPERATURE = 45.508 PERCENT HUMIDTTY
EVAPORATION IN GPM = Nn,1RBI9E+N4 TN CKS =
AIR FLOW TN CUBIC FEET PER HOUR =
MAKE-UP WATER FLOW TH POUNDS PER NQUR =
BCAT LOAD TN BTU PER HOUR =
ATHOSPHERTC PRESSURE T8 TNCHES =
BASIN TEMPERATURE 1H DEGREES F=
ATR OUTLET TEMPERATURE TN DEGREES F =
0.45041402  0.1I14E+00
[ECTNLET TEMNPERATURE = 41.99 PERCENT HUMIDITY
EVAPORATION TH GPM = O0.1766E+04 JTH CFS =
ATR FLOW TN CUBIC FEET PER HOUR =
MAKE=UP WATER FLOW Tt POUNDS PER UIOUR =
KEAT LOAD TH UTU PER IIOUR =
ATHOSPHERTC PRESSURE TN TNCHES =
BASIN TEMPERATURE TU DEGRELS F=
ATR OUTLET TEMPERATURE INH DEGREES F =
AVERAGE EVAPORATION TH CF§ =
STOP

END OF TASK 0

MOSES STATION - 1976

0. 870AKEN2

TEMPERMTURE = 78,90 PERCENT HUMIDITY = &0.20
0.1B889E+04 TN CFS = N,4210E+0]

n.531310E409
N, 65028406
N 10281E+10
N, 20T70R+N2
N, BSANE+N2
n,8200E+02

SEPT I HLET TEMPERATURE = 77,00 PERCENT WUMIDITY = 69.00

0.4091140]
N, 53INE+09
N, 5499406
AL.LP2BEFLO
0,2970E+02
N.8400E402
N.79NOEL02

= §3.20

N, 4406EN])
N, 5130E+NY
n. 31274406
A1 1341410
0.2970E+02
0L.83I0AELO2
A.6500E02

= 57,70

n . 4n99gs+n]
N.5110E+ NG
D.3IL6LEINE
D.1N21E+1N
n.2970E402
N, 72000+ N2
n, 50001402

=z 59,76

n_1034F4n]
0,5 130E+00
N 571L6KE+NA
N.31741+09
n_ 29701402
N, TInngen2
N 4INOLCENZ

1.31717?



v1-0

JANIHLET TENPERATURE = 39.70 PERCENT HUMIDITY = 68.00 JULYTNLET TEMPERATURE = 80.20 PERCENT HUMIDITY = 69.50

LVAPORATION IN GPM = 0.3730E+04 IN CFS =
ATR FLGW IN CUBIC FEET PER HOUR =
MARE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATHOSPHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE I[N DEGREES F=
AIR OUTLET TEMPERATURE TN DEGREES F =

0.5103E+02 0.1959E+00
FEEB‘HLET TEMPERATURE = 52.50 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.3718E+04 IN CFS =
ATR FLOW IN CUBIC FEET PER HOUR =
MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN B8TU PER HOUR =
ATMOSPHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =
0.5702E+02 0.2266E+00
MARINLET TENPERATURE = 56.50 PERCENT uunxnxrr
EVAPORATION TN GPM = 0.3701E+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =
MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATHOSPHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =
0.4604E+02 0.2670E+00
APRIULET TEMPERATURE = 61.10 PERCENT HUMIDITY

’ EVAPORATION IH GPM = 0.1967E+04 IN CFS =
ATR FLOW IN CUBIC FEET PER HOUR =
MAKE=UP WATER FLOW IH POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATHOSPHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES Fa
ATR QUTLET TEMPERATURE IN DEGREES F =

0.4304E+¢02 0.3015E+00
bﬁgYINLET TEMPERATURE = 64.60 PERCENT HUMIDITY

: EVAPORATION I¥ GPM = 0.3495E+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =*
MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATMOSPHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR QUTLET TEMPERATURE IN DEGREES F =

0.5403E+02 0.4216E+00

JUNE, TNLET TEMPERATURE = 74.40 PERCENT HUMIDITY

: EVAPORATION IN GPM = 0.4092ZE+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =
MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATMOSPHERIC PRESSURE IN INCHES, =
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =

0.5201F+02 N.S104E+0Q0

0.

0.

0.

8§312E+0T

0.7500E+09
0.7066E+06
0.2146E+10
0.2970E+02
0.7800E+02
0.5300E+02

68.50
B2B4E+01

0.7500E+09
0.4874E+06
0.2160E+10
0.2970E+02
0.8300E+02
0.6600E+02

EVAPORATION IN GPM = 0,.3752E+04 IN CFS =

AIR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR QUTLET TEMPERATURE I[N DEGREES F =
0.5103JE+02 0.486BE+Q0

AUGINLET TEMPERATURE = 78.70 PERCENT HUMIDITY

EVAPORATION IN GPM = 0,3759E+04 IN CFS =

AIR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR QUTLET TEMPERATURE IN DEGREES F =
0.4704E402 0.3909E+00

67.00 SEPT INLET TEMPERATURE = 72.10 PERCENT HUMIDITY

8247E+01L

G.7500E+09
0.7257E+06
0.2088E+10
0.2970E+02
0.8900E+02
0.6600E+02

63.50
8B3BE+01

0.7500E+09
0.5707E+06
0.2232E+190
0.2970E+02
0.7B00E+02
0.6300E+02

68.70
7787E+01

0.7500E+09
0.6141E+06
G.1958E+10
0.2970E+02
0.7500E+02
0.7100E+02

72.50
9119E+01

0.7500C+09
0.5957E+06

0.2304E+10

0.2970E+02
0.8600E+02
0.8200E+02

EVAPORATION IN GPM = ©0.3636E+04 IN CFS =

AIR FLOW IN CUBIC FEET PER HOUR =

MAKE=-UP WATER FLOW IN POUNDS PLR HOUR =

HEAT LOAD IN BTU PER HOUR =

ATHOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES Fw=

AIR QUTLET TEMPERATURE IN DEGREES F =
0.4B04E+02 0.2375E+#00

OCT INLET TEMPERATURE = 57,80 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.3745E+04 IN CFS =

ATIR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =

HEAT LQAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.4804E+02 0.1529E+00

NOVINLET TEMPERATURE = 45.90 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.3829E+04 IN CFS5 =

AIR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HQUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=»

AIR OUTLET TEMPERATURE IN DEGREES F =
0.370SE+02 0.1314E+00

DEC1uLET TEMPERATURE = 41.90 PERCENT HUMIDITY

EVAPORATION IN GPM = 0.4230E+04 IN CFS =
ATR FLOW IN CUBIC FEET PER HOUR =
MAKE~-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATHOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE TN DEGREES F =
AVERAGE EVAPORATION IN CFS =

LINCH PLANT
MONTHLY EVAPORATION

0.

0.

0.

0.

B3159E+01}

0.7500E+09
0.5924E+06
0.2088E:10
0.2970E+02
0.8400E+02
0.8500E+02

60.50
8317SE+01
0.7500E+09
0.5249E+06
0.208BE+10
0,2970E+0Q2
0.8300E+02
0.8B300E+02

72.50
B10lE+01
0.7500DE+09
0.S18IE+06
0.208BE+10
0,2970E+02
0.7900E+02
0.8200E+02

64.00

8 J45E+01
0.7500E+09
0.5266E+06
0,2088E+10
0.297QE+02
0.800CE+02
0.6400E+02

58.70
8532E+01}
¢.7500E+09
0.7191E+06
0.20B8E+10
0.2%70E+02
0.89000E+0Q2
0.5000E+02

55.00
9426E+01
0.7500E+0¢%
0.5324E+0¢
0.2304E+10
0.2970E+02
0.6900E+02
0.4500E+02
8.477



CLAY BOSWELL UNIT 3
DATLY PREDICTED VALUES
JANUARY 1-12, 1977

=
‘31'4" l'lE-
GelTALE40S

TORER RKOQUR =

:"1'.-7|i\'l.;—uF UQH‘.!‘\ i LCN M ORGUNDS FER OMOUR = Je13LCEFOT
HEAT LOAD IN BTU FER HOUR = QW 1710E+10
hTMO“rHERIC FRESSURE IM INCHES = Q.2840E+C2
FASIN TEMFERATURE IN LEGREES F* T. 40005402
ﬁnﬁ SUTLET TEMFERATURE IN DEGRE o e HAO0E+0E
YR 3 D, PEICE~-OD :
‘“"T*f’T""TT’Tﬁ""TT"Go FERCENT HLMLLii( & S8.uu

I

TUAFDRATION INM GFM =  0.1836E+04 IN OFE =
ik FLOW IN CURIC FEET FPER HCOUR =
MAKE-UE WATER FLOW IN FOUNDS FER HOUR =
HEAT LOAD IN BTU FER HOUR =
ATMOSFHERIC FRESSURE IN INCHES =

BASIN TEMFERATURE :'IN DEGREES r=

AIR QUTLET TEMFERATURE IN DEGREEZS & =
LaTa BAD ON 30177

IATA EBAD ON 40177

9AaTa _BAD ON_ B0177 |
D FOTOEFCL =0, 1844E-01

THAAEHD
04 1D0SEFOL
0.1310E+07
0.1520E+10
0.2840E+02
0. 4000E+02
0.7100E+02

IMLET TEMFERATURE = 5,00 FERCEMT NT HLUMALLLTY = Ul
EVAFORATION IN GFM = 0.1V‘Tr* D4 IN OFE =  (,ZTF4E4+01
ALR FLOW IN CURIC FEET FPER HOUR = D, L000E+01
MAR=Z-UP WATER FLOW IN POUNDS FER HOUR = Oo'JL”‘~“7
HEAT LOAL IN BTU FPER HOUR = ¢.1820E+10
ATMOCSFMERIC FRESSURE IN NC%CS = O.2840E+02
EASIN TEM‘ERATUnL IN DE uRFr” F QL. A1LS0E+02
f#IR CQUTILET TEMFERATURE IN DEGREES & = D.8700E+02

Q,2030E+G1 -0,5148E-01

INLET TERHFERATLURE = —-8,00 FERCENT mMUMLUo?y = 55,0y .
EVAFORATION IN GFM = 0,1273E+04 IN CF5 = 0.,2835E+01
ALR FiLOW IN ZURIC FEET FER HOUR = Q. 1000EHDL
MaRkE-UF WATER FLJN IN FOUNDS FER MHOUR = 0,13L0E+0D7
HE&T LCAD IN BTU FER HCUR = 0. 1820E+1G
ATHOSFHERIC FRESSURE IN INCHES = 0.2840E+02
ﬁHSIJ TEMFERATURE IN LEGZREES F= O.ALQQE+O2
ALR QUTLEY TEMFERATURE IN DEGREES F o= 0,48200E+02
EQTA EQD UN bOLI7

SATA Hﬂ! ul FOL?7

B, LALSRE -0
INLE imE = =8,00 rFrefbiMi Huroll T T & SGa v
:UF“unﬂnxuN IN GPFM = (,1084E+04 IM OFS = 0.2371E+01
ATR FLOW IN CURIC FEET FER HOUR = O.iOOOE+Ol
ﬁﬁKE"UP WATER FLOW IN FOUNDS FER HOUR = O.;310F+'
HEﬁT LOAD IN BTU FER HOUR = o 163CE+L

ATHMOSFHERIC FRESSURE IN INCHES = Oo284OE+O~
bﬁuIJ TEMFERATURE IN DEGREES F= G+ 3PT0E+0Z
Al QUTLET TEMPERATURE IN LESREES F = Q. S2QQE+H02

LiaTa BAal ON 110177

DeTA BAl ON 120177

0,7030E+01 ~0.2?*0E o1l
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CLAY BOSWELL INIT 3 (cont'd)
JANUARY 13-22, 1977

o VOV by RS

ARSI SRR R B A o)

R G L SR N R A R I %
e HOUR = .
WATER FLOW IN FDH:«JI' FER MOUR =

S5 BTU FER HOUR =
ﬂTWDarwthIC FRESSURE IMN INDHED =
HAS8IN

TEMFERATURE IN DEGREEES &=

PR

-)hw "

‘w' & '-,;' (VR '\:-' I
0, L310ETO7
D.1730E+10
«2840E+02

¢.4100E+02

ATR OUTLET TEMPERATURE IN DEGREES J.6300E+02
DAaTa BAD ON 140177
DaTa Ball ON 130177
LaTa BALD OM 180177
UQTﬁ HQH o 170177
F—- ." >nJ9-‘zf"" ““"-.)
s Y e N T A T R B RS A IV A
= OL,1ATEER0d TN ODFE = 0,Z2BBEr0L
IN CURIC FEET FER HGUR = 0.15C0E+0L
hﬁ&z—”? WATER FLOW IN FOUNDS FER HOUR = OL,ITLI0EHCT
_nT L3SAL IN BTU FER HQUR = O.1720E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2340a+02
BASIN TEMFERATURE IN DESREES F= 0.4000E+02
HIR CQUTLET TEMFERATURE IN LEGREES F = 0L,A200E+02
O RFE2E401 -0 1444501
INLEY TEMFEIRATURE = 3,00 FERCENT HUMIDITY = 73,00
SUARIRATICON IN GFM = 0,1331E+04 IN CFS = 0,2P488E+01
AIR FLOW IN CURIC FEET FER HOUR = GL,1000E+01
MaKE-US WATER FLOW IN FOUNDE PER HSO0UR = QL13L0E+G7
HEST LOAI IN BTU FER HIOUR = QLVlE5GOE+LO
ATHASF HEﬁlu FRESEURE IN INCHES = 0o, “”A)E+Q:
nHSIN TEMFERATURE IN DEGREES F= 0. A050E+C2
AL DUT'E* TEMFERATURE IN LGEOREES F = O¢4/Our 02
O, PEIREL0L O, IRITE-DL
INLET TEMFERATURE = L7,00 FERCENT HUMIDITY = JVo.oU
cUARFORATION IN GFM = Q.14866E+04 IN CFS = GL3258TET0L
! CURIC FEET FPER HOUR = 0,1000E+01
i FLGW IN FOUNDS FPER HOUR = D>;3TO!+Uf
Uf TU FER MQUR = D, La00E+L0
- i ESSURE I D R9A0E+02
= TEM URE IN D, 4150E+0:
L Ui WFERQTUR & D B4R
lG.LOQEE+G2 -0, 3133k
Tiviem 1 eSS eRE = A N G A S S N Y T N Y
EX APDRGAIUN IN GFM = @.1395E4+04 IN CFh = Qe 31GaE+01L
AIR FLCW IN CUBIC FEZET FER HOUR = 5.L000E+OL
MaRE~-UF WATER FLOW IN FOUNDE FZR HOUR = . W.13Lu_r0,

MEAT LOALD IN BTU FER HOUR =
ATMOSFHERIC FRESSURE IN INCHES
AASIN TEMFERATURE IM DEGREES F=

AIR QUTLET TEMFERATURE IM DEBREES F

LAZOE+LO
.g340E+02
A200E+C2
+&300E4+02

C?OOOA"

9.,1003E+02 -0, T183E-02

INLET TEMFERATURE = T 00U FEMGENT MWLk T = raeug
EUSFORATION IN GFM = 9,1633E+04 IN CFS = 0.3843E+01
AIR FLCW IN Ldﬁ'C FEET FER HCOUR = 0.,100Q0E+01
MARE-UF WATER F ow IN FGUNDS PIR HOUR = 0,1310E+Q7
HEAT LOADR IN BTu FER ROUR = O L63CGEHLG
ATMOSFHERIC FRESSURE IN INCHEE = N.284CE+02
E4SIN TEMFERATURE IN LESREZS F= O,4200E+02
AIR OUTLET TEMFERATURE IN DEGREES = = D,&3IH0OEL0T

I"H'-'

03

O',IOV\,_,,_ Oq 00_:1 ""01
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CLAY BOSWELL UNIT 3 (cont'd)
JANUARY 23-31, 1977

IHLET TEMFERATURE = 22,00 FERCENT HUNMIDITY = 32,00
EVAFCRATION IN GFM = 0,1806E+04 IN CF§ = (,4023E+01
IR FLOW IN CUBIC FEET PER HOUR = 0,1000E+01
MakE-UF WATER FLOW IN FOUNDS FPER HOUR = 0.1310E+GY
HEAT LOAD IN BTU FER HOUR = 2.1650E+10
ATMOSFHERIC FRESSURE IN INCHES = 0,2840E+02
RASIN TEMFERATURE IN DEGREES F= 0.4Z00E+0Q2
AIR OUTLET TEMFERATURE IN DEGREES F = 0,7300E+02
0.1003E+02 0.5487E-01

INLET TEMFERATURE = &38.0U0 reneedl o2 DIIY = gosog
EVAFORATION IN GFM = 0.14690E4+04 IN CFS = 0.3788E+01
AIR FLOW IN CUBIC FEET FER HOUR = 0.1000E+01
MARKE-UF WATER FLOW IN FPOUNDS FER HOUR = 0.1310E+07
HEAT LOAD IN BTU FPER HOUR = - 0.1560E+10
ATHMOSFHERIC FRESSURE IN INCHES = 0.2840E+02
EASIN TEMFERATURE IN DEGREES F= 0,4200E+02
AIR OCUTLET TEMFERATURE IN DEGREES F = 0.7200E+02
aTA BAD ON 250177

0,9030E+01 -0.1644E-01

INCE 1 T EMFERATURE = 400 FEmeEN: NGHIDL:T = G799
EVAFORATION IN GFM = 0.1295E+04 IN CFS = 0,288&E+01
4IR FLCW IN CUBIC FEET FER HOUR = 0+1000E+01
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0.13LOE+07
HEAT LOAD IN BTU FER HOUR = D.1650E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2840E+02
BASIN TEMFERATURE IN DEGREES F= 0.4100E+02
AI% OQUTLET TEMFERATURE IN DEGREES F = 0.4100E+02
SaTa BAL GN 270177

DATS BAD ON 280177

0, B02TESD1L ~3.3521E~01
IHLET TEMFERATURE = —=1.00 FERGEMRT HumLtliin = o, Uy

ARORATIGN IN GFM = ©,13S3E+04 IN CFS = 0Q,30L4E+401

4IR Fi.DW IN CUFIC FEET FER HOUR = 0., 1000E+0L
MARKE-UF WATER FLOW IN FOUNLS FER HOUAR = O, 13L0EFOT
HEAT LOAD IN ETY PER HOUR = 0. 1480E 10

JSFHERIC FRESSURE IN IMCHES = ¢.2840E+02

BEASINM TEMFERATURE IN DEGREES F= DL,ACO0E+0T
AR QUTLEIY TEMPERATURE IN DEGREES F o= Q.HICOEHOZ

7, 832%EL01 -0, 20208~01

TEMFERATURE = 3,00 FERCENT RKUMIDITY = &0.0QC
CRATION IN BFM = 0.13%4E+4+04 IN CFS = 0.3103E+01
FLOW IN CURIC FEET FER MHOUR = , 0. 1000E+01
MAKE=UR WATER FLOW IN POUNDS FER HOUR = ©.,1310E407
HEZaAT LoaZ IM BTY PER HOUR = Q.1670E+10
HTHOSFHERIC #RESSURE IN INCHES = 0.2840E4+02

SASIN TEMPIRATURE IN DEGREEZS F= 0,40T0ETQL
AIF GUTLET TEMFERATURE IN DEGREES F = Q. &6700E4+02
Tava BALD Cn 310177

AVERAGE EVAPCRATION IN CFS = I.284

Cc-17



CLAY BOSWELL UNIT 3
DATLY PREDICIED EVAPORATION
AUGUST 1-6, 1977

JeLET TEMPERATURE = $9.00 FERCENT HUMIDITY = 45,00

) S

EVAFTRATION IN GFM = 0,2197E+04 IN CFS = 0.,4894E+01

Al FLOW IN CUEIC FEZET PER HOUR = 0.1000E+01
MARE-~UF WATER FLOW IN FPOUNDS FER HOUR = 0.1310E+07
HEAT LOAD IN BTU FER HOUR = 0.1320E+10
ATHMOSHHERIC PRESSURE IN INCHES = 0.2840E+02
BASIN TEMFERATURE IN DEGREES F= 0.7200E+02
AIR GUTLET TEMFERATURE IN DEGREES F = 0.,8300E+02

D, 4005E+02  0,2392E+G0

TMLET TEMPERATURE = 35,00 PERCENT HUMIDITY 43I, 0C

ZVAFORATION IN GFM = 0.2463E+04 IM CF3 = 0.0482E+01

Al FLOW IN CURIC FEET FER HOUR = 0.1000E+01
MAKE-UF WATER FLOW IN FOQUNDS FER HOUR = 0+ 1310E+D7
HEAT LOARD IN BTU PER HOUR = 0,1720E+10
ATHOSFHERIC FRESSURE IN INCHES = 0.2840E+02
BEASIN TEMFERATURE IN DEGREES F= 0.7200E+02
AIR OUTLET TEMPERATURE IN DEGREES F = 0.9100E+02

Q.AQTSEHFO2 0.2581E+00

iMce T TEMFERATURE = 60.00 FERURNT RUMLLLTT = 48,00
SUAFORATICN IN GFM = 0,2300E+04 IN CF3 = 0Q,3123E+01
AIR FLOW IN CUBIC FEET FER HOUR = 0.1000E+01
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = Q+131iCE+0Q7
HEAT LOAD IN BTU FER HOUR = 0,1430E+10
ATHMOSFHERIC FRESSURE IM INCHES = 0.2840E+02
EASIN TEMFERATURE IN DEGREES F= C,72T0E+02
AIR OUTLET TEMFERATURE IN DEGREES F = G 7L00E+02
0.40353E+02 0.2640E+00

P ieMPERATURE = 61,00 reRUERT murmadlils = Od,Jdu

ZVAFGRATION IN GFM = 0.2403E+404 IN CF5 = 0,EZ353E+0L

v

AR FLOW IN CURIC FEET FER HOUR = 0, 1000E4+01
MARKE-UF WATER FLOW IN FDUNDS FER HOUR = 0.,1310E+07
HEAT LOAD IN BTU FER HOUR = D.1470E710
ATHOSPFHERIC PRESSURE IM INCHES = - 0L2840E4+02
EASIN TEMFERATURE IM DEGREES F= 0.7250E4+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0.9200E+02

0., 4005E4+02 0. 2581E+00

INLET TEMFERATURE = 60.00 FERCENT HUMILIVY = 45,00
EVAFORATICN IN GFM = 0,2043E+04 IN CFS = 0.4507E+01
AIR FLOW IN CURIC FEET FER HOUR = 0.1000E+01
MARE-UF WATER FLOW IN FOUNDS FER HOUR = 0,13108+07
HEAT LOAD IN BTU FER HOUR = 0,1800E+10
ATMOSFHERIC FRESEURE IN INCHES = 0,2840E+02
EABIN TEMFERATURE IN DEGREES F= 0.7200E+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0.9100E+02

Q.3005E+03 0, 2F58E+00

INLET TEMFERATURE = 64.00 FErRUENT HUMLILLTTY = 37,00
EVAFORATICON IN GFM = 0.2503E+04 IN CF8 = 0.,3577E+01

AR FLOW IN CURIC FEET FER HOUR = 0.1000E+01L
MAREZ-UF WATER FLOW IN POUNDS FER HOUR = 0.1310E+07
HMEAT LGADM IN BTU FER HOUR = 0.1700E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.28405+02
EASIN TEMFERATURE IN ILEGREES F== 0. 7200E+02
AIR QUTLET TEMFERATURE IN DEGREES F = 0.72005+02

DL,ANEEEL0D D.30854E+00
C-18



CLAY BOSWELL WNIT 3 (cont'd)
AUGUST 7-12, 1977

LET O TEMFERATURE = 53,00 FERCENT HUMIDITY = <46.,00

FUaFORATION IN GFM = 0.23T8E+04 IN CFS = 0Q.32T0E+01

AIF FLOW IN CURIC FEET FER HOUR = 0.1000E+01
MARE~UF WATER FLOW IN FOUNDS FER HOUR = 0.1310E+07
HEAT LOAD IN BTU FPER HOUR = v 0.1620E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.,2840E+02
EASIN TEMFERATURE IN DEGREES F= 0.7250E+C2
AIR QUTLET TEMFERATURE IN DEGREES F = 0,9300E+02

DL,4053E+02 0. Z2857E+00

TNLz 1 [ EMFERATURE = £3,00 FERCENT HUMIDITY = 43,00
EVAFORATION IN GFM = 0.2286E+04 IN CF8 =, 0.30F3E+01

SIR FLLOW IN CURIC FEET FER HOUR = 0.+1000E+01
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0.,1310E+07
HEAT LOAD IN BTU FER HOUR = 0.,1600E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2840E+02
BASIN TEMFERATURE IN DEGREES F= 0.7250E+02
AIR ODUTLET TEMFERATURE IN DEGREES F = 0.%100E+02

0.4053E4+02 Q.3284E+00

TNLET TERMFERATLRE = 67.00 FERCEMT HUMLIDITY = 43,00
EVAFORATION IN GFM = 0.,22895E+04 IN CF5 = 0.3100E+01

aIR FLOW IN CUBIC FEET FER HOUR = 0.1000E+01
MAKE-UF WATER FLOW IN FOUNDE PER HOUR = 0.1310E+Q7
HEAT LOAL IN BTU FER HOUR = 0.1340E+10
ATMOSFHERIC FRESSURE IN INCHES = 0,2840E+02
RASIN TEMFERATURE IN DEGREES F= D.F2TOET02
GIR QUTLET TEMFERATURE IN DEGREES F = 0.7100E+Q2

Q. ANSTEHQS ¢ 2T41E100

INLET TEAFERATURE = &0.00 FERCENT HUMIOITY 40,00
SEVAFORATICON IN GFM = 0.2287E+04 IN CFS = 0,3032E+01L

AIR FLOW IN CURBIC FEET FER HOUR = C.100CETOL
MARE-UF WATER FLOW IN FOUNDS FER HOUR = O 1310E+07
HEAT LOAD IN BTU FER HOUR = Q. 13P0E+L0O
ATMOSEFHERIC FRESSURE IN INCHES = 0. 2840E+02
EASIN TEMFERATURE IN LDEGREES F= 0.7250E+C2
AIR OUTLET TEMFERATURE IN DEGREES ¥ = 0.2000E+02
Q.H405TE+02 0, 2880E+00C

INLET TEMFERATURE = 6L.,00 FERGCEMT HUMILOLTY = B5CeuGU
EVAFORATION IN GFM = 0,.2249E+04 IN CFS = 0.353011E+01
IR FLOW IN CURIC FEET RER HOUR = 0,1000E+01
MAXE-UF WATER FLGOW IN FOUNDS FER HOUR = 0.1310E+07
AEAT LOAD IM RTU FPER HOUR = . _ 0. 13550E+1O
ATMOSFRERIC FRESSURE IN INCHES = Q.,2840E+02
EASIN TEMFERATURE IN DEGREES F= 0.7250E+G2
AIR OQUTLET TEMFERATURE IN DEGREES F = 0.8800E+02

LIFSTEFOD 0, 2680E+00

N T TEMFERATURE = S1.00 FREAGENT FAGMLLll ] = 41.00
EVAFORATION IN GFM = 0,2123E+04 IN CFS = 0.,4731E401

AIR FLOW IN CURIC FEET FER HOUR = 0,1000E4+01

MAKE-UF WATER FLOW IN FOUNDS PER HOUR = 0,1310E+07

HEAT LLOAD IN BTU FER HOUR = 0,14%0E+10
ATMOSFHERIC FRESSURE IM INCHES = 0.2840£+02
BASIN TEMPERATURE IN [BEGREES F= 0.,7150E4+02
AIR SUTLET TEMFERATURE IN DEGREES F = 0.B200E+02
0L A00SE+S02 0L, 204TE400
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CLAY BOSWELL UNIT 3 (cont'd)
AUGUST 13-21, 1977

Loibm o GeMEERATURE = S4,00 FPERCINT muElaciy = 4, uU
SUAFORATION IN GFM =  0,227%3E+04 IN CF5 = 0.308%E+01
Sif FLOW IN CURIC FEET PER HOUR = 0.,100CE+01
MARE-UF WATER FLGW IN FOUNDS FER HOUR = 013105407
HZaT LOAD IN BTU FER HOUR = 0,1460E+10
ATMOSFPHERIC FRESSURE IN IMNCHES = 0.2840E+02
EASIN TEMFERATURE IN DEGREES F= 0.720GE+0R
AIR OUTLET TEMFERATURE IN DEGREES F = 0.8800E+02

0.,38052+02 0.2308E+00

THLET TEMPFERAIURE = D7 .00 riivlaiyt mfami o s & Ml e

EVAPORATIGN IN GFM = 0.2090E+04 IN CFE = Q.4é57ﬂ+01

ATR FLOW IN CURIC FEET FER HOUR = 0., 1000E+01
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0. 13L0E+CT
HEAT LCADl IN ETU FER HDUR = 0.1480E+10
ATMOSFHERIC FRESSURE IN INCHES = + 240E+Q2
BASIN TEMFERATURE IN DEGREES F= 0,7000E+02
AIR QUTLET TEMFERATURE IN DEGREES F = 0,9100E+02

. IATA BALD ON 130877
DATA EADl ON 140877
DATA BAD ON 170877
D.3405E+02 0, 2324E+00

ITNLET TEMFERATURE = 56,00 FERCENT RUMLIDLT? = 40

VIV

EVAFORATION IN GFM = O0.,2129E+04 IN OFS = 0,47453E+01

4IR FLOW IN CURIC FEET FER HOUR = 0,1000E+01
MARE=-UF WATER FLOW IN FOUNDS FPER HOUR = 0, 13LOE+QY
AZAT L0AD IN BTU FER HOUR = 0. 1550E+10
ATHMOEFRERIC FRESSURE IN INCHES = 0.2840E+02
BASIN TEMFERATURE IN DEGREES F= 0. SB00E+02
AIR CUTLET TEMFERATURE IN DEGREES F = 0.8B300E+02

¢.2608E+02 0.230BE+00

i

T TEMFERATURE = 597 e00 FRALENT HUMIOLTY 41,00
SUARORATION IN GFM = Q.2438E+04 IN CF8 =  0.,35428E+01

4In FLOW IN CURIC FEET FER HOUR = 0.1000E+01
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0. 1310E+O7
PtHT LOall IN BTU FER HOUR = D.1820E+10
uTuDaFth C FRESSURE IM INCHEES = 0.~910b*”
BaSIN TEMFERATURE IN DEGREES F= 0.6800E+D2
AIR OUTLET TEMFERATURE IN DEGREES F = 0.,8900E+02

0.3705E+02  0.2887E+00

TNLE] TEMPFERATURE = 63.00 FERUENT HUMLULTY = 45.00

EVAFORATION IN GFM = 0.2127E+04 IN CFS = 0.4739E+01
AIR FLOW IN CURIC FEET FER HOUR = 0. 1000E+01
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0.1310E+07
MEAT LGAD IN BTU FER HOUR = 0, 1470E+10
ATMOSFHERIC FRESSURE IN INCHES = 0. 2840E+02
E4SIN TEMFERATURE IN DEGREES F= 0. 8P00E+OR
AIX OUTLET TEMFERATURE IN DEGREES F = 0. FO00E+02

0,3703+02 0, 27FE8E4H00

INLET TEMFERATURE = 62,00 FERCENT HUMIDITY = 42,00
EVAFORATION IN GFM = 0,1861E+04 IMN CF8 = 0Q.4146E+01

AIR FLOW IN CUBIC FEET FER HOUR = 0+1000E+01
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0.1310E+67
HEAT LOAD IN BTU_FER HOUR =  _ __ . ___ . ____ 0.,1290E+10
ATMCSFHERIC FRESSURE IM INCHES = 0.2840E+02
EASIN TEMFERATURE IN DEGREES F= 0, 6P00E+02
4TR OUTLET TEMFERATURE IN DEGREES F = 0.87COE+0R

NLIATOSEROD 0LDPATTEFON
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CILAY BOSWELL UNIT 3 (cont'd)
AUGUST 22-31, 1977

IMLET TEMPERATURE = 5%.00 FERCENT HUMIDITY = 38.00
ZUAFORATION IN GPM = (.2282E4+04 IN CF5 = 0,Z017E4+01
AIR FLOW IN CURIC FEET FER HOUR = 0.1000CE+01
MARKE~UP WATER FLOW IMN FOUNDS FER HOUR = D.13L0E+07
HEAT LOAD IN BTU FER HOUR = 0.1570E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2840E+02
EASIN TEMFERATURE IN DEGREES F= 0.6900E+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0,.8900E+02
0,2H05E+02 0, 18325400

INLET TEMPERATURE = 31,00 PERCENT HUMIDITY = 40.00
EVAFQRATION IN GFM = Q.2214E+04 IN CFS = Q.4%933E+01
AIR FLOW IN CURIC FEET PER HOUR = 0.1000E+01
MaRE-UFP WATER FLOW IN FOUNDS FER HOUR = 0,1310E+07
REAT LOAD IN BTU FER HOUR = 0.,1690E+10
ATMOEFHERIC FRESSURE IN INCHES = 0.,2B840E+02
EASIN TEMFERATURE IN DEGREES F= Q.3800E+02
AIR QUTLET TEMFERATURE IN DEGREES F = 0,7000E+02
0.,335Q5E+02  0.1995E+00

THLET TEMPERATURE = 53.00 FERGENT AUMIDLTY = =0, 00
EVAFORATION IN GFM = 0,2123E+04 IN CFS = 0.4730E+01L
AIR FLOW IN CUFIC FEET FER HOUR = 0. LO00E+OL

MARKE-UF WATER FLOW IN FOUNDES FER HOUR = O L3102+ 07

HEAT LOALD IN BTU FER HOUR = 0, 1&40GE+10

ATMOEFHERIC FRESSURE IN INCHES = 0,2840E+02

BASIN TEMPERATURE IN LEGREES F= DL, 6TO0EFQZ
AZR QUTLET TEMPERATURE IN [EGREES F = 0.8T00E+02
Oy 3AQ8E+Q2 G, Z2EZPIESOND

Lt lmmPERATORE = 0800 FERCENT mUmLuL by WL
EVEFORATION IN GFM = 0Q.1847E+04 IN OFE5 = 0,4118E8+01
SIR FLOW IN CURIC FEET FER HOUR = D, LOOOEFOL

-

AE-UF WATER FLOW IN FOUNDS FER HOUR = 0,1310E+07
AT LGAD IN BTU FER MHOUR = O, 110CE+L0
MOBFHERIC PRESBURE IN INCHES = 0. 2840E402
VS IN TEMPERATURE IN LEGREES F= 0, 880GE+0R

IR OQUTLET TeMFERATURE IN DEGREES F = 0, 8900E+02
LATA BAD ON 260877

LDaTa BAD ON 270877

DATA BAD ON 280877

DaTa RAD ON 290877

LAaTa BaAD ON 300877

DAaTA 24D ON 310877

AVERAGE EVAFPORATION IN CFS = 4,245
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HOMER CITY STATION
DATLY MODEL PREDICTIONS
JANUARY 1-8, 1877

0.3406E402 0.46077E-02 -

INLET TEMFERATURE = .10.00 FERCENT HUMIDIT

EUAFORATION IN GFM = 0.2677E+04 IN CFS -

AIR FLOW IN CULFIC FEST FER HOUR =

MANE-UF WATER FLGW IN FOUNDS FER HOUR =

HEAT LOADL IN BTU FER HOUR =

ATMOSPMERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.,3408E+02  0.2840E-01

INLET TEMFERATURE = 14,00 PERCENT HUMIDITY

EVAFORATION IN GFM = 0.2743E+04 IN CFS =

AIR FLOW IN CUBIC FEET FER HOUR =

MAKE-UF WATER FLOW IN FOUNDS PER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSFHMERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN.DEGREES F=

AIR OUTLET, TEMPERATURE IN DEGREES F =
0.350SE+02 0.4341E-01

INLET TEMPERATURE = 20.00 PERCENT HUMIDITY
EVAPORATION IN GFN = 0.291SE+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES Fa

AIR OUTLET TEMPERATURE IN DEGREES F =
0.3004E+02° 0.6238E-01

INLET TEMPERATURE = 25.00 PERCENT HUMIDITY
EVAFORATION IN GPM = 0.2898E404 IN CFS =
AIR FLOW IN CURIC FEET PER HOUR =

MAKE-UP WATER FLOW IN PODUNDS FER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSFHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES Fa

AIR OUTLET TEMPERATURE IN DEGREES F =
0.2804E+02 0,5112E-01

INLET TEMFERATURE = 22.00 PERCENT HUMIDITY

EVAFORATION IN GPM = 0.6213E+04 IN CFS =

AIR FLOW IN CUBIC FEET FER HOUR =

MAKE-UP WATER FLCW IN POUNDS FER HOUR =

HEAT LOAD IN BTU FER WOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR CUTLET TEMPERATURE IN DEGREES F =
0.3104E+02 0,4238E-01

INLET TEMPERATURE = 23,00 PERCENT HUMIDITY

EVAPORATION IN GPM = 0,54S3E+04 IN CFS =

AIR FLOW IN CURIC FEET PER HOUR =

MAKE-UP WATER FLOW IN FOUNDS PER HOUR =

HEAT LOAD IN BTU FER HOUR =

ATHMOSFHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR QUTLET TEMFERATURE I[N DEGREES F =
0.2704E402 0.4734E-01

INLET TEMFERATURE = 21,00 PERCENT HUMIDITY

EVAFGRATION IN GPM = 0.6104E+04 IN CFS =

AIR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW IN FOUNDS FPER HOLR =

HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC FRESSURE IN INCHES =

BASIN TEMFERATURE IN DEGREES F=

AIR QUTLET TEMPERATURE IN LEGREES F =
0.3306E+02 0.2109E-01

INLET TEMPERATURE = 14,00 PERCENT HUMIDITY

EVAFORATION IN GFM = 0.5045E+04 IN CFS =

AIR FLOW IN CUBIC FEET PER HOUR =

JMAKE-UP WATER FLOW IN POUNDS PER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSFHERIC FRESSURE IN INCHES =

FASIN TEMFERATURE IN DEGREES F=

AIR QUTLIT TEMFERATURE IN DEGREES F =
0.3BOTI+02 0. 3PSHE-O1
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= 40.00
0.IP464E+01
0.1000E+01
0.420CE+07
0.2140E+10
C.286CE+02
0.4600E+02
0.9400E+02
= 48.00
0.6112E+01
0.1000E+01
C.4200E+0Q7
0.2140E+10
0.2840E+02

Q.46600E+02
0.9400E+02

= 52.00
0.8494E+01
0.1000E+01
0.4000E+07
0.2200E+10
0.28460E+02
0.4700E+02
0.9400E+02
= 468.00
0.464546E+01
0.1000E+01
G.4100E+07
0.2150E+10
C.2860E+02
0.4200E+02
0.9300E+02

=

Sé.00
0+13B4E+02

0.1000E+01
0.4400E+07
0.4710E+10
0.2840E+02
0.4000E+02
0.9500E+02

= 60,00

0,12135E+02
0,1000£+01
0,4400E+07
0.4220E+10
0.28460E+02
0.,4300E+02
0.?500E+02

= 5%.00

0+1361E+0G2

“ 0.1000E+0Q1
0.5300E+07
0.4650E+10
0.2840E+02
0+3900E+02
0.?500E+02

= S50.00

0.1129E402
0+1000E+01
0.5100E+07
Q+40Q0E+10
0.2B&CE+0Z
0.4500E+02
0.8800E+02



HOMER CITY STATION ‘(cont'd)
JANUARY 22-31, 1977

0.2706E+02 +2484E-01
INLET TEMFERATURE = 13,00 FERCENT HUMIDITY = 5Z.00

EVAFORATION IN GFM = 0,3549E+04 IN CFS = 0.7907E+01

AIR FLOW IN CURIC FEET FER HOUR = 0.1000E+01L
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0.58008+07
HEAT LOAD IN BTU FER HOUR = 0.,2570E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2840E+02
EASIN TEMPERATURE IN DEGREES F= 0.5900E+02
AIR OUTLET TEMPERATURE IN DEGREES F = 0.9500E+02

0.2804E+02 0.2109E-01
INLET TEMPERATURE = 14.00 FERCENT HUMIDITY = 30.00
EVAFORATION IN GFM & . 0.3710E+04 IN CFS = 0,8247E+01

AIR FLCW IN CUBIC FEET FER HOUR = 0.1000E+01
MAKE-UP WATER FLOW IN.FOUNDS FER HOUR = 0.4800E+07
HEAT LOAD IN BTU FER HOUR = 0.2670E+10
ATMOSPHERIC FRESSURE IN INCHES = 0.2860E+02
BASIN TEMPERATURE IN DEGREES F= 0.46000E+02

AIR OUTLET TEMPERATURE IN DEGREES F = 0.9300E+02
0.27046E+02 0.4988E-01 :

INLET TEMPERATURE %= 27,00 FERCENT HUMIDITY = 53.00

EVAFORATION IN GPM = 0,3884E+04 IN CFS = 0.8654E+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MAKE-UP WATER FLOW IN POUNDS PER HOUR = 0.5100E+07
HEAT LOAD IN BTU FER HOUR = : 0.2660E+10
ATMOSFHERIC FRESSURE IN INCHES = : 0.2840E+02
BASIN TEMFERATURE IN .DEGREES F= 0.5900E+02
AIR OUTLET TEMPERATURE IN DEGREES F = 0.9500E+02

0.3004E+02 0.46988E-01
INLET TEMPERATURE = 27.00 PERCENT HUMIDITY = 68.00
EVAFGRATION IN GFM = 0.3773E+04 IN CFS = 0.8407E+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MAKE~-UP WATER FLOW IN FOUNDS FER HOUR = 0+3900E+07
HEAT LOAD IN HBTU FER HOUR = 0.2620E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2860E+02
FASIN TEMFERATURE IN DEGREES F= 0.46200E+02
AIR OUTLET TEMPERATURE IN DEGREES F = 0.9500E+02

0.3104E+402 0.6613E-01
INLET TEMFERATURE = 26.00 FERCENT HUMIDITY = 59.00
EVAFORATION IN GFM = -0.4207E+C4 IN CFS = -0,9373E+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MAKE~UP WATER FLOW IN POUNDS FER HOUR = 0.4600E+07
HEAT LOAD IN BTU FER HQUR = 0.5510E+10
ATMOSFHERIC PRESSURE IN INCHES = 0.2860E+02
BASIN TEMPERATURE IN DEGREES F= 0.4300E+02
AIR OUTLET TEMPERATURE IN DEGREES F = 0.9500E+02

0.3106E+02 0.2484E-01
INLET TEMPERATURE = 15.00 FERCENT HUMILITY = 33.00
EVAPORATION IN GPM = 0.5644E+04 IN CFS = 0.12T58E+402

AIR FLOW IN CURIC FEET PER HOUR = 0.1000E+01
MARE-UP WATER FLOW IN POUNDS FER HOUR = 0.35200E+07
HEAT LOAD IN BTU FER HOUR = 0.4490E+10
ATMOSFHERIC PRESSURE IN INCHES = 0.2860E+02
EASIN TEMFERATURE IN DEGREES F= 0.,48300E+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0.9500E+02

DATA BAD ON 280177

DATA BALD ON 2990177

0.3404E+02 0.46077E-02 -
INLET TEMPERATURE = 10,00 PERCENT HUMIDITY = 33.00
EVAFORATION IN GPM = 0.72635E404 IN CFS = 0,16819E+02

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000£+01
MAKE-UF WATER FLOW IN POUNDS FER HOUR = 0.4200E+07
HEAT LOAD IN BTU FER HOUR = 0.5430E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2860E+02
EASIN TEMFERATURE IN DEGREES F= 0.46600E+02
AIR OUTLET TEMPERATURE IN DEGREES F = 0.9500E+02

0.3404E+02 0.9830E-02
INLET TEMPERATURE = 11,00 PERCENT HUMIDITY = 32.00
EVAFORATION IN GFM = 0.,4306E+04 IN CFS = 0.9394E+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0.4600E+07
HEAT LOAD IN BTU PER HOUR = 0.3330E+10
ATMOSFHERIC PRESSURE IN INCHES = 0.2840E+02
BASIN TEMPERATURE_IN DEGREES_F= 0.4400E+02
AIR CUTLET TEMFERATURE IN DEGREES F = 0.9500E+02
AVERAGE EVAFORATION IN CFS = 8.4633
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HOMER CITY STATION (cont'd)
JANUARY 8-21, 1977

INLET TEMFERATURE = l¥.00 FERCEMT HUMILITY = $0.00
EVAFORATION IN GFM = 0.4728E+04 IN CFS = . 1053E+02
AIR FLOW iIN CURIC FEET FER HOUR = 0.10C0E+Q1
MAKE~UF WATER FLOW .IN FOUNDS FER HOQUR = C.4500E+07
HEAT LOAD IN BTU FER HOUR = 0.3900E+10
ATMGSFHERIC FRESSURE IN INCHES = «2B40EFO2
BASIN TEMFERATURE IN [DEGREES F= 0.7000E+02
AIR OUTLET TEMFPERATURE IN DEGREES F = 0,.,9300E+02

DATA BAD ON 100177.
0.3206E+02 0.4077E-02
INLET TEMFERATURE = 10.00 FERCENT HUMIDITY = 49.00

EVAFGRATION IN GFM = 0,5S892E+04 IN CFS = -0.1313E+02

AIR FLOW IN CUBIC FEET FER HOLR = 0.1000E+01
MARE~UF WATER FLDW IN FOUNDS FER HOUR = 0.5100E+07
HEAT LOAD IN BTU PER HOUR = G.4720E+10
ATHOSFHERIC FRESSURE' IN INCHES = 0.2860E+02
PASIN TEMFERATURE IN DEGREES F= 0.46400E+02
AIR OUTLET TEMPERATURE IN DEGREES F = 0.9S500E+02

0.,3406E+02 -0,1430E-02
INLET TEMPERATURE = 8.00 PERCENT HUMIDITY = SB.00
EVAFORATION IN GFM;= 0.,7541E+04 IN CFS = 0.1480E+02

AIR FLOW IN CUBRIC FEET PER HOUR = 0.1000E+01
MAKE-UP WATER FLOW IN FOUNDS PER HOUR = 0.4000E+07
HEAT LOAD IN BTU FER HOUR = 0.4860E+10
ATMOSFHERIC PRESSURE IN INCHES = 0.28640E+02
PASIN TEMPERATURE IN DEGREES F= 0.4400E+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0.9500E+02

0.3306E+02 0.9830E-02
INLET TEMPERATURE = 11.00 FERCENT HUMIDITY = 41.00

EVAPORATION IN GFM = 0.2777E+04 IN CFS = 0.6187E+0t

AIR FLOW IN CUBIC FEET FER HOUR = 0.1000E+01
MARE-UF WATER FLOW IN POUNDS FER HOUR = 0.3900E+07
HEAT LOAD IN ETU FER HOUR = .2210E+10
ATMOSFHERIC PRESSURE IN INCHES = 0.2860E+02
BASIN TEMPERATURE IN DEGREES F= 0.4500E+02
AIR OQUTLET TEMPERATURE IN DEGREES F = 0.?500E+02

0+3204E+02 0.7739E-01
IMLET TEMPERATURE = 29.00 FERCENT HUMIDITY = 47.00
EVAPORATION IN GPH = 0.2939E+04 IN CFS = Q.8549E+01

AIR FLOW IN CUBIC FEET FER HOUR = 0.1000E+01
MAKE-UF WATER FLOW IN FOUNDS PER HOUR = 0.4000E+07
HEAT LOADL IN BTU PER HOUR = 0.2130E+10
ATMOSFHERIC PRESSURE IN INCHES = 0.2860E+02
BASIN TEMPERATURE IN DEGREES F= 0.,6400E402
AIR OUTLET TEMPERATURE IN DEGREES F = 0.2500E+02

0.2804E+02 0.423BE-01
INLET TEMFERATURE = 25.00 PERCENT HUMILDITY $8.00
EVAPORATION IN GPM = 0,3144E+04 IN CF5 = 0.7011E+01

AIR FLOW IN CUBIC FEET FER HQUR = 0.1000E+01
MARKE-UFP WATER FLOW IN FPOUNDS FER HOUR = 0.3500E+07
HEAT LOAD IN BTU FER HOUR = 0.2250E+10
ATMOSFHERIC FRESSURE IN INCHES = Q.28B40E+G2
BASIN TEMFERATURE IN LEGREES F= 0.4000E+02
AIR QUTLET TEMFERATURE IN UDEGREES F = 0.8900E+02

DATA BAD ON 140177
- DATA BAD ON 170177

DATA BAD ON 180177

DATA BAD ON 190177

DATA BAD ON 200177

0.2406E+02 0.39846E-01

INLET TEMPERATURE = 19.00 PERCENT HUMIDITY.= 55.00
IVAPORATICON IN GFM = 0.9094E+02 IN CFS = 0.,2027E+00

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MARE-UF WATER FLOW IN FPOUNDS FER HOUR = 0.5100E+07
HEAT LOAD IN BTU PER HOUR = 0.5000E+0?
ATMGSFHERIC PRESSURE IN INCHES = 0.2860E+02
RASIN TEMPERATURE IN DEGREES F= 0.3800E+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0.7000E+02

0.2708E+02 0.2484E-01 C=-24



HOMER CITY STATION
DATLY MOCEL PREDICTIONS
APRIL 1-7, 1877

END .QF TASK 0
¥RES CL
XL 0 FPAK1:TOWR.OBJ
*AS 6,CRT?
*¥AS 10s,FAKL1:HOCAPR.FTN
*ST
0.3006E+02 0.1780E+00
INLET TEMFERATURE = Z0.00 FERCENT HUMIDITY = 44,00
EVAFORATION IN GPM = 0.407S5E+04 IN CFS = 0.9079E+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MAKE-UF WATER FLOW IN POUNDS PER HOUR = 0.4800E+07
HEAT LOAD IN BTU FER HOUR = 0.2560E+10
ATMOSFHERIC PRESSURE IN INCHES = 0.2880E+02
BASIN TEMPERATURE IN DEGREES F= 0.6200E+02
AIR DUTLET TEMPERATURE IN DEGREES F = 0.9700E+02

0.3805E+02 0.2087E+00
INLET TEMPERATURE = 54,00 PERCENT HUMIDITY = 746.00
EVAPORATION IN GPM = 0.3942E+04 IN CFS = 0,.8784E+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MAKE-UP WATER FLOW IN POUNDS PER HOUR = 0.4200E+07
HEAT LOAD IN BTU PER HOUR '= 0.2520E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2880E+02
BASIN TEMFERATURE IN DEGREES F= 0.7000E+402
AIR QUTLET TEMPERATURE IN DEGREES F = 0.1050E+03

0.3605E+02 0.1780E+00

INLET TEMPERATURE = S50.00 PERCENT HUMIDITY = $0.,00
EVAFORATION IN GPM = 0.4011E+04 IN CFS = 0,8937E+01
AIR FLOW IN CURIC FEET PER HOUR = 0+.1000E+01
MAKE~UP WATER FLOW IN POUNDS PER HOUR = 0.4100E+4+07
HEAT LOAD IN BTU FER HOUR = 0.2490E+1i0
ATMOSFPHERIC FRESSURE IN INCHES = 0.2880E+02
BASIN TEMFERATURE IN DEGREES F= 0.5800E+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0.9400E+02
0.3204E+02 0.1320E+00

INLET TEMPERATURE = 42,00 PERCENT HUMIDITY = 85.00
EVAFORATION IN GFM = 0.4001E+04 IN CFS = D.8914E+01
AIR FLOW IN CUERIC FEET PER HOUR = 0.1000E+01
MARE-UF WATER FLOW IN POUNDS FER HOUR = 0.4000E+07
HEAT LOAD IN BTU PER HOUR = 0.25490E+10
ATMOSPHERIC PRESSURE IN INCHES = 0.2880E+02
BASIN TEMFERATURE IN DEGREES Fs= 0.4400E+02
AIR QUTLET TEMFERATURE IN DEGREES F = 0.9000E+02

DATA BAD ON 50477

0.2B0GE+02 0.¥414E-01

INLET TEMFERATURE = 334.00 PERCENT HUMIDITY = 54.00
EVAFORATION IN GPM = 0,3801E+04 IN CFS = 0,844BE+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0.3500E+07
HEAT LOAD IN BTU FER HOUR = 0.2490E+10
ATMOSFHERIC PRESSURE IN INCHES = 0.28B80E+02
BASIN TEMPERATURE IN DEGREES = 0.,6000E+02
AIR QUTLET TEMPERATURE IN DEGREES F = 0.8600E+02

0.2406E+02 0.9991E-01
INLET TEMPERATURE = 35.00 PERCENT HUMIDITY = 56.00
EVAFORATION IN GFM = 0,3571E+04 IN CFS = 0.7938E+01

AIR FLOW IN CUBIC FEET FER HOUR = 0.1000E4+01
MAKE-UF WATER FLOW IN POUNDS PER HOUR = 0.,6100E+07
HEAT LOAD IN BTU FER HOUR = 0.2340E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2880E+02
BASIN TEMPERATURE IN DEGREES F= 0.5600E+02
AIR QUTLET TEMPERATURE IN DEGREES F = 0.,8900E+02

0.2104E+02 0.884SE-01
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HOMER CITY STATION (cont'd)

APRIL 8-19, 1977

0.2104E402 0.8863E-01
INLET TEMFERATURE = 32,00 FERCENT HUMIDITY
EVAFORATION IN GFM = 0,2970E+04 [N CFS =
AIR FLOW IN CUBIC FEET FER HOUR =
MAKE-~UF WATER FLOW IN POUNDS FER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATMOSPHERIC FRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR QUTLET TEMPERATURE IN DEGREES F =
DATA BAD ON 90477
DATA BAD ON 100477
DATA BAD ON 110477
0.4504E4+02 0.4451E4+00
INLET TEMFERATURE = 76.00 PERCENT HUMIDITY
EVAFORATION IN GFM = 0.2494E+04 IN CFS =
AIR FLOW IN CUBIC :FEET FER HOUR =
MAKE-UP WATER FLOW IN FOUNDS FER HOUR =
.HEAT LOAD IN BTU FER HOUR =
ATMOSFHERIC FPRESSURE IN INCHES =
BASIN TEMFERATURE 'IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =
0.4604E+02 0.3629E+400
INLET TEMPERATURE = 70,00 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.45464E+04 IN CFS =
AIR FLOW IN CUFIC FEET PER HOUR =
MAKE-UP WATER FLOW IM POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATMOSFHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMFERATURE IN DEGREES F =
0,410SE+02 0.24640E+00
INLET TEMPERATURE = 61.00 FERCENT HUMIDITY
EVAFOQRATION IN GFM = 0.,4270E+04 IN CFS =
AIR FLOW IN CUFIC FEET PER HOUR =
MAKE-UF WATER FLOW IN POUNDS FER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATMOSPHERIC FRESSURE IN INCHES =
FASIN TEMPERATURE IN DEGREES F=
AIR QUTLET TEMFERATURE IN DEGREES F =
0.3808E+02 0.2392E+00
INLET TEMPERATURE = S58.00 PERCENT HUMIDITY
EVAFORATION IN GFM = 0.4451E+04 IN CFS =
AIR FLOW IN CUBIC FEET FER HOUR =
MAKE-UF WATER FLOW IN FOUNDS FER HOUR =
HEAT LOAD IN BTU PER HOUR =
ATMOSFHERIC FRESSURE IN INCHES =
BASIN TEMFERATURE IN DEGREES F=
AIR OQUTLET TEMPERATURE IN DEGREES F =
0.3805E+02 0.2224E+00
INLET TEMPERATURE = 56.00 PERCENT HUMIKGITY
EVAPORATION IN GFM = 0.,4401E+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR, =
MAKE-UP WATER FLOW IN FOUNDS PR HOUR =
HEAT LOAD IN BTU FER HOUR =
ATMOSFHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR QUTLET TEMFERATURE IN DEGREES F =
0.3705E+02 0.2477E+00
INLET TEMPERATURE = S$9.00 FERCENT HUMIDITY
EVAFORATION IN GFM = 0.3081E+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =
MAKE-UP WATER FLOW IN FOUNDS FPER HOUR =
HEAT LOAD IN BRTU FER HOUR =
ATMOSFHERIC FRESSURE IN INCHES =
RASIN TEMPERATURE IN DEGREES F=
AIR OQUTLET TEMPERATURE IN DEGREES F =
DATA BAD ON 180477
GATA BATI ON 190477
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0

Q.

0.

0.

=

o]

0.

0.

48.00

+64617E401

0.1000E+01
0+.4100E+07
0.18Z0E+10
0.2880E+02
0.5300E4+02
0.7500E+02

29.00
4007E+01
0.1000E+01
0.4300E+07
0.1440E+10
0.2880E+02
0.7700E+02
0.9400E+02

34,00
1017E+02
0.1000E+01
0.3800E+07
0.24630E+10
0.,2880E+02
0,7800E+02
0+9900E+02

45.00
951SE+01
0.1000E+01
0.,3800E+07
0,2530E+10
0.,2880E+02
0,7300E+02
?S00E+02

23,00

+9918E+0L

0.1000E+01¢
0.4000E+07
0.2650E+10
0.2880E+02
0.7000E+02
0.9400E+02

39.00
F807E+01
0.1000E+01
0.4400E+07
+2820E+10
0.2880E+02
0.7000E+02
0.9400E+02

40.00
4866E+01
0.1000E+01
0.4100E+07
0.,1770E+10
0.2880E+02
0.4700E+02
0.7000E+02



HOMER CITY STATION (cont'd)
APRII, 20-30, 1977

pATA BAD ON 280477

DATA BAD ON 210477

DaTa BAD QN 220477

0.4804E+02 0.2541E+00

INLET TEMFERATURE = 40.00 FERCENT HUMIDITY = 78.00
EVAFORATION IN GFM = 0.3534E+04 IN CFS = 0.787%E+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MAKE-UP WATER FLOW- EN- PQUNDS FER HOUR = 0.45SQ0E+07
HEAT LOAD IN ETU PER HOUR = 0.20B0E+10
ATMOSFHERIC PRESSURE IN INCHES = 0.2880E+02
BASIN TEMFERATURE IN DEGREES F= 0.7800E+02
A4IR OUTLET TEMPERATURE 'IN DEGREES F = 0,.9900E+02

0.4005E+02 0.1852E+00
INLET TEMPERATURE = 351.00 FERCENT HUMIDITY = 80.00
EVAPORATION IN GFM = 0.4253E404 IN CFS = 0.9474E+01

AIR FLOW IN CuBIC ?EET FER HOUR = 0.,1000E+01
MAKE-UP WATER FLOW IN FOUNDS FER HOUR = 0.5000E+07
HEAT LOAD IN BTU FER HOUR = 0,2530E+10
ATMOSPHERIC FRESSURE IN INCHES = . 2880E+02
BASIN TEMPERATURE IN DEGREES F= 0.7200E+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0.9600E+02

0.3505E+02 C.1719E+00
INLET TEMPERATURE = 49.00 PERCENT HUMIDITY = 63.00
EVAPORATION IN GPM = 0,4304E+04 IN CFS = 0.9571E+01

AIR FLOW IN CUBIC FEET PER HOUR = 0.1000E+01
MAKE-UFP WATER FLOW IN POUNDS FER HOUR = 0.4700E+07
HEAT LOAD IN BTU FER HOUR = 0.2530E+10
ATMOSPHERIC FPRESSURE IN INCHES = 0,2880E+02
BASIN TEMPERATURE IN DEGREES F= 0.6700E+402
AIR OQUTLET TEMPERATURE IN DEGREES F = 0.?500E+402

0.3104E+02 0.1474E+D0
INLET TEMPERATURE = 45,00 PERCENT HUMIDITY = 70.00
EVAPORATION IN GFM = 0,3073E+#04 IN CFS = 0.46848E+01

AIR FLOW IN CURIC FEET FER HOUR = 0.1000E+4+01
MAKE-UP WATER FLOW IN FOUNDS FER HOUR = 0.4500E+07
HEAT LOAD IN BTU FER HOUR = 0,1940E+10
ATHMOSFHERIC PRESSURE IN INCHES = 0.2B80E+02
EASIN TEMFERATURE IN DEGREES F= Q.6300E+02
AIR QUTLET TEMFERATURE IN DEGREES F = 0.9100E+02

DATA BAL ON 270477

DATA BAD ON 280477

0.2904E+02 0.1474E+00 '
INLET TEMFERATURE = 45,00 PERCENT HUMIDITY = 45.00
EVAFORATION IN GFM = 0.133SE+04 IN CFS = 0.2975E+01

AIR FLOW IN CURIC FEET FER HOUR = 0.1000E+01
MAKE-UP WATER FLOW IN FOUNDS PER HOUR = Q. 390QE+07
HEAT LOAD IN ETU FER HOUR = 0.6900E+0%
ATMOSFHERIC PRESSURE IN INCHES = «2880E+02
HASIN TEMPERATURE IN DEGREES F= 0,461C0E+02
AIR QUTLET TEMFERATURE IN DEGREES F = 0.7500E+02

0.2904E+02 G.1923E+00
INLET TEMPERATURE = 52.00 PERCENT HUMIDITY = 40,00
EVAFORATION IN GPM = 0,301PE+0M IN CFS = 0.46726E+01

AIR FLOW IN CUBIC FEET PER HOUF = 0.1000E+01
MAKE-UF WATER FLOW IN POUNLS PER HOUR = 0.4100E+07
HEAT LOAD IN BTU FER HOUR = 0.1700E+10
ATMOSPHERIC FRESSURE IN INCHES = 0.2880E+02
BASIN TEMPERATURE IN DEGREES F= 0.6100E+02
AIR QUTLET TEMFERATURE IN LEGREES F = 0.7S00E+02
AVERAGE EVAFORATION IN CFS = B.134
sTOP

END OF TASN 0

C=27



HOMER CITY STATION
DAILY MODEL PREDICTICNS
JUuLY 1-10, 1977

*L0O FAK1:TOWR.UBJ
*XAS &+CRT?
¥AS 10sFARK1IHOCJUL.FTN

*ST
DATA BAD ON 10777
DATA EAD ON 20777
UATA BAD ON 30777
DATA BAD ON 40777
0.5502E+02 0,5780E+00

INLET TEMPERATURE = 84,00 PERCENT HUMIDITY
EVAFORATION IN GPM = 0.7569E+04 IN CFS =
AIR FLOW IN CUBIC FEET FER HOUR =

MAKE-UF WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU PER HOUR =

ATMOSPHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.5303E+02 0.5424E+00

INLET TEMPERATURE = 82,00 PERCENT HUMIDITY

EVAFORATION IN GPM = 0,4489E+04 IN CFS =

AIR FLOW IN CUBIC ‘FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =

HEAT LOAD IN BTU PER HOUR =

ATMOSFHERIC FRESSURE IN INCHES =

BASIN TEMFERATURE IN DEGREES F=

AIK OUTLET TEMPERATURE IN DEGREES F =
0.5302E+02 0.4740E+00

INLET TEMPERATURE = 78.00 FERCENT HUMIDITY

EVAFORATION IN GPM = 0,8705E+04 IN CFS =

AIR FLOW IN CUBIC FEET PER HOUR =

MAKE~UP WATER FLOW IN POUNDS PER HOUR =

HEAT LOAD IN BTU FER HOUR =

ATMOSFHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR QUTLET TEMPERATURE IN DEGREES F =
0.5303E+02 0.4294E+00

INLET TEMPERATURE = 75.00 PERCENT HUMIDITY
EVAPORATION IN GPM = 0.8644E+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =

MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU.PER HOUR =

ATMOSFHERIC PRESSURE IN INCHES =

EASIN TEMFERATURE IN DEGREES F=

AIR OUTLET TEMFERATURE IN DEGREES F =

+S203E+02 0.4030E+00

INLET TEMPERATURE = 73.00 PERCENT HUMIDITY
EVAPORATION IN GFM = 0.8049E+04 IN CFS =
AIR FLOW IN CURIC FEET PER HOUR =

MAKE-UF WATER FLOW IN POUNDS FER HOUR =
HEAT LOAD IN BTU FER HOUR =

ATMOSFHERIC PRESSURE IN INCHES =

BASIN TEMPERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.5303E+02 0.4296E+00

INLET TEMPERATURE = 75.00 PERCEBNT HUMIDITY
EVAPORATION IN GPM = 0.8684E 04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =

MAKE~UF WATER FLOW IN POUNDS FER HOUR =
HEAT LDAD IN ETU FER HOUR =

ATMOSFHERIC PRESSURE IN INCHES =

BASIN TEMFERATURE IN DEGREES F=

AIR OUTLET TEMPERATURE IN DEGREES F =
0.5303E402 0.4030E+00

C-28

= 58.00

0.1687E+02
0.%000E+0B
0.7900E+07
0.4280E+10
0.2880E+02
0.8700E+02
0.1100E+03

= 60,00

0.1490E+02
0.R000E+08
0.4800E+07
0.3870E+10
0.2880E+02
0.8500E+02
0.1100E+03

65.00
0,1940E+02
0.K000E+OF
0.8400E+07
0.5000E+10
0.2880E+02
0.8700E+02
0,1100E+03

77.00
«1930E+02
0.8 000E+0B
0.8100E+07
0.5070E+10
0.2880E+02
0.8500E+02
0,1100E+03

o

75.00
+1798E+02

0.8000E+08
0.8600E+07
0.4750E+10
0.2880E+02
0.8400E+02
0.1100E+03

[=]

= 58.00

0.193SE+02
0. §000E+0F
0.88600E+07
0.3050E+10
0.2880E+02
0.8500E+02
0.1100E+03



HOMER CITY STATION (cont'd)

JULY 19-26, 1977

0.5203E+02 0.4451E400 )
INLET TEMPERATURE = 76,00 PERCENT HUMIDITY
EVAFORATION IN GFM = 0.3171E+04 IN CFS =
AIR FLOW IN CURIC FEET FER HOUR =
MAKE~UP WATER FLOW IN FOUNDS PER HOUR =
HEAT LOAD IN ETU FER HOUR =
ATMOSPHERIC FRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =
0.5403E+02 0.5246E+00
INLET TEMPERATURE = 84,00 PERCENT HUMIDITY
ZVAFORATION IN GFPM = 0.3315E+04 IN CFS =
AIR FLOW IN CUBIC FEET FER HOUR =
MAKE-UP WATER FLOW IN POUNDS FER HOUR =
HEAT LOAD IN BTU FER HOUR =
ATMOSFHERIC PRESSURE IN INCHES =
BASIN TEMFERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =
0.5602E+02 0.,49L4E+00
INLET TEMPERATURE = 79,00 FERCENT HUMIDITY
EVAPORATION IN GPM = 0.2787E+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =
‘MAKE-UP WATER FLOW IN FQUNDS PER HOUR =
HEAT LDAD IN BTU FER HOUR =
ATMOSPHERIC PRESSURE IN INCHES =
RASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =
DATA BAD ON 220777
0.4304E+02 0.2956E+00
INLET TEMPERATURE = 44,00 PERCENT HUMIDITY
EVAFORATION IN GPM = 0.4108E+04 IN CFS =
AIR FLOW IN CURIC FEET PER HOUR = .
MAKE-UP WATER FLOW IN POUNDS FER HODUR =
HEAT LOAD IN ETU PER HOUR =
ATMOSFHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR OQUTLET TEMPERATURE IN DEGREES F =
0.S103E+02 0.4163E+00
INLET TEMFERATURE = 74.00 PERCENT HUMIDITY
EVAPORATION EIN GPM = 0.,8220E+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =
MAKE~UF WATER FLOW IN FOUNDS PER HOUR =
HEAT LOAD IN BTU FER HOUR =
ATMOSFHERIC PRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES Fs=
AIR OUTLET TEMFERATURE IN DEGREES F =
0.5203E+02 0.3743E+00
INLET TEMPERATURE = 71.00 PERCENT HUMIDITY
EVAPORATION IN GFM = 0,8404E+04 IN CFS =
AIR FLOW IN CUBIC FEET PER HOUR =
MAKE-UP WATER FLOW IN POUNDS PER HOUR =
HEAT LOAD IN BTU FER HOUR =
ATHOSFHERIC PRESSURE IN INCHES f=
BASIN TEMFERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =
0.4504E+02 0.2956E+00
INLET TEMPERATURE = 64,00 FPERCENT HUMIDITY
EVAPORATION IN GPM = 0,4403E+04 IN CFS =
AIR FLOW IN CURIC FEET FER HOUR =
MAKE-UP WATER FLOW IN POUNDS FER HOUR =
HEAT LOAD IN BTU FER HOUR =
ATMOSPHERIC FRESSURE IN INCHES =
BASIN TEMPERATURE IN DEGREES F=
AIR OUTLET TEMPERATURE IN DEGREES F =
0.4404E+02 0.2857E+00

C-29

63,00
+7064E+01

0.%000E+CS
0.7800E+07
0,1440E+10
0.2880E+02
0.8400E+02
0.9900E+02

<

= 47.00

0.7387E+01
0.4 000E+08
0.5400E+07
0.163CE+10
0.2880E+02
0.8800E+02
0.1010E+03

67,00

0.56210E+01
0.4000E+08B;
0.7000E+07
0.1280E+10
0.2880E+02
0.8800E+02
0,1050E+03

62,00

«PL153E+0L .
0.8 000E+08
0.4800E+07
0.2340E+10
0.,2880E+02
0.7500E+02
0.1010E+03

<

60.00

+1B32E+02
0.4 Q00E+08
0.5100E+07
0.4850E+10
0.2880E+02
0.8300E+02
0.1050E+03

<

= 80.00

0.1873E+02
0.4000E+08
0.7100E+Q7
0.5020E+10
Q.2880E+02
0.8400£+02
0.1080E+03

= 546.00
0.9810E+01
0.8 0OCE+08
0.35000E+07
+23570E+10
0,2880E+02
0,7700E+02
0.1010E+03



HOMER CITY STATIN (cont'd)
JULY 27-31, 1977

0+4404E+02 0.2837E+00
INLET TEMFERATURE = 43,00 FERCENT HUMIDITY = 352,00

EVAFORATION IN GFM = ‘0,B018E+04 IN CFS = 0.,1787E+02

AIR_FLOW IN_CURIC FEET -BPER HOUK = 0.4 000E+08
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0.3700E+07
HEAT LOAD IN BTU FPER HOUR = 0.4880E+10
ATMOSPHERIC FRESSURE IN INCHES = 0.2880E+02
EASIN TEMFERATURE IN DEGREES F= 0.7600E+02

AIR OUTLET TEMFERATURE IN DEGREES F 0.9900E+02

0.4804E+02 0.,3763E+00
INLET TEMPERATURE = 71,00 FPERCENT HUMIDITY = 37.00

EVAFORATION IN GFM = 0.,8471E+04 IN CFS = 0.1887E+02

AIR FLOW IN CURIC FEET FER HOUR = 0.4 000E+08
MAKE-UF WATER FLOW IN POUNDS FER HOUR = 0,6600E+07
HEAT LDAD IN BTU FER HOUR = , 0.3040E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2880E+02
EASIN TEMFERATURE IN DEGREES F= 0,8000E+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0.1050E+03

0.5003E+02 0.4030E+00
INLET TEMFERATURE = 73.00 FERCENT HUMIDITY 63.00
EVAFORATION IN GFM = 0.8471E+04 IN CFS = 0.188BE+02

AIR FLOW IN CUBIC FEET FER HOUR = 0.4000E+08
MAKE-UF WATER FLOW IN FOUNDS FER HOUR = 0.3800E+07
HEAT LOAD IN BTU FER HOUR'= 0.5030E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2880E+02
EASIN TEMFERATURE IN LDEGREES F= 0.8200E+02
AIR OUTLET TEMFERATURE IN DEGREES F = 0.1050E+03

0,5103E+02 0.37863E+00

INCET TEMFERATURE = 71.00 FERCENT HUMIDITY = 71,00
EVAFORATION IN GFM = 0.8792E+04 IN CFS = 0,1959E+02
AIR FLOW IN CUBIC FEET FER HOUR = 0.4000E+08
MAKE-UF WATER FLOW IN POUNDS FER HOUR = 0.7800E+07
HEAT LOAD IN EBTU FER HOUR = 0.5140E+10
ATMOSFHERIC FRESSURE IN INCHES = 0.2880E+02
KASIN TEMPERATURE IN LEGREES Fs= 0.8300E+02
AIR OQUTLET TEMFERATURE IN DEGREES F = 0.1050E+03
DATA BaDl ON 310777
AVERAGE EVAFORATION IN CFS = 15,278
STOF .
END OF TASK 0
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KOSHKONONG NUCLEAR PLANT
DESIGN DATA

0.6301E+02 0.6572E+00
INLET TEMPERATURE = 88.00 PERCENT HUMIDITY = 60.00

EVAPORATION IN GPM = 0.1102E+05 IN CFS = 0.2456E+02

AIR FLOW IN CUBIC FEET PER HOUR = 0.2400E+10
MARE-UP WATER FLOW IN POUNDS PER HCUR = 0.6249E+07
HEAT LOCAD IN BTU PER HOUR = 0.6642E+10
ATMOSPHERIC PRESSURE IN INCHES = 0.2990E+02
BASIN TEMPERATURE IN DEGREES F= 0.,3500E+02
ATR OUTLET TEMPERATURE IN DEGREES F = 0.1120E+03
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APPENDIX D

COMPUTER PRINTOUTS FOR COOLING POND MOLELS



CEFINITIONS FOR CQOOLING PCND MODELS PROGRAM OUTPUT

Parameter

TaMB (colum I)

HUM

Wind

Acres

Definition

.Ambiegt Dry Bulb Air Temperature
in °F

Ambient Relative Humidity
Ambient Wind Speed - miles per hour

Marciano and Harbeck model (Lake
Hefner) predicted evaporation in
cubic feet per second

Harbeck, Kcberg, and Hughes model
{Lake Colorado City) predicted
evaporation in cubic feet per second

Meyer model predicted evaporation
in cubic feet per second

Brady et al model predicted evapora-
tion in cubic feet per second

Origin of data = 0.0 is utility and/or
NWS data -~ 1.0 indicates data
supplemented by engineering estimate
of values. 2.0 means insufficient
data for model prediction.

Surface area of cooling pord in acres

Bottom Line: Average values for OH QC QM QB Max. no. of values

possible in period
First Date

Actual no. of values used in average
Last Date

Dates shown are day-montheyear (e.g. January 8, 1977 is 080177)

D-1



TAMB

30.00
!JI .00
45,00
51.00
62.00
72.00
78.00
75.00
67.00
35.00
42,00
31.00

30.00
37.00
45.00
51.00
42.00
72.00
78.00
75.00
47.00
59.00
42,00
31.00

2.8
30.00
37.00
45.00
51.00
62.00
72.00
78.00
75%.00
&7.00
95.00
42,00
21,00

HUM WIND

59,00 7.10
43,00 ?.30
30,00 11.60
25.00 12,40
15.00 11.40
15.00 11.40
26.00 10.20
31.Q0 ?.920
45.00 8.70
37.00 8.20
44.00 8.00
91.00 7.80

59.00 7.00
43.00 ?.10
30.00 11.40
25.00 12.20
15.00 11.40
15.00 11.40
36.00 10.00
31.00 ?.70
45.00 8.40
37.00 g.80
44,00 7.80
91.00 740
4.1
d:.OO &40
43.00Q 8.30
30.00 10.490
25,00 11.10
15.00 10.40
15.00 10.40
36.00 ?.10
J1.00 8.90
45.00 7.90
37.00 8.00
44.00 7.10
31.00 7.00

0.77
1.45
?‘.036
3+43
4.54

[ S
-Jo-Js

3.97
4.18
2.71
2.01
1.18
0.88

3.1

1.14
2+13
3.47
5.05
b.68
B.16
9.84
&445
3.98
2.96
1.74
1.30

CHOLLA PLANT MONTHLY EVAPORATION PERIOD: 1974-1976

021
1.96
2.86
4.03
9.9l
473
.J014
5.[6

373"

5-077
10!-.‘

1.32

QB
Q,95
1.865
20\{14
2.85
S5.09
&.21
1.45
4,97
3.11
2.30
1.40
1.06



TAMB HUM WIND
45.530 42,00 10,40
44.40 59.00 14.80
S8.10 594,00 12,10
68,40 545,00 13.2

80.40 58.00 12.20
87.10 52.00 12.460
82.90 H7.00 10.30
82.30 48.00 970
81.460 50.00 10.60
70.70 464.00 11.70
91,90 GB.00 10,80
149,10 2,00 10.40
45,50 42.00 10,40
46,40 358.00 15.40
98.10 546.00 11,90
£8.40 54,00 12.90
80.40 58,00 12.00
87.10 52,00 12.40
82.90 57.00 10.00
82.30 48,00 ?.50
81.60 350.00 10.40
7070 44.00 11.30
91,90 38.00 10.4%0
49.10 462,00 10.20

7.2 10.5

45,50 62.00 2,50
45,40 S8.00 13.20
98.10 56.00 10.80
68.40 54.00 11.890
80.40 38.00 10.90
87.10 352.00 11.30
82.90 S57.00 ?.20
82.30 48.00 8.70
81,560 G0.00 7.50
70.70 64.00 10,50
51.90 58.00 P?e7

49,10 62.00 @30

3.13
6460
5.28
8.40
7.25
P25
13,05
13.28
10.78
3.79
2,07

2.8t

8.1

4,861
9,72
7.74
12,65
10,47
13.41
19.20
19.54
15.86
5,58
3.04
4.14

MORGAN CREEK STATION -- 1960 COMPUTER RUNS

oM
3.97
G.81
G 27
?.90
8,59
10.79
16,94
7.53
13.47
4.58
2.50
3460

* > > o
d o =~ 0 raan

Sl
O W Ui~dLd
m.».jp;@\ﬁ)—'-i-—

14.7
15.07
12.10

[
02\J

2.32

T+19



7-a

TAMB

6.60
13,00
22.60
J0.20
31.00
32.00
21.80
13,20
24,460
21,80

4.20

8.80

7.80
36,20

27.60

360
-3.,00

2.00

7.80
12,80
16.60
14.60
12,40
27,20
25.80
24,80
21.00
20,00

4,50
10.40
11.40

HUM

$0.00
69.00
78.20
88.60
?6.40
89.80
74.40
46.20
792.00
85.20
S56.40
7‘1 * OO
54,40
87.80
74460
69420
45.40
42,4
70.00
59.00
77 .40
70,40
65,460
?0.40
B7.50
3420
62,20
67 .80
45,40

A"

e ¢ 2l

50,60

WIND

8.30
2.40
240
Je10
3.10
2.20
11.20
0.90
4.80
123,40
7.70
?.00
?.90
9450
747
11.00
10.50
8.10
7,90
2.00
6.80
12,90
2'90
2.40
$.80
?2.90
14.00
11.460
14.50
13.460
11.40

llO
o}

s ]

P

1S s ~3 @

¢« @ o+ +

3 N Gd L D O
>

r
-
PR Y
ha
L

e}
[+
-

4.40
4.35
10.28
$.53

{)0{.'2

8,35
2449
4,48
8.22
796
6.01
929

ey
Je52

4,42
8.31

T, L
[ )

20’40
3.39
6.13
?.05
7.035
10.81
.43
I

. A
5.9

MT. STORM STATION - JANUARY 1977 - BRADY MODEL



s-d

TAMB HUM

71,20 71.30
£7.50 58,30
57,2 65,30
59,00 48,20
74,00 80.20
777 70,80
81.20 £%.80
79.70  70.7

:uf50 -?'\3910
72.20 80.70
75.00 7&.20
73.80 79.30
71.5%0 B88.70
70.80 72.3

70,50 71.50
79.20 77.00
75.00 72.2

78.50 56.20
75.00 72.00
79.30 72.70
71.30 88.50
70.80 &£9.90
H5.50 54,00
67 .50 76,30
70,00 90,20
$0,70  70.80
63,50 63,20
65.80 85,20
87,70 72,70
70,80 75.20
70.00 73.50

MT.

STORM STATION - JULY 1977 - BRADY MODEL

WIND

?.10
4.80
2.30
2.40
4.00
3.50
4.40
G+90
4,30
1.00
4,10
4.30
4.40
3.00
3.10
0.50
J3.30
1.80
.80
4.30
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MT. STORM STATION - JANUARY 1977 - MEYER MODEL
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763 75.70 4,80 9,973
72.20 80.70 1.10 ' 14,07
73.00 78,20 4,40 10,24
73.80 72,30 4.80 12,4
71.50 88.70 5.20 14,41
70.80 72.30 3.30 14.00
70,30 71.%50 350 7,76
79.2 27,00 0.40 14,02
73,00 72,20 J+20 12.55
78,50 44,20 2.00 15,44
75.00 72,00 4.2 13,80
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S0.70  70.80 J.90 18.7¢
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MT. STORM STATION - JULY 1977 - MEYER MODEL



TAMB  HUM WIND OH oC

L0860 60,00 7+10 4,02 2.8
9.00 ?2.00 260 1.60 2,335
22,60 78.2 2.460 1.55 2.2
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32.00 89.80 2.20 1.01 1,49
21.80 74.40 12,30 7.40 10.88
13,20 46.20 1.00 0.71 1.05
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20,00 &7.80 12.8¢C 4,28 ?.23
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MT. STORM STATION - JANUARY 1977 - LAKE HEFNER AND LAKE COLORADO CITY MODELS
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71.50 88.7 .10 6,62 ?.74
70.80 72.30 3.30 .99 8,22
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70000 /30\J0 1050 2057 78

544 FRY
MT. STORM STATION - JULY 1977 - LAKE HEFNER AND LAKE COLORADO CITY MODELS
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KINCAID GENERATING STATION MONTHLY PREDICTED EVAPORATION 1976
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POWERTON GENERATING STATION MONTHLY PREDICTED EVAPORATION
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H.B. ROBINSON STATION,APRIL 1975 - MARCH 1976, MONTHLY EVAPORATION
PREDICTION.
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BELEWS CREEK STEAM STATION MONTHLY PREDICTION OF EVAPORATION RATE
JANUARY 1977
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BELEWS CREEK STEAM STATION (cont'd)
FEBRUARY 1977
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BELEWS CREEK STEAM STATION (cont'd)
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APPENDIX E

CURVES FOR DETERMINING HOMER CITY STATIMN
COOLING TOWER EVAPORATION LOSSES
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COLD WATER TEMPERATURE °F
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