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ABSTRACT

In response to an increased interest in water quality

by the public, a large effort has been mounted to develop
mathematical models for predicting heat assimilation in
bodies of water. The accuracy of these models has recently
come under scrutiny due to the need for temperature
predictions within 1 ©C of the ambient. This work is

an evaluation of existing, one-dimensional stream tem-
perature prediction techniques for accuracy and precision.
The approach is through error estimates on a general
model that encompasses all of the models presently used.

A sensitivity analysis of this general model is used

in conjunction with statistical methods to determine the
solution errors. Data taken in 1973 at the Vernon, Vermont
nuclear plant are used as a data base. These data are
used in conjunction with Burlington, Vermont airport
weather station data to 1) gain insight into the orders-
of-magnitude of the various errors and 2) carry out a
detailed data analysis to establish the probabilities

of meeting given error requirements. This report contains
the model descriptions for the general stream model, the
sensitivity analysis model, and the data analysis models;
a description of the Vernon, Vermont site; the data for
four problems from the Vernon nuclear plant; an order-
of-magnitude error study; and the results of the four data
analyses. The four appendices contain 1) a description

of the input FORMAT specifications, 2) the input data

for the four problems, 3) program listings, and 4) the
theory of the sensitivity analysis.

This report was submitted in fulfillment of Contract
68-03-0439 by Richard W. McLay, P.E., Essex Junction,
Vermont, under the partial sponsorship of the Environmental
Protection Agency. Work was completed as of May 1975.
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TABLES

No. Page

1 Probabilities of Meeting Given Error Requirements 21
by an Observer at the Vernon Site Averaging One
Day and Predicting One Day Ahead at a Distance of
25,000 Feet (7620 Meters) Downstream.

2 Probabilities of Meeting Given Error Requirements 22
by an Observer at the Vernon Site Averaging Two
Days and Predicting One Day Ahead at a Distance of
25,000 Feet (7620 Meters) Downstream.

3 Probabilities of Meeting Giveh Error Requirements
by an Observer at Station 7 One Day Ahead at the
Vernon Site (Same Position as for Table 2). 22



SECTION I
CONCLUSIONS

One-dimensional stream temperature models are effective
for predicting average temperatures over a short period
of time.

Predictions made using site data averaged over a day
will be within 2 OF (1.11 ©C) of the actual average
temperature of the following day over 90 percent of
the time.

The water temperature at the Vernon site is the most
important factor in the analysis. The Vernon study
indicates that meteorological factors affect the
Connecticut river predictions results very little.
Travel time thus appears to be a major factor since a
knowledge of the initial temperature is essential to
accurate predictions.

Seasonal effects on prediction accuracy are minor.



SECTION II
RECOMMENDATIONS

The results of this study indicate that, in this case,
water temperature at the site is the most important
variable in the prediction of the downstream Connecticut
river temperature. In order to minimize the errors of
prediction, it is recommended that temperatures be
monitored upstream of the site and predictions be made
over as short a period of time as possible, i.e., average
the previous day's data to predict the following day's
average temperature. This is motivated by the need to
know the initial temperature in the analysis for the entire
travel time of water through that portion of the stream
being simulated.

These predictions are useful to a plant operator making
day-to-day decisions as opposed to a planner predicting
conditions to occur several years in the future using an
historical weather data base.

This work indicates that for the Vernon plant such pre-
dictions will have error within 2 OF (1.11 ©C) 90 percent
of the time. Smaller streams may have greater effects from
meteorological parameters, which were not found from the
Vernon problems. It is also recommended that similar
sensitivity analyses be performed for two-dimensional models
used for predicting temperatures in lakes, estuaries, and
cooling ponds.



SECTION III
INTRODUCTION
PURPOSE

Stream temperature is an important factor in water quality.
The temperature of the stream directly controls the types
and amounts of plant and animal life native to it. In
recent years there has been an increased interest in

water quality by the public. In response to this interest
a very large effort has been mounted to develop mathe-
matical models for predicting heat assimilation in

bodies of water.

Models have been developed for predicting temperatures

in streams, cooling ponds, reservoirs, estuaries, and
large lakes (See, for example, the review by Policastro
and Tokar [1972]). Usually, a stream model assumes a
one-dimensional problem with uniform mixing and with
various modes of heat transport at the alr-water inter-
face simulated by semi-emperical expressions. In addition,
the problem is generally treated as one in a steady-state
condition, i.e., the formulation involves a relationship
between the flow rate and the position downstream from

an initial point, x , allowing the independent variable
to be chosen as the variable x while the time variable
becomes implicit to the problem. While the development
of stream models is straight-~forward, their use is
subject to a great deal of interpretation and judgement
(See, for example, Asbury [1970]).

The purpose of this study is to determine the effects
of variations in initial temperature and meteorological
data on results of mathematical models for predicting
stream temperatures.

SCOPE

Three principal problems inherent in model use to predict
heat assimulation are:

1. The extrapolation of weather station meteoro-
logical data to the site under study is subject
to considerable variance.



2. There is usually a lack of data from which to
compute the evaporation and other heat transfer
rates for a stream.

3. The temporal variations of the data cause large
variations in short-term predictions.

In addition to these, we find that the spatial and temporal
variations of temperature in the environment without the
addition of a heat load may be greater than either the
requirements set by a regulatory agency or the errors in-
herent in the model, i.e., there is a question as to what
the ambient values really are. Local variations in topog-
raphy and/or tree cover can shade the stream and cause
effective incoming and outgoing radiation areas to be
reduced. The accuracy of instruments used to measure

the various physical quantities is always subject to review.
Ground water advection can be an influential transport
process, but it is almost impossible to measure. Finally.
the large amount of data taken for any site provides a

good probability for human error in recording or trans-
position.

This study considered the three principal problems listed
above by using a sensitivity analysis of a general, one-
dimensional stream model. This was combined with data
analysis techniques to compute the probabilities of meeting
given error requirements. Data from the Vernon, Vermont
nuclear plant and the Burlington, Vermont weather station
were used to form a data base, from which four example
problems were obtained and evaluated.



SECTION IV
MODEL DESCRIPTIONS
THE GENERAL STREAM MODEL

The stream model used for the study is one-dimensional with
the independent variable being the distance downstream, x .
This model is simple enough that a general version of it
can be considered that encompasses all one-dimensional
models now in existence. A discussion of this concept

is given in Appendix D.

All one-dimensional models take a basic form as shown
in Figure 1 and are described by the equation:

uA dT 0

T a&x - [PRaa ~ %Ref ~ %ack - Evap %onv T ©

Mis

(1)
where the variables are as defined in Section VIII, Symbols
and Variable Names, and the water is fully mixed at each
cross section. Any departure from the form of equation (1)
due to direct integration, approximations to the heat
fluxes Q , etc., can be shown by a Taylor's expansion to
be proportional to some power of the mesh size. (See
Appendix D). Put simply, as the number of stations or
data points in the models are increased they will all
produce results converging toward the same solution, pro-
vided that total heat fluxes and the heat transfer coeffi-
cients are the same. The fundamental heat flux expressions
used in this work are taken from Laevastu [1960], where the
processes are linearized in T . ©Not all authors use
linearized expressions (See for example Jaske [1971]).
However, numerical experience shows that if the temperature
variations are small, i.e., small with respect to absolute
temperatures, and of course they always will be, it is
justified to linearize the expressions, including the
fourth power terms in the back radiation fluxes.

The concept of using a simple, general model was considered
essential in this work, since it reduced the study from

a huge data handling problem for many models to the study
of a single, general model whose error analysis applies
equally well to all models in question, provided a con-
vergent mesh size (station length) is specified.

The expressions for the heat fluxes from Laevastu [1960]
are:
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Figure 1. Control volume for stream model
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The definitions are given in Section VIII. It shoudd be
noted here that the coefficients from these terms are
largely based on empirical data and in many cases will vary
considerably. However, as is seen in Section VI, the
sensitivity analysis reveals little change in temperature
decay rates with considerable change in these flux expres-
sions for the Connecticut River. For smaller streams, this
would not be the case.

THE SENSITIVITY ANALYSIS MODEL

In order to study the errors in stream temperature produced
by the errors in input data, it is necessary to develop
certain error expressions from equation (1). These are
developed in view of the two fundamental definitions from
Rosko [1972]):

1. Accuracy is defined as conformity of fact.
2. Precision is defined as sharpness of definition.

In the case of this work then, accuracy refers to the con-
vergence of the solution to the actual stream temperature.
Similarly, precision refers to the rate of convergence.

The sensitivity, or error, analysis required for the work
was developed from equation (1) by making a small change,
or variation, in the variables. Equation (1) can be
rewritten symbolically as

dT L
ax = ®u 29 . (3)



A variation of both sides of this equation yields

d 8T - 2 4g

dx Au !

where it is assumed that the flow rate and stream width are
known and that the process described is linear in its varia-
tion. If the error in temperature, &T(o) , is known at
the initial point, it is apparent that, given the errors in
the heat fluxes, &Q , the error at any given point down-
stream can be computed from equation (4) by a direct
computation.

(4)

It is important to note that, if approximate values of the
coefficients in equation (4) are obtained as constants,
the equation can be solved in closed-form,

6T = A expl[-ax] + I C; .
i

Results of an analysis of this type are presented in
Section VI.

THE DATA ANALYSIS MODELS

Previous sections have described the mathematical model
studied and the sensitivity analysis model. The first of
these models, or close variations of it, has been used
extensively to predict the mean temperatures of streams.
The sensitivity analysis model has the capability of pre-
dicting the error in the mean temperature at a point down-
stream, given the corresponding errors in the mean initial
condition for temperature and the mean meteorological con-
ditions. Thus, the mathematical models were available for
a study, setting the stage for the data analysis.

The philosophy of the data analysis emerged from the con-
cepts of probability. As has been shown by Hogan et al.
[(1972], it is unrealistic to establish the error in the
estimate of the mean temperature deterministically.
Rather, the statement must read to the effect:

If the errors in the heat fluxes |[8Q| and the
error in initial mean temperature |[8T(o)| are
constrained in size to given values, then the
probability that the error in mean stream tem-
perature T6T| < 1/n °C will be Pq , |&T| < 1 OC
will be P, (P > Pq) . B



Put simply, for given errors in the initial mean temperature
and the meteorological data, it is possible to determine

the probability of meeting a given error requirement. This
can be done by using the sensitivity analysis model, which
appears to be a very realistic approach to assessing the
effects of the introduction of a heat load.

The methods employed in the data analysis are best visualized
by using Figure 2, where the six primary variables are il-
lustrated. The effect of errors in these variables is shown
schematically in the figure, where the initial error 6T is
seen to decrease with increasing x . By collecting a data
base of these variables over a period of several months, it
was possible to make use of the sensitivity analysis to
compute the error in temperature for a number of trials,
based on moving averages. With an increasing number of
trials the probability, P , that |[8T| is less than some
given error in temperature can be estimated from:

p =+ Number of trials with |8T| < given value
- Total number of trials :

(5)

Figures 3 and 4 illustrate the methods for utilizing the
data base to evaluate equation (5). Figure 3 shows
schematically the data base at an airport weather station
remote to the site, in this case the Burlington, Vermont
weather station. These data are collected together with the
stream temperatures at the site every three hours, eight
points per variable per day. These data are averaged over

a specified number of previous days, then compared with the
respective averages over the day following to form the errors
in the input variables, §¢ , etc. The sensitivity analysis
is then used to predict the errors in temperature down-
stream. These are then compared with the given temperature
error requirement and the components of equation (5) com-
puted. It should be noted here that this model simulates
the errors of an observer at the site attempting to predict
the temperature several days ahead.

Figure 4 shows schematically the second data analysis model,
where the data base includes 1) the remote weather station
data, 2) the stream temperatures at the site, and 3) the
average daily stream temperature above the site (See

Figure 5, station 7). 1In this case the daily average of

the station 7 temperature is compared with the following
day's daily average temperature at the site. Meteorological
data are averaged in an analogous manner, i.e., daily
averages compared for two consecutive days. These form the
errors in the input variables. The sensitivity analysis

is then used to predict the errors in temperature downstream,
these are compared with the given temperature error require-
ments, and the components of equation (5) computed. This
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model simulates the errors of an observer remote to the
site attempting to predict the site stream temperature
one day ahead.

13



SECTION V
STUDY AREA AND METHODOLOGY
THE VERNON NUCLEAR PLANT

A program of ecological studies of the Connecticut river in
the vicinity of Vernon, Vermont was initiated in 1967, prior
to the operation of the Vermont Yankee Nuclear Powerplant.
The preoperational studies were enlarged in scope in sub-
sequent years and were continued after the plant became
operational in October 1972. The location of the plant is
shown in Figure 5, where the positions of short-term and
long-term sampling stations are shown. The particulars of
these sampling stations are as follows:

Station No. Location Relative to Vernon Dam Type
1 6.45 Miles (10.4 Km) South Short-term
2 4,70 Miles (7.56 Km) South Short-term
3 0.65 Miles (1.05 KM) South Long-term
4 0.55 Miles (0.89 Km) North Short-term
5 1.25 Miles (2.01 Km) North Short~-term
6 4.10 Miles (6.60 Km) North Short-term
7 4,25 Miles (6.84 Km) North Long—-term
8 8.70 Miles (14.0 Km) North Short-term

Stations 3 and 7 are permanently emplaced below and above
the site respectively. Stations 3 and 7 yielded the water
temperature data used in the study while meteorological data
were obtained from instruments at the plant and in Keene,
New Hampshire.

DATA BASE DESCRIPTION

The data base used in the project was taken from four
sources:

1) Measured water temperatures at the site
(See Aguatec [1974]),

2) Measured meteorological data at the site
(Personal communications) ,

3) Meteorological data from Brattleboro, Vermont
and Keene, New Hampshire (U.S. Weather Service),

4) Meteorological data at the Burlington, Vermont
weather station (U.S. Weather Service).

14
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The data base variables and dates for the Vernon plant
example problems are as follows:

1.

Burlington, Vermont Weather Station data and Vernon,
Vermont water temperature data:

Variables

Cloud cover, air temperature, relative humidity,
wind speed, water temperature from stations 3 and 7.

Dates of Available Data

a) May 1, 1973 to June 20, 1973

b) August 15, 1973 to August 31, 1973 and September
12, 1973 to September 26, 1973.

¢c) October 1, 1973 to October 3, 1973, October 17,
1973 to October 24, 1973, and October 27, 1973
to October 29, 1973.

d) October 17, 1973 to October 24, 1973, October 27,
1973 to October 29, 1973, and November 1, 1973
to November 14, 1973.

Vernon, Vermont (and vicinity) site meteorological
data:

Daily Average Variables

Cloud cover, alir temperature, relative humidity,
wind speed.

Dates of Available Data

June 21, 1973
September 27, 1973
October 30, 1973

November 15, 1973

16



EXAMPLE PROBLEMS

Four example problems were constructed from the data base
previously discussed. They represented spring, summer, fall,
and winter conditions at the Vernon Nuclear Plant. The days
studied were June 21, September 27, October 30, and November
15, 1973. The dates of the data blocks were as labeled a),
b), ¢) and d) above in the previous section "Dates of Avail-
able Data." Computations were carried out to a point 25000
feet (7620 meters) downstream from the initial point in the
model (x = 0).

17



SECTION VI
DISCUSSION OF RESULTS

In addition to the analyses described in Section IV, the
Data Analysis Models, an order-of-magnitude error analysis
was carried out using the closed-form solution developed
from equation (4).

ORDER-OF-MAGNITUDE ERROR ANALYSIS

In order to gain insight into the solution of equation (4),
it was logical to simplify the form of the equation and
obtain a closed-form solution

8T = A e-ax + L Ci ’ (6)
i

where the C; are the respective particular solutions
associated with the errors J§¢ , etc., and the constant A
is related directly to the error in water temperature d&T(o)
at the site, x = 0 . The coefficient « then reveals the
rate of decay of the error in temperature with distance.
The June 21, 1973 averaged data were taken as an example
problem:

uA (Rate of flow) 13,503 ft3/sec ’

1l

El (River width) 400 ft ’

C (Cloud cover)

8 tenths R
o (Sun angle) = 59° ’

¢ (Relative humidity)

71 percent ’

W, (Wind speed)

10 MPH

Tyiy (Alr temperature) 75 OF . (7)
These data were compared with the averaged data of May 31,
1973 to obtain the errors in the variables between these
two days. This was done arbitrarily to examine the
order-of-magnitude of the resulting errors in temperature.
The input errors are:

18



§C (Error in cloud cover) 2 tenths ’

8a (Error in sun angle) = 59 '

8¢ (Error in relative humidity) 29 percent P

6W, (Error in wind speed) 5.2 MPH ’

8T 16 OF . (8)

1l

air (Error in air temperature)
Thus, the problem will yield approximate errors for predicting
the water temperature on June 21, 1973 given the meteoro-
logical data from May 31, 1973. Of interest are the solutions
Ciy of equation (6), which are due to the respective errors

in equation (8). They are found from equation (4) and
Appendix D to be

1. ¢6Tcp = 10,2 °p ,

2. OT_ = 1.71 OF ,
aP

3. 6T¢P = 0.357 °F ,

4. STWZP = 1.33 OF ,

5. §Tp = 19.63 °F . (9)
airpP

Similarly, from the same source the coefficient o can be
found:

a = 0.947 x 108 . (10)

The corresponding value of x where the value of 6T falls
below 5 percent of the original value at x = 0. is

X 3,170,000 feet ’

(966,000 meters)

600 miles .
(11)
(966 kilometers)

This order-of-magnitude study indicates important facts
associated with the Vernon site:

19



1. Modeling the Connecticut river, which has a large
flow rate in comparison with its width, produces
a solution that will have errors decaying over a
very long distance. This means that the error in
temperature will remain virtually constant near
x =0,

2. The computations are far less sensitive.to the
environmental factors than thought previously-

3. Since the error in temperature is nearly constant
near x = 0 , the variable of primary concern is
the initial error in temperature d6T(o) . Thus, it
appears that records of upstream temperatures in the
Connecticut river would be useful for projecting
average temperatures downstream.

4, Since o is inversely proportional to the volume
flow Au it is possible to compute the value of
o for the various flow rates, given a known flow-

rate AqUq and associated o , aq :
o = o A1U1
1 "au

This expression will yield the stream flow for
which a given decay rate will exist.

RESULTS OF DATA ANALYSES

The results of the four data analyses are presented in the
form of probabilities for meeting given error requirements
with the variables averaged over a given number of prior
days. Tables I, II, and III contain results from all four
problems. It should again be emphasized that these results
relate to a plant operator making decisions as to the
operating conditions of a given plant as opposed to a site
planner predicting conditions several years in advance.

As indicated on the tables, the river temperatures and the
meteorological parameters are averaged over one and two
days respectively.

Results in Table I indicate that an observer at the site
attempting to predict the average stream temperature the
following day at a position 25,000 feet (7,620 meters)
downstream by averaging the previous day's meteorological
data and stream temperature data would compute an

20



4

PROBABILITIES OF MEETING GIVEN ERROR REQUIREMENTS BY AN OBSERVER AT

Table 1. THE VERNON SITE AVERAGING ONE DAY AND PREDICTING ONE DAY AHEAD AT A
DISTANCE OF 25,000 FEET (7620 METERS) DOWNSTREAM
Exrror Requirement Op (°c)
1°F (0.56°%) 29 (1.11%) 3°F (1.67°%) 4°%F (2.22°%)
June 21, 1973 0.6 0.9 0.94 1.0
September 27, 1973 0.613 0.935 0.963 0.968
October 30, 1973 0.769 0.923 0.923 0.923
1.0

November 15, 1973 0.75 1.0 1.0
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Table 2. PROBABILITIES OF MEETING GIVEN ERROR REQUIREMENTS BY AN OBSERVER AT
THE VERNON SITE AVERAGING TWO DAYS AND PREDICTING ONE DAY AHEAD AT A
DISTANCE OF 25,000 FEET (7620 METERS) DOWNSTREAM

Error Requirement Op (OC)
1°F (0.56%)  2°F (1.11°%) 3°F (1.67°%) 4°F (2.22°C)
June 21, 1973 0.469 0.694 0.898 0.980
September 27, 1973 0.533 0.867 0.933 0.967
October 30, 1973 0.5 0.833 0.833 0.917
November 15, 1973 0.522 0.957 1.0 1.0

Table 3. PROBABILITIES OF MEETING GIVEN ERROR REQUIREMENTS BY AN OBSERVER AT
STATION 7 ONE DAY AHEAD AT THE VERNON SITE (SAME POSITION AS STATED

FOR TABLE 2)

Error Requirement °r (°c)

1°F (0.56°%c) 29 (1.11°%) 3°F (1.67°%) 49F (2:22°C)

June 21, 1973 0.520 0.800 0.880 0.960

October 30, 1973 0.8U46 0.923 0.923 0.923




approximate stream temperature within an error of 2 OF
(1.11 ©C) between 90 and 100 percent of the time. He would
compute an approximate stream temperature within an error
of 1 °F (0.56 ©C) between 60 and 77 percent of the time.

Table II shows that the same observer at the site making
the same prediction of an average temperature as made in
Table I but using the average of two prior days' data
would compute an approximate stream temperature within an
error of 4 OF (2,22 ©C) between 92 and 100 percent of the
time. He would predict within an error of 3°F (1.67 ©cC)
between 83 and 100 percent of the time. Similarly, a 2 ©OF
(1.11 ©C) error would be obtained between 69 and 96 percent
of the time. Finally a 1 °F (0.56 ©C) error would be ob-
tained between 47 and 53 percent of the time.

Table III shows that an observer using data from station 7
above the Vernon dam, attempting to predict stream tem-
peératures at the Vernon site by averaging a day's station
7 water temperature would compute an approximate stream
temperature within an error of 4 ©F (2.22 ©C) between 92
and 96 percent of the time. He would predict within 3 ©F
(1.67 ©C) between 88 and 92 percent of the time, within

2 OF (1.11 ©C) between 80 and 92 percent of the time.
Finally, he would predict within 1 ©F (0.56 ©C) between

52 and 85 percent of the time.

Thus, it is seen that predictions made at the site (with a
daily average) a short period of time into the future are
accurate over 90 percent of the time for a 2 °F (1.11 °0)
allowable error. Averaging data over a two day period of
time reduces the probability of meeting the 2 OF (1.11 ©¢)
error to around 80 percent, which appears to be a primary
influence of the travel time through this portion of the
Connecticut river system, one to two days. These studies
indicate that it is important to have good records of up-
stream temperatures from a site. With these it will be
possible to predict an average temperature within 2 ©F
(1.11 ©C). It is important to note, however, that short
term fluctuations are not predictable by these methods as
used in the project. Finally, the effects of season do
not appear to make appreciable differences in predictions.
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SECTION VIII
SYMBOLS AND VARIABLE NAMES
VARIABLE NAMES

a - General integration limit.

A - Stream cross-sectional area.

A,A - Amplitude of exponential decay function.
C - Cloud cover.

Ci; - Constants.

c - Specific heat,.

DT - Allowable error in stream temperature.
f - Function of several variables.

f - Derivative of f( f = df/dx) /

h - Integration step.

I, I, - Integrals.

Kj - Kernel function,

2, EL - Stream width.

n - Integer number,

O0(-) - Of order (Order of magnitude).

P, P; - Probability of occurence.

Q - Total heat flux.

Qi, Qjj - Particular heat fluxes.

QOBack - Back radiation heat flux.

Qconvs Qconvection - Convective heat flux.
QEvapr QEvaporation — Evaporative heat flux.
Omis(c) — Miscellaneous heat flux.

ORad: Qgolar - Radiative solar heat flux.
ORef, Qreflective — Reflective heat flux.

T - Stream temperature.

Ty - Initial stream temperature.

U,u - Average stream flow velocity.

W, W2 - Wind speed.

x - Distance downstream.

xj - Particular position.
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% - Particular value of x.

Xmax — Maximum value of x.

y - General function.

§ - Derivative of general function.

y(0), Yo - Initial value of general function,
yi - Value of function at xj.

z - Dummy variable of integration.

GREEK SYMBOLS

o - Decay rate coefficient.

a, o - Sun angle.

§C - Error in cloud cover.

§Q - Error in total heat flux.

8T - Error in stream temperature.

§T(0) - Initial error in stream temperature.

8T4ir — Error in air temperature.

8Tairp - Particular solution for air temperature error.
5Tcp - Particular solution for cloud cover error.

§T{ - Particular solution.

8Ty2p - Particular solution for wind speed error.

GT&p - Particular solution for sun angle error.

8Typ - Particular solution for relative humidity error.
8W,8W, - Error in wind speed.

8@ - Error in sun angle.

§¢ - Error in relative humidity.

Ax - Increment in downstream distance.

¢ - Relative humidity in percent.

p - Density.

£ - Position.
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APPENDIX A
FORMAT SPECIFICATIONS

This appendix presents the procedures required for using the
three codes developed during the course of the project:

1. The general stream model code, STREAM.
2. The sensitivity analysis code, SENSIT.
3. The data analysis code, MONT.

STREAM

The digital computer code STREAM performs all the necessary
computations to predict the stream water temperature at any
distance downstream from a given initial station. The
principle of conservation of energy is applied to the stream
under steady-state, steady-~flow conditions. Heat transfer
to and from the water in the various heat transfer modes is
computed. Numerical integration is used to compute the
stream temperature, with a choice of four algorithms
available to the user. A listing of the STREAM code is
given in APPENDIX C.

INPUT REQUIREMENTS TO STREAM
STREAM accepts the following information:

INTC: (1, 2, 3 or 4) in 6I10 FORMAT. This parameter
respectively chooses Euler, Modified Euler, Runge
Kutta or Adams-Moulton integration routines.

X, DX, DXPR, XEND: 1in 6E10.0 FORMAT. These parameters are,
respectively, the initial value of the distance down-
stream in feet (usually 0.), the integration interval
in feet, the print interval in feet, and the final value
of the distance downstream in feet.

ERRZR, DXMAX: in 6E10.0 FORMAT. These parameters are used
by the integration routine only and represent the error
in the function in ©F and the maximum integration step
size in feet allowed.

TEMP, U, AREA, EL: in 6E10.0 FORMAT. These parameters are,
respectively, the initial value of the temperature in
OF, the average velocity of the stream ig ft/sec, the
cross-sectional area of the stream in ft<4, and the
stream width in feet.
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RHO, WMPH, TAIR, CLD, RH, ALBAR: in 6E10.0 FORMAT. These
are, respectively, the density of the water (62.04
#/ft3, here), the wind speed in MPH, the air temperature
in OF, the cloud cover in tenths, the relative humidity
in percent, and the average sun angle in degrees.

The final information is read in a loop of 10 sets:

PTBL(I), TTBL(I), HFGTB(I) in 6E10.0 FORMAT. These tables
are, respectively, the water saturation pressure table
in PSI, the water temperature table in °©F, and the
latent heat of evaporation table in BTU/pound, all
corresponding and in order. This information is
extracted from standard steam tables for the temperature
range 32 to 120 OF.

The code then computes the stream temperature downstream
from a given point. The output proceeds at each print
position with the position X itself, the integration step
DX , the stream temperature TEMP, and the derivative of

the stream temperature with respect to the position variable
DTEMP. Following this, other auxilliary variables are
printed out: EW, EVAP, HE, HFG, Hg, EBR, and HC. These are
only important for diagnostics, not the solution itself.

SENSIT

The digital computer code SENSIT performs all necessary
computations to predict the error in the stream water
temperature (due to the difference between the actual and
approximate input data) at any distance downstream from a
given initial station. The variation in the original
equation is coded to examine the effects of errors of the
input variables. Numerical integration is used to compute
the error in stream temperature, with a choice of four
algorithms available to the user. A listing of the SENSIT
code is given in APPENDIX C.

INPUT REQUIREMENTS TO SENSIT
SENSIT accepts the following information:

INTC: In 6I10 FORMAT. This variable is the integration
routine to be used (See STREAM for description).
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X, DX, DXPR, XEND: In 6E10.0 FORMAT (See STREAM for
description).

ERROR, DXMAX: In 6E10.0 FORMAT (See STREAM for description).

DT, U, AREA, EL: In 6E10.0 FORMAT. The initial temperature
error DT is read in at this point (other variables are
described in STREAM).

RHO, WMPH, TAIR, CLD, RH, ALBAR: In 6E10.0 FORMAT (See
STREAM for variable description).

PTBL(I), TTBL(I), HFGTB(I): In 6E10.0 FORMAT (See STREAM
for variable description).

DALP, DCLD, DRH, DTAIR, DWMPH: In 6E10.0 FORMAT. These
variables are the errors in the respective values of
the sun angle in degrees, the cloud cover in tenths,
the relative humidity in percent, the air temperature
in ©F, and the wind velocity in MPH.

NTEMP: In 6I10 FORMAT. This is the number of temperatures
given downstream.

STTBL(I), XTBL(I): In 6E10.0 FORMAT. These tables are,
respectively, the water temperature and the position
downstream in NTEMP sets.

The code then computes the error in the stream temperature
downstream from a given point. The output proceeds at each
print position with the position X itself, the integration
step DX , the stream temperature TEMP, the error in the
stream temperature DT, and the derivative of the error in
stream temperature DDT .

Following this some auxilliary variables are also printed
out: EW, DEW, EWAP, HE, HFG, H@B, HC, HLYMN, and HD, which
are important for diagnostics, not for the solution itself,

MONT

The digital computer code MONT performs all the necessary
calculations to obtain the probabilities for meeting a given
temperature requirement. The code takes prepared data and
makes a series of trials, forming data differences, and

uses the sensitivity analysis code, SENSIT, to obtain the
stream temperature difference at a prescribed distance
downstream (in this case 25,000 feet [7620 meters]). The
code makes three studies:
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1. Computes the probability of meeting given error
requirements given in both initial water tempera-
ture and meteorological data at the site.

2. Computes the probabilities of meeting given error
requirements given errors from water temperature
and meteorological time averaged data at the site.

3. Computes the probabilities of meeting given error
requirements given errors from water temperature
and meteorological data at a remote site, in the
case of this study, at station 7 above the nuclear
plant. A list of the MONT code is given in
APPENDIX C.

INPUT REQUIREMENTS TO MONT
MONT accepts the following information:

NLN, LOG1: 1In 6I710 FORMAT. The first variable is the number
of lines of data (taken every 3 hours, 8 data points per
day, each day always complete); the second variable is
0 if no time averaged data appears, not zero if time
averaged data appears.

Following these integer variables the major part of the data
is read for the remote airport and the site water temperature
in a loop of NLN lines as follows:

c(I), TA(I), PHI(I), W(I), TW(I): In 6F10.3 FORMAT. The
variables are: 1) the cloud cover in tenths, 2) the
air temperature in °F, 3) the relative humidity in
percent, 4) the wind speed in knots, and 5) the site
water temperature in COF,

Next, the average data for the actual site and the particular
day are input:

UA, EL, CC, TAIR: 1In 6F10.3 FORMAT. These variables are 1)
the flow volumes of the river in ft3/sec, 2) the river
width in ft, the cloud cover in tenths, and the air
temperature in ©F.

TWA, RH, WSP: 1In 6F10.3 FORMAT. These variables are 1)

the water temperature in ©F, 2) the relative humidity
in percent and 3) the wind speed in knots.
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If LOG1 = 0 the next two sets of data are not necessary. If
1LOG1 # 0 the next two sets of data for the dates of past years
prior to the date in question (the time-averaged data).

NTA: In 6I10 FORMAT. This value is the number of lines of
time averaged data.

Following this NTA lines of data are read in as follows:

CTA(I), TATA(I), PHITA(I), WTA(I), TWTA(I) : In 6F10.3
FORMAT. The variables are 1) the cloud cover in tenths,
2) the air temperature in ©F, 3) the relative humidity
in percent, 4) the wind speed in knots, and 5) the
water temperature in OF.

Following this, the data describing the analysis are read in:

NCAS: In 6I10 FORMAT. This is the number of cases of
temperature to be used in the trials.

DELT(I), I=1, NCAS: 1In 6E10.3 FORMAT. These are input in
sequence, the first six values of allowed temperature
on the first line, the second six on the second line, etc.

NDAS: In 6I10 FORMAT. This is the number of day cases to
be tried.

IDAS(I), I=1, NDAS: 1In 6I10 FORMAT. These are the number of
days of data to be averaged in each day case. They are
input in sequence, six values per line.

Following this, 10 lines of data are input for the sensitivity
analysis program, which is a subroutine in this case.

PTBL(I), TTBL(I), HFGTB(I): In 6E10.3 FORMAT (See STREAM for
variables description).

The next data to be input are 1) the number of days since
March 21 (the vernal equinox) which is required to estimate
the coefficient involved with the sun heating effect, and 2)
the latitude of the plant in degrees:

DM21, BETA: In 6E10.0 FORMAT.

The last data to be input are the daily average of the water
temperature at the remote site:

T7(I), I=1, Number of Days in 6E10.3 FORMAT.
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The code then computes the errors in the stream temperature
downstream from a given point considering the days to be
averaged as requested. Three sets of input errors are
examined:

1. The airport meteorological data and stream temperature
against itself (simulating values at a site).

2. The time-averaged meteorological and stream tempera-
ture data against the site data.

3. The airport meteorological data and the remote site
water temperature data against the site data
water temperatures(simulating predictions from a
distance).

These are compared to the requirements on temperature for
each case. The number of cases for which the requirements
are satisfied are recorded and printed out in the form of
probability values.
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APPENDIX B
INPUT DATA

This Appendix contains the input for the four example
problems.

EXAMPLE PROBLEM INPUT

The input for the four example problems has the following
format:

1. The number of lines of data, 8 lines per day
(3 hour intevals).

2. The time averaged data logic parameter (1 means
time averaged data appears, 0 means no time
averaged data appears).

3. The data now appears by line as follows:

a) Cloud cover in tenths.

b) Air temperature in COF.

c) Relative humidity in percent.
d) Wind speed in knots.

e) Water temperature °F.

4, The average data (over a day) for the plant site
then is:

a) The flow volume, UA, ft3/sec.

b) The river width, EL, ft.

c) The cloud cover at the site in tenths.
d) The air temperature °F

e) The water temperature °F.

f) The relative humidity in percent.

g) The wind speed in knots.
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5. If time-averaged data appears the following then
is required:

a) The number of time-averaged data lines.
b) The lines of data as follows
1) Cloud cover in tenths.
2) Air temperature °F,
3) Relative humidity in percent.
4) Wind speed in knots.
5) The water temperature in ©OF.
6. The control data for the data analysis is next.
a) The number of cases of error in temperature.
b) The allowed errors in temperature.

c) The number of cases for days of data to be
averaged.

d) The actual number of days of data to be
averaged.

7. The tables of vapor pressure and latent heat (no
changes except for very unusual conditions).

8. The days to the date in question past March 21.
9. The latitude of the site in degrees.

10. The daily averages of the water temperatures at
the remote site. In this case station 7.

PRINTOUT FOR THE FOUR EXAMPLE PROBLEMS
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S . 2 3 VAN -7 Z H
v o - MAYx 1 to JUNE 2n, 1973_ _
.
:. RUN
T TNUMBER 6F DATA LINESa 4ORTIME AV. LS8GIC= 0 - T
Q*m . CLD CBVER AIRTEMP REL_HUM WIND SPD WATER TeMP o
+000 35000 924000 4000 48+000
T T UTRV600 T 73340007 7T 964000 ""3.000 4ge000
] 84600 394000 934000 . _ 4¢000 48200
9,000 564000 604000 54000 480500
TTTTTTTT 164000 T 56400Q 574000 4e000 48500
L 104000 614000 524000 . 4000  4Be700
10,000 534000 80000 4000 49000
T T UTT10.000 U B4W00C 964000 50000 49e000
104000 560000 _ 904000 . 7000 _  45¢200 _
104000 554000 904000 84000 494200
T 104060 564000 87,000 12.000 49800
—— 50000 66¢000 684000 14000 509000
104000 724000 57,000 14.000 504500
T 7T 100000 7360000 554000 T 9.000 51000 R
N 104000 68¢000 684000 _ 9¢000 _  51.000 ]
104000 614000 90+000 44000 51+000
) "~ 104000  64.000 844060 4s000  s1e200
1040600 654000 784000 10+ 000 51+500
84000 634000 904000 114000 514700
T 100G00 704000 ~ 7734000 7 8e000 T Ts2eggo T T
10,000 754000 544000 104000 520700
10,000 554000 100000 74000 534000
T 10,600 500000 934000 10:000 52500 i
v 104000 504000 804000 44C00 52+200
104000 484000 684000 54000 524000
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604000

67000

T 684000

63000

52¢00C

474000

42¢000
51.000
60+C0C
67,000
68,000
634000
52+000
45¢00C
46¢Q00C
47000

540000

100000

1004000
100000
864000

654000
62.C00
100000
1004000

1004000

704000

40.000

361000

434000
744000
894000
964000
S0.000

704600

55,000
51.000
50000
83.000

964000

100000

100000
864000

42

75,000

~7.000  S51.200

964600

64CO0

7+GCCO

4+000

24000
6000
84000
12,C00

13,000

3.000
2+C00
54000
000
8+.000

7.C00

50000 = =

8+CCO 50200
79000 504200
. 9000 ._ .. 509000
7.000 50000
T 8.C00  50e200
10.C00 . 50500
44C00 51000
24000  S1e000
3.C00 50500
24000 50+000
773,000 T 50s000
. 3.C00
6+000 50500

51500
51700
51¢500
51500
51¢500
514700
524000
524700
534500
53¢500
53¢500
534700
53¢700

534700



1.000

24000

4,000

8+000
7000
92.000
7+00C
24000

8.000

6000
__“;00000 _

1.000

5¢000

14000
94000
94000
10.000
10000
104000
104000
10,000
104000
104000
104000

10,000

64000
24000

8,000 _

3.000

644000

664000

63,000

55000

500000 _

50+000C
554000
58+C00
624000

64+000C

614000

55¢C00

544000

51+000

55+ 000

60¢000

654000

63+¢C00
634000
57+000
544000
524000
514000
549000
57000
584000
6C«CQ0
61000

€3+000

654000

514000

65.0C0

804000

_._83.000__ _

86000
754000

674000

584000
544000

_ ... 584000

30+000

754000

_...80.000

754000
624000
544000
494000

604000
724000
804000
904000

964000

100.,000

93.+000

- 90+000 .

93.0C0
37.000

974000
43

8.CQ0

_..3.C00

6+C00

74000

. 3.200

64200

7+C00

44000

___%.C00___

7+C00

104000

—..7.000_

8+000

15.C00

10.Cc00

13.C0C0
64000
7.000
7+C0O0
10.000

104C00_

11.C00

9000

13.060
10000

104000

10+000_, __

54000
544000
544000
54+0C0
544000
544000
534700
53¢700
534500
53¢500

.-534500

53¢500
53500
534500
53500
53¢700
544000
54+500
544700
544700
S49700
S4+700
- 55¢000
550200

55¢600

55700

55500
55200

55+200



10,000

~ 10.000

10,000
8000

7.C00

10,000
10.000
10000
10.G00
10.000

"10+000"

9.000
10,000
3,000
104000

10,000

10,000

10,000
10.000
10.000
10.000
10,000

3,000

1.000

« 000

9,000

9.0C0

10.000

62000

61e¢00C

624000
69+C0OC
724000
60,000
58.000
57000
55000

564000

62¢C00

€8+000
644000
63+000C
58+000
564000
56,000
56¢000
594000
60¢00C
64+00C
62:000
58¢000
564000
544000
60+00C
64000

62.000

97000

1004000

100.000
734000

~ 57.000

87,000
93.0C0
934000
1004000
96000

554000
544000
654000
90+0C0
964000
100,000
100.000
100+000
844000
73¢(C0
73.000
814000
804000
804000
70.000
68+000
754000
4y

754000

"~ ec00

T 84000

4+ COO0
64000
94000
8+C00
©¢000

6.C00

+ 000
3.C00

S 2.000

5.0C0

5¢C00

000

3+000

34000

 &,000

* 000
4000
104000
400

4¢C0O0

T 64C00

10000
8000
13.000

14,000

9.000

554500
550500
55500
56¢500

57¢200

57700
57700
574700
57¢700
574500

58000

58200

580200

58+500

58500

592000
59000
590500
60¢000

60000

~ 600000

60200
60200
60700
651500

629000

574700

584500



S¢000

10000

10000
24000
P 6000
3,000
24000
e 1,000
00
4000

+ GO0
» 000

+ 000
2 GO0

8,000

64000
104000
"""" 100000
104000
104000
104000
— 104000
16+ 000
104000

104000

4000

64000

000

_J“"Q'OOO o

66000

56¢C0C

53¢0C0

T 47000

_ hle000

474000
519000
574000
534000

56+000

434000 _

39+0C0

369000

474000

62+000
68+G00
70+000
65+ 000
530000
49000
53«C00
58+000
57+000
60000

644000

- 634000

624000
60000

60000

.. 44000

650000

. 90.000

964000

834.000

. 964000 _

684000

464000

444000
45,000

_..83.000 _

93.000

964000

_..._B3.000

414000
33000

_36s000

52.000

864000

894000

86000
844000
96.000
100,000
27000
100,000
100000
1004000

1004000
45

e

_éleQ00

5+C00 610700
__8e0CO 614500
64000 614000
54000 619000
%0000 61+000 _
124000 60¢7C0
10000 60700
. _124C00 __ 61500
10+000 614700
54000 614500
___3.000_ . _61+200_ _
34000 614000
¢000 600700
34000600700
10000 61+000
5.000 610200
84000 61e500
24000 61¢500
34000 614200
3,000
4000 61000
9,C00 61000
64000 614200
+000 61¢500
5:000 629000
44000 620000
34000 614500
34000 612200
34000 614200



‘.
. 8,000 65000 100,000 3.000 61000
.

€T T T 00000 779000 744000 120000 619000
;w . 104600 804000 654000 __ 12¢C00 61500
104000 764000 764000 44000 61+700
TTTTTTTT T 9,000 766000 764000 7eC00 61e700
84000 684000 874000 5000 . 62+000
84000 674000 874000 84000 62000
T " 10.000 71000 ”8'1o00‘0 i 1'“0"-'"000‘"_""_62'2’66. T
10,000 744000 764000 7000 624200
74000 78000 714000 130000 620700
T 7¢000 = 85.000 61,000  124C00  63s000
) 104000 714000 90+000 7000 = 63100 .
74000 724000 844000 50000 634500
T 7,000 724000 764000 104000  63e000
10,000 724000 824000 134000 624700 i
8¢ 000 70+ 000 84000 164000 624700
104000 70¢00C 84,000  14.000  e2es500
o 8+000 76000 66000 13000  62+700
74000 794000 524000 84000 63+000
o 49C0O0  80e0ULO 41,000 13000 ~  e&4e0o0
+ 000 75000 454000 84000 649500
« 000 614000 754000 54000 64+700
- + 000 569000 93,000 "3.C00 64500
14000 550000 934000 34000 642200
84000 684000 684000 10 C00 649000
" 54000 774000 560000 114000  64e000
¢ 8000 814000 514000 124C00 | 64+700
74000 B4+000 464000 10000 65200

be



w e

P oeiw om woow =
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1
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o e e me

6,000

- 10.000

7000
104000
10,000
10,000

8+600

2+000

6000

104000

10000 _

24000
" 8+000
44000

794000

_ 71000

73+000

71000

714000

724000
73¢C00

- 824000

77000

724000
67000

61000

"64+000

71000

764000

794000

7C«C00

634000
640000
66¢00C
724000
73000
864000
864000

78+000

67000

664000
66000

734000

47

524000 74000 65500
644000 _8.000 650700
574000 124000 654700
614000 134000 650700
664000 10000 65500
684000 11.300 652500
624000  12+000  66+200
43.Q00___.__ 104000 ____67+000
50000 84000 67500
504000 84000 679500
_...53.000 7000 67+000
674000 54C00 672000

T 7684000 84000 669500
_.49.000 6000 __ 66700
43.000 84500 67+500
414000 6000 68500
714000 _4+000 _ 694000
934000 3¢C00 694000
7904000 50000 68500
_78+000  3.000 _ 68¢000
664000 8000 67+500
624000 104000 67+700
554000 54000  68¢500
500000 8000 69¢700
62¢000 54000 604200
904000 __ 4e000 700200
934000 340C0 69+700
93+000 9000 69+700
824000 84000 694500



o

- ® ~
K

54000
24000
10,000
10,000

5.C00
10,000

104000

104000
104000
T 60000
4,000
»000
84000
89000
24000
3,000
8¢000

3000

5,000

+ 000

000
24000
9.000
1€+ 000
10,000
104000
104000

84000

78¢00C

" 854000

70000

68000

" 660000

64000

644000

680000

71000
664000
700000
71000

61000

T 614000

574000
62¢000
7C» 000
734000
754000
7G4 000
61+ 000
534000
500000
55000
55+ 000
57000
584000

554000

79000

614000

93,000
100400600

771004000

1000000
100.000

793,000

90000

100.000

T 764000

684000

90+000

844000

26+000

874000

534,000

41+000
344000
384000
33.¢00

644000

S 714000

514000
554000
604000
554000

994000

48

11.000

T 11.000

60000 _

6.C00

3.000
4000
34000
. 5000

6000

T b.000

9¢C00 _

3.C00

3+C00

3.C0O0

~ 7 7.000

11000

14.C00

134200

13000

84000

8e000

12,000
8000
64C00
7+C00

6000

.C00

50000

71000
.. 72+500
724200

714700
71+700
724000
724000
724000

714500
724000
72200

72+000

71700

714700

71+500
714500

70500

70000

684700
68500
68700
682500

68¢500

71e700

72e000

~72e000

690500



104000
y 10000
v 100600
104000

10000

10,000
10,000

10C00

104000

3,000

6000

3.000

3.000.

e bBe0OO

7:000
8.000

104000
104000
8,000
10,000
24000

+000

104000
104000
10,000

- w_ﬂlOgCOO_

__ .5+000 .

4000

_10.000

51,000

43000 _

48000

50¢000

524000

524000
53+000
520000
52,000

494000

454000

51000

57000

624000

65000

" 6241000

454000
43000
500000
614000
62+C00
654000
53¢000
550000
55000
B5¢C00
57+000
65000

494000

80+000 2,000
894000 ___4.000.
964000 44000
964000 7.000
964000 7+C00__
10C+000 54000
100,000 64000
100.000 11.000
1004000 12.C00
1004000 44000
96+000 _____ 9000 _ __
30¢0C0 84000
72000 84000
584000 ___ 114000_
504000 1000
544000 84000
934000 34000
1004000 24000
100.000 34000
934000 44000
754000 1UsCO0
734000 11000
614000 __ 124000
754000 10.000
90+000 5.0C0
934000 5s000 _
964000 24000
934000 30000
784000 %4000

49

684500
68000,
679500

67+000

_ 674000

67500
689500
68500
68500
67700
. 67500
67000

674000

67200,
67700
67500

669500

654700

654000

63+500
62200
62200

620700

62700
62200
619200
60¢200
59¢500
59¢000



' 10000 71000 664000 3+000 59000

o T 10.000 749000 609000 62000  59¢000
o 4,000 724000 644000 3,000 59¢000
3,000 63,000 84,000 5,000 594000
T 7000 534000 934000 3.000 58700
104000 64¢000 90000 40000 58¢500
S 10,000 684000 874000 10000 58+200
24000 764000 664000 12,000  58+500
84000 834000 462000 164000 594500
8000 834000 514000 114000 60¢000
o 3,000 780000  62.000  8.C00 609200
] 3.000 734000 764000 7+000 600200

' UAs 13503¢000R WIDTH= 400+000CLD COBVER= 8+000TEMP AIRs 754000

TEMP WATER=  62+0C0REL HUM= 71+000WIND  gPEED= 8¢700



R L]

NUM3ER GF CASESs

ALLBWEp DTS

«100000VE 01

+200C000E 01

+«3000000VE 01

*+4Q000GCUE 01

NUMBER 8F DAYS AVERAGEDe

OAYS AVERAGED

2.

G SRR SO

L R R SR S R AR S A I R E T R N YRS RI LRSS R SR 2 XY 2 2

1

2
PTBL1 TTBLL HFGTB1
*585E~01 +32CE Q2 108t %
¢122E Q0 «40CE 02 «107E 04
v178E Q0 «30U0E G2 107E O
e256E OC +60CE 02 +106E 04
*+363E Q0 ¢700E 02 +105E 0%
«S07E 00 +800QE Q2
«698E 00 +S0CE 02 104E 0%
eS4LOE Q0 «10CE 03 +104E 04 _
¢127E 01 «11GQE C3 «103E 0%
«169E Q1 «12CGE Q3 +103E Q4
DAYS SINCE MARCH 21s=

*105E 04

414000BETA®

- hsaG0G T T T



ADDITIONAL DATA FOR STATION 7 ABOVE THE DAM
TEMPERATURES AT STATION 7, c)F, DAILY AVERAGES, MAY 1-JUNE 21

4g8.9, 50.7, 52.3, 52.4, 52.0, 51.8, 51.9, 52.9,
53.0, 53.1, 54.5, 55.2, 55.0, 54.5, 54.2, 54.2,
53.6, 52.4, 51.4, 50.8, 51.0, 50.6, 52.3, 53.9,
53.7, 54.%, 53.8, 54.3, 55.3, 56.3, 57.9, 59.0,
59.4, 58.8, 58.9, 60.0, 60.9, 62.3, 63.3, 64.6,
65.2, 66.8, 69.2, 69.3, 69.0, 67.3, 66.9, 66.1,
62.4, 59.3, 59.9

52



~ SEPTFMBFR 27, 1973 T
AUGUST 15 to 31 and SEPTEMBER 12 to 26

 NUMBER 6F DATA LINESE

CLD CBVER

59000

_ 54000 _

10.000
10000

9.000
10.000

T 10,000
_ 4000

+ 000

© 9,000
104000

10.000
1.000

_rlooﬂo

¢ 000

+ 000
- «000
1.000
8,00V
84000
84000
74000
94000
9.GOV
5+C00
5:000

AIRTEMP REL HUM

66¢C00

644000

66000

70000

754000

754000

71000

- 66¢000

62+000
62000
624000
67+000

774000

734000

75.000
650000
62000
594000
62¢G00
754000
82+000
83,000
734000
68+00C
669000
64000

53

256TIME AV, LBGIC=

WIND SPD WATER TEMP
874000 T 64C00 789000
. 90s000 ____ 6+CCO 77500
30+000 7.CC0 770200
844000 84000 77500
694000 _ 104000 77200
664000 1U+CO0 77000
764000 64000 77+000
______ 874000 5000 774000
934000 3¢000 76700
974000 3.000 760700
1004000 _  _%eCO0 __ 760000 __
934000 44000 754700
624000 5000 750700
474000 94000 _ 76¢500
584000 3.000 77+000
87.000 34000 764500
93.000. 3,000 760200
97.000 44000 764500
97000 44C00 769500
71.000  5eC00 _ 769500
554000 54000 764500
514000 74C00 774500
654000 44000 774700
934000 30060 774200
934000 3¢C00 762700
974000 3.000 76¢700



32000

T 84000

_ 84000

S.C00

" 710,006

8,000
3+000
84600
54000
74000
5,000
9+0C0

9.000

44000

3.0Q0
34000

¢+ 000

2000
44000
2000
1000

«C00

" s 000"

+ 000
+ 000
4,000
8+000

8,000

66¢000
76+G00
85¢00C

85¢000

167000

664000
65:000
63¢00C
634000
74¢G00
8C» 000
63¢000

72000

"~ 67000

63000
604000
634000
749000
79+ 000
814000
734000
67000
63000
614000
620000
754000
804000

804000

37000

714000

57000
51000

93.000C
93.000

97.000

100.000
34000
67000
844000

84,000

93,000

974000
97000
97000
71000
60+000
544000
69000
844000
904000
934000
974.000
€9+000
434000
56+000

54

874000

3.C00

4000

3.C00

5000

11.00C
10.C0O0

10000

64000

11,000

764500

764700
76700
772200

77000

764700

76500

75700

76000

76700

77200

77200

76+200

75700

75700

76+000
76200
76700
77200
76500
760200
76200
75200
75500
76+000

76¢500

770000

764500



10,000

__}OOOOU N

10,000

10000
. 10.000

10:C00
10+000

104000

8000
1,000

«000

_ #0000

9¢000

7000

9,000

10.000
10,000
10+600
1,000
» GOV
»000

+ 000
14000
000
+000

$ 000

000

2+000

T 4000

70000
68¢00C

694000

674000

664000

65¢000
61+00C

61000

61000

544000

514000

47+000

50000

644000

680000

70000

670000

67+000

63000

644000

60000
64000
68000
71000
65,000
55¢000
52.000
43¢000

51,000

79.000

_....B4.000

76+000 *

734000

84e000
93.000

904000

754000

" 904000

93.000

100.000

1004000

550000

49,000

66.000
614000
73.000
754000_
81,000
58,000
49.000
48.000

614000

_B1.000___

_65.000

90+.0C0

93.000
96000

100,000
55

6:C00

84000

13.000

.. 134000

11.000
10.C00

4+000

44000

_3.000___

34000

54000

6000

9.000

5.000

__ %000

3,000

&.000

. Be000

74000

84000

69000

8000
4000
54000
34000
4¢ Q00
9000

bsCOO

8000

764700
764500
75¢500

75+200

_.. 75000

75000
75200

76+000_ __

76000

764000

...75#800 ___

74500

© 73500

749000

" 754000

_75s000

74500
73+700
734500
734200

73+200

_73+500

74500

75000

_ T4+500

732700
73500
73200

73500




“ @ . e o w .

1,000
64600
9,000
8,000
10,000
10,000
"~ 109000
104000

10000

T 104000

10,000

10000

 10.000

10,000
10+000
+ 000
6+ 000
6000
44000
5¢C00
10000
104000
9,000
44000
20000
+ 000
10000

7,000

69000

" 760000

77000

63+000

63,000

61¢000
62000
644000
654000
75000
764000
724C0C
7CeG0OC
63000
664000
67+C0C
730000
84¢00C
864000
81i.00C
7800C
77+000
684000
68+GC00

76+00C

"83+00C

854000

77000

68+000

“4d.000

484000

734000

790,000

97000
93.000

904000

33000

69,000

664000

84.000

90.000

T 93.000

100,000

974000

774000

654000
63.000
794000
88000
88000
23,000
1004000
97,000
744000
232000

644000
56

64000

_ 84C00.

5000

42000
40000
T 54000
5¢C00
6¢C00

44000

4000

4+CQ0

4+000

8000

4+C00
42000

4000

9«C00

24000

© 54000

44000

4+000

19000

9+000

5+000

194600

T 4,000

"5¢000

73+200
744000
74000
73500

7734000

72+700
72700

T 72700

73+Q00 .

74000

" 744000

73700 _

73500

734500

73+500

73+500
" 774000
74¢500
75000

754000

75500
75500
75200
752000
75+500
76000
76500
77000



S e m e e n e e
s

54000
S __+C00
000
34000

2000

B T 20000
»50000”

3.000
T 34000

10,000

50000

4,000
2+G00
94000

54000
24000

C 4e GOV

10.000
10400V
10+000
10000
5000
8,000
79,000

__%+000

___9.000

C 84000

9000 __

©10.000

694000
649000
61000
63000
774000
85¢C00

87000

814000

764000
72+000
73+000
75+000
840000
_90eG0C
91.000

" 79000

- 74.00C

700000
684000
634000
834600
88¢000
744000
744000
714000
600000
56+ 000
56000
604000

814000
93,000
97000

1004000

61000
57.000
794000
824000
334000

. 87000

85+000

67000

564000

50000

654000

934000

824000

1004000

100000
674000
61+000
824000
82+000
90000
67000
754000
75,000

62+000
57

744000

40060

. ._3e000

3.000

44000

B+ 000

11.C00

54000

5.000

_4.000_

©+0CO

9+000

5000 _

9.000

10.C00

8.C00

3.0C0

" 44000

5:C00

5.C00
©¢000
12.C00
34000

7+000

74000

6+C00

74000

2¢000

3.000

. 4eCO0

784500

76500
769000
75700
754500
754500
76000

77+000

_77+000

77000

764500

76200

76+000

760200

..77+000

77+500
77700

7702200 .

762700

77000

77.000

77500

77500

79000
79000

71200

70700
70+200
70500



)
t 10,000
¢

R 1000V
10,000

T T T10.000
4000
9,000
5¢000
9000

4,000

10,000

10,000
10000
10,000

10+C00
10,000
10.000
10000
1C.000
"~ 10000
10000
10000
84000

S.000

P

100000

10,000

S.000

100000

T 10000

62¢000

620000

600000

564000

" 544000

514000
51.000
61¢G0C
€3+000

64+00C

T 574000

524000

514000

500000

51000
59000
59¢000
55000
544000
‘54000
54+00C
544000
54000
554000
57+000
53¢C00
57+000

57000

48000

50e00C

58000

780000

83,000

904000
934000
584030
464000
474000

©69.000

83000

864000

30+000
704000

754000

90000
93.000
364000
9640C0

964000

964000

100+000
364000
93000
33+000

964000
58

86,000

24000

84000

6+000

3.C00

3+000
3000
16300
9:C00
84G00
3.000°
3.000

64000

7000 _ __

8+000
50000
5¢C00
8¢000
4«Q00
6+200

4000

" 6000

3+C00
8¢000
5¢C00
5¢C00
7000

44600

T3.c00

70¢500

700500

70+500
70500

700200

70000

69500

694500

70200
70¢500

712000

70+500

700200

63+700
69500
699500

689500

684200
68+000
68+000
68+000
67+700
674500
67+700
674700
674700
67700

67700
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ST 104000 58400C 93.000 11000 672500

»L‘_ ___________ 0100000 584000 _ 904000 114000 _ 674200 .
f 104000 564000 834000 124000 67000
P 90000 544000 750000  13.Q00 674000 i
. - 9+000 54000 __ 69,000 ___12eC00_____67¢Q00 _ _ .. __
94000 534000 724000 124000 67+0C0
T 64000 510000 694000 94000 669700 - i
e . 9¢C00 _ 51+00C 71,000 _ _11.C00____ 66%700 _
104000 50000 714000 10000 66500
i 0000 424000 78641000 3,000 664000 - T
. +000 414000 _ 964000 ___ 4000 ____ 65e500
44000 524000 554000 8000 669000
” 84000 554000 53+000 110000 664700 -
e 6:000 564000 @ 51.000 __  5.000. ...660700
10.€00 5G0eCQO 744000 44C00 66+200
) 104000 484000 934,000 74000 66+000 T
104000 50e000  _ 93.000  __ 10000 ___65¢700
102000 500000 964000 84000 654700
T 10,000 52+G00 964000 12,000 654000 ’
10.000 524000 96000 44000 _ 65s000
16.000 544000 964000 64000 654500
10000 514000 964000 134000 65+200
. 10000 511000  Y3.000  13.000 642700 -
24000 474000 934000 44000 649200
] B 84000 414000 964000 34000 6412000
.. 8e000 394000 1004000  3.000 __ 63¢500_ -
94000 40e 000 1004000 34000 634700
) 2,000 544000 904000 84000 64500
«G00 61000 724000 104000 644700
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e e g o e

24000
"1,000
6.C00

10.000

" 10,000

10+000
10,000
10,000
94000
54000

© 2000

«000
50000
4000
24000
54000

T44000

34000

+000
» GO0
» 000
100000
104000
104000
104000
10+000
10,000

9.000

634000

554000

540000

T B4,400C

54¢000

55¢000

554000

51000

47000

350000

33000

" 344000

48+000
534000
544000
444000
384000
354000
34000
41+000
444000
484000
51+000C
544000
57.00¢C

58000

' 554000

 43.000

604000
69,000
624000
644000
67,000
63000

754,000

804000

90000
744000

734000

854000 .

92.000

964000

664000
45,000
424000
714000
86000
89+000
32000
864000
804000
934000
33.000
100.000
100.000
100.000

60

13.000

12.000 .

11.000

16.C00
14+000

. 124000

~ 7+4C00

94000
64000
44000
44000

44000
6000

9+000
5¢000
44000
4+C00
10+000
74000
124000

23+000

T 7.c00

~ T 1340c0

~ 8.000

2700

174000

10000

84000

49000

64200

634700

63+500

63+500
644000
644200
649000

63500

7634000

63000
62700

83000

63¢500

63200

62+500
62200
62200
62+000
61700

614500

61500
619500
61+000
614000

60700

T 634500

~ 63¢700



74000

10000

1.C00

"~ 10000

10000

10,600
104000

10,000
10.000

104000

10,000

.10+000

564000
534000
61000

64000

57.000___

554000

524000

500000

502000

50,000

504000

10,000

__10s000

5000
T 74000

~_«000

1,000
3.000
3.000
7000
8,000
44000

+ 000

+ 000
8,000
2.020
7.000
7.000

514000

53000

534000

53+C00
494000
464000
43000
56000
634000
65400C
544000
50+000
47¢00C
44000
45000
6GCe000
669000

684000

100+00Q0
100,000
97.000
754000

.. 23000

964000
1004000
1004000
100000
1004000

. 100.000 _

100.000
100.000

1004000

23.000
93+000

83,000

100.000
784000
654000
59,000
83000
89000
26+000
96000

100+0Q0
87+000
68000

634000
61

3.000

. 34000

9.000

64000

_7sT00

6.000

8000

___8.000

74000
6+0CO

__7+000

74000

4+4C0O0

_... %000

6.4C00
4+C00
4000
3,000
/000
10.C00
10,000

7.000

5000

50000
3000

_ H#e000

14000
12.000
10.000

604700
614000
61500
62¢000
614500
61500
61200
61+200
614200
61+000
.. 60+500
60000
59¢500

...58¢200_

53500

594500

594500

60000
60+700
60¢700
60+000
599500

59200

59¢000
594000
 58+700
59+200
59500
59+000
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¢+ 000 61000 784000 62000 59000

49000 614000 784000 7+ 000 589700

UAs 77134000k WIDTH= 400+000CLD CHVERS® 2+000TEMP AIRs
TEMP WATERSs 604000REL HUM= 720000WIND  SPEED= 84700
NUMBER UF CASES= 4

ALLOWEDR DTS
+100C000E 01
+20Q000302 C1
+300CC00E C1
«4000000E C1
NUMBER ©F DAYS AVERAGED= 2
CAYS AVERAGED
1
2
FTEL1 TTBL1 HFGTB1

IZZ 22X XS 22 AR RS RSR RS FYRSS SRS S SRS L I P22 R YY)
+885E-01 +320E 02 108E 0%
21Z22E OC +40CE 02 +107E 04
¢178E Q0 «500E C2 +107E 04
e256E 00 60CE 02 e 106E (4
e363E CC +700E 02 ¢105E O4
¢SC7E OC +800E 02 «105E 04
»698E 0D +90CE 02 «104E 04
e949E 00 ¢1UCOE 03 +104E 04
«127E 01 +¢11CE O3 103E O4
s169E 01 ¢12CE 03 «103E 0%

DAYS SINCE MARCH 21= 75.000BETAS 45,000

62+000



CLO CHBVER AIRTEMP REL HUM

T 4000

__..*C00

+000
2000
34000
84000
50000

54000
3,000

10.000

10,000

10.000
100000
_ 10.600
10,000
104000
10+000
10,000
10+000
104000
10,000
10,000
10,600

_10.000

_5.000_

10.000

__NUMBER BF DATA LINESs

“OCTOBER 30 , 1974 B L .
OCTOBER 1 to 3 , 17 to 24, and 27 to 29, 1973

63

60700

609500 .

112TIME AV, LOGIC= 0
WIND SPD WATER TEMP
384000 964000 44000 600000
37400C 1004000 _ 34000 _ __ 60000
38400C 160,000 34000 609000
564000 724000 64000 604700
654000 474000 .. _8e000___ 61000
669000 374000 84000 604700
59¢000 564000 94000 60500
550000 674000 _____5¢000___ _ 60500
544000 75000 11.C00 609200
S4¢000 754000 T 74000 609200
53¢000  74+000_____ 9000 . 604200
58+ 000 724000 104000 60+500
60000 844000 10.000 604500
584000 964000 _ _ 9+000_
584000 100+000 84000 60¢500
59000 974000 74000 604500
61¢000 97000 84000
60000 1004000 44000 60+500
620000 1004000 44000 60500
65+000 974000 __ 64000_ 602700
644000 100000 74000 614000
654000 1000000 30000 600700
624000 100000 54000 60+500
58¢ 000 100.000 34000 60+500
444000 654000 94000 544700
450000 654000 6.000 54700



10.000

710,000

10000
10,000

10,000

1G+C00
10,000

10000

94000

8¢000

10,000

16+ 000

10,000

104000

1+C00
3.000
5.000
1.000
5.000
1,000
10000
10.000
10,000
10.C00
10600
10.000
10.0C0

10,000

454000
450000
459000

47000

454000

454000

43,000

426000

384000
46+00C
474000
464000

454000

434000

37000
32+C0C
32.000
43+C00
48000
50+000
44000
45+000
k4400C
440000
44000
44400C
464000

460000

68000

" 774000

804000

564000

- 584000

604000
734000
764000
82000
664000
614000
664000
714000
734000
894000
964000
100000
1004000
634000
504000

684000

58000
80000
864000
864000

100090

1004000

100000
o4

10.C00
7710000
_14+000

10.C00

7000
4%« 000
4,000
5¢C00
74000

64000

4400

34000
3.000
3000

+ C00
3.000
5¢C00
6+C00
84000

“1le000

11.000
7000
3.C00
64000

7000

T 7.000

64C00

3,000

54+500

T Eae700

55000

55500

- 554500

~ 55500

554000

55000

54700

54700

© 54e500

54+500

544200

TS54e200

54000
54000

53700
53700

54200

54000
54000
534700
534500
539200
53¢000
53+000

53500

T Ts3e700 0 0 T



e e e A U U U S

1
!

" 7104000 " 464000 964000 10400 530200

L I R S SEC Y

.. 104600  44¢000_ _ 3004000  ___ _7.000.____53+000
. 10000 4400C 100.000 6¢000 53000
T T T T 94000 419000 1004000 7000  52+700
. Bs000 __  _39400C _ B94000______ 6sC00_____52¢500
2,000 434G0C 714000 94000 52200

T «000 474000 564600 44000 524700
. sG00 494000 _ 504000____ 44000 __ 534200
0000 40+ 000 864000 3.0C0 §3¢000

T + 000 374000 89.000 3+000 52700
... %000 349000 = 92,000 _____ 5e000___ 52500,
+000 33400C 964000 44000 52200

T "7 44000 324000 1004000 34000 524000
4000 ___ 474000_ _ 93¢000_____104C00. ____52+000
3,000 564000 644000 6400 52¢000

5¢000 584600 604000  74C00 520500

e 000 450000 93,000 . _ 9¢C00 ____52¢500
«000 444000 864000 5¢€00 52+500

i +000 400000 964000 34000 520000
. +000  38:000 1004000 _  3.000 52000
000 35.000 10040C0 54000 51+500

44600 56000 724000 114000 519700

~ 34000 624000 58,000 _ 10s000 __  52+000
74000 634000 544000 6+C0O 520500

84000 554000 694000 .00  52+500

. 44000 5Ce000 864000 . _3¢0Q0 __ 52+200
i | 54000 474000 934000 34000 529000
o 54000 444600 964000 3,000  51¢500
44000 39,000 964000 3.000 510200
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U

7000

44000

2000

+ 000

600

10,000
10,000
10.L00
10000
10.000
10000
10,000

44000

24000

5:000
8.000

T 84000

10000
9+000
10,000
10+000
104000
84000
54000
84000
10+000
1CeUGO

10.000

50000
61000
62¢C0C

52¢000

43,000

54,4000

47,000

T 454000

44000
44000
44000
40000

38000

314000

30000
274000
39000
42000
430000
37000
414600
424000
4Ce 000
36000
454000
4950000
43+000

474000

964000

1 67.000

67000

334000

100,000

96,000

36,000

83,000

80000
744000

764000

674000

924000

964000

96000

3.000

5000

3+000

.._10,000

T T10.000

71,000

79000

63.000
634000
824000
73000

71.000

62+000

794000
684000
5940C0
594000

744000
66

9.000

11.C00
13000

7000
3.C00
34000
3.000
5¢000
44000
84000
5.000
3+CC0
6+CQ0
9200
12.C00
3+000
11.000

13000

11.000

1124000

T 64000

3,000

T 9.000

51000

51¢500

52¢000

52000

52+000
514700

‘514500

514700

524000

514700
51¢500

519000

50¢700

50¢700

50700

~ 504500

500200

50000

502000

50000
50000
50+ 000
50000

50000

524000

524000

51.000

50500



L9

UA=

10.000

¢240+.000R

TEMP WATENS=

47000

WIDTHs=

50+ 000REL

NUMBER OF CASEsw

ALLBWED DTS

+100C0000E 01

+200C000E 01

+3000000E 01

*4GCCOOVE 01

4

NUMBER GF DAYS AVERAGED=

CAYS AVERAGED

93000 84000 50000
400.000CLD CB8VER® 1.000TEMP
HUM®= 6890COWIND SPEED=

BRBRFE RSN RBRI RN TN IR NN NIRRT RRERRRRERDRR NN

1

2
PTBL1L TTBLY HFGTB1
¢B8SE=Q1 ¢320F 02 «108E
e122E Q0 +400E 02 +107E
»178E 00 «S00E 02 «1Q7E
e256E Q0 ¢60CE 02 +106E
¢363E Q0 »700E Q2 «10Q5E
e507E 00 «BUQE 02 +105E
¢698E QC +900E 02 +104E
*949E OO0 +100E 03 «104E
¢127E Q1 «11Q0E 03 103t
¢169E 01 +12CE 03 +103E
DAYs SINCE MARCH 21+

04
0%
04
04
o4
0%
04
04
04
0%

108+000BETA» 454000

AlRe
¢ 000

454000



ADDITIONAL DATA FOR STATION 7 ABOVE THE DAM

TEMPERATURES AT STATION 7, ©F, DAILY AVERAGES,
OCTOBER 1-3, 17-24, AND 27-29

60.4, 60.0, 59.8, 55.8, 55.0, 54.5, 53.6, 53.4,
53.0, 52.6, 52.9, 52.7, 51.9, 51.0
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CLD CBVER AIRTEMP REL HUM

b e e o

10,000

__10.000

10,000
" 100000

_10s000

10000
"~ 104000

___10.000

104000
104000

8000
304000
104000
10600
10.000

__.89«000

'1_n Coo

3,000
5¢000
14000
54000
104000
104000
104000
104000
10,000

NOVEMBER 15, 1973
OCTOBER 17 to 24 and 27 to 29, 1973
NOVFMBER 1 to 14, 1973

___NUMBER BF DATA LINESS®

200TIME AV, LBGIC= 0

wIND SPD WATER TEMP

58¢000

444000  65¢000 94000 54700

..45.000 65.000 €+000 542700
454000 684000 10+000 54¢500
45¢000 774000  10+C00 544700

45000 | 80+000_ ___ 144000 __  55+000 _
474000 564000 104000 554500
450000 584000 74000 554500

454000 __ 604000 _ _ 74000 _ ___ 55500 _ _
434000 734000 44000 554000

4240000 T T 764000 T4.000

(384000 824000 ____5+C00___ 542700 ___
464000 664000 7000 54+700
474000 614000 64000 " 54500

. 464000 664000 64000 54500
454000 714000 4000 54200
434000 73.000 3.000 544200
374000 89,000 3¢000 549000
324000 964000 3¢000 544000
324000 100000 3000 534700
430000  100.000 _ +000_ 53700
48+00C 634000 3000 53¢700
504000 50+000 54000 54+200
444000 684000 64000 _ 54e000
454000 984000 84000 54000
444000 804000 114000 53¢700
444000 864000 114000 534500
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[ TS

- o o~ -

710,000

10,000

"~ 10.000

10,G00
10,000

10,000
10000
94000
8.000
24000
" Te000
+000
+000
000
+000
«000
44000
+ 000
3.000
54000
+000

¢ 000
»000
+000
«000
4,000
3.000
7+000

44900C

444000

464000

46,000

T 46,000

444000
44¢C00
41C00
39000

43000

" 474000

43000

404000

" 374000

340000
33.000
320000
47000
56000
58000
45000
444000
40¢00C
38¢000
35000
564+ 00C
620000

630000

86+000

100,000

130,000
100,000

~ 96,000

1004.000
100.000

771004000

894000

714C00

564000

504000

360000

894000

524000
264000
1004000
93.000
644000
600000
934000
86¢000
964000
100000
1004000
72000
58000

24000
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7.C00

34000

64000
7.C00

10,000

7.C00
64000
7.C00
640600

9«000

44000

44000

3.C00

9.C00.

4+000

10.C00

6000

7.0C0

24000

5.000

3+000
5000
11.C00
10.C00

6+C00

3.000

3.000

S 3.000

53200

"~ 53:000

53¢000
534500

T 83,200

53000

53000

520700

52500

52200

520700

53200

53000

520700

52500

520200

52e000

52¢000
52000
52¢500
524500

52500

52000

52+000
514500
51+700
524000
52¢500



T 84000
"W}.OOO
5.000

5.000

awu_ﬁoogq

7000
" 42000

_ _*000

«000

© «000

104000

10000

777104000
100000

‘104000
- 104600

_. 104000

44000
2,000
5,000
84000
80000

10,600
9.000

T 10}000

10,C0V
8,000
5.000

... 100000

55¢000 69000 50000 52500
500000 864000 _ . 3.000 520200 _
474000 934000 3400 52000
449000 96.000 3,000 51500
390000 964000 ______3+000 ___ S51+200_
504000 964000 3.000 51000
" 614000 674000 64000 514500
62000 _ 674000 54000 524000 ___
52400C 93+000 34000 52000
T 434000 1004000 3.000 52000
__54e¢000 _ 964000 ___ 104000
474000 964000 94000 514700
~ 45,000 83,000 10,000 51500
_._4%9000 80000 ____ 114000 514700 ___
444000 744000 13.000 52000
" 444000 714000 94C00 52000
404000 __ 764000 74000 _ _
38000 67000 34C00 544500
31+000 924000 3,000 51000
300000 964000 3,000 51e000
274000 964000 54C00 500700
39000 794000 4¢000 50500
424000 634000 84000
434000 63000 54600 500700
374000 82+000 3.000 504500
414000 73,000 64000 500200 _
424000 71.000 94C00 50000
400000 624000 124000 50+000
364000 794000 34000 50¢000
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8000

10,000

10,000

10.000

© 10,000

10000
10+000
104000
10000
10,000
10+ 000
10+C00
10.000

6,000

4¢000

54000

840600
104000
10.000
10+000
104000
3.000

3.000

3,000

9+000

9.0V

4+000

10.C00

450000

494000

494000
474000
47,000
394000

48¢G00

460000

47000

49+000

500000

43000

494000

" 49.000 T

490000

48000

49+000

544000

524000

- 50e0CC

45+0CC
43000
42¢000
424000

444000

T W44000

42¢00C

414000

68000

1994000

59.000

744000

93,000

93000

80000

834000

934000
934000
694000
634000

61.000

564000

50000

48000

484000

43.000
454000
502000
744000
764000
714000
60000
47,000
404000
41+000

40.000

72

11.000

"T12.000

_ 13000

11.000

3+000
54000

64000
9+000

© T12.000

14000
20.+000

“ 130000
. 14.000

16.000

~8s000

2.000
94000
54000
5¢C00
6.0C0
144000
14000
154000
17.000C
12000

15000

8,000

64000

50+000

© s0e000

50000

50+000

504000

- . 49+000

494000

49000
49200

505000

49+200

49000

489200
482200
484500
484700
48700
48500
489500
480700
48¢700
499000
49+000
494200
492000

43000

43.000

500000



9,000
9.000

64000
84600
94000
94000
64000
9400
1.000

2.000

3000
5,000

24000

~_9»000

64000
54000
84000
10,000
104600
100000
7+000
9,000
104000
100000
16000

. 7+0C0

7.G00
84000
8+000

40000
~39.000

37000

36000

360000

384000

39+000

. 374000

33.000

31.000

324000

31000

"340000

35000
38000
35000
34000
32,000
31+000
300000
28+00C
31e000
32+000
29+000
£8+000
274000
25000
274000

304000
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394000 14000 484500
. .384000__. __18+000___ _ 4Be500
394000 124¢00 484500
404000 144000 484200
_..%0s000 ___ _i7+000 __ __ 48e200
374000 11.C00 489200
360000  11.000 48+200
. %14000______B+000___ 47+500
444000 84600 47000
47,000 64000 474000
434000 7000 460700
434000 74000 464700
42,000  12¢G00  47+000
374000 _ 94000 ____ 474000 ___
31.000 10000 464700
324000 114000 460500
374000 74000 454700
33,000 11+000 454500
364000 10+C00 450200
41,000 124000 45s000
534000 144000 45000
404000 10+ C00 459000
350000 174000  45s000 _
584000 84000 449700
614000 124000 449500
55,000 7eC00__ 449500 _
604000 9+000 444500
614000 54000 444500
584000 44000 449500



7000

794000

9.C00
10.000
10000

104000

104000

10.000

10,000
9000
10000

7000

9:0Q0

9,000

6.000
7+000
74000
9.000
5+ 000
10600
9.000
10.000
10000
10,000
8000
7+0900
5000

104000

334000

350000

36+000

384000

38000

364000

364000

364000

36¢000

38000
40+000
414000
384000

364000

32000

32+000

344000

33+000

31000

29+000

264000
25000
25¢000
25000
300000
334000
31+000
31000

52000

464000

46000
53000

57,000

62000
624000

' 57.000

50000
454000

48,000

57.000
424000

424000

45,000
434000
"38.000
454000
434000
454000
464000
464000
53.000
66000
564000
42,000
43,000

454,000
74

6+C00

....10+C00
7000

74000

10.000

15.CC0
14.000

84000
12.000

7000

12000

12.C00

12.000
19.000

S 13.C00

14400
12.000

12,000
104000
9000
94000
10+C0Q0
11+000

124000

"~ 8.C00

154600

“13.000

7.000

449700
“m540706>—
. 4402C0

440000
44000

44000

43+500
434500

43500

43500
430500

43500

43200

43000

43000

43000

42500

429000
419700
414500
414500
43500
T 414200
414200

41000

e«

43,000

" 43000

T42e200



104000
>>>>>>>> 104000

9,600
" '8¢000

_..8:000 __

10000
100000
~ 104000

10,000
10,000

—__ionopp_m’

16000

10,000

104000
 10.000
~10.000
104000
10,000
~10+000
104000
10+600

~ 30,000
104000

" 104000

AWM}p-OOOWU

10+000
10,000

8,000

10,000

29+000

27000

27000
29+000

33000

36000

34000

_33.000

344000

344000

_..350000

374000
394000

_ . 3%.000

39000

414000

- %1.000

414000
414000
434000
450000

464000

460000

46000

484000

514000
544000
554000

612000

75

514000 64000 41000
554000 64000 414000 _____
934.0C0 6+000 41000
494000 94000 414000 o
_4B4000_____ 4.000 _ __ 42e000
424000 74000 422000
444000 64000 41+500 o
C B0e000_ _ __ «000_ 414200 e
524000 74000 410200
644000 74000 414200 T
594000 104000 41e200
534000 124000 412500
53,000 14000 41500 - T
514000 156000 _ 41800
484000 144000 41500
43,000 144000 41500 -
43,000 _ 13,000 _ _&le500
43,000 134000 41+500
45,000 10 C00 414500
47,000 134000 414500 o
494 000 14 C00 ¥1+500
504000 8+000 41500
52,000 54000  #1e800
524000 84000 414500
48,000 134000 414500 o
48,000 144000 _ 41e500 B
51,000 144000 410500
574000 10000 419500 )
46000 $34000 424000



9L

8,000 57000 424000
6+000 48,000 63.000
3¢000 454000 71000

UA3x 7640¢0C0R  WIDTH=
TEMP wWATERS= 41+700REL
NUMBER OF CASESs= 4
ALLBWED DTS
+100C000E 01
+20CC000E 01
+3000000E 01
+400C000E C1
NUMBER BF DAYS AVERAGEDSs
CAYS AVERAGED
1
2

PTBL1 TTBLL HFGTB1

12.000
44000

4+000

400+000CLD CBVER=

HUM=

68+ 000WIND

42000
42+000
42000
1+000TEMP AlR=
SPEED= 44400

[ Z2 222222 RS R AR XTSRS SRR YL FL FRT R 2R Y Y Y RN

*+885E=01 ¢32CE Q2 108t Q%
¢122E 00 +40CE 02 «10Q7E 0%
«178E Q00 +500E 02 «1Q07E 0O4
v256E 00 +60C0E 02 106E 04
¢363E OC 700t 02 105t 04
«B07E G0 «30CE Q2 105t 04
«698E 00 «90CE 02 «104E 04
*949E OC +10CE 03 «104E 0%
«127E 031 +11CE 03 +103E 0%
*»169E 01 +12CE 03 +«103E 0%

50000



APPENDIX C
PROGRAM LISTINGS

This appendix presents complete program listings for the
STREAM, SENSIT, and MONT codes.
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8L

1000 C
2+000 C
3000 C STREAM
4,000 C
3000 C
$+300 C STREAM THERMAL MSDFL
7000 C
8000 C
9.000C COMMON DTEMP,TEMP,;XPR2 XENDSDXPR,X2DXs INTHINTC,IN,IBJELJAREA,U
10200 CAMMEN ERREBR.,DXMAX
11300 COMMENRHAS, WMDIWDITATRICLDSRH,ALBAR,TWE,TA, EWJEA,HBS,HS
12+000 COMMBN HSRIHABIEBRIEVAPIHESHC,HLYMN,PTBL(10),TTBL(10)2WMS2CANST
13+20G0 CAMYBN HFGsCLD1,HFGTB(10),CONSGH
14,0200 INZ3
15300 19=¢
16200 CALL INoUT
17+C00 IFCINTC « 4) 4,105,105
18000 4 XPR a DXPR
194000 5 CBNTNUF
220060 D3 100 UrF= 1, INT
21000 CALL DIfFQ
22000 G3 T8 (10,120,201, INTC
”3+000 10 CALL EULFR(OTEMP,TEMPsDXs 14 JEs X
249000 G T8 100

23+000 20 CALL RK4(DTEMPITEMP,DOXs1,sJE2X)
264000 100 CANTINUE

274000 IF{X = XPR ) 5,250,250
23.000 250 CALL 8UPT



6L

29.000
32+000
31.000
329200
33,000
34.000
35.000
346300
37000
38000
394000
43000

41,000

424000
43,000
444090
43.000
45200
47+000
484000

43000

524000
51000
52000
53000
544200
554000
564000

105"
110
120
130
131

140

150
300

10
20
c

XPR s XPR + NXPR

IF(X = XFND) 5,300,300

CANTINUF

JIMP = -4

CANTINUE

XPR = X 4 DXPR

CaNTINUE A :

CALLNBRD(DTEMP) Xs XPR, TEMPSERRIR» 1 s DXa DXMAX s JUMP s KSTP2KCs1¢E=6,10)
IF(UJUMP)Y1302140,150 )
WIITE(18,131) X

FaRMAT (/1! X s'E1445!' INTEGRATIgN FAILURE?)

CalL €xry

CONTINUE

CALL 2IFFQ

G3 T8 120

CalL BuUPT

IF(X = XFND) 110,300,300

CAalL EXIT

END .

SJBRBUTINE INPUT

" COMMBN DTEMP, TEMP, XPR»XEND,DXPR, X2DXs INT, INTC,

1 IN,IBLFI)ARFASULERRIRIDXMAX ‘

COMMEBNRM, WMD2HD,TAIR,CLD)RH,ALBARITWS,TA) EW,EA,HBSIHS
CIMMEN HSRIHA3IFBRIEVAP,HESHCs HLYMN, PTBL{10) 2TTBL(10) sWMS,CBNST
CaMMEN HFG,LD1,HFGTB(10)2CBNSY

FaRMAT(&F104¢0)

FARMAT(6710) '

CHBICE BF INTEGRATIGN SUBRBUTINF



08

57000
58000
59.000
60000
61000
62+000
63000
644000
652000

65000

67000
68+000
694000
72000
71000
72200

73+000
74200

75000
76000
77000
78+000
73000
82000

81000

82,200
834+000
844000
83000

30
4Q

50
60

110
iis

iz0
125

130
135

140

145
150

160

1

READUIN.20) INTC

IFUINTC - 3) 30,40250

INT = INTC

G8 T8 60

INT = 4

G3 T8 &0

CINTINUF

CANTINUE .

G8 T8. (110217202130, 140), INTC

WRITE(18,115)

FORMAT (11 > FULFR INTEGRATISN *uuunts/)

G9 T8 180

CONT INUF

WRITE(18,125)

FARMAT (11 #uewnwr MBDs EULER INTEGRATIBN w#%wxty/)
G8 T3 180

WRITE(19,135) .

FBRMAT ("1 *#uxw 4 TH BRDER RUNGE=KUTTA wnnnnntls/)
68 19 180

WRITE(18,145)

FARMAT {1 P ADAMS MBULTEN INTEGe suswsxwl//)

CaNTNUF

INTEGRATISN CBNTRBL. PARAMETERS

READ(INL10) XsDXsDXPRaXEND

WRITE(13,160)XsDX2DXPRXEND

FORMAT (! X ='Fhe?! DX ='Ein.3 DXPR ='E1043
! "XEND =t1E1003:2/)

READ(IN,10) FRRARsDXMAX



L8

850000
87+300
88000
89+000
90000
910200
92200
33+000
94+ 000
95000
96000
27+200
38000
93+000
1232.000
101000
102000
103.000
124000
105+000
105000
107000
158000

109.000

1104000
111000
112.000
113+000

180

185

200
210

220

WRITE(18,180) EQRORsDXMAX

FIRMAT(' ERIOR =1E10.3! DXMAX ='EL043,/)
READ(INS10) TEMP,U,AREA,FL ‘
READ(INS10) RHB.WMPH,TAIRSCLD,SRHN,s ALBAR

D8 185 1sia10

‘READ(IN,10) PT3L(1)s TTBL(I), HFGTBILI)

TA 2 (TATR = 32+)#5./9.

W 3 WMPH®22+/15,

“WMS 3 W » «3048

WMD & WMPH #* 24,

CBNST o FL/(RHB*U*AREA)

C3NS1 = (RHE#0+00328) /(P4 e#38600+%0:06%4)
SINA = SIN(ALAAR#3+14159/18C)

CLD1 = 1e¢ = «0745%CLD

INCIDENT s8LAR RADIATISON

HBS s 1.9%SINA

HS = HBSw#(is » «0006#CLD*#3)

REFILECTEN S$81 AR RADIATIBN

H3R = HS*3+/ALBAR ' i
EA = RH*(1013¢/1470¢3%SI{(TTBL,PTBL2TAIR10)
WRITE(18,200) TFMP

FERMAT (' INTTIAL STREAM TEMPERATURE =#'F6.21
WRITEL18,210) UsAREASEL

CEG F'2/)

F3RMAT (! STREAM VELBCITY =!'Fs.3' FT/SEC CRe SECe AREA =!
1F10.2' SQ¢ FTo SURFACE WIDTH a'Féeil! FT'/)
WRITE(18.,220) R4§,CLDsRHIALBAR

FORMAT(! RHMBa'F542!t LB/CUFT. CLD='F4el! "TENTHS!,

1 RH:'FS-1' PCT1/' ALBAR ;'Fdoi' DEGRFES!'/)



Z8

114000
1154000
115.000
117000
118.000
119.0Q0

-120.200

171000
122000
123.000
124000
125000
1264000
127200
178000

123.000

130000
131000
132030
133000
134000
133+020
136000
137000
138.000
139{000
140+000
1,14000
1423000

230
240
260
270
280

300

310

10
20

WRITE(18,230) TAIR,TASCBNST, CENSH

FSRMAT(' AIR TEMPe ='FEs1!t DFG FIF8elr DFG C',
1 CONST st1E1N3! CBNS1 ='E10432/7)
WRITE(ID,240) WsWMPH, WMS, WMD

FBRMAT(! WIND VELBCITY atFée2! FT/SEC!F842'MPHIF8+s2' METERg',
11 /SEC'FR.2' MILES/DAY 1)

WRITE(18,260)

FORMAT (/2T201TTRL'TUO'PTBL!TEOIHFGTB! /)

0B 270 1 =110

WRITE(16,280) TTBL(IYs PTBLII)., HFGTBI(I)

FBRMAT (10X23F20.5)

WRITE(18,300) EAsHBS,HS,HSR

‘FARMAT (/7' FA a2tEi12.4! HEBS a!E12e4! H] e'E12e¢4,
1! ASR =1E42e41  LY/MINT) ’

WRITE(!8,310)

FORMAT (11 1)

RETURN

END

SUBRBJTINE BUPT

CaMMBN DTEMP, TFMP, XPRyXFNDSDXPR,XaDXs INTLINTC,

1 IN,I0,E} 2ARFALULERRAR,DXMAX

CAIMMONRHE, WMD,HDsTAIR,CLDIRH,ALRAR, TWS,TA» EWIEA,HBSHS

C3MMBN HSR,IHRB,FBRIEVAP,HESHC,HLYMN,PTBL(10),TTBL(10) s WMS,CBNST
CoMMaN  HFG,CLD1,HFGTB(10)2CBNgH

WRITE(19,10) XsDX

FIRMAT (! X a'F7q¢11 FT DX a'Feels /)
WRITE(18,2C) TEMP,DTEMP
'FARMAT (' STREAM TEMP s!'Fge2! DFG F DTEMP ='E10e3s

1' DEG F/FTt,)



£8

143.000

1444000 30

1454000
146000
147.000 50
148,000
149,000 60
152+000
151.000
132,000 70
153+900
1544000
155000
154300
157000
158.000
159.000
142000
161000 C
1624000
14643000
164+000 C
165.000
156,000
1674000 C
168000
169+000.
170000

WRITE(18,30) EWs, EVAPsaMHF;HFG

FORMAT(! EW a!'FiR.5! ] EVAP,MMPD e'E£12¢5' HE !
1E12.5' | Y/MIN HFG ='E$2484/)

WRITE(18,50) H83,EBR,HC

FARMAT(! HBR alE1Pe5! EBRa!F12,5' HC ='E12¢5' LY/MINI/)
WRITE(18,60) HLYMNsHD

FORMAT(! TOTAL HEAT TRANSFER #'E12¢5' LY/MIN'ELS.5,

1t BTU/SEC-FT21/)

WRITE(18,70)

FORMAT (/777

RETURN

END

SUBRBUTINE DIFEN ,

CIMMONNTEMR, TFMP, XPRsXFNDsOXPR,XsDxs INT#INTC,

1 INLIBLFI JARFAIULSERRBR,DXMAX

CAMMBNRHB, WMD,WDSTATR,CLD)RHIALBAR,TWS,TA, EWIEAIHES,HS
CIMMBN HSRIHARIFBRIEVAPIHEIHC ) HLYMNSPTBL(10)TTBL(10) s WMSsCONST
CIMMBN  MFGsCLD1,HFGTB(10)2CBNSY

"THERMAL FXCHANGE WITH ENVIRONMFNT,.

TwS= (TFMP=32¢)#54¢/9
Ed=2(1013.s/1447)#SI(TTBL.PTBL,TFMP,10)

EFFECTIVF BACK RADIATISN,

HYBw (14438=e00%TWS=s04a#RH) /6977

EBR ; HBR # (LD1

EVAPARATION HEAT TRANSFER.

EVAP 3 35#% (EW~EA)w#(le + +0098% WMD)

HFG a SI(TTBI sHFGTB, TEMPa 10}

HE e EVAP#HFG*CANSE



n8

171.000 C CONVECTIAN HFAT TRANSFER

172+000 HC = 39+#(e2h + s077%WMS)I*(TWS = TA }/1440e
173.000 C TSTAL HFAT TRANSFER TO WATER, LY/MIN
174000 HLYMN = HS = (E3R + HSR + HC + HE)

175000 C TOTAL HEAT TRANSFER, BTU/SECeFT»

176+000 HD s HLYMN # 0414

177+000 C DERIVATIVE CALCULATIAN

1784000 DTEMP = CONST*HD

179000 RETURN

1803+000 END

1814000 CCCCC
182000 CCCCC
133+000 CCCCC
1844000 CCCCC
183000 FUNCTIBN SI(XTBL,YTBLsAXsN)

1864200 C LINFAR INTERPOBLATION B8R EXTRAPALATIAN OF SINGLE VARIABLE FUNCTISON
187000 C XTEL = INDEPFNDFNT VARIABLE TARLE

138000 C YTEBL = DFPENNENT VARIABLE TABLF

139+000 C IND = INDICATBR 8F EXTRAPBLATIAN '

1304000 C 3=N3 EXTRAPBIATIBM, 1=LBWER EXTRARBLATIBN, »s4pPpPER E73RAPOLATIEN
191.000 DIMENSIAN XTRL(40),YTBL(40)

192.000 C CHECK T8 SEE IF EXTRAPBLATIBN 1S NEEDED,

193:000 IF{x=XTaI (1)) 120.1302150
194000 120 IND = 1

195000 130 1! = 2

195000 G3 T8 254

197+000 150 IF{XTBL(N)=X) 14021802210
198.000 160 INpD 3 P

199+000 180 rli = N



‘G8

200+000
201000
2024000
203.000
2044200
203000
2064000
2207000

'208+200

209.000
210000
211000
212000
2134000
214000
2315200
215+000
217200
218+000
2194000
220+000
221000
222000
223000
224000
225200
225,000
227000

210

220
254

ccccc
ccecc

ccece
ceecc
ccecc

10

100

G T8 254

FIND X IN TARLE.S IN TAARLE
D3 220 1Ks2sN

11 » IK

IF(XTBLIK)Y=X) 22022541254
CONTINUF

X1 = XTBI(!l-1)

X2 = XTRL(II)

YL =2 YTR{(II=1)

Y2 s YTBL(II)

Sl = Yia(Y2eYi)u(X=X1)/(X2=X1)
RETURN

END

EULER AND MBDIFIED EULER INTEGRATISN

SUBRBJTINE EULER(YP,YsDTINESU»T)
DIMENSIBN YP(20)sY(20)s SY(20),8YP(20)
GB TB(10,20),J

CANT INUF

D8 100 1=1sNF

SY(1ys Y(I)

SYP(I)e YP(I)

Y{lya Y(1)+DT#YR(I)

CaNTINUE



98

228000
229+000
2320+000
2313000
232000
233320
234200
233000
235+ 200
237000
238000
233+000
242,000
241000
242000
243000
244,000
242000
246000
247+000
248000
249.000
250+000
251.000
252000
253000
254+000
2554000
256000

20

200

ccecec
ccccc
ccecc

ccecc
ccecc
ccecc

10

100

20

TaT4DT

RETURN

CONTINUR

D3 200 1=1,NF

Y(Iys SY(I)#(YP(IY+SYP(1))xDT/2,
CONTINUE

RETURN

END

FI3URTH SRDER RUNGE=XUTTA INTEGRATISBN

SUBRBUTINE RK#‘YPJY:DT:NE:J‘T)
DIMENSIBN YP(B),Y(5)sAK(B24),SY(5)
G8 T6(10,20+30040)5J

CaNTINUE

Da 100 1=1sNF

Sy(ry = v(I)

AK(T,1) = DT#YP (1)

YOly = Ytl) +AK(Ia1)#eB
CANTINUF

8T = T

T =T + NT*eb

RETURN

CONTINUF

D8 200 1sisNF



L8

237 «200 AK(122) o DT#YP(I1)

258000 YUI) = SY(1) + AK(122)#e5

253+000 200 CANTINUF

262000 RETURN

241000 30 CANTINUFE

25624000 D8 3¢0 1 = 1,NE

263+000 AK(123) u DT#YP(])

2644000 YU(IY = SY (1) + AK(1,3)

245000 300 CANTINUFE ‘

246300 T s 8T 4 DT

2674000 RETURN.

268+000 40 CBNTINUE

269+000 D8 400 ' = 1.,NE

2724200 AK(I,4) = DT. »YP(I) )
2714000 Y(I):SY(1)+(AK(I:i)*AK(I;4)+?-*(AK¢Ia2)+AK(7;3)))/6-
272000 400 CAONTINUE

273.+000 RETURN

2744000 END

273+000 Ccccc

2744000 Cccce

277000 CCCCC

278000 C ADAMS=MBULTEN INTEGRATISBN

279.000 cCcccce

280000 CCcCC

281000 CcccCC

282000 SUBRBUTINENSRD(F)T:TLIM:YlERRBR:NF:H;HMAX:JUMPIKSTPIKCBNJCLIFJIa)
283.000 DIMENSTBN STARY(5)1,Y(5)s8Y(5)sSAVEY(S)2F(5),FP(5)sDELTA(S)IDALTA(S
234+000 1)+2A(5)4B(5)50(5)2D(5)1AA(5)2BB(5)4CC(5),DD(5)sSF(5)



88

2554000
2854300
2874000
288000
2239000
293000
291.000
292000
293+000

2944000

295200
296000
2397000
298+000
299000
330,000
301000
302000
303000
334000
3034900
3964000
307000
308000
309000
310000
311.000
312.000
313000

g3

993
99

99
5%2

901

1

8
3

Ul

IF(KSTP~32767)99329942994
KsTpz28

TEST F9R TyPF B8F ENTRY
IF(JUMPY129982939

G3 T8 (1000+11,21,802,803)s1A
JUMpP P8BS, RESTBRE VALUES
T=SAVET
JUMpP=0

08 901 1=1.NF
F(Iy=sSF(1)
Y{IY=SAVFY(])
G3 T8 107
JJMP NEG,

D3 5 Is1.NE
STARY(1)=Y (1)
Atly=0e.001
B{I)y=s0e001
Ctlyede.001
D(Iy=z0e.001
KSTp=0
KJELY=0
KCEN=0

XT295e /(288 e nubka)
Us843¢/(12¢ %8040
Vs95.0/PR840
PR2540/P4 40
R335+0/720
Rs5.0/48.0
S51.0/120.0

INITIALIZE



68

314000
313.000
316000
317:000
318.000
319.000
322.000
321020
322.000
323000
324,000
3723000
324200
327.200
3284.000
329030
332.C20
331.000
332000
333.000
3344000
335+000
3354000
337.000
338.000
339.000
342.000
341-000

1000
1111

600
601
605

10

21

1A=

JUMP=0

Gg 18 1101

BEGIN INTEGRATIAN ST&P

DB 1111 1=1,NE

SF(ry=FtT)

SAVEY(I)=Y (I}

H 7868 SMALL RETURN WITH JUMP NFG,
IF(ABS(T+Hy=ABS(T))1605,601605
JUMPs=1

G Te 110l

T=T+H

D3 10 l=s1sNE

YCIYaY O +H(FCIY AT ) 4B (1) +CITY4D(I)) .
FPUIISF(1)+240%A(1)+3¢0%B(1)+4e0%C(1)+5,0#D(1)
IA=?

G3 168 1101

03 12 Is1.NE

sSy{ry=y¢1)

D3 20 latuNE

DELTA (T)aFt1)=FP(1}

YOI =Y {1 +VDELTA (1) #H

TA=3.

KCBN=1

G8 T8 1101

KCEN=0

D8 30 I=s1:.NE

DALTA (1)eF(1)=FP(I)



06

342.000
343000
3444000
343000
346000
347000
348000
343.000
252,000
351000
352000
353000
3544000
355+000
3%56+000
357000
358000
3353000
360000
361000
342+000
363000
364000
355000
36600
367+000
368000
3469000
3704000

29
30

31
35
40
45
55

223

56

60

62
64

Y¢I)=SY(1)+VaDALTA (I)#H

CONT INUE

TEST FBR STARTING SEUENCE
IF(KSTP«»28)3K240,40

APPLY TEST 2 OGN ZERSTH STEP
IF(XKgTPIRC450260

HMALVING TESTS

D8 45 !=1.NE

IF{ABS(PALTA (1))=ERRBR/ABS(HY)I4R, 45455
CBNTINUF

IF(VaeH%Cl. IF=0e125160s60s55

T=T=H

FAIL TESTS, HWALVE H

Hz=H/2¢0

KOELYs=Q

D8 56 I=1sNE

AtI)=A(T)/2e0

B(Iya3(1)/400

CtIysC(11/8e0

FilyzSF(1)

Y(I1)=SAVFY ()

D(Iy=D(1)/1640

G3 T8 1000

PASs TESTSs CRRRECT AsBsCaD

KSTp=KSTp+1

D8 65 1s1sNE
A(TYsA(T)143e0uB(1)46s04CI1)+10.04D(1)+P4DALTA
B(I)e3(1)+4a0#C(1)+10+0%D(1)+QxDALTA(I)
CtlysCtt)+5+0#D(1)+R«DALTA(])

tH



16

3714000 67 D(Iy=D(1)1+S*nALTA(I)
372000 65 CBNTINUE

373000 C IF IN STARTING SEQUENCE, BRANCH
374.000 [F(KSTP=P4)70490,100

375000 70 G3 TO (1000,1000,1000474,4000,1000,1000,78,1000,1000,1000,74210004
3754300 11000,1000286,1000,1000,10004+74,1000,1000,10001),KSTP
377.000 C 4TH, 12THs 20TH STEP. G8& BACK
378000 7% Ha="H

373200 D8 75 1at1,NE

380000 Atlya=a(n)

381000 75 Cthys=C(1)

382.000 G8 T9 1000

3834000 C 8TH STEP GB8 FBWARD

334000 78 H==

385.000 08 79 1l=z1.NE

386000 Y(I)=STARY(I)

387.000 Atlya=a()

-388.000 78 Ctlys=Ct(1)

3894000 G8 T8 1000

390.000 C 16T STEP) HALVS H» APPLY TEST 4
3914000 86 HsH/240

3922000 DB R7 ls1aNE

393.000 AtlY=Aal()/2e0

394.000 B(I1=3(11/4en

3954000 CtIysC(11/8+0

3364000 87 D(IVy=D(1)1/16.0

397.000 - D8 88 1s1sNE

398,000 IF(ABS(DALTA (1))=ERRBR/ABS(H) )8R, 88289



26

399.000

400000
4012300
402+300
4034000
404000
403000
404000
4074000
408000
409.000
4103000
411000
4124000
41340020
414+000
413000
414000
4174000
418000
419000
4224000
421+000
4224000
423.000
4244000
425000
4256000
4274000

0

88

89
92

0]

91
100
102
103

105

CaNTINUE

PASS TEST GO FOWARD WITH HALVFD H

GA T8 78
FAIL TEST BEGIN ABAIN WITH HALVFD H
Hs=H

DB 92 I=1.NE
Y{1)=STARY (]}
Ge 18 1

24TH STEP, DBUBLE H, STARTING SFQUENCE ENDS

HzH*240

D3 91 1=sqasNE
AT =A(1) %20
B(lyz3(T1#4e0
C(Iy=C({1Y%EwD
Di(I1=D(11+16.0
G3 T8 78
KDELYsXDOFLY+4

WILL NEXT STFP MByE PAST TLIM
IF(ABS(TI.IM=T)=aBS(H))1034103,110

YESeesoaeoeeSAVFE T AND VY,
ENDHaTLIM=-T

D9 105 1=z1,NF
AACTYSENDH®A(I) /H
BR{TISENDH#**2#B (1) /Ha%2
CCOTI=ENNH#**3*C (1) /Hn*3
DD(TYSENDH**#4 %D (1) /Hu%*sy
SAVFT=T

D3 800 1=1sNF

SFl1Y=F(1)

INTEGRATE T8 TLIM,RETURN.
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428000
429.200
432+000
431+000
432,000
433+990
4344000
435,000
436000
437,000
438.000
439.000
440,000
441000
442000
443000
4444000
445.300
4460000
4474300
4484000
449.000
453000
451000
452,000
4353000
4544000

455000

800
806

106

802
805

107

803
108

110
111
120
121

125

130

SAVEY(IyaY (I}

TaTLIM

D3 106 1=1sNF

YCI) =Y (1Y +ENDH® (F (I «AA(T)+BBLTI+CC(I)+DD( 1Y)
FPRITYSF(1)+2s0%AALI Y43 00#BB(I1)+4en*CC{I)1+5+04DD(1)
1A=,

G3 To 1101

D3 805 1s1.NF

SY(rysy(r)

D3 107 1=s1.NF

DELTA (1)sF(l)=FP(I)

Y{I)yzY(T1)+V#DELTA (I)4ENDH

1A=5

G3 T8 1101

DB 108 Is1.NF

DALTA (1)sF(1)«FPI(1)

Y(1y=SY(1)+V*DALTA (1 )#ENDH

JUMPal

G T8 1101

N3sasese TEST FBR DSUBLINGe IF AK, REGIN NEST STE« AFTER DOUBLING
IF(ABS(TI IM=T)=aABS(2.,0%H))1000,1000,111
IF{KDELY=411000,120+120

IF(ARS (P« O#HY=ARS (HMAX))121121,1000

D8 125 Il=z1,NF

IF(ARS(DALTA (I1))=ERRBR/(128+0%ARS(H)}1125,125,1000
CONTINUE

IF(V»H%CLIF=0e0625)1130,1000,1000

CBNTINUE
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454+.000
4574000
QSBQQOO
459000
462000
441000
452.000
463000
444,000
4654000
4664200
4474000
4468000

335

135

1101
1150
1151

Hz2s0%H

D9 133 1z1.NF
AllYz2400A(1Y
B(lyst,0uB(1])
CilyzRe0%C(1)
D(I)=16'D*D(T)

KDELY=0

G3 T8 1000

CINTINUE

FIRMAT (/»2Xs 1HH #1,2XsF1006214%Xs 'KSTP 152X, 13,10Xs 'DAL3A(I) ', /)
FORMAT (5(2Xs12,1X2E1407))
RETURN

END
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1000 C

2.000 C

3,000 C SENSIT

4000 C '

3.000 C

64000 C BENSITIVITY ANALYSIS

7000 C .

834000 C

9,000 C
12.000 CIMMBNDDT DT, XPR, XENDIDXPR XaDX, INT, INTCS IN, IB,ELAREA,U
11200 CoaMMBN ERRBR,DXMAX, TTMP,HFGTB(10),CANSL ‘
12+000 COMMEBNRHB A WMNIHN A TATRSCLDsRHIAI BARS TWS2TALEW,EALHEBS,HS
13.000 CaMMaN HQRJHBBIEBR)EVAP:HE:HCJHLYMN:PTSL(10’)TTBL(1Q)IWMSJCBNST
14000 COMMBN HFGaHBCICLD1,CLDP,CLD3sDALPIDALPRSDCLDSDRHIDTALIR,
13.000 10TA, W, DWMS,DWMN, DEA, DEWS DLYMN,DBTUS,NTEMP,STTBL (10).XTBL(10)
164000 IN=5

17000 193¢

184200 CALL INPUT ,

19.000 IF{INTC = &) 42105,105
22.000 & XPR 3 DXPR
21.000 5 CINTINUF

22.000 D3 100 JF= 1,INT

73,000 calL DIFFQ
24,000 GR T8 (10,10,20), INTC

25.000 10 CALL EULFR(DDTsDTADXs1sJE2X)

261,200 Gy Te 100

27+200 20 CALL RK4(DDT,DTaDXstsJEsX)
28.000 100 CaNTINUE

279+300 IF(X = XPR ) 5,280,250
30.300 250 CALL BUPT

31000 XPR = XPR + DXPR

32300 IF{(X =~ XFND) 5:300:300
334000 105 CaNTINUE

342200 JUMP = =4

35000 110  COBNTINUE
364000 XPR = X + DXPR



96

37000
38000
39.200
42000
41.000
424000
434000
44000
454,000

45000
47000

484000
49000
50+000
51000
52.000
53¢200
54000
55000
56000
57200
58000
59.000
6£0+000
61000
2000
632000
642000

120

130
131

140

150

300

10
20

C

30

CANT INUF
CALLNSRD(DDT,XsXPR,)DTIERRBR, 12DXs DXMAXSI JUMP,KS)KCs1eEwbs18)
IF(JUMP)I 130,140,150

WRITE(I8,131) X

FoRMAT (/! X s'E14.5" [NTEGRATy8N FARLURE!)

CALL ExI17

CINTINUR

calL DIFFQ

G3 T8 170

CalL guer

IF(X = XFNDy 110,300,300
CabL ExIT
END
SUBRBJTINE INoUT
C3MMBN DNT, o7, XPR,»XEND,)DXPR,X»DXs INT, INTC,
IN, I9,E1. ) ARFAL L, ERRBR,DXMAX, TEMP,HFGTB(10),C8NS]
COMMBNRHB ) WMN2HNS TAIRICLDIRHIALRAR, TWSI TASEWSEALHBS, HS
COMMIN MSRIMI3,FBRIEVAPIHEIHCAHLYMNLPTBL (10, TTBL(10) s WMS»CBNST
CB8MMBN HFGIHRCICLD1,CLD2,CLD3,0ALP,DALPRIDCLDIORHIDTALIR,

iDTAJDW:DwMS:DWMD:DEA;DEN:DLYMN:DBTUS:NTEMP;STTBL(10):XTBL(1O)

FIRMAT(6F10+0)

FIRMAT (6110}

RATIB = 3¢14159/180

CHOICE BF INTEGRATIBN SUBRBUTINF
READ(IN,20) INTC

IF(INTC = 3) 3044050

INT = INTC

G8 T8 60
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§35+000
646+000
67.000
484000

59000

73000
71000
72000
73+000
744000
75200
764300
77+000
780200
794000
804000
81200
824000
832900
844000
83.000
86000
87.000
885+000
839+000
92000
31000
32+000
93¢000

40

50
60

110
118

120
125

130
135

140
145
150

160

180

INT 5 &4

G3 T8 60

CINTINUF

CINTINUE

G TO (110,1720,130,140), INTC

WRITE(Ig,115)

FORMAT (14 Yy FULFR INTERRATIAN wnunel//)

G3 Té 150

CANTINUF

WRITE(18,128)

FORMAT (14 *wwnx  MOD. EULER INTEGRATIGN ###xx1//)
G8 719 1R0

WRITE(IAR,135)

FARMAT (11 #ex*® 4 TH BRDER RUNGE~-KUTTA #uuxunlys/)
G& T3 180

WRITE(18,145)

FaRMAT (11 T ADAMS MBULTON INTEGs sxwsuwsl//)

CANTINUE

INTEGRATISN BNTROL PARAMETERS

REAND{INS10) X20X2DXPRsXFND
WRITE(I8,160)XsNXsDXPRsXEND

FARMAT(! X =!'F4.2! DX =1E10e3! DXPR ='E10e3
i XEND ='E10035/)

READ(INs10) FRRAR,DXMAX

WRITE(168,180) ERRARsDXMAX

FaRMaT (! ERRBR ='E1043! DXMaAX =!ELZ0a3, /)
READ(IN,10) DT,UsARFALEL

READ(IN,10) RHB,WMPH, TAIRsCLD,RH, ALBAR



86

944000 D8 185 1=21210
95,000 185 READ(IN,10)Y PTBL(I)s TTRL(I1)s HFGTB(I)

964000 TA = {TAIR = 32+)%54/9
97.000 W & WMPH#*22+/15.
98000 WMS 2 W # 3048
99.000 WMD & WMPH # 244
102+000 CONST = FL/(RHO*U*ARFTA)
121000 CANS1 = (RHB#DeN03IPRI/ (P4 #3600.#0e06L4)
10243000 READ(INS10) NALP,DCLDsDRHIDTAIR,DWMPH
103.000 DTA = DTAIR*5+¢/9
104.000 H3S =3 1,9%*SIN(ALBAR#RATIE)
105+000 H3C = 1,9#CBS(ALBAR®RATIS)
1056000 CLD1 = 1o = 407454CLD
107000 ClLD? 3 «s001R%Cl.Dux2
1984000 CLD3 = 1e = 00N6%CLD*#3
1039+000 DALPR = NALP » RATIS
112000 DW a JDWMPH#22¢/150
111.000 DWMg = Dw-* »,3048
11240090 DvWMD = DWMPH#”4.
113000 C INCIDENT SBLAR RADIATION
114000 HS = HMB88§ * CiD3
115.000 C REFLECTFND S61 AR RADIATIAN
1164000 HSR = HS » 3./ALBAR
117000 FTA = ST(TTBL ,PTBL»TAIR,10)
118,000 EA = RH#(1013¢/14704¢)%FTA
112.000 TAIRP = TAIR+DTAIR
120000 FTAP a S1(TTRL,PTBLATAIRP,10)
121,000 DEA =.(1013e/14704)%(DRH#FTA & RHu#(FTAP « FTA))

122+000 WRITE(IB 200) OT
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123.000
1244000
123000
12%+000
127.000
128000
129.000
130200
1314000
132,000
133.000
134.000
135300
135.000
137+000
1384000
132.000
142,000
141000
142.000
1434000
144000
1434300
146000

147,000

1484000
149+000

150+000

200
210

220

230

240

260

270
280

300
310

320

330

FORMAT(! INITIAL DT s'F12e¢4

WRITE(1R,210) UsAREA,EL

FORMAT(' STREAM VELBCITY o'F6.3!

! DEG F'/)

1F10+2' . 8Qe FTo SURFACE WIDTH s'Féeq! FT!/)
WRITE(16,220) RHB,CLD,RH,ALBAR
FORMAT(! RHBs!'F5.21 LB/CUsFT,

11 RHa1F5e1!  PCTI 0

ALBAR ='!Fiuet!

WRITE(18,230) TAIR,TA2CANSTsCONSI

FBRMAT (' AIR TFMP. s'Fgel!?

CLD=tF4at!
DEGRFES! /)

‘DFG FIF8elr DEG C'y

1 CONST =1E103! CBNSL =1F10¢3s/)

NRITE(‘@:E“O, WoWMPH, WMS

s WMD

FT/SEC CRe SECe AREA &!

TENTHS 4

FORMAT(' WIND VELBCITY a'Fé.21 FT/SEC'F8+2!MPH'F8+2! METERS!,
1V /SEC'FR.2! MILES/DAY' /)

WRITE(18,260)

FARMAT(/, T2OITTRLIT4O'PTBLITAOYHFGTR!/)

0B 270 1 «1,10

WRITE(I18,280) TTBL(1)s PTBL(I), WFGTB(I)

FIRMAT (10Xs3F20.5)
WRITE{(18,300)DCLD+DRHLDT
FORMAT (/1 DCLD s'F6.31
WRITE{18,310) DALPsDWMPH
FARMAT(/! DALP ='Fg.2!
WRITE(18,320) HaSsHECHHS
FORMAT(/' HBS=1E12,4!
INT')

WRITE(I8,330) EA,DEA
FBRMAT (/' EA. a'E12e4!
WRITE(19.340)

AIR
DRH a2tF5,3!

DTAIR ='Fébe

DWMPH ='Fge2)

»HSR
HBC=1E12 441

DEA ='F1244)

HS='E12|4'

2)

HSR='E12¢41 LY/MINY)



ool

151000 340 FORMAT (/,T201STTBLIT4O'XTBLYY)

152.000 READ(INSPD) NTEMP

153.000 D3 380 1 =1,NTEMP

154000 READ(INS1O) STTRL(1),XTBL(I)

155000 WRITE(18,280) STTBLII).XTBL(1)

156300 350 CANTINUF

157200 WRITE(184360)

‘153,000 360 FORMAT (11 1)

159000 RETURN

162000 gND

1614000 SUBRBUTINE 8ULPT

162+000 CaMmMeN nbT, DT XPR,XEND,NXPR»X2DXa INT,

163000 1INTC, INSIBIFLIARFEASUSERRERIDXMAX,TEMPIHFGTR(10),CBNSY
164000 COMMBNRHNEB s WMDaHD I TAIRICLDIRHIA| 3ARS TWS2TALEWIEAL»HIS,HS
163000 CBMMBN HaRIHEBRIEBRIEVAPSHESHCIHL YMN, PTBL (103, TTBL(10) s WMS»CANST
165000 COMMBN HFG,HBCICLD1,CLD2,CLD3:DALP» DALPRIDCLDIDRHIDTAIR,
167000 10TA,DW,OWMS,NDWMN, CEA, DEWSDLYMN, DBTUS,NTEMP,STTBL (10)sXTBL(10)
1468+000 WRITE(IB,10) XsDX

1549+2060 10 FORMAT (! X ='F7e1t FT DX ='Fgel 2 /)

172000 WRITE(18420) TEVP

171+300 20 FERMAT (! STREAM TEMp =1E1244' DEg F!/)

1724000 WRITE(18,70) DT.DDT

173.000 WRITE(18,30) EW,DEWsFVAR,HE,HF G

174¢200 30 FORMAT (1 EW 21F12.5) DEW =1F12:51 EVAP =1E12e5y HE =1
1754000 1E12.5' T Y/MIN HFG ='E12e¢5, /)

1764000 WRITE(18,50) HBR,LEBR,LHC

1774000 50  FARMAT(' HBR ='E12.5' EBR='F12.51 HC s1E12e5' LY/MINt/)
1784000 WRITE(18460) HLYMN,HD
1794000 60  FBRMAT(1 TBTAL HEAT TRANSFER atE1245' LY/MIN'EL545,



Lot

182.000
181000
182+000
183.000
184000
183.000
186200
187000
183+000
189.000
192,000
191.000
1924000
1934000
194000
1954+000
196000
1974300
198000
199+0900
2030+200
201000

202000

203.000
204000
235.000

205000

207,000

70
80
90

C

11 BTU/SEC=FT21/)
FARMAT(! DT =1812.51
WRITE(19,80) DLYMN,DBTUS
FBRMAT (! DLYMN st1E172+51
WRITE(18,90)

FORMAT (1Xs80("#115/7)
RETURN

END

SUBRBUTINE DIFEN
CaMMBN  DDT.DT.

ODT =1F4Pe5s/)

DBTUS s1EL2454/)

XPRXFNDsDXPR, X2 DX,

LINTLINTE, IN,18,ELsAREA,U,ERRSR,DXMAXs TEMP, HFGTB(10),CONSYL
COMMBNRHB s WMDHD, TATR ) CoRMHIALBAR, TWSs TALEW,FALHBS,HS

CaMveN HSR;HBBJ?BR:EVAP-HEJHCJHLYMNﬁpTBL(10)1TTBL(10)lWMSlCBNST
CIMMBN HFGLHBCICLD1,CLDR,CLD32DALRIDALPR,DCLD s DRHIDTALR, )
ADTA,DWIDWMS, DWMN, DEA, DEW, DLYMN,DBTUSNTEMP,STTBL (10),XTBL(10)
THERMAL FXCHANGF WITH ENVIRGNMENT.

TEMP = g1 (XTRLsQTTBL, XsNTEMP)

TWSa (TFMP=324)%54/9,
DTWS 5 DT*5s/3,

FTA 2 ST(TTBLJPTBL,TEMPs1g)

TTW = TFMP + DT

FTB = SI(TTBI »PTBLsTTW,10)

EW = (1013¢/1407)#FTA

DEW = (1013¢/1447)#(FTB ~ FTA)
EFFECTIVF BACK RADIATIAN,

HBB= (14438=409%TWS=s046%RH) /69477
ESR = HER®CLDY '
EVARBRAT1ON HEAT TRANSFERS



2ol

208+000
233000
213+000
£11.000 C
212000
213s000 C
214%+000
2150000 Cc
216000
217000
218000
219000
220000
27214000
222000
2234300
2244000
225000
2264000
2274000
2284000
222+000
230-000
231000
232000 CCCCC
233000 Cgcce
234+000 CCcCC
235+000 CCCCC

1

1

EVAP = +35% (EW<EA)Y*{1e¢ + 20098« WMD)
HFG = ST(TTBI »HFGTR,TEMP,10)

HE s EVAP*HFG*CANS1
CoNVECT1aN HFAT TRANgGFER
HC 2 39:#(426 + ¢077%WMS)I#{TWS w TA Y/1440.
TATAL HFAT TRANGFER T8 WATER, LY/MIN

HLYMN = HS =
TBTAL HFAT TRANSFER,

HD
F1
F2
F3
Fuy
Fs
Fé
F7

Fs

HLYMN * <0514
CLNP+DCI D¥HBS
CLNRI*HIC#DALPR
«0745+DrLD*HAR

(ERR + SR + HC + HE}
BTU/SEC=FT>

=CLN1*#{»e0F*#DTANS = «Q46#DRHI /6972

w(F1+F2)%3./ALBAR
~S#3e#DALP/ALRAR® %2

“{e35¥HFG/714400 )% ({1 + «0098+WMDY#(DFW = DEA) «
210098 4DWMD*(EW = EA)Y)

“(39s/1440e)%( (426 +

«077%DWMS*{TWS = TAY)
DLYMN = F1 + F2 + F3 + F4 + F5 4+ F6-+ F7 + F8
DBTUS = NDLYMN®*+0614
DDT = COBNST*DBTUS
RETURN

END

0 077%WMSI#(DTWS = DTA) +
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236+000 FUNCTIBN SI{XTBLaYTBLsXsN)

2374000 ¢ LINFAR INTERPBLATION BR EXTRAPALATION BF SINGLE VARIABLE FUNCTISN
2384000 C XTBL = INDEPFNDFNT VARIABLE TARLE

239,000 C YTBL = DFPENDENT VARIABLE TABLF

2404000 C IND = INDICATOR 8F EXTRAPSLATIBN

2414000 C 8aNg EXTRAPBI AT1BN, 1=LAWER EXTRAPBLATIBN, 2s4PPER E73RAPOLATION
2424000 DIMENSISN XTRL(40)sYTBL(40)

2434000 C CHECK T8 SEE IF EXTRAPGLATION 1S NEEDED,

2444000 [F(X=XTAL (1)Y 120,130,150
2454+000 120 IND = 1

245000 130 I1 - 2

2474000 G8 T8 254

248000 150 IF(XTBL(NYI=X) 150,180s210
249000 1860 IND = 2

253+000 180 11 = N

251000 G3 TO 284

252.000 C FIND X IN TARLE.S IN TABLE
253,000 210 D3 220 IK=2sN

254000 I1 = IK .

253000 IFIXTBLITIK) =X) 22022542254

256000 220 CANTINUE
237+000 254 X1 = XT31 (11=1)

258000 X2 = XTBI (1Y

259000 YL = YT8i (11=1)

260000 Y2 a2 YTBLL(IDY

261000 S1 & Yi+({Y2=YL1)#{X=X1)/(X2=X1}
262:300 RETURN

263000 END

2644000 CCCCC



no1L

2434000
2465:200
247+000
268000
269000
272+000
271000
272+020
2734000
274+000
273+000
275000
277000
278,000
2732000
220000
281,000
252,000
283000
2840300
2334200
286000
287000
288+000
2R39,000
29200C
291.000
292000
293.000

ccecec
C

ccecc
ccccc
ccccc

10

100

20

200

ccecl
ccecc
ccecc
c

ccecc
ccecc
ccecc

EULER AND MBNIFTED EULER INTEGRAT!AN

SUBRBUTINE EULER(YPsYsDTINESUsT)H
DIMFNSISN YP(20),Y(20), SY(20),SYP(R0)
G Te(10s20)sud

CaANT INUE

D3 100 1=1,4NF

SY(1y= v(1)

SYP(1)= YP(I)

Ytlys YU1)+DT*YP(],

CANTINUE

TaT+CT

RETURN

CONTINUF

DB 200 1=z1.NF

Y(Iy= SY(I)+(YP(I)+SYP(1))#DT/2,
CANTINUF

RETURN

END

FBURTH BRDER RUNGE=-KUTTA INTEGRATIBN
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254000
295300
235900
297000
2384+000
299.000
3032300
301000
302300
303000
2046000
303000
306000
3074900
308000
309.000
312,000
311000
312000
313000
314.000
313000
3149000
317000
318000
313.000

3224000

321,000

10

100

20

200
30

300

40

SUBRBUTINE RK4(YP,YsDTANE»JsT)
DIMENSIAON YP(S)YsY(B)sAK(B24)sSY(B)
GO T8(10:20530540)sJ

CONT 1NUE

D8 100 1s1sNE

SyY(1)y = v(I)

AL(1,1) = DT#YP(1)

Y(IY 3 Y(]) +AK(1s1)%e5.
CONTINUE

ST = T

T =T + DT#eS

RETURN

CaNTINUE

D3 200 lalsNF

AK(1,2) = DT#YPL1)

Y{I) 3 SY(I) + AK(lsP)#.5
CINT INUE

RETURN

CBNTINUE

D3 300 1 = 1,NE

AK(1,3) = DTaYPLI)

Y(I)y = Sy (1) + AK(1,3)
CONTINUE

T = ST +« DT

RETURN

CBNTINUE

D8 400 1t = 1,NE

AK{1,4). = DT *YP(I)



901

3722.3C0 YUIYaSY 1)+ (AK (T, 1) +AK (T, 4)+P o % (AK(1,2)%AK(T123))) /6
2323.0C0 400 CONTINUFE

324+000 RETURN

323,300 END

3725000 CcCcCC

327,000 CcCcCC

328.000 CcCccCC

3234000 C ADAMS=MB(JLLTBN INTEGRATIBN
3320+000 Ccccc

331000 Ccccc

332000 cccCC

333.000 SUBRBUTINENBRD(F,TsTLIM,Y,ERROR,NF, HyHMAX, JUMP, KSTP,KCBNSCLIF,IB)
334.000 DIMENSIBN STARY(5)sY(S5)sSY(5)sSAVEY(S)2F(5),FP(5).DELTA(S)IsDALTA(S
335.000 1)2A(5)23(5)20(5)2D1(5)2AA(5)2BB(5)CC(5)aDD(5)2SF(5)

335300 IF(KgTP=32767)993,9914+991

3374000 991 KSTP=z28

338,000 C TEST FB3R TYPF BF ENTRY

3394000 993 IF(JUMP)1,998,999

3404000 998 GB T8 (1000s11,21,8052803),14
3414000 C JUMP P8BS, RESTBRE VALUES
342.000 999 T=SAVET

343.000 992 JUMP=0

3444000 D8 901 1=1,NFE

34354200 F(Iy=SF(1)

‘3454000 901 Y(I)=SAVFY(I)

347000 G8 T8 107

348.0C0 C JUMP NEG., INITIALIZE
249,000 1 D8 3 Is1,NE

3504000 STARY (1))=Y (1)
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351200
352+000
353.000
354000
335000
356000
357+090
338000
359000
362000
361+000
352.000
363,000
364000
355000
366000
357+000
368+000 C
369000

373000

371.000
372.000 C

373,000

3745000
3734000
374000
377+000

‘378000

1000
1111

600
601

605

1122001

Iy=0.001

Iy=0e4001

Dtly=0eani

KsTp=0

KDELY=D

KCBN=0

XT=95e/(2BBeubbs)

UeB863e/(12¢ #5040 )
vs95,0/28840

R32540/2440

Q=3540/72¢0

RSS-O/“ﬂno

Ss1.,0/712040

1A=

JuMP=z0

Go TS5 1101

BEGIN INTEGRATIAN STEP

D3 1111 1=s1,.NE

SFl1YysfF(1)

SAVEY(IYsY(I)

H Tes SMALL RETURN WITH JUMP NEG.
IF(ABS(T+H)=ABS(T) 605,601,605
JUMpa=y

GS T8 1101

TaTeH

DB 10 I=14NE 4
YOIYaY(I)#Hu(F(1S4ALTI)+BII)4CITY4D(I))

Al
B(
o
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379.000
380000
321.000
382+000
383000
384+000
383.000
3864000
387.000
388.000
333000
332000
391,000
332.C00
393+3000
334000
395000
396.000
397+000
398200
3994000
400+000
401300
402.000
403+000
404000
403+000
4064000
4074000

c
c
c

10

11
12

el

29

30
31
35
40
45
50
55

P23

FRUDISF(1)+2,0%AlI)+300#B(1)+4a0uC(1)+5,0%D(1)

IAs2

G3 T8 tio1

DB 12 1a1.NE

Sy{1)ysytr)

D3 20 Is31,NE

DELTA (1)=Ft1)=FP(])
Y{IysY(1y+V#DELTA (1) #H
1A=13

KCON=1

G3 T8 1101

KCEBN=0

D8 30 l=s1.NE

DALTA (1)=zF(1)=FP(1I)

YD =SY(1)+VDALTA (I)#H
CANTINUF

TEST F9R STARTING SFEQUENCE
IF{(KSTP=28)35240,40

APPLY TFST 2 OGN ZERBTH STEP
IF(<gTPY50,50460

HALVING TESTS

D9 45 l=z1,NE

IF(ARS(DALTA (1))=ERRBR/ABS (M) I45,45455
CANTINUF
IF(VeH4CLIF=0e125)60,60,55
TeT=H

FAIL TESTSs HALVE H
HsH/240

KDELY=0
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408000 DB 36 l=s1,NE

429000 AllyaAa(1y/2en

410000 B(I)sB(1Y/4e0

411.000 CtIy=C(1)y/8en

412.000 FtlysSF(r)

$13.000 Y(IysSAVFY (]

414000 56 D{1)2D(11/16.0

4154000 G3 T8 1000

416+200 C PASS TESTS, CBRRECT AsB:CisD
417000 60 KSTPzKSTP+1

418000 D8 65 lat1sNE

419.000 ACII2A(II+300%B(1)+4e0%C(I)+10.0#D( 1) +P4DALTA (1)

427.000 62 B(])s3(11+4a0#C(1)+10:02D(])+Q%DALTAL])
4214000 64 C(1VaC(T1)1+5.0#D(T)+R#DALTA(I)

4£22.000 67 DU1ysD(T1)+S#DALTALTL)

4234000 65 CANTINUE

4244000 C IF IN STARTING SEQUENCE. BRANCH

425,000 IF{KSTP=24)70,30,100 '

4259000 70 GB& T8 (1000.1000:1000:74;1000:1000.1000‘78:1000:1000:1000:73;1000:
4274000 11000,1000,8651000,1000+1000274,10002100021000)sKSTP
428.000 C 4TH, 12THs» 20TH STERs GB8 BACK

4723200 74 Hza=H

432.000 D3 75 Is1,NE

431,000 A(lyz=A(T1)

432,000 75 Ctlis=C(1)

4334000 G3 T8 1000

4344000 C 8TH STEP GB FBWARD -

435.000 78 Ha=H
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435+000
437+000
438,000
433000
4420000
4414000
4424000
4434000
4444300
4950000
44564000
447+000
448+000
4430000
452000
4514200
452000
453+000
454000
453000
456000
457000
4584000
455+000
46204000
4614000
462000
463000
4644000

79

86

87

88

89

g0

91

D8 79 I=1,NE
Y{I1sSTARY (1)
Arlyz=a(n)
Cilyz=C(1)

G8 T8 1000
16TH STEPs HaLVF H)
H=H/2.0

D8 87 lsa1sNE
AtlyzA(1y/240
B(I)=3(11/440
C(Iyal(11/8.0
D(Iy=D{11/1640
DI 88 !a1,NE

APPLY TEST 1

IF(ABS(DALTA (1))-ERRBR/ABS(H))IRRsRE289

CANTINUE

PASS TEST GO FOWARD WITH HALVFD H

G T8 78

FAIL TEST REGIN AGAIN WITH HALVFD H

Hz"H

DR 92 1s1aNE
Y({IY=STARY(])
GB 18 1

24TH STEP, DRUBLE H,
HsH®2e0

D3 9¢ I=s4sNE
AlIVY=pa(1)*240
B(l)aB(1i#4ap
Ctly=C{11%840
P(I):D(Y)*iéoo

STARTING SFQUENCE ENDS
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4654000
46542000

467000 .

468000
469.000
§70.000
471.000
472.000
473,000
474000
473200
476000
477000
478+000
479+000
4834000
481000
482000
4834000
484.000
485+000
4864000
487000
4884000
489000
4390.000
491200
4952000

100

102

103

105

800
806

106

802
80%

107

Ge T8 78
KDELY=KDFLY+4
WILL NEXT STFP MgVF PAST TLIM

IF{ARSI(TI IM~T)=ARS(H))103,1032110
YESc0l01uoonSAVE T AND Y, INTEGRATE T9 TLIMJRETURN'

ENDH=TLIM=T

D3 105 1=1,NF
AALTY=ENDH®A(T) /R
BR{I)SENNHEXP#B (1) /Hu%2
CClTISENNH##3*C (1) /Hex3
DOCI)=ENDH*#4#D (1) /Huwiy
SAVET=T

D3 R00 1=z1,NF

SF(1)=F (1)

SAVFY(I)sY (I}

T=TLIM

D8 106 1=1aNF

Y(I)YaY (1) +ENDH*(F(1)+AA(T)}+BBI(
FPUI)SF(1)+2.,0%AA11)+30#BB(1)
TA=y

G5 T8 110t

D3 805 1=sisNF

Sy(t1y=yYt(t)

DELTA (T)=F(1)-FP(I)
Y(IysY(Ty+VHDELTA (1)+ENDH
IAs5 -

GB T8 1101

1y+ccer)+oD(1))
+u.o»CC(1)+5-0*DD(I)
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1200
2¢020
30350
4+0C0
5360
5¢200
73990
£.0C0
343500
12000
114370
1242000
130300
14.2C0
124220

164300

17000
1%+200
1240930
224000
21.0120Q
22.000
23009
244000
234000
265¢500
270220
25000
734000

OO0 OONO0O0N

CCCCC Ct1000)=rLBUN CAVER

cgcecc

TA(1030)=AlR TEMP.

PHI(1000)= RFL &UMIDITY

W{10C2)= WIND SPFED

TW(1000)= WATER TEMP

NCAS= N3, 8F (ASES

NDA= NS, AF NAYS T8 BE TRIED

DELT(50)= ERR3R CRITERIAR 73 3F SartiISFIED

IDAS(50)= N8+ 3F DAYS IN TRIAL

NLNz N8. 8F LINFS

DT= FRRYR CRITERIER FAR THE S2FCIFIC CASE

NTAz N3. 8F TIME AVEXRAGFD DATA PBINTS

UAPJEL2CCasoevs ASP~ ACTUAL DATA' AT VERNEN

INT22INTR= DaTA PAINT NUMBERS

DCINTAseenesDTya FRRIR IN VARIAALFS

CAMMBN YP1(5)2Y1(5)2XPR1,XE 01, DXPR1sX1,0X1,NE1, INT1, INTC121INL, 181
1,701, ARF A1 UY

C3MMS{ FRRARYIDXMAX 1, TEMP1,HFGETR1(10),CaNST1Y

CAMMEN RrB1sW1,wWME1,AD1, TAIRTI,CLD1,RHI2ALBARL,TWS1,TAL)TWSAL,LEWL,
1EAL,H3S81, 481

CIMMaN HQR1,HBB1,FRR1JEVAPIIHE1HOL HLYMNLLPTBLI(10),TTBL1(10),
1WwMS1,29NSTH

CIMMIN €I 1F1,HFB1,HIC1,CLD11,C1 N21,CLD242DALP1,DALPRL,DCLD1,DRHI,
1DTAIRL,DOTAL,DWL»DKMS1DWMD12DEA1SDEWLAPLYMNLSDBTUSLANTEMPL,
2STT3L1I(10)2XT3L1(10)

CIMMBN C (10003 TA(1000),PHI(1200Y,w (103Q00),TW(1000)

CaMMBN NCAS, NDA» DELT(S50)s IDAS(SC) ‘

CaIMMBN NI NS INsIRUSDTLNTA, IDA

CaMMaN CTA(SO)sTATA(S0),PHITA(RAILWTA(BQ),TWTA(SD)
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302.000
31,000
32.200
33.270
344300
25¢220
35.200
37.390
35200
38200
43+000
41020
42,000
4324320
Lhe200
43,300
454000
47000
48000
43.050
52.+0920
51200
52+300
53-030
54+200
55.000
56200

ccecce

‘€cccc

ccecc
ccecec

20

cceccc
ccecc

ceccc
ccecec
ccecc

CaIMMEN UAIELSCCH»TAIR, TWASRHsWSP

COMMBN TNT2,INTR,DC,DTASDPHI,DWIDTWs INVS, IFLAG
CaMMaN DM21,RETA

CoMMEN LAG1sNDAS

CAMMEN I1CASIPRP(S0,L0)

CALL XFFAD

DT‘lo )

DA 20 1DA=1,NDAS

CALL PRBR

CANTINUE

CALL PR3

CaLL VERNAN

CaLL EXIT

END

SUBRBUTINE FBR READING IN DATA

SUBRBUTINE RFEAD
CIMMBN YPL(5),Y1(5)sXPR1,XEND1,NDXPR1sX1,DX1,NELS INT15 INTCL2 INL, 181
1sEL1,AREALS U1
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570030
33+000
534000
52.000
£1.300
A2+300
43.000
444250
652000
650090
5474020
X-XR01

A£3.200
735300
71200
7200

73.220
74+ 220
73,200
764000
772350
78200
73+500
32229
81230
82-000
83.000
4 +200
854200

1030
1001

2090

2001

CIMMEY ERROR12DXMAXL, TEMP1,HFGTR1(10),CANS1Y

CIMMBN RHI1sW1aWMD1sHD1,TATR1,0LD1.RHL2ALBARLLTWS1,TAL, TWSALLEWL,
1EAL,H381,HS1 '

Cimman H9R11H8314EBR1:EVAP1:HE1.HCl;HLYMNi;PTBLl(10):TTBL1(1O)J
1wMS1,CBNST1 A ,

CaMmaN ClIFi.HFGl;HSCl.CLDll.CID21:CLDSi:DALPl:DALPRl;DCLDl;DRHi:
1DTAIR1,DTAL,DWL,DWMS1sDWMDLsDEA1,DEWLsDLYMNL,DBTUSLIINTEMPL,
2STTALI(L0) A XTBLI(1Q) ) :

CaMMeN Ct1000)sTA(1000),PHI(1900),W(1000),TW(1000)

C3IM4BN NEAS, DA DELT(50)s IDAS(RO)

CAMMEN NI N, IN»T13ULDT,NTA, IDA

C3IMMIN CTA(SO);TATA(50).PHITA(SO)-wTA(So):TwTA(SO)

CIMMBN UASEL,CCH,TAIR, TWASRHIWEP

C3MMaN TNT?:TVTﬁtDCIDTAJDPHIJDNnDTW:INVSJIELAG

C3IMMEN DM214RETA

CaMMBN LAG1.NDAS

CaMMaN I1CAS.PRP(50,10)

Iv=1¢1

13U=102

F3RMAT (410 3)

FIRMAT(AT110)

READ (IN,1001) NLN,LAG1

WRITE(IBU,2000INLMN,LBGY

FIRMAT (1HN,2Xs 'NUMRER 8F DATA | INFS=1,15,tTIME AV LBGIC=s's15)

WRITE(I9Us2001)

FIRMAT (1H022Xs'CLD CBVER AIRTFMP REL HUM. WIND SPD WATER TEMP!')

D3 10 1s 1,NLN

READ{INS1Q00) CtIN»TACIYLPAHI(IY W 2 TW(T)Y

WRITEL 18112200230 (1) s TACTY2PHI (1Yo w(T)2TW()



911

254000
87.0C0
854020
343020
324250
31+200
92+250
93,050
34020
32300
35,000
37000
25,000
99000
152020
121+0720
102.200
103050
17%.3.0
155000
1270300
108.,2900
103.390
11203
1114050
11243200
113000

2002 FARMAT({1HOI2XsS(F10321X))
10 CINTINUE

C PLANT DATA :
c UA=vel, FL=RIVER 'WIDTH, CL=CLAUD CBVERs TAIR=8BVIBUS
oy TAA=WATER TEMP, RHsREL HUMIDITY, WSP=4IND SPEED(KNBTS)

READ(INS1003YJA»ELSCCHTAIR
WRITE (18U»2003)U4r2EL2CCyTAIR
2003 FARMAT(1HO2X» 1A= 151X, F10e32'R WIDTHr1,1X,F103,'CLD CBVER="',
11XsF 103, 'TEMP  AIR=1,1XsF10e3)
READ(INS 10001 TWAS RHIWSP
HRAITEL I3, 2004 ) TWA» RH s WSP
2004 FARMAT('0's2x,1TEMP wATFR=121XaF10s3s'REL  HUM=',1XsF10s32'WIND
1SpEED=';1X:F3Q-q)
IF{LA31)115,144158
CANTINUF
READ(INS1D01IMTA
WRITE(I3,2005)INTA
2005 FARMAT(1HO,2Xs 'NUMRER 8F TIME AVe DATA PBINTSz's1X,15)
_ WRITE(181+2006)
2006 FIRMAT('0'22Xs'CLD CIVER TA AIR TEMP TA REL HUM TA WIND TA
1 TEYP WATER Tam) '
D3 20 1=1,NTA
READ(INS 1000 CTA(TI)»TATA(I)SPHITA(T)/WTA(CI)STWTA(T)
WRITE(I3U,2007)0TACIY 2 TATACIYPHITALI)JWTA(IIPTWTAL(LL)
2007 FIRMAT(1HCI2X»B(F10e¢321X))
20 CHANTINUE
16 CINTINUE
READ(INS1001)INCAS

>
Ul
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114000
115+2490
115220
1174000
118300
113.000

‘1234020

1214020
122,000
1234200
124,000
125,000
126.000
127.0450
1254350
123.03

133.039
1314200
132+200
133.3C0
1344020
133+320
1360350
137.0200
138.¢000
133300
1g3f500
141200
142000

2008
3000
3010

2009

2010

3011
2030
2011

201z
1002
188

2013

WRITE( 18112008 )NCAS

FIRMAT (1H0s2Xs 'NUMBER BF CASES=1,1Xs14)
READ({IN»3000)(DFLTU)s [alsNCAg)

FAIRVMAT{4F 103}

WRITF(181,3010) A

FORMAT (1HO»2Xs 'ALLBWED DTSY)
WRITE(I8U,2003)(DELT(1),1%x12NCAS)
FARMAT(1HOIPXIE1407)

READ(IN,10011ND4g

WRITE(1B8U,2010INDAS

FSRWAT('O'JEX:'VUMBER 8F DAYS AVERAGED=1',2X,14)
READ(IN,10013(12AS(I)s 121,NDAS)

WRITE(131,3011)

FARMAT (1K0s2Xs 'NAYS AVERAGED?Y)

WRITE(I811,2080) (IDAS(])21%1,NDAS)
FARMAT(1HO 22X, 15)

WRITE(I8UL2011)

FSRMAT (1H0s2Xs 1PTRLL TTak1 HFGTB1 1) //42Xs60(1%1))
D3 183 1=1s10 .
READ(IN,1002) PTBLYUI}LTTBLL{I),HFGTB: (1)
WRITE(I30,2C12)27ALI(I)»TTBLACT YA HFGTBLI(])

FARMAT {4F10¢3)

FARMAT (6F10+3)

CANTINUE

READ(IN,1000) DM21,35TA

WRITEC(IA,2013)INDM21BETA

BETA=3ETA/57.294 _
FORMAT (1H022Xs 'NAYS. SINCE MARCH 21=21,2XsF10434 1BETA=1,2XsF1003)
D3 30 1DA=1,NDAS
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143+200
144.200
14350V
146000
147200
1484200
143300
132.020
131200
132+2500
133.000
1544200

133220

136300
1537000
1530050
153.2cC0
1624300
1414390
152¢000
143000
144000
143.000

1664000

167000
1680300
1469.000
170000

40
320

ccecc
clccc
ccecc
ccccc
ccecc

D3 40 1CAS=1,NCAS
PRP({IDA1CASY=2D,
CANTINUR

CANTINUE

RETURN

END

SUBRBUTINE PRIB

CIMMEN YP1(5)aY1(5)s XPR12XENDT1,DXPR1sX1,DX1,NELS INTL, INTCL2INL, 168
1,EL1,ARF AL, U

CIMMBY FRRBRYIDXMAXL, TEMPLSHFGTS1(10)sCaNs1Y

-CaIMMEBN RHQllWi:WMDlJHDi:TAIRi:CLD11QHliALBAQlITWSIJTAIJTWSAi)EWlI
1EA1{H9311H51

COMMBN HSR1,HIB1,ERRISEVAPLSHE1 ,HC1 HLYMNL, PTELL(10)»TTBL1(10),
1W451,C9NST1

CaMMBN €I IF1,HFB1,H3IC1,CLD11,Ct D21,CLD31sDALP1sDALPRL,DCLDL,DRHL,
1DTAIRLIDTALIDWL,DAMS1DWMD1)DEA1,DEWLSDLYMNL12DOBTUSLIUNTEMPL,
2STTRLLI(10) s XT3L1(10)

CaMM8N Cr1000), TA(1089),PHI(1000),w (1300),TW(1000)

CaM4aN NCASe NDas DELTU(ROYs 1DAS(R0D)

C%MMGV NI N IN2TIARUSDTSNTA, IDA

CAMMBN CTA(SO)sTATA(SO)SPHITA(SO),WTA(SO),TWTA(SO)

CaMmBN UAIELACClTAIRlTWA:QHiWSP

CAMMBN INT2s INTRDCaOTALDPHILDW,DTW2 INVS, IFLAG
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1714320

17212200

173.000
174.900
173.000

1754000

177220

178.3n0
179.030
153220
131+000
1532320
1%83.020
134050
183.3¢C0
186020
187.000
133200

1%3.000

122+000
13140020
132000
133.000
1943000
192,000
13946+3500
157200
198020

CaMveN NM21,RETA
CAMASN LBG1,NDAS

LAMAIEN 1CASIPRP(50,10)

DIMENSTIAN FR(10)

NDA= NUMRER BF DAYS (N THE CAsF
ID=1DA

NDA=IDAS(ID})

“NC1=NLN/R

FIDA=NDA LR

FNDAz1 ,FNDA .

IF (NDANCL)Y 192599,999
CanTINUE
NOIF=NC1~NDA

ENUM=D4

DEN=Co

DENR=0.

D3 20 1P0=1,NDIF
CS=D.

TAS=0.

P“{IS:‘OQ

WSEN .

T‘:‘!S:\ .

D3 32 1=1:NDa

DA 40 J=1,3

INT =8+ (120+]«1)+=8
23=C3 + CUINT)
TAS=TAS L, TA(INT)
PAISzPHIS + PHI(INT)
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193.220
2230230
201500
272+200
223.5000
20440350
233+0590
225000
207220
208,300
202200
212+000
211000
212.010
213300
214230
213+500
2153529

2174000

2184009
2194000
£20+300
221.00C
2722000
2232000
224000
2254370
226200
2?70000

()

40
39

NSNS + WIINT)

TwSs=s TwW3 + TW(INT)
CaNtNUF

CaANTINUF

CS= CS«FNDA

TAS. TAS#FNDA
PHIS=PHIS*FNDA

Wie WS*FANDA

TGz TWS#FNDA

INT?= F31 LENING DAY
INT2= 1”20+NDA
C1S=C»

TAlG=De

P4IlS=G-

W1S=0e

Til3=20

D9 RO =18

INT3= THWre ACTUALL PBSITIAN IN THF
INT3=INTP*8=-R+1
C15sC1S+C(INT3)
Tals=TA1S+TALINT3)
PHI1S=zpHT1IS+pHI(INT3)
W1S=wlS+w (INT3)
TWlSaTWIS+TW(INT3)
CANTINUE
C1Sa2C1S%s125
TA13=TA1S#+175
PH14S=PHT1S*s125
W1S2Wlgx,123

DAY
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228+000 TilS=TWIG*e125

2234000 DC=Ci5-CS

232.000 DTA>TA15-TAS

231.000 DPH1=PH11S=PH1S

232.0G0 DwW=y1Sau4g

233.000 OTWaTH1S=-TwS

234.000 STTAL1(1Y=Tw1S

235.000 STT3L1(P)1=Tw1s

235.000 XTBL1(1)=0,

237000 XTBL1(2)=25000.

2384000 NTEMPL=?

239.000 INVG= INTP*8=4

240+00Q0 CALL I9Mp (ENUM,DEN)

241,000 D9 a0 1CAS=1,MCAS

FL24000 IF(ARS(Y1(1))=DFLT(ICAS)) 65,655,704
2434200 65 CaNTINUE

2444000 PRP({IDA, 1CAS)=PRP(IDASICAS) 41

2434220 70  CaNTINUF
2450000 60 CIAINTINUFE
247,020 20  CHNTINUF

243,000 DEN2=N\DIF

249,000 03 75 1CAS=1,NCAS )
233520 PIF(IDA)1CAS)=PRP (IDAS ICAS)/DENP
2514200 75 CSNTINUF

2324+000 IF(LBG1)200,201+200

2534300 200 CIONTINUE

2544000 ENUM=04

232.000 DEN=Q»

255,000 DENP=0C.



4AN

257+000
253'030
233.000C
240000
241000
2424200
243000
244000
2463000
256000
2674200
263:0200
2634000
273.030
271.000
272300
273000
274500

2734200

275000
277000
2728000
279.+000
220000
2814000
232000
283:000
2844000

205

85

80
210

C(laody=re
TA(1000)eTAIR
PHI(1000)aRH
w(1000)=ySP
TW{1C00)=TWA

D3 203 I1CAS=1,NCAS
PRUICAS)=E0.
C3INTTVUF

D3 210 1=1,NTA
DC=CTA({]1)=CC
ODTA«TATA(I)=TAIR
DPHI=zPHITA(Il)«=RH

Di=wTA (T )=nSP
DTWsTWTA(I)=TWA,
STTRLL(1Yy=TW (1000}

STTALL1(2)sTw(1000)
XTBL1(1)=00
XTBL1(PY=2500,
I4vs=1000

CALL CTHMP(ENUMINEN)
D3 w0 1CAS=1,NCAS
IE(ABS}Y1(l)d-DFLT(ICAS))%S:SS-RO
CANT INUF
PRUOICASY=PR(TCAS) +1e
CANTINUFR

CANTINUE

FNTA=NTA
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285-000 D3 90 I1CAS=1,NCAS

236,000 PUICAS)I=PR{ JCAG) /FNTA
237.000 CALL SUTTIIGULIPRIICAS),IDA)
238.020. 90 CAINTINuUE ‘
222200 201 CIANTINUE

290-050 RETURN

221+300 999 CONTINUE

2324000 - WRITE(ISUs4000)

223,050 4000 F3IRMAT(1HB,2Xs'TBE SMALLY)
294300 CALL EXIT

295.000 END

2346200 CCcce

237090 Ccecc

298.000 Cccce

233.000 Ccglc

332+230 cCccc .

373.200 SUBRBUTINE GUTT(I3UsPs 1)
376000 “WRITE(13122000)1,P
2377220 2000 FORMAT (1WHB22Xs 'CASE !, 1442Xs 'PRARARILITY,E14.7)
378.000 RETURN

379.032 END

382.000 -LCCCC

341.200 cccce

332.000 CCCCC

333.200 Cccce

334000 SUBRRUTINE CBMP(ENUMsDEN)- .
3%3.000 CaMMBN YP1(5)2Y115)sXPR1, XEND1,DXPRLs X1, DX1.NELS INTIS INTCL, INTL, 161
334+000 1,EL1,AREALS U1

387.:000 CaMMgN ERRBR1,DXMAX1, TEMP1,HFGTR1(10)+CyNS11



heZtL

388.000

329.000

233.000
331200
392000
323+00

3340500
39340030
335%5.000
337.003
338,000
329.000
425030
431.200
422.000

403.0720

4143000
4032000
4764300
407500
4084000
433,290
510+000

411,000

412,000
413,000
414,000

4154000

CIMMBN

1£41,H38
CAMM8Y
1WMS1,C9
CaMmaN
1DTAIRYL,
2STTRL1Y
CaMMaN
CayMMaN
CaMMaN
CoMmMaN
CaMmeN
CaMmMen
CammeN
C3aMMBN
CaMmaN
R4E1=62
X130
Y1(1)=D
XEND1=2
DXPR1=X
DxX1=120
NElst
INl1zTN
I31=170
ELi=EL
AREAL=Y
Uls1.

RHOL s W1aWMD1s D1, TAIRL,CLD1,RHLIALRARL,TWS1,TAL, TWSA1,EWL,
1,481
HSR1,HAB1,FRR1JEVAPLIAHE1,HCI s HLYMNLILPTBLI(10),TTBL1(10),
\NGT1

Cl IF1,HF31,HBC1,CLD11,CL D21,CLD31,DALP1,DALPR1,DCLDL,DRHL,
DTALsDW1,DWMS1,DWMD1,DEA1LDEWLSDLYMNLISDBTUSLINTEMPL,

10) s XTRLI(10)

Cr1000YaTA(I1000),PHI(1000).Ww(1000),TW(1000)

NCAss NDAs» DELT(50)s 1DAG(S0)

NI N, IN,IAUSDTSNTA, IDA
CTA(B0)sTATA(SD)PHITA(R0)SWTA(DSO)»TWTA(S0)

UASEL,CCH,TAIR, TWASRH) WSP
INT22INT3s0CsDTASDPHILDWLDTW, INVS, IFLAG

DM21 sRETA

LBAG1aNDAS

1CAS,PRR(50,10)
4

Tw

5000

FND1
O

A



Gzl

416+000
“17-OOQ

418.000

419.000
423.000
42159000
45240200
423¢000
4244090
425,090
4254020
427000
w2349230

$23.000

430200
431.000
432.000
433.000
434,000
4354000
435200
4374090
448,000
4334000
4404000
4414300
4424000
443000
444,000

ccese
cceec
ccecc
ceeec

cceee
cceee

ERRBR1=vn1
DXMAX1=2R000.
TEMP1aTW (¢ INVS)

WiV (INVS)*60804/3400¢
WMS1 . vi1#e3048 )
WMO12N1 %3600+ %24 /52800
WMPH1=WMN1 /24
TAIR1=TACINVS)
CLD1=C(1NVS)

RAl=pHT (1NVS)

ALBARL1=AI NAF(DMP1,RETA)
ALBAR13AL BAR1#574296
TWS1=Se#ITEMP1=324) /91
TAL=5+#(TAIR1=324)/9,.

Dalr1ss,

DALPR1=NDALP1 /574296
Dclot=0c

ORH1=2PH1
DTAIRL=DTA
DWlz=DW»60800/34600,
DWMS1=D1%e3048

DAMO1=DA1 #3600 424+ /52804

CALL HUNDL
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&45-000
445000

447000

448,020
443.020
450000
4514000
424000
4533090
43544000
4334000
4350200
435743200
45343330
439,000
4404000

4610020

442¢500
4453.000
46440500
k635423500

44560000

4574000

4568000

#690000
4704000
471000
4724000

ccecc

10

ccecc
cceccc
ceecce
gcecc

cceccc

ccecc

IrLAGSsD
IF(AB:(Y1(1))'DT)101101?0
CANTINUE

ENUMsENUM+1 e

IFLAG=1

CANTINUE

DEN=DEN+1

RZTURN

e\D

FUNCTIAN ALNAP(NMP1,BETA)Y

SN1=SIN(RETA) '

THl= 642R%DMP1/ 365K

Dbz ASIN(GQIN((P3e45/37¢296))%gINITHL))
P-4Y=ACBS(TAN(DELY*TAN{(BETA))

TO=P4euPHY/6eP8

T1=24+=Tp

AVE(TL=TO)#SI(DEL)Y*SN1/Rke

AyTAy=CIS(DEL ) %COBS(3E TA)&(SIN(A.ER*Tl/EAo) SIN(6 28*T0/240>)/6 28
ALNAP=ASTN(AV)

RETURN

END
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473000
4740000
475.000
4764200
4774000
478.000
4790000
430220
431000
432000
#83.200
484000
433000
4864000
48740300

438020

433,000
430.000
4314020
432200
433+000
424,000
4934072
4354000
4374300
498+000
499.000
533+000Q

5a21+000

gceee
gecece
cecece

105

SJBRSUTINE KUNDIL

STREAM THFERMAL MBOFL - ny SFNSITIVITY AMNALYSIS e n e
CaMmMaN YP(S):Y(Q);XPR;XEND)DXPP:X;DX:NE)INTnINTCIINIlSlELJAREAlU
C3IMMBN ERREBR,DXUAY, TEMP,HFETB (10}, CANSI
CSMMBVRHH{WIWMD;HD:TAIR)CLDiRH.ALRARQTWS:TA.TWSAJEWiEAlHGSIHS
COMMEN HSRsHAB, FBRIEVAP,HE, 4, HLYMN, PTEL (101, TTBL(10) s wMSsCONST
CammaeN CILF:H:GvH?ClCLD1;CLD?:CLD?:DALP;DALPR;DCLD:DRH:DTAIR:

1DTA, DN, DWMSs DAY, DEA, DEW, DLYMN, DBTUS,NTEMP, STTBL (10),XTBL(10)

CLIF = 1.E-5

CallL INPUT

IFCINTC - 4) 4,105,108

XPR 2 JXPR

CONTINUF

D3 100 UF= 1, INT

CALL DJIFFD

G3 T8 (1n.,10,20), INTC

CALL EULFRUYPsYsDXaNESJFSX)
33 Te 100

CALL K4 (YPsysDXsNFIUESX)
CINTINUE

I[F(X = XPR+ DX/4e¢y 54,250,250
C3NTINUE

XPR = XP® + DXPR

TF(X = XFND) 5,300,300
CANTINUF

Jde 2 w1
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512,+,000
533.200
524500
523,500

5264000

5070300
503,300
532,090
512:000
511.500
512.000
513203
5144200

51352000

815%5.000C
B17+0C0
515000
£19.320
5223+200
521000
5224020
523.000
524+ 300
525.000
526200
£E27+500
528000
529.000

110
120
130
131

140

1890
300

gcecce
cccec

£cecce

cceccec

CANTINUE

XPR = X , DXPR

CaNTINUF
CALLNJRD(YP:X:XPR;YJP?RPRJNE;DX‘DXWAX:JUMP:KSTP:KCBN:CLIFJIB)
IF(JUMPY13C2140,150

WRITE(18,131) X

FARMAT (/ /! X ='F1445) INTEGRATIAN FAILURE!')
RETURN

CINTINUF

CALL DIFF3

G3 T8 124

CINTINUE

IF{X ~ XFND) 110,300,300

CaNTINUE '

RETURN

END

SUBRAUTINE INPUT

DIMENSION PTRL(101,TTBL(10)

CamMvsN YP(5), DT, DUM(4) 2 XPRs XFNDsDXPRSXsDXsNES INT, INTC,
1 IN»194E1 JARFASULERRERIDXMAX, TEMP,HFGTEB(10),CBNS]
CIMMBNRHA L W WM s HD» TAIR, CLD s RH, ALRARS TWS» TA,) TWSASEWIEAS HBSIHS
CIMMBN H]R,HBR,EBRSEVAP,HE,HC, HLYMN, PTBL s TTBL »WMS,CONST
CIMMBN ClILIFsHFGsHACKCLD1,CLD2,» D3, DALP,DALPRADCLD,DRH)DTALRS

ADTA,CW,DUWMS, DAMDJ DEA, DEW, DLYMN,DBTUSYNTEMP,STT3L(10).XTBL(10)
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SBO-DQO
531.200
532,200
533+000
53445900
535,000
535,000
8537.520
538.000
533000
543!000
541.0200
542020
543.000
S444+30Q
5450000

545.000

S47.000
543.020
43002
552300
531.000
552200
553.000
534000
553,000
5564200
537«000
558,200

12
29

33
40
50
60
65

110
115

120
125

130
135

140
1458

FARMAT(5F10+0)

FORMAT(611C)

RATIB = 3+14159/180.

NUM3ER 8F EQUATIONS: AND. CHBICE #F INTEGRATI3N SUBRGUTINE
NE=4

INTC=l

IF(INTC = 3} 30:40:50

INT = INTC '

Gad T8 S0

INT =&

G. T8 &0

CaNTINUF

C3INTINUE

JFLasl

IF(JFLA=1165,150155

CANTINJFE

Gg.Te (110,1720,130,140)s INTC

WRITE(13,113) )

FIRMAT (v - EULER INTEGRATION xrnwnt//)

G3 TB 1%5n

CINTINUE

WRITE(13,125)

FARMAT (14 ' #unu¥  MBDe EULER INTEGRATION wxuwnw1r//)
536 T3 150

WRITE(13.135)

FARMAT ("1 #xeu¥ & TH ORDER RUNGE-KUTTA CRERRRRY /)
G6 T3 150

WRITE(18,145)

FORMAT (14 R ADAMS MBUI TON INTEGe. wwnwxuxt//)
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539,000 1
5404300 C
5410090 C
552+000
543000
564000
5632000
5456+000
547300
558.300
559.300
573,000
571+.0300
£724320

‘573.000

8744000 C
575200
576+200 C
5774000
578,200
5794200
530900
521,000
522000

583200

5840000
5350000
536000

50

198

CaNT NUE

INTEGRATIAN ONTRAL. PARAMETERS
CANST = FL/(RHB+U#ARZA)
CSNS1 = (RHO%DeND3PR)/ (PLe#3600«#0:0614)

DTA = DTAIR*E+/J
HAS = 1+9*SIN{ALBAR*RATIA)
H3C = 1+34C3S(ALBAR%RATIE)

CLD1 = 1+ = #0755+CLD

CLD?2 = = 0018%CLD#*2

CLE3 = 1. = 40076#CLO##3
DALPR = NALP « RATIB

Dl 3 DWMPH#2P+/15.

DWYMS = Dw # «3048

DAMD % DWMPH%RP4 .

INCIDENT S3LAR RADIATIGN

HS = H93 * Ci D3

REFLECTFN S8I1.AR RADIATIEN

H3R HS * 3./ALBAR

FTA = SI(TTBLJPTBLsTAIR,10)
EA = RH#(1013+71470e)#FTA
PAIRP = TAIR+DTAIR

FTAP = ST{TTRLJPTRLITAIRP,10)
DEA 2 (1013s/1470¢)%#(DRH*FTA 4+ RH*(FTAP = FTA))
IFLA=]

IF(IFLA~1) 198,199,198
CONTINUE

WRITE(1R,200) DT

g u
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537000
588+000
555200
530320
531.000
532.200
593.303
534200

535.000

525.330
537000
593.000
533.000
603+320
621000
652+200
603000
€34+200
633200
625000
6237+200
6)84000

639,000
612.000

611000
612000
613000
6144030
613020

220
210
220
230

240

2560

270
230

370,
310
320

330

340

FARMAT (' INITIAL DT =t'F12e¢h ' DEG F'/)
WRITF(13.210) JsARFANEL

FARMAT(! _STREAM VEL3ICITY ='Fg.3' FT/SEC CRs SECe AREA =!
1F1Ce2' SRe FTw SURFACE WINTH a'Féel' FT1/)
‘WRITE(13,220) RHB,CLDIRH,ALBAR ‘ ‘
FIRMAT (' RHK8s'F5.2'  LR/CUFT.  CLD='F4el' TENTHS',
1! =1F3e1 1 PCT'/!  ALBAR ='Fuelt DEGREES!'/)
WRITE(13,230) TAIR,»TA,CANST>C3NSY

FIRMAT (' AIR TEMP. e!'F5ei! OF3 FIF8e1' DEG C'y

1 CANST 31E19.3! CBNS1 ='F10e3s/)

WRITE{I18,240) WaWMPH,; WMSsWMD ,
FARMAT(' WIND VELACITY =1F6e2! FT/SEC'F8+21MPH'FBe2! METERS!',
11 /SEC'FR.2' MILES/DAY' /)

WRLTF (13,260) 4

FORAAT (/s T2OITTRLIT4O'PTBL W TEOIHFETI!/}

D9 273 1 =119

WRITE(13,280) TTBL(I1Y, PTBL(I). HWFGTB(I)

FSRMAT(10X23F20.5)

WRITE(19,300)DCLD,DRH,DTAIR .

FARMAT (1 DCLD =!F6e3!', DRH 21FB.3! . DTAIR ='F6.2)
WRITE(13,310) DALP,DWMPH

FORMAT (/' DALP stFhe2! DWMPH .21F642)

WRITE(13,320) "HIS,HICIHSHHSR

FIRMAT(/) HBS='E12+4' HSC='E12.41 HSarE12¢4!' HgRa'EL124¢41 LY/MINT)
INT) '

WRITE(194330) EAsDFA

FORMAT(/t EA =1E1Rsy! DEA =1F1244)

WRJITE(13.34%0)y

FORMAT( /. T2018TTLIT40IXTBL /)
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6164300
6170200
64138.202
6193500
62343020
621000
6224000
£23,000
625020
6242300
627000
6254300
629,000
633000

6312030

£32+000
633.030
6944000
635,000
£35.003
637200
638200
633.020

6434000

§41¢OQQ
6422000
643000

199

~e
Ck-\_'\.\_

jstefelni®
ccelc

ccccc

CINTINUFR
RETURN
END

SUBRSJTINE GUPT

CIMMAN DOT,¥YP(4)s DTaDUMI4)sXFR)XENDSDXPR, X, DXsNES INT,
1INTC, INLI1B,FL,AREA,USERRBRS DXMAX, TEMPIHFGTB{10),CONSYT,
CaMMaNRHA I Wo UMD s HD» TATRICLD I RH, ALRARS TWGa TAS TWSAJEWIEAS HBSIHS
CIMMEN 4SRRI MB3TRRIEVAP,HE, HC, HLYMN, PTBL(10), TTBL(10) s WMS,CBNST
C3MMBN CI IF,HFG,HAC,CLD1,CLD2,50LD3,DALP,DALPR,DCLD,DRHIDTAIR,
10TA, DN DWMS,DAMI S DF A DEW, DLYMN, DBTUSHNTEMP,STTBL(10),XTBL(10)
wWUTE(13,10) XsNX

FIRMAT (1 x s!'F7e1t FT Dx s'Fhal 2 /)

WRITE(13,26) TEMP-

FORMAT (! STREAY TEMP =1E12s4' DEG F1/)

WRITE(I8,70) DT,DDT

WAITE(13+30) EWIDEWIEVARIHESHFG

FSRAAT(!' Ey a!F1P.5! DEW ='F1P.5' EVAP ='E12.5! HE =!
1E12+457 L Y/MIN HFG ='E12+51 /)

WRITE(13,30) HBR,ERR,HC ‘

FORMAT (' HSR ='E12+35' EBR=1F12.5' HC s'El2e5t LY/MIN1/)
WRITE(13,60) HLYMN,HD

FIRAAT(! TBTAL HEAT TRANSFER ='F12.5' LY/MIN'EL1G.5,

1! BTU/SEC-FT21/)

FORMAT(' DT a'F12.5! DDT 21E12e52/)



1

644500
643050
64,5+000
ﬁ“?tooo
643000
642.000
6353+000
651000
632020
633000
654020
633.000
6354320
657 +200Q
658300
653.200
643+3520
65614000
5620230
£E43¢520
6644000

6634000.

£465+000
6$7000O
658000
663500
6734600
6714000
672+000

80

99

cecece

ceecc

ccece
cceee

WRITE({18,30) DLYMN,DBTUS

FIRMAT(t DLYMN =1E12.5¢ DBTUS ='Ei245,/)
WRITE(19,90) -

FIRMAT(1Xs60("%1)5//)

RETURN

END

SUBRAUTINE: DIFEN
CIMMeN  nDTLYP(4), DT, DUM 4 )2 XPR, XEND S DXPR2 X4 DXsNE
LINT,LINTC, IN,I8,EL,AREA,U,ERRIR,DXMAX TEMP,HFGTB(10),CONS]
CIMMBNRHE 2 Ws WM s HD» TAIRSCs R4, AL 3AR, TWSI TAS TUSASEWIEA,HBSIHS
CIMMBN HSR HARIFBRIEVAP,HE» HC HLYMNS PTEBL(10) TTBL(10) » WMSsCONST
CarMMaN C| IFsHFG.HRC,CLD1,CLD2,» CLD32DALP,DALPR,DCLD,DRHSDTAIR,
10TA,DW2DWMS, WM CEAS DEW, SLYMN, DBTUSSNTEMP,STTBL (10)sXTBLI10)
THERMAL FXCHANGE WITH ENVIRINMENT.
TEMP = g1 (XTRLsSTTBLSXaNTEMR)
T48= (TFMP=37s) %54/
TWSA = TwS + 273,
DTWS = DT*5+/9.
FTA = SI(TTEL.PTBL,TEMP,10)

TH = TEMP + Dt
FTB = SI(TTBL +PTBL,TTW.10)
EW 3 (12013¢/14¢7y5FTA
DEW a (1013e/14+7)%(FTB = FTA)
EFFECT{VF BaCK RADIATIBN
HIBs (14438+.09#TWS=+Q464#RH) /69472



hel

£73+000 E3R = H9R«CLM1

6744000 C EVAPBIATION HEAT TRANSFER.

%75¢309 EVAP 3 +35% (EW-FA)Y*(le + +009R» WMD)

876+220 HFG 3 SI(TTARL=HFGTR2TEMP, 10)

677200 HE s EVAP*HFG*ZINS1 ‘

678000 C CINVECTIAN HFAT TRANSFER _

€73.000 HC 2 3%¢xle2t + o0774WMS)I*(TWS « Ta /1440,
633+000 C TITAL HFAT TRANSFFR T9 WATERs [ .¥Y/MIN

681000 HLYMN =z ~S = (E3R +.HSR + HC + HE)Y

6524000 C T3TAL HEAT TRANSFER, BTU/SEC-FT?

6833300 HD a3 SLYMN * «0A14

634000 F1 s CLD2#DCID*4ES

6134200 F2 3 ZLDI*HSC*DALPR

6%5+2C0 F3 s «0745%DCLD*HAR

637 ¢2Q0 Fé 2 =CLNi*({=s09#DTAS = «046%DRM) /69472
$88+000 FS s =(F1+F21%3./ALBAR

639+050 F6 = 43#3+%DALP/ALRAR* %D

£30000 F7 3 =(«33*%HFG/144C0e) % (1e + +009R*WMD)*(DEW = DEA) -+
6913350 1 20093 #JWMD*{EW = FA))

£32+200 FR 2 =(39e/1440e)%( (628 + ¢0774IMSY*(DTWS = DTA) +
£33+000 - 1 «077#DAMg*{TAg ~ TA)) _

€34:200 DLYMN = F1 + F2 + F3 + F4 +-FS 4 F&6 + F7 + F8
£35+4050 D3TUS = NLYMN*sn614

63954200 DOT = -CANST#NnBTUS

627 ¢200 RETURN

638.000 END

539,000 CCcCC
7004030 CcCcCC
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731000
7322300
733,020
7040008
703x200
7364270
7374000
708+J00
729+090
7120430

7114020

7124200
713000
714000
715+000
715200
717000
7181030
719.220
7254900
721309
7224200
723000

7244000,

725{000
72£4000

7279300

7284000
7234050

geecc

cecece

(9] OO0 00

1292
1320

150
160
180

210,

FUNCTIBN SI(XTBLsYTBL2XsN) _
LINEAR INTEXFBLATIBN BR FXTRAPRLATIAN 8F SINGLE VARIABLE FUNCTIOBN
XTBL = INDEPENDENT VARIABLE TARLE
YT2L DFPENDENT VARIA3SLFE TABLF
IND = INDICAT3R BF EXTRAPSLATIAN
3=N3 EXTRAPOLATIAON, 1=LAWER EXTRAPSLATISN, 2=4PPER E73RAPBLATION
DIMENSISN XTRL(40)sYTBL(40)
CHECK 13 SEE [F EXTRAPOLATIOIN 1S NEEDED.
IF(X=XT31 (1)) 120,1302150
IND = 1
Il = 2
G3 Te 234
IF{XTBL(N)~X) 1460,180s710
IND = 2
11 = N
G3 TB 2354
FIND X IN TARLEWS IN TABLE
0% 220 IkeZ2sN
It = IK
IF(XTBL(TK)-X) pao.asu,¢5u
C3NTINUE

"

- X1 = XTBL(II=1)

X2 = XT3} (I1)"

Y1 s YT (11e=1)

Y2 . YTAI (1)

SI = ¥141Y2=Y1)w(X=X1)/(X2=X1)

RETURN
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733000
731220
732.200
733230
734+000
7324000
73500
737300
738000
73943540
740+000
741000
742300
7432030
744+200
743.000
746300
747300
7484000
749200
7524220
731.000
7324000
7530230
7344000
753,000
756+«0500
757000

ccecc
cceccc
ceccc
ccccce

19

1230

29

gcecc
ccecc
ccecc

cecece

SUBREBUTINE EULER(YPsYsDTINE»JaT)
DIMENSIAN YP(20)s2Y(2C)s SY(20),8YP(20Q)
GI Te(10,20),4

C3INTINUE

D3 100 1=1,NF

SY(1y= Y(I)

SYP(1)= YP(])

Y(I)Ys Y(T)+DT*YP(I)

CINTINUF

T=T+DT

RETURN

CINTINUE

D3 200 1=1sNF

Y(1)s SY({I)+(YP(I)+SYP(1))#DT /2,
CINTINUE.

RETURN

END

SUBRBITINE RKU(YPsYsDTHINESJsT)
DIMENSIBN YP(B5),Y(B),AK(Ba4)sSY ()



LeL

738000
739.300
762200
7561000
752+000
743,500
75644000
763300
745500
747 +200C
743000
752000
772+000
771,000
772000
773,320

77440350

773300
7756+000
7773250
7733500
730000
7214309

75822000
7323000

734000
785.000
736000

10

100

r=30)

200

30

300

49

400

G Te({10.,20,30540)5J
CANTINUF

03 100 1s1,NF

SY(1Y = v(I) )
AX(TI21) = DT#YP(1Y

Y(IY & ¥Y(1) #AK(Is1)#%s5
CaNTINUE

ST = T

T e T + NT*e5

RETURN

CINTINUF

D8 200 Is1.NF

AX{1,2) = DT«YPI(I)

YD) 3 SY(T) % AK(122) %5
CaNT INUF

RETURN

CINTINUR

D3 300 1 = 1,NE

AK(I,3) 2 DT#YP(1)Y
Y(IY = Sy (IY +« AK(I,3)
CONTINUF

T = ST + DT

RETURN

C3INTINUE

D3 400 1 = {,NE

AK(Is4) = DT #Y2(]) .
YOI aSY (1 9 (AK(To 1) +AK (T, 4)+P e w(AK(122)+AK(123))) /6

CaNTINUE

RETURN -



8¢€1L

7573500 END
738000 CCCCC
753.0C0 CCCCC
733+000 CCcCC
721.200 CcccC

732.200 SUBRBUTINENSRD(F, T»TLIM, Y, ERRBR . NF, Hs HMAX, JUMP» KSTP, KCBN, CLIF, 18)
7934030 DIMENSIBN STARY(5)sY(5)sSY(5)sSAVFY(5)2F(5),FP(5),DELTA(S)2DALTALS.
794000 1)7A(5)s3¢5)5C(5),D(5)sAAl5)1BB(5),CC(5)2DD(5)aSF(5)

7934500 IF (KSTP=32767)993,991,991

735,200 991 g3TP=28

7970670 C TEST 83 TYPF 6F ENTRY

7284000 993 IF(JUMP}1,99R:999

739,000 998 GI9 TO (1000,11,21,802,803)s1A
803.200 C JUMP Pg3. REQTQRE VALUEg
821000 999 T=SAVET

812,000 992 JUMP=0

8334000 D8 901 1=1,NF
8044000 F{I)aSF(r1)

803+220 901 Y(I)aSAVFY(I)
8354200 G3 T8 10”7 .
8137+000 C JUMP NEG. INITIALIZE
£98+200 1 D8 5 I=1,NE
829.030 STARY(I)=Y(1)
812+000 A(IYaCe001

811000 B{I)=0.001

8124000 Ct1)=0.001

813000 5 D(Iy=0¢001

8144000 K3TR=D"



6E1

813.090
816.200
£17.000
818.+000
813000
£22.020
£821.000
822000
8234000
8244000
823000
825,000
8274300

828.3C0

8?90300
833200
831000
832300
833200
834.500
833+200
8344000
837000
838000
839.000

840000

B414000
842.000
B43.000

1000
1111
600

KDELY=0

KZBN=)

XTeI5e/ (P88 enbha)
Ur863+/t12:#50404)
Va95.0/2R840

Pa254:0/2440

Ga35.0/72¢0

R25.0/48.0

Sal.0/1720+0

Ta=1

JUMPad

G T8 1101

BEGIN INTEGRATIAN STEP

D3 t1i1 1=isNE

SF{1ysF ().

SAVEY(I)=Y(I)

H THe SMALL RETURN WITH JUMP NFG.
IF{ABS(T+H)=ABS(TY)605,601,605

- JUMP ey

Gy Ts tint

TaTeH -

D3. 10 I=z1.NE

YOI aY (I3 +Ha(FLI)SA(I)+BLII4C(TI+D(1))
FRII)=F(1)Y+2:0%A(1)+300%B(I)+4,0%C(1)1+5,0%D(1)
1as2

G3 T8 1101

DS 12 I=1.NE

SY(1y=y(1)

D3 20 1s1.NE



onl

844000
845000
8“5-300
8474000
848,000
849,000
853200
851000
8352000
853000
854.000
853.000
85%.000
857500
838+000
859.000
840000
£41+.300
842000
853+000
§64000
843,000
8465000
867,060

848000

843.000
873000
8714000

20

DELTA (1)sF(1)=FP(I)
Y(I)aY{1)+V*DELTA (I)#H
IA=3

KCBN=l

G T9 1101

KCBN=0

D3 30 la1,NE

DalTa (1)=F(1)=-FP(I])
Yely=sSY(T)+VaDALTA (l)#H
CANTINUF

TEST FBR STARTING SEGUENCE
IF(KSTP=28)38,40,40

APPLY TEST 2 O8N ZEROTH STEP
IF({KSTPIR0250260

HALVING TESTS

D3 45 Is14NE

IF(ABS(DALTA (1) )Y=ERRBR/ABS(H)Y 145, 45,55
CaNTINUE o

IF(V#4%CI IF=N+125)60s60:55
TaT=H

FAIL TESTSs, HALVE H

Hah/2.0
KDELY=0

DB 56 1=1.NE

ALLysA(TY/2e0

BIIYsB{1Y /740

C(lyeC(IV/BeD
F(IyeSF(1)



Lhl

8724000 YtI)ysSAVEY ()
873.000 56 D(I)=2{11/1640

874.000 cg® T8 10n0

873,000 C PASS TESTS, CBRRECT AsBsC,D

876.000 60 KSTPeKSTP+1

877300 D9 65 I=14NE . .
8784000 ACIV3ACII+3e0#8(1)+60%C (T )+$10.0#D1 ) +P#DaALTA (1)

'873.000 62 B(I)a3(1)1+4e0#C(1)1+10e0«D(1)+QuDALTA(I)
8824500 64 C{INaC(1)+5¢0%D( 1V +R*DALTALL)

8314000 67 DCI)aD(1)+S#PALTA(T)

882,000 65 CANTINUF

833.000 C If IN STARTING SERUENCE, BRANCH

884000 IF(KSTP=24)70:90,100

8835000 70 G3 T8 (100021000,1000274,1000+1000,1000+78,1000+1000,1000474,1000,
8354000 11000:1000186:1000:100011000'7#.100011000)I000);KSTP
887.300 C 4TH, 12TH,» 20TH STEP, G8 BACK

8384000 74 Hs=H

882.000 D8 75 1=4,NE

892000 AtD)a=at1)

891,200 75 Ctlyswg(r}

832+000 G3 T8 1000

893000 C 8TH STEP GO FBWARD

894,000 78 Hz=H

‘893000 D3 79 1=x1,NE

8964000 Y(I)=STARY (1)

8374000 Aclys=a(1y

898.000 79 Ctle=C(1)

839.000 G3 168 1000

902000 ¢ 16TH STEP,; HALVE H, -APPLY TEST 1



chl

901.000
©02+200
803.000
044000
9035.000
9244+000
237,030
S38.000
©29.000
910.000 C
911200
912,000 C
9134320
2144000
913,000
215020
917.000 C
912.020
912.000
320+000
921,000
$22.000
923009
924-000
923.0C0
925,000 C
927000
928.000 C

86

87

88

83

92

90

91

100

102

H:H/Q!O

D3 37 I=z1.NE

AtIysA(1y/2.0

Bt1)=B(1)/4e0

C{Iy=Z(1)1/8e0

D(Iy=d(11/16.0

03 88 I=14NE '
IF(ARS(DALTA (1))=ERRBR/ABS(M))8R, 88489

CINTINUE .

PASS TEST GO FEWARD WITH HALVFD H
Ga 18 78

FAIL TEST REGIN AGAIN WITH HALVFD H
Hz=i

D3 92 l=z1sNE

Y(I1=STARY(])

G3 T8 1

24TH STEP, DSUBLE Hs STARTING SFQUENCE ENDS
HeMH#2+0

D3 91 1=44NE

AlIN=zA(11%20

B(l)y=3(1y*4ks0

CtIy=C(1y%8n

Dtlyasd(1y#14.0

G Ts 78

KDELysKDFLY+1

WILL NEXT STFP MByF PAST TLIM
IF(ABS(TI IM=T)=48S(H))103,103,110

" YESsessesessSAVE T AND Y, INTEGRATE T8 TLIMJRETURN.



enl

9290309
932000
231,300
©322000
933.000
91344090
935,000
236+000
937.+00C0
233,020
933.930
9424000
941200
942000
943.000
944000
9423200
S46.000
947.000
948050
949.200
9502. 000
951.0200
952+ 000
8933.020
954+200
933000

956.000

957,000 C

103

105

800
806

106

802
805

107

BO3
108

ENDHzTLIM=T

DB 105 tel.NF
AACT)=ENDH*A(T ) /H
BE(L)ZENNH**P#B (1) /Hx%?
CClP1=ENNH*#3«Ct ) /Hes3
OD(IY=ENDH**4+D (T ) /Huns
SAVET3T

D3 800 1=1sNF

SF(lY=F{(T1)

SAVEY(1)=Y(I)

T=TLIM

08 105 ls1.NF

Y(I)aY LTV +ENDH® (F (T)+AA(TI+BB( T4 1)+DD(1))
FRUIISF(T)+2.0#AA(])+530#BB(1Y+4404CC{11+5.04DD(])
1A=4

G& T8 110t

D3 805 1=1sNF

Sy(1yay(r)

D3 107 1z1,NF

PELTA. t1N)=F(1)=FP(I]}

YOI =Y (1)+V*DELTA (1) *FNDH
IA=5

G T8 1101

DB 108 1=z1.NF

DALTA (1)sF(1)=FP(I)
Y(I)aSY(1)+V#DALTA (])#ENDH

JUMpsl

53 78 1101
NSseeeaes TEST FBR DOUBLINGs IF ‘8K, BEGIN NEST STEe~ AFTER DOUBLING



958,000.

959.000
963+000
941,000
962.000
943,000
S24.000
843200
5664000
957+000
29643.000
969.000
873+0020

971.000

©72+:000
973+300
97443500
873000
9756+000
977220
2784003
973+.220
980000
931,000
952,000
9330300
S84.4000
922,000

1101
1150
1151

ccecc
ccecc
ccccc
ccecc
ccecc

135

[F(ABS(TI IM=T)=ABS(2.0%H)11000,1000,111
IF{KDELY=4)100041202120
IF(AQSt2.0#H)I=ARS(HMAX))1215121,1000

D3 125 14isNF ‘ .
IF(ABS({DALTA (1))<ERROBR/(128.04ARS(H)))125,125,1000
CANTINUE

[F(VaeaCLIF=0s0625)130,100021000

CINTINUE

HsZs0O%#H

DR 135 T1a1aNF

A(I)=2.0%A(1Y

B{l)=4+0%B(I)

Ctly=zRs0x%C( 1)

DtIyzlses0%D(1)

KDELY=0

G3 T76.1000

CaNTINuUE

FIRMAT(/,2XstHH =1,2XsF1006014Xs 'KSTP =122X,13210X5 'DAL3AC(I)Y /)
FARMAT(5(2Xs1221%X2EL407)).

RETURN

END’

SJBREBJTINE DFBUG(ANN)
19U=102



shl

946000
287,000
938.030
922.000
932,000
991200
9224200
933.000
9944000
S$33.000
9354000
937,000
932.0200
333.200
10004000
1051.000
1002.000
10034000
109%4-020
1023-.020
1005.020
1007020
10538.009

1009.030

10613.+200
10114320
1012090
1013,000
101“0000

1000

2000
2001

WTTE(13111000) 4, N

FIRMAT (1M 2Xs 1431 5E140751Xs INaty 14)

RETURN

EnD

SUBREBJTINE PROU

CaMMeN YP1(5);Y1(S):XPR1;XEVDi.DXPR14X1,DX1.NEliINTi:INTCIIINl:Iﬁl
1,EL1,ARFAL, U

CaMMagN FRRER1OXMAXL, TEMPL,HFGT31¢10),CaNg1t .
CaMMSN-RHSi:NI:WM01:HDi.TAIR1.CLD1.RH::ALBAerTw51:TA1;TWSAi;EWi:
1€A1,H381,.4581

C3MMeN 4§R1:HBB1;EBR1:EVAP1;HE1‘Hc1;HLYMN1:PTBL1(10):TTBL1(10):
1WMS1,C8N8TY

C3IMMBN C(IFi;HF?i;HBCl.CLDil,CL021.CLD31:DALPi:DALPRirDCLDl;DRHl:
1DTAIR1:DTA1:DN1-DNM81:DWMD11DEA1:DEWl:DLYMNipDBTUSl:NTEMplo
2STT3L14(1n) 2 XTRLL(10)

CIiMMaN C(iOOO):TA(1000))PHI(1000).N(1000):TW(1000)

CaMMaN NrAgs NDAs DELT(S0), 10Agt50)

CSMMSV'NLN}IN:IQU:DTJNTA:IDA

CamMMaN CTA(S0)»TATA(S0)»PHITA(SA)LWTA(50),TWTA(S0)

C3IMMBAN UAIELICC‘TAIRIINAIRHONSP

CIiMmeN INT2, TNT3,DCsDTASDRPHILDW, DTW, INVS, IFLAG

C3IMMBN DM21,RETA '

CIMMIN- LBG1sNDAS

COMMBN 1CAS,PRP(50,10)

WRITE(I8U,2000) .

FIRMAT(1H0,2X%s 'PRIBABILITY CHART ' /22Xa60( 1 %1))
WRITE(ISUaaooi)(DzLT(I),Ial.NCAS)

FORMAT (1H0s10X210(EL10e321.X))

D2 10 l=214NDAS



9fl

10130030
1016220
1017300
1015300

1013.000.

15924000
15014000
15024000
15930000
159740000
1595-QOQ
15356000
1557200
1533220
15205.000
1515.000
15114000
1512500
1513+000
1514.0C0
1513.000
1516.000
1517+200
1518+020
1519000
15234000
1520:010
1520,020

2002
e

WRITE(I81i22002) IDAS(I )2 (PRP(I,.0)seq1sNCAS)
FIRMAT1H012X2 152 1X25(E10e321X))
CAINTINUF

RZTURN
gD

SUBRIBUTINE vFRNSN

C3aMMEN

YP1(5)4Y1(5)2XPR1sXEND1,DXPR1,X1aDX1,NEL, INT1,INTCL1s INL, 16

1sEL1,ARE AL U

CaMMgy
C3MmaN

FRRER1,DXMAX1) TEMP1,HFSTR1(10)2CaNg11
RHO1,W1sWMD124D1, TAIR14CLD1,)RHI ALBARLTWSL1sTAL, TWSAL,EWL,

1E41,H381,HS!

CaMmMeN

MGR1,HIB1,FRRIPEVAPLIIHE 1 HC1 o HLYMNL,RPTBLLI (100 TTBL1(10).,

1WM51,C28NSTY

CamMmeN

1DTAIRY,

Cl IF1sHF31,HAC1,CLO11,CID21,CLD31sDALP1,DALPR1,DCLDL,DRHL,
DTAL,DWL,DWMS1)DWMD1EDEA1,DEWLDLYMNL,DBTUS1,NTEMP L,

25TT3L1(10)sXT3L1(10)

CamMagN
CIMmeN
CIMmaN
C3MuaN
CIMMEN
CaMuaN
CIOMMBN
CAMMBN
CIMmMeN

COL1000)s TA(LO00),PHI(1000)»W(1000),TW(1000)
NCASs NDOA» DELT(50)s [DAS(50)

NENS INS TRUSDTANTA, IDA
CTA(SOYaTATA(RO)LPHITA(RO)YsWTA(SQ)» TWTA(S0)
quELICCITAIRITNAIRH‘WSP

INT2, INT3DCDTALDPHILDOWLDTWS INVSS IFLAG
NM21,BETA

_AG1sNDAS

IrASsPRP(50,10)

DIMENSISN PR({10)sT7(100)
D3 3 I=1,NCAS
PR(1)20.



Lhl

1522030

15214090

1522.200

153,000
157244000
1523.060
1524.000
1827.000
1528.200

1523.010

1528020
18284330
1332.000
1532.300
15330290

1334.000

1535.000
1536.000
1537020
1533+000
1539.000
1542.000
1841.000
1542.0090

15434000

1544,000

1843000

1546+,020
1547.000

c

3 CaNTIvUE

‘NIA=s NUMRER BF DAYS IN THE CASF
NDA=sY ’

NClsNUN/R

FNDAZNDAXS

FNDA=1+/FNDA
READ(INS1020V(T7{1)aTu1,NCY)

1020 FIRMAT(4F10+3)

D3 5 I=1,NC1 _
WRTTE(1S1,2001)T71(1)

2001 FIRVAT(/)2XsF14,7)
‘5 CINTINUE

IF(NDA=NFL) 104999,999

10 CINTINUE:

NJIF=NC1=NDA
ENUMZD.

‘DENzQ»

DEN320.

D3 20 lansi,NDIF
C3=0.

TASsO0

P+4IS=0.

W330o

r48=0c

D5 30 1x1sNDA
D340 J=1.8
IQTQS*(I?O*I-1)+JF8
CSacs + c(INT)
TAS=TAS & TACINTY



8hl

15424000

1543000
155;-030

[ e
C1 O1 VY LA ()
ul Ul Ut G Gy

15373020
1553000
1853.,050
158624200
1541040
15424200
1563.000
1554.000
154634030
1354.20C
18475300
13548030
1563.000
1572000
1571500
1572.+000

1573200

1574%000
15750QOO
1576+0500

&)1

40
30

PH1S=PHIS + PHI(INT)
W3=48 + W(INT)
CANTINUE

CaNTINuUE

C3s CS#FNDA

TAS=s TAS«FNDA
P4I3=PHIS*FNDA

W3= WS*ENDA
TAS=T7(120)

INT2: F3) LBWING DAY
INT2=2 120+NDA

C]_S:Oa

Tals=z0.

P4118=Ot

A1S=2Qe

TwlszOe

03 SO I=118

INT3: THF ACTUALL PBSITIAN IN THF
INT3=2INTP#&=R+1
C18=C18+C (INT3)
TalS=TALS+TACINTS)
PH11S=P<411S+PHI (INT3)
W1S=WiS+W(INT3)
TH1lS=TWIS+TW(INTR)
CANTINUF
ClS:ClS*-iES
TALS=TA1S*e175
PH4l1s=PHT1S%.125

DAY



6l

15774000 W1Saw1Se,125

1578.+000 TWiS=TWiS*s 155

1579.000 DC=C1s-Cg

15490,200 DTA=TA1S=~TAS

1531,000 DPHI=PHI1S=FHIS

1542000 DA=iW1Sens

15%3+300 DTW2aTW{S«TWS

1534200 STT3L1(1ysTW1S

15354000 STTAL1(P)aTW1S

1585.0900 XTBL1(15=20e

1587.000 XTEL1(2y=25000,

15384000 NTEMPL:=?

1539.000 INVSEINTA#8=4

1530+020. CALL CIMP(ENUMsDEN)

1591200 D2 50 ICAS=1,NCAS _
15924220 IF(ABS(Y1(1))=DRELT(ICAS)) 65,65,70
1593.000° &5 C3NTINUF

15942200 _ PRUTCAS)=PR(ICAS )41,

15954000 70 C3NTINUE
1595.000 60 CINTINUE
1527,000 20 C3INTINJE

1538+200. DENP=\NDIF ,

15394200 D3 75 ICAS=1,NCAS

1603+020 . PR{ICAS)=PR(1CAS)/DENP

1601000 73 C3NtiNue _

1621010 WRITE(I8U22000) (PR(I1s1212NCAS)H

16310020 2000 FORMAT(7,2Xs1STATIBN 7 RESULTS1410(F6+3,1X))
16014225 RETURN. '
1601.030 993 CaNTINJE

1601040 WRITE(I3,4000)

1631.050 4000 FIRMAT(/,2X21T89 SMALL!)
1601060 CALL EXIT

16022000 RETURN

11603000 END



APPENDIX D
THEORY OF THE SENSITIVITY ANALYSIS

In this appendix the development of the equation (1) is
discussed together with the problems of convergence and
averaging of the data. The sensitivity analysis is further
discussed with the exact solution being developed for the
constant coefficient equation.

THE GENERAL STREAM MODEL

The equation (1) is developed from the energy equation
heat fluxes shown in Figure 1. The development of this
equation is based on a Taylor's expansion of the dependent
variable, T , about the position, x , downstream:

T(x + dx) = T(x) + %% (x) ax . (D-1)
Use of this Taylor's expansion together with the conserva-

tion of energy for the control volume in Figure 1 yields:
uA T(x) - ud [T(x) + gl (x) ax] +
X

o .
(D-2)
The first term is the enthalpy transport into the control
volume; the second term is the analogous transport out of
the control volume; the third term is the total heat flux
at the air/water interface. Some minor algebra on equation
(D-2) yields equation (1), assuming that the quantities u,

A, and & vary slowly along the stream.

+ 2 Ax [Qpag = Qref = %Back - %vap T %conv * Qmisc!

The equation (1) holds between points at which flows and/or
heated effluents are added to the stream. Many authors
directly integrate eqguation (1) over a station length, Ax ,
assuming the fluxes and u, A, £ to be constant over that
distance. The result is simply

x+Ax% x+Ax

uA dT .
T ax @%
X

[Qraa = Qref = %Back * QEvap
X

+ QConv + QMisc] dx '

150



uA
g [T+ &x) = T = [Qpag =~ %es ™ %ack ~ %vap

+ QConv + QMisc] Ax '

= g
T(x + Ax) = T(x) + gx [Opag = Qres ~ %ack ~ Qrvap

* Qconv + Quiscl A% : . (D=3)
It is possible to then incorporate heat fluxes not covered
by those at the air/water interface in the OMise term,
simplifying the coding and the model considerably. Two
aspects of this concept should be emphasized: 1) all models
are similar to this model and are within a small error that
is a function of the mesh size, and 2) the convergence of
the procedure can be shown from previous literature.

Suppose that an alternate model is used in which the fluxes
are redistributed, i.e., the total flux may be the same but
the model assumptions causes a difference in the flux at
any position x . Then this difference can be represented
as a quantity proportional to the station length, 4x .

For example:

Qpag(X + 8%x) = Qp_ s (x) + 0(&x) . (D-1)

But the introduction of this expression into equation (D-3)
will introduce a term of order Ax? (0(Ax2)), which can be
made appropriately small by a suitable choice of Ax . Thus,
all correctly formulated models will be a measurable error
away from the general model described by equation (1).

The question of numerical convergence of the solution is
discussed in general by Salvadori and Baron [1961], p. 116.
Much of the information provided by them can be directly
applied to this problem,

Suppose a general problem:.takes the:form
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Y

f(x, y) '
v(0) = Yo . ({D-5)
If Euler's method is taken as an example the form for the

integration is

Yi+1 = Yi + f(xi ’ Yi)h 1] (D-6)

which is seen to be identical in form to equation (D-3).
From p. 91 in Salvadori and Baron

X
y(x) = /f(z) dz '
a
vix) = f(x) '
vy {x) = £(x) ’
(n)
y (x) = £0"M(xy | (D-7)

A Taylor's expansion about x vyields:

2 . 3 .
y(xth) = y(x) & 200 + 520 800 ¢ Bl f(x) + - .
) ) : (D-8)
From this the following expressions can be evaluated
xX+h
I, = / f(z) dz = y(x+h) - y(x) ’
X

h . h3 .

= hlf(x) + 5T f(x) + 3T fix) + ---] ’ (D-9)

and
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x+h
I, = J/‘ £(z) dz = y{x+h) - y(x-h) ’
xX%h

3 5
= f2he + B reo + BT g 4y
(D-10)
From Taylor's theorem and equation (D-6)
h2 - .
y(x+h) = y(x) + hf(x) + 37 £(X) (D-11)

and the error is proportional to the maximum value of the
second derivative. With these fundamentals set down the
error for the equation

dar _ 0% (D-12)
dx uApc

can be readily found. From the general analysis the error
is bounded by the expression

X% [ggl Ax .

|T
a
*' max (D-13)

Approximate TExactI ~ ulpc

An expression similar to (D-13) is easily developed for
~bounding the station length

|ATa110wable
Ax . D-14
Xmax * 199, ( )
ulApc dx
max

From experience, a convergent Ax can easily be obtained
for this differential equation since the heat fluxes are
generally very small and have small derivaties.
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DATA AVERAGING

For small changes in temperature the equation (1) will be
quasi-linear. Thus, the theory of linear equations can be
applied to the problem. This is very important since
average data will produce average output to such a model,
while a nonlinear model will not yieéld results of this

type.

To prove this it is necessary to examine the theory from a
different viewpoint. For example, the temperature at any
point x downstream from the disturbance can always be
represented from the linear equation in the form

X
T = ) fKi(x, £) 04 (5) daE (p-15)
i 0

where the integral occurs over the domain of interest and

the kernel function Ki(x, £) relates the effect of the

i'th heat flux Qi(g) at the position & to the temperature
T(x) at the position Xx ; the sum produces the effects of
all of the heat fluxes. Since the expression is linear , it
can be summed over several sets of heat fluxes to ocbtain the
sum of temperatures as follows

n n X
>, e = >3 fKi(x, £) 0;4(8) a& .
] i 3 0

(D-16)

Suppose that eguation (D-16) is rearranged and both sides
of the equation divided by the number of temperatures n :

n bid n

1 Q..

Y T () = > /Ki<x, o Y 3 a .
] oo 3 (D-17)

This proves that the effects of the heat fluxes can be
averaged and the equation used to compute an average tem-
perature. This would not be true for a nonlinear equation
and is a significant result.
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THE SENSITIVITY ANALYSIS

The fundamental equation for the sensitivity analysis is
developed by varying both sides of the solution equation
(1):

dséT %
ax = &Eu §Q ’ ({D-18)

where d6Q 1is the change in the heat fluxes and 6T the
resulting change in the stream temperature. The initial
condition for the equation is

§T(0) = 8Ty (D-19)

i.e., an initial error in temperature 6Ty is known at a
point in the stream, which allows the computation of the
error at points downstream.

On closer examination of 680 the linearity of the solution
emerges. The individual terms are

o} = 1.9 sin & (-0.0018 C2 6C) (0.61)
Solar
+ (1.0 - 0.0006 C3) (1.9 cos & &a) (0.061)

8Q 3 50 (0.061) - & o 83 (0.061)

Reflected - ~Solar _2 “solar !

o (63
1 5

8Qpack = (1.0 = 0.0765 C) (gg73) (= 0.09(3 6T) - 0.046 8¢)

: 5
- 0.0765 5C(g§l7§)(14.38 - 0.09(g(T - 32) - 0.046 ¢) ,
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phf

= -3 Se, - &
6QEvaporation - 2040 (0.35)(1.0 + 9.8 x 10 Wz)( ew ea)

oh _
+ 59 (0.35) (9.8 x 1073 6W,) (e - &)

5
= - ey L] 1
$Qconvection 39.0 (0.077 &wW,) (T T,) (3) (0.061)

+39.0 (0.26 + 0.077 W,) (8T = §T,) () (0.061)

(D-20)

Note that small changes in the heat fluxes imply like changes
in §8T. Thus, the justification in linearizing the analysis.
The equation (D-18) is solved in this investigation using
numerical analysis procedures. However, for constant coef-
ficients in equation (D-18), the equation can be solved in
closed form. Symbolically the equation can be written as:

AT = L [-Cy8T 4 Cy + Cy + ==- Cpl (D-21)

where the C; are constants. The solution to this equation
is found in two parts, a homogeneous solution decaying with
distance and particular solutions that are constant. The
homogeneous solution is found by assuming it in the form

§T = A e %X (D-22)

where A is an initial amplitude and o is the decay rate.
Substitutioh into equation (D-21) yields

-(@) e = - R, (D-23)
which finds a to be
- 2 _
a = XY C1 . (D-24)
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The particular solutions are found from

c,
§T; = E’:' ' ‘ (D-25)

where i =2, ---, m . It is on this basis that the
sensitivity analysis is completed.
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