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ABSTRACT

The Columbia River from the Pacific Ocean to Bonneville Dam
is treated as a series of two-dimensional finite elements in the
formulation of a mathematical model of the system.

Currents and stages are sfmulated along the river via an
explicit solution of the one-dimensional equations of motion and
continuity; two-dimensional conditions in the horizontal are
approaghed by means of a branched network of connecting channels and.
junctions. Computed net velocities and stages are used as inout to
~the advection-diffusion equation and solutions are obtained for
any coupled (e.g., BOD-DO) or uncoupled, first order reaction,
conservative and/or non-conservative substance.

Emphasis is placed on obtaining a solution for temperature as
the dependent variable. Allowance is made for input of meteorological
variables and a stepwise heat budget computation is made in order
to predict temperature conditions on an hourly basis.

A discussion of some existing pollution models, numerical
methods and error sources is given; computer programs and program

notes are listed.



INTRODUCTION

This report is one result of a 1968 FWPCA decision to model
the Columbia River system from the Canadian border to the Pacific
Ocean for the purpose of evaluating existing and/or potential
thermai pollution problems. Described here are the mathematical
procedures, elementary theory, and documentation of computer pro-
grams employed in the lower Columbia study.

‘?art II of this report describes input procedures, provides
a test program and gives examples of actual output. Verification
procedures will also be given.

This work considers that portioﬁ of the Columbia from the
Pacific Ocean to Bonnevii]e Dam (Figure 1). The system above
Bonneville has been treated as comprised of unstratified reservoirs
(Morse, 1963) and stratified reservoirs (WRE, 1969).

At Tow flow, tidal effects in the form of a small diurnal
tidal rise and fall are observable at the dam; by some definitions,
the system up to the dam could be considered an estuary. However,
the estuarine portion is usually restricted to that semi-enclosed
part of the Tower river where salt water is present. The fresh-
water portion of the river, where ocean generated tidal effects
occur, is called the tidal river.

In order to model the entire 146 miles of the Columbia to the

dam, a rather large computational effort is required. Because
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the system includes estuarine to river-run circulation patterns,
it was felt that a time record of longitudinal tidal flows and
stage elevations would be required. Because there are many islands
and tributaries on the main stream, it was also felt that these
features should be inéorporated in the model.

One method of solving this problem would have been to start
from scratch and develop an in-house model of the system. However,

the existence of a rather ingenious model developed by Water

Resource Engineers of California (WRE) for the San Francisco Bay-
Delta system tended to discourage this approach especially as the
model had proved to be quite versatile in handling a number of
situations. Foremost in these considerétions was the ability of
the model to approach two-dimensional (horizontally) conditions;
not the least was the fact that several years of running experience
were built into it.

Accordingly, copies of the program and decks were obtained
from the Southwest Region of the FWPCA - the original contracting
agency* - through the courtesy of Dr. Howard Harris and Mr. Ken
Feigner**, who explained the basic workings of the programs, made
suggestions on schematization and provided us with many helpful

suggestions and comments.

*Actually, Public Health Service before the creation of the FWPCA.

**Note added in press. Mr. Feigner is currently completing a
documentation of FWPCA experience with the model in San Francisco
and San Diego waters. It will serve as a valuable accompaniment
to the present description.



The computer program developed by WRE did not treat
temperature as such, hence, it was modified by us to accept
temperature as a variable. Because of the general nature of the
water quality portion of the program, i.e., its ability to handle
conservative and non-conservative substances and to couple them if
required, it was decided to retain those features rather than strip
the model to handle only temperature. Thus, the description that
follows emphasizes the methods employed in the temperature compu-
tations, but not at the exclusion of DO or BOD or any other sub-
stance.

It should be borne in mind that this is in actuality a one-
dimensional model although provision is made to branch flows at
junctions. Any substance discharged into a junction, is by the
one-dimensional assumption, assumed to completely mix throughout
the junction at each time step before being advected or diffused
to another junction through a channel. Any numerical model will
have similar artificialities; unfortunately, it is usually left to
the user to uncover them for himself. Because the program
received was undocumented, it was felt necessary to document it
for those who might want to employ it for production runs. Rather
than give only a description of card input requirements,'a full
documentation was developed because of the rather extensive knowl-

edge required to understand the entire program. To mention a few



of the subjects involved: open channel flow, diffusion and
dispersion processes, numerical methods, sanitary engineering and
heat budget methods in addition to estuarine flow processes. If
the user is to be other than a knob turner, he should develop capa-
bility in these fields. If the program notes and literature cited
are studied carefully, they should provide an independent start

for getting on the estuary bandwagon complete with thermal pollu-

tion weaponry.

Models of Pollution Problems

Based on the premise that many marine pollution problems can
be solved via computer methods, this section sets forth assump-
tions and limitations of some models currently in use. The "prob-
lem" is stipulated to be relatable to the physical environment,
i.e., whether or not a bad situation will result is predictable on
the basis of the pollutant's reaction rate and the hydrodynamic
situation in the effluent discharge area. The condition is thus
restricted to the prediction of the concentration of a specific
pollutant at a given time and place given certain information on
discharge rates, concentrations, and flow and diffusion in the
estuary. How these predicted concentrations will affect the biota
or whether or not they will Tead to synergistic or antagonistic

reactions is not discussed.



Deterministic (as opposed to stochastic) models of the
environment are either steady-state or time varying. The steady-
state assumption simply means that there is no concentration
change of a substance or property with time. The effluent is
discharged at a constant rate, and has been discharged for a long
enough period to come into equilibrium with the receiving waters;
any fresh water flow to the environment is constant, diffusion
rates and other characteristics are also steady. The topography
of the estuary can be modeled quite closely, i.e., any tide level.
cross-sectional areas can be incorporated to show the irregular
nature of the geographic setting. However, the effect of tidal
height variations on cross-sectional areas (hence, water volume
changes) and tidal current fluctuations cannot be modeled here
except by repeated application of the steady-state case, in which
case there would evolve a process of simulation. Simulation of
various reaction rates, river flows, diffusion and reaeration
rates is a logical extension of the steady-state assumption ahd
perhaps the best justification for its use. For, by simulation,
the expected range of concentration of a given pollutant can be
easily explored by use of a steady-state digital model. Input
information to a complex area can be obtained from existing hydro-
graphic charts, flows can usually be extracted from federal or

local government publications or files. The actual use of a



developed steady-state model, as opposed to the judgement
necessary to carry out a realistic simulation, is elementary.
(Interpretation of results is, as always, the ultimate hangup;
however, this does not relate to the present discussion.) The
steady-state model, then, is useful in a situation where a rapid,
first-cut approximation to a situation will suffice. In a highly
complex industrialized setting such as the Delaware Estuary, the
steady-state case has been used as the foundation of a linear pro-
gramming méthod of meeting certain water quality standards. For
instance, if wastes of known volume, concentration, and reaction
rates are discharged at various locations along some miles of an
estuary and a dissolved oxygen standard of, say, 5 pbm 1s'to be
obtained, the Tinear programming concept can be used in conjunction
with the steady-state case to ensure that this goal will be met
most of the time and at the least expense to the parties involved.
Various external constraints are, of course, involved here, but
the tools are available for the exercise of logical and unarbi-
trary decision making. Progress in extending this concept to the
dynamic situation is underway. It is safe to predict that tool-
mak1n§ will precede the implementation of these devices. The
reason for this will be obvious to any manager who is or has been
involved with a decision that has crossed political boundaries

not to mention intra- or interstate geographic boundaries.



While the steady-state model has its uses, it also has its
drawbacks. The fact is steady-state situations in nature don't
really exist; hence, the absolute verification of such a condition
is impossible. Most such problems haQe escape hatches; with the
environmental scientist or engineer, the size of the hatch opening
depends on how lToose a definition of steady-state he is willing to
accept. The purist will not be satisfied that steady-state veri-
fication has, in fact, been accompliished; ﬁagging doubts will
remain until he has gained: 1) expéfience with such models,

2) judgement on how critical a condition of, say, flow variation
with time really is, 3) the realization that one is not usdally
concerned with precision in, e.g., the second decimal of the D.O.
concentration.

Thus.far; mention has not been made of the dimensionality of
- the problem. Here is meant the variation-of.water gquality con-
ditions with depth across stream and along the axis of the stream.
The first stream model, proposed by Streeter and Phelps (1925),
dealt with a freshwater condition and no variation of density was;
assumed with depth. Lateral (cross-stream) variations were also
neglected, hence, the only gradient in concentration allowed was
longitudinal (along the stream axis). Vertical variations in
density occur in fresh water bodies, but urnless the stream is
deep, turbulent mixing ensures that such gradients are minimized.

Obvious exceptions occur in the entrance of a stream to the



headwaters of a reservoir. The reservoir may be markedly stratjfied
during summer; use of a one-dimensional model obviously doesn't
make sense in such a case although it could be implemented to
grind out neat rows of numbers.

Proceeding from the freshwater to the Seawater environment
also usually means leaving the quasi-one-dimensional state and
entering at least a periodically stratified water body. In the salt
water portion of an estuary, one-dimensionality has in the past
been inferred from a vertical profile of salinity showing 1ittle or
no variation. The steady—state velocity distribution was also
assumed to be invariant from top to bottom. Recent theoretical
investigations.(Hansen and Rattray, 1965) have shown that the verti-
cal current profile need not be exactly related to the salinity
distribution, although one's intuition would probably argue other-

wise.

Qther (Large Scale) Models

Presented here is a brief discussion of the basic philosophy
and assumptions underlying models such as used by Thomann,
0'Connor, and others on the East Coast and the modified Water
Resources Engineers model used.here, Then a description of the
~general flow diagram of the entire system is given in order that
the functional interrelationships of the different parts of the

system become familiar before discussing them in detail individually.
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It is noted that the primary difference between the WRE
model and that of Thomann (1963) is that the former representation
of estuarine flow computes intratidal velocities, while the latter
doesn't. There is, then a difference in viewpoint on how big a
time average one is justified in taking. The original Thomann
model used a time average of one day (numerical step size is
smaller). One reason for this large time average is a matter of
philosophy, namely that pollution control measures (measures that
the model output indicates should be taken) on the order of a day
are feasible, but those on a scale of hours generally are not. A
recent paper by 0'Connor, et al., (1968), indicates that the
"...flux due to the tidal velocity, however, is too complex to be
explicitly included in the mass balance." 0'Connor's model
integrates from slack tide to slack tide "...when the tidal
velocity is zero."

One may argue that Thomann's original model took too large a
time bite; but it must be remembered that his verification period
consisted in simulating the dissolved oxygen profile at various
points in the Delaware for one year. Shorter time periods, on the
order of the WRE model, could have been included but the input-
output problems would have been horrendous, to put it mildly.
Accepting the idea that control measures in the Delaware need not

be instantaneous, then it is doubtful that much would have really
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been gained by reducing the time step significantly, if it is
assumed that the short time hydraulic effects do not affect the
overall waste distribution computed. In any event, the time
average employed is quite an important consideration and must be
carefully spelled out.

The hydrography of the Columbia River is quite different from
the Delaware. Discharge at the mouth is some 40 to 100 times as
great; saltwater penetration is at most 25 miles upstream (Hansen,
1965), while in the Delaware, it is about three to four times that;
tides are mixed, etc. The Columbia contains many islands and
several channels may cut through small areas of the river. Tidal
current reversal in the Columbia occurs‘some 75 to 100 miles
upstream during low flow, although tide effects (vertical motion)
can be seen at Bonneville Dam (Mile 146).

The steady-state assumption is an attractive one if for no
other reason than that programming and computational effort necessary
to achieve it is slight compared to the transient cases.

The use of a one-dimensional model is another questionable
assumption, even though the model discussed is a "quasi" two-
dimensional system. Obviously, in a stream as large as the
Columbia, cross-channel velocity variations will be quite large;
simulating a point source outfall on one bank of the river and
then insisting that the effluent will be immediately and completely

mixed in that particular cross-section is asking even the most
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devout simulation enthusiast to swallow a bit much. This is
particularly true in the light of recent evidence that Taylor-
type mixing probably won't occur for some distance (large
diffusion time) downstream of a point source (Fischer, 1968). It
is also true that the downstream distribution of waste discharged
close to a bank in a large river system (width/depth ratio >>1)
will usually be constrained to remain near that bank for some
distance downstream. The utility of the model being used, then,
is not in the simulation of small scale events, but as an indicator
of the meteorological effects on a very large system. It is not
unlikely that a small-scale model of waste heat discharge to the
Columbia will encompass a single junction of the large model.
Recent work by Leendertse (1967) and W. Hansen {1966) on two-
dimensional modeling will certainly provide a major step forward
in solving pollution problems in embayments and coastal regions.
In treating the nonsteady dispersion equation, a great deal
of computational effort is devoted to computing velocities in a
(finite-grid) network of channels. If one were able to specify
the velocities functionally then the largest part of the problem
would be solved since the dispersion equation could be solved
directly. 1In addition, if the diffusion coefficients were known
functionally or could be assumed constant, another saving in
labor could be effected. Such is not the case, unfortunately, and

resort must be made to a scheme which will solve the momentum and
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continuity equations in such a fashion that 1) the tide wave
amplitude and phase are verified with distance from the input wave
and 2) flows and direction of flows are in reasonable agreement
with known input lateral and mainstream flows. The constitution
of a "reasonable" agreement between observed and computed flow is
not easy to discern since there will always be discrepancies in,
among other things, input conditions assumed and those actually
occurring. This is, then, a problem of verification, which is

discussed in Part II.

General Model Features

Several widely scattered papers héve been published on the
water quality aspects of the WRE model, for instance, Shubinski
et al. (1965), and Orlob et al. (1967). A recent paper by Orlob
(1968) discusses the various processes involved in modifying con-
centrations, particular their relation to the model's channels and
Junctions (or nodes).

In the model, phySical characteristics of a real setting
(Figure 2) are represented by junctions which occur at physical
branches or at somewhat arbitrary spacings between branches in a
network of channels and junctions.

dunciions connect short straight segments of regular cross-
section; these segments are termed channels. Inflow-outflow

occurs at the junctions which are characterized by a volume,
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surface area, and head; in addition, constituent mass, decay, and
growth rates are junction properties.

A channel is characterized by length, width, cross-sectional
area, and hydraulic radius; in addition, net flows, velocities
and friction are channel properties.

In essence, storage is provided at the junctions as well as
potential and input-output; the channels provide conveyance
between junctions.

Figure 2 summarizes the processes occuring in a schematic
junction of a channel network.

At Junction 2, net change in heat or mass, AM, durihg a time

step is brought about by the following:

AM = Advection + Diffusion * Heat transfer process
+ Surface mass transfer + Growth + Import

- Evaporation - Decay -‘Export.

Of course, change may only occur by processes of advection and

diffusion or in combination with the remaining terms. If only

temperature is being considered then only the first three terms

on the right are used, since evaporation is computed separate1y;
The above is an expression of the advection-diffusion

- equation with source and sink terms and is solved numerically

in the water quality program using the hydraulfc program input
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in the advection term. If the solution is in terms of temperature

(as a constituent) then it is an expression of the energy equation.

General Flow Diagram

In summary, the programs solve for current velocity and tide
stage in one program; net velocities and heads are averaged over a
suitable time period in a subroutine which is used as input to a
stepwise solution of the dispersion equation.

Referring to Figure 3, the following step-by-step description
of the general computer program can be used to define what is
happening from the initial step of obtaining depth information to
the final one of printing out predicted température or concentra-
tions. As indicated above, most of the work occurs in step 2

(diffusion coefficients are introduced in step 7).
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General Flow Diagram
For Use with Figure 3

1. Initial and boundary conditions, junction and channel
data, such as cross-sectional areas and channel lengths, are read
into Program HYDRA.

2. HYDRA computes heads at each junction and velocities
and flows in each channel. These data are printed versus time
(3) and/or summarized in subroutine HYDEX (4). Program will
terminate after (3) if HYDEX is not called.

3. Print routine can be scheduled to 1ist all or portions
of the output.

4, HYDEX averages the data over certain time intervals
(e.g., 15-30 minutes) for input to binary tape (6) and/or averages
heads, flows and velocities for tidal cycles, days, etc., for
printout.

5.  Printout from HYDEX; execution will terminate here if
QUAL is not used.

6. Net flows computed in HYDEX are stored in binary for
use by QUAL.

7. Program QUAL needs average net channel flows calculated
in HYDEX to run. From input initial and boundary conditions,
QUAL computes concentrations of substances released at any net-

work junction, allows for diversions and return flows, etc.
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8. Local climatological data (net radiation - computed or
observed, air temperature, cloud cover, wind speed, etc.) are read
into subroutine METDTA if temperature is a constituent (9).

9. METDTA interpolates incoming radiation and other terms
to conform to the selected quality time step.

10. Printout of meteorological data.

11. Printout of temperature and/or concentrations (up to
five constituents are allowed) occurs here. Program may termi-
nate here or pass to 13.

12. If subroutine EXQUA is called, data is stored on binary
for execution by EXQUA. (Subroutine EXQUA is not discussed in this
report but will be made available on request.)

13. EXQUA can be reprogrammed to summarize data in a manner
similar to HYDEX (4).

14. Printout of a computation using EXQUA would be the final
step.



MATHEMATICAL METHODS

Differential Equations - Terminology and Assumptions

The programs discussed present numerical solutions to one-
dimensional linear or nonlinear partial differential equations
that are coupled or uncoupled for substances that are conservative
or nonconservative. The foregoing jargon is helpful in seeing
through the bramble bush of the leapfrog solutions and other
manipulations which are conceptually simple, but sometimes hard
to follow. When all is said and done, we are faced with solving
the "fundamental equation of linear sanitary engineering" which,

in operational form in one-dimension, is:
1) s d d 0 =
[ﬁ- - -a_x‘ (DL gi‘) + u 'a—x‘J (Lg Cg Tg.-o) - ZS’

where BOD (L), D.0. (C), Temperature (T), etc., can be expressed
as a sum of sources and sinks (zS).

Expressing equation (1) in the simplest form for all three

variables:
2) aL 32L oL _
5t - DL k2 * Uk - Kb
3) oC _ 32C aC _ _ -
4) oT 927 T _

it s tuix=K(Te-T)
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L = BOD concentration

C = DO concentration

CS = DO saturation concentration

DL = Coefficient of long. dispersion

K] = Decay rate

K2 = Reaeration rate

K3 = A thermal exchange rate
T = Water temperature

Te = Equilibrium temperature

u Mean velocity.

The equations differ only in the source and sink terms which
are peculijar to thé particular substance. If there were no
reaction terms (K1 = K2 = K3 = 0), then the solution for one sub-
stance would be a simple multiple of another if, and only if,
the diffusion rate, DL’ for each were equal and constant or varied
alike with distance. (Such a condition is known as the Reynolds
analogy, i.e., assuming that turbulent transfer rate of, say, heat
fs the same as that of oxygen.)

It can be seen that (2) must be solved for L before (3) can
be computed (if the reaction rates are nonzero). The two equations
are thus said to be coupled through L. If the reaction rates are
noniero, the substance {e.g., BOD) is said to be nonconservative;

salinity is an example of a conservative substance.
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The one-dimensional assumption is inherent in equation (1)
as change is allowed only in the x (longitudinal) direction.
Equation (1) is the simplified form of the local time change. In

full bloom, the operator is written as:

[%f +y %§-+ v %§'+ w %E" gi' [DX %iJ
SR
where the y, z diffusion terms are allowed to vary. This equation
is merely a statement; it says nothing about what processes are
affecting the distribution (see Sverdryp, et al., Chapter Vv, 1942,
for an excellent discussion of the distribution of variables).
Sometimes the longitudinal and/or vertical terms are neglected

because the velocities involved are assumed to be very small. It

may be that that is so, but it can also be true that the y and z
a_
ay
be negligible. If the cross-stream and vertical advection terms

~gradients are very large so that the products (v <=, w %30 may not
are to be neglected then they must either effectively cancel each
other or be very small. When calling on the one-dimensional
assumption, the gradients involved must be assumed to be negligible;
this is the condition that obtains when an estuary is "well-mixed."
The remaining terms to be discussed concern linearity. The
so-called non-linear terms, if not neglected, cause dreadfuls to

occur. If a system of equations is linear, and a certain solution
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is found for the system, then additional solutions can be obtained
by multiplying the answers {which might be the longitudinal BND
concentrations) by any given number. This number might correspond
to, say, an increase or decrease in waste treatment. At any rate,
the solutions are said to be superposable. If the system is non-
linear, then multiplying by a number in one position will not
necessarily give a proportional output as the answer somewhere else.
As a result, many, many analytical solutions may be required to
determine the output in a nonlinear system, where a single solution
may suffice in a linear one.

In dealing with the hydraulic equation (for a complete dis-
cussion, see Dronkers (1964), Baltzer and Lai (1968), and

2
Leendertse (1967)), retention of the nonlinear term (u %%-= %‘%%"‘*

is usually required since it may be at least equal in magnitude

to the linear terms. A tide wave becomes distorted with distance
upstream because of changes in channel confiquration and roughness
through this nonlinear term and the nonlinear frictional term
(ku?). This is implied from the characteristic of linear s&stems
by noting that the output generated by a sinusoidal input is

also strictly sinusoidal even though the phase may be shifted

*Also called the convective-inertial term or the advection of

momentum term or the Bernoulli acceleration term.
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and its amplitude modified. A problem in the prediction of water
height in estuaries and tidal rivers concerns the nonlinearity of
the system as the wave is distorted with its passage upstream. A
wave describable by a single harmonic (for a short period) at the

estuary mouth may require many harmonics for its description

further upstream. |

There are some problems in the practical use of equations 1,
2 in estuaries. First of all, there are irregular boundaries; u
as used here is the net freshwater velocity (Q/A) and we really
should consider u = Q/A + utcos(mt),where uy is a tidal term and
w = 2r/T, where T is a tidal period. In practice, the cosine term
can be replaced by a Fourier series to represent any degree of tide
complexity required. The one-dimensional pitfalls are fairly
obvious, but one should bear in mind that this implies a uniform
velocity from top to bottom and side to side (no shear). If there
isn't any shear, fhen the primary turbulence generating mechanism
is lost. We can overcome this (ignore it) by simply assigning a
certain value to the diffusion term. (DL in this case.) The sur-
prising thing about all this, considering the assumptions, etc.,
is that with a finite difference model it can all be made to work,
1.e., serve as a pollution planning and management tool.

We'll need to know, or might want to calculate, the velocity

at any time at any point in a system in order to make use of (1).
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This varies from strictly seaward directed river flow in the upper
reaches (with a bit of a sine wave thrown in) to a diurnally
reversing current in the estuary as shown in Figure 4 for the

Columbia.

Ebb Ebb Ebb

L —
_?,_+\/ ™~ / |
e \\~///%ime - " time > + time ~
Flood Flood F1ooq

ASTORIA BEAVER BONNEVILLE

FIGURE 4. Schematic of Currents, Columbia River
Current velocity is obtained by solving the equations of

motion (5) and continuity (6):

5) 5

u au oh -
5?'+ Usx ¥ 95 * kfufu =0
6) sh + 139 . =
st TEax - 0r 9 = Au.

Suffice it to say that equations 5, 6 are written in finite
difference form, fhe estuary is schematized, i.e., depths,
areas {A), widths (b), roughness coefficients (k), are determined,
initial conditions are specified and u (and h) are solved for by
the "leapfrog" method which is employed in solving the coupled

momentum and continuity equations. In the leapfrog method, the
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initial conditions of velocity and stage are read into the computer
along with the boundary conditions. Velocity and flow are computed
from the momentum equation; the computed flow is substituted into
the continuity equation to obtain a new stage elevation which is
then used in place of the initial condition to obtain new velocity
and flow values. The new flow obtained is again substituted into
the continuity equation and the process leapfrogs until the cycle

is complete.

Finite Differences and‘Exp1icit Solutions

“In dealing with non-analytical solutions to differential
equations, it is necessary to express derivatives in a form
that the computer can’hand]e,'namely, finite difference approxi-
mations of infinitesimal quantities. What one really wants is to
make the infinitesimally small derivative as big (finite) as
possible while stil1 satisfying the equation of motion or any
other equation.

The usual drill is to start with the Taylor series expansion

about x of a function, say u(x), which doesn't contain any sudden

Jumps in it:

2 42 Ax3 d3u£x2‘
7)  u(x+ax) = u(x) + %d‘é,‘(") * g)!( ddg‘(ix) * f'(" X3 T
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and

2 42 3 43
) uberm) = ute) - S+ 42 G 7 )

Equation (7) could be used to predict the value of u(x) a dis-
tance Ax ahead of it if the function and its derivatives were
known at x. How good the approximation is will depend on how
large h is.

Difference approximations are classified as either forward,
backward, or central. A particular computing scheme may make use
of one or more of these approximations, and the proper formula-
tion must be employed to ensure a stable and convergent solution.

Referring to Figure 5, it can be seen that the first deriva-
tive of u(x) centered about the point P can be written by

inspection as:

9) wu'(x) = dgﬁx) = Zix {u(x+Ax) - u(x-Ax)}, where the chord AB
is tangent to u(x) at P.

u{x)t ulxtex)

u(x)

D e —

u{x-ax)

0 X=AX X X+AX

FIGURE §. Definition sketch for difference equations
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The same expression can be obtained by subtracting equation (8)
from (7) and neglecting terms greater than or equal to ax3. The
error is then said to be of order 3, is written as 0(ax3), and is
the result of chopping off (truncating) the higher order terms.
Truncation error is inevitable, but can be made insignificant.
The second derivative of u{x) at P can be written by adding

equations (7) and (8) and neglecting terms of 0(sx*) and higher:

u(x+ax) + u(x-ax) = 2u(x) + ax2 935451 + 0(ax%)

or

d;ggx) = Alz {U(X+AX) + u(x-ax) -.Zu(x)}.

The forward difference approximation of the slope at P
du{x)y ...
( . ) is:

10) u'(x) = K%—{u(x+Ax) - U(X)},

hence, values only at P and forward of it are used. Similarly,

the backward difference is:

11} u'(x) = Z%-{u(x) - u(x-AX)}.

Since ndnsteady-state problems must be dealt with, brovision
must be made to move the solutions ahead in time as well as along

the axis of the estuary.



30

It is often desirable to solve a class of problems in such a
manner that recomputing needn't be done every time there is a
change in scale of a particular geometric or physical property, i.e.,
it shouldn't be required to compute the temperature distribution in
a rod for every length of rod imaginable. Such a process occurs
when the equations are expressed in terms of nondimensional
variables. For instance, the parabolic heat equation describing
the transient temperature distribution* in a rod can be written as:
12) 3l _ 9%y

EY Y ¢A
where ¢ is a constant; U is temperature; X is the distance from
one end of the (thin, uniform) rod; and T is time. By making
suitable transformations, this equation can be expressed in non-

dimensional form as:

13) AU _ 5%u
at ~ ax?

A finite difference grid can be used for the numerical solution
of this equation. The "explicit" method is il1lustrated because
jt is used herein to solve the hydraulic and dispersion equations.
Advantages and disadvantages of the explicit scheme are discussed

later.

*This is also one form bf the Fick diffusion equation which is

discussed in another section.
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The Explicit Solution of 24 = &2
P Vo7 % T X2

The finite difference form of the nondimensional heat equation
is:
14) us

T I T B T I M P T 15 I
At (ax)#

A forward difference is used for the time step and a central
difference is used for the second (space) derivative; the sub-

scripts are shown in Figure 6.

Y54 Y41, 4+1
TR
At _ ' -
Pid ™ x ~
j L .

* Ui_1,3 Uy ; Uia1,j Yi+2,3

1- 1+]

+| AX |+

FIGURE 6. Explicit Integration Scheme

Rearranging equation (14) for the value of u(x,t) after one time

step:

15) Uy gp = Uy gt T (Ue1,g  244,5 * Yea,g)-
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The value of u, (Tocated at the j+1 row by an x) can next

+1,3+1
be computed from the values u; ., u{+1’j, and ui+2,j' The whole

15
scheme can be repeated until values are known for row j+1; these
can then be used to obtain new (i.e., j+2) values at the next time
step. This explicit formulation requires that the initial and
boundary conditions be given.

Of critical importance in the numerical solution of the
parabolic heat equation is that the ratio of time step, At, to the
square of the space step, (Ax)}?, must lie between 0 and 1/2; This
relates to the "stability" of the solution, a subject which will
be treated later on in the treatment of the wave equation which
has a somewhat different stability criterion. The use of a central
difference formulation can create problems; these are also discussed
in the section on stability.

It is possible to solve the system of equations simultaneously
by matrix inversion or some other "implicit" method which has the
advantage of being unconditionaily stable for large time steps.
Even here, however, short time steps may be required to obtain the
necessary accuracy and to minimize numerical violations of water
mass and constituent concentration conservation. It is not clear
if an implicit solution for the Columbia would have justified the
considerable reprogramming effort that would have had to be

undertaken.
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Runge-Kutta Solution of Hydrauli¢ Equations

Although any method of forward integration could be used, a
two (rather than the usual four) step Runge-Kutta (R-K) procedure
is employed in the solution of the equations of motion and con-
tinuity. Other methods are known to be more efficient but have
not yet been considered. The principal advantages in using R-K
methods Ties in their independence of past computing stages, i.e.,
the method is self-starting. The R-K method is also stable when
grid spacings are uneven or change during computation. It is
difficult, however, to estimate the truncation error at a given
point in the computation although estimates can be obtained (see,
e.g., Hildebrand, p. 238, 1956).

For a channel with constant width and employing a slightly

different notation than before, the continuity equation is:

16) 2 (va) + M 3“ =0,

where

-
n

Average channel velocity during a time step (at)

A = Cross-sectional area of channel

H = Height of water surface above (arbitrary) horizonta]
datum
B = Channel width.

The equation of motion in the x-direction is:

17) av -
8t+v +gax+K1V|V 0,
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where
g = Acceleration due to gravity
K = Friction coefficient

and the absolute value of V ensures the proper direction of the
frictional force, namely opposite to the direction of V.

The assumptions on which 16 and 17 are based are as follows:

1. Acceleration and momentum transfer normal to the x-axis
is negligible. Thus, tributary inflows contribute to a change in
junction head, but impart no momentum during the contribution.

2. Wave length is at least twice channel depth. If not,
the shallow water assumption utilized here (in which wave celerity =
/gh) would not hold. The "wave" referred to here is of tidal
period, not a wind wave.

3. Coriolis and wind forces are negligible.

4. Each channel is straight (hence, no centrifugal effects)
and the cross-sectional area does not vary over its length.

The steps outlined below are contained in sequence numbers
147 - 207 in the 1isting for program HYDRA.

Following the notation of Shubinski and Sheffey (1966), and
Shubinski, et al. (1965, 1967) equations can be written for
channel i, at equilibrium, as:

18) AV AVn AH

i I e T A I vy
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where
Vi = jth channel velocity
At = time step (for R-K integration)
AV .
Kin = velocity gradient evaluated as suggested by Lai (1966)
n

as follows:

equation 16 is rewritten as

3V _ _BaH VA
X Aot Ax:®

expressed in finite difference form and substituted as

AXy
Ki = frictional resistance coefficient
g = gravitational acceleration
AH =

head (potential) difference between junctions at ends
of channel

Li = channel length.

Similarly, the continuity equation is

19) aH, Q. '
i Kl » where j is now a junction index and
At r
Qg = net flow at j during 2 time step, at
Aj = junction surface area (constant)

AHJ = head of junction J.
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The solution of 18 and 19 using a two-step R-K (leapfrog)
procedure is as follows:

1. Initial and boundary conditions are specified so that
the system state is known at time t. Predictions are required at
time (t + at) and multiples thereof. Superscripts t, t+1/4, t+1/2,
t+1, imply values at time t, t+%§, tf%g, t+at, respectively. The

superscript t+1/4 indicates a term using mixed time steps.

2. Compute half-interval velocities and "quarter'-interval

channel flow t
AvY t
t+1/2 _ ,t , At _n tiytiyt AH
vERTE < yb s B =® - K5 V§[Vi - 9 0
Q;g+1/4 = ytt1/2 Ag

3. Compute half-interval heads and quarter~interval

channel areas

t+1/2 _
B

t+1/4 _ i t+1/2 t

A = A1 + 7—-(AHj - AHj)

4. Compute full-interval velocities and three-quarter

interval channel flow , t+1/2
t+1  _ ,t+1/2 t+1/2
Vs = V; Vs

i 1 Axn

i K§+]/2|v§+‘/2|v§+‘/2

+ At(

t+1/2

AH
—gr; )
Q§+3/4 - Vwi:+1 A?+1/2
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5. Compute full-interval heads and three quarter interval

areas

t+l1/2
t+1 _ t+1/2 21
H Hy + At(ﬂ\;i )
B. )
t+3/4 ,t+1/2 i t+ _  t+1/2

6. Upgrade system parameters, K, Q, A, which can be com-
puted from geometric considerations,etc.

7. Continue at step 2 until cycle is complete.

Diffusion and Dispersion

The spreading out of material from a point source is easy to
visualize in terms of an 1nstantaneous‘re1ease, but real life
effluent discharges are more A]ike]y to be continuous or periodic.
A continuous release, however, can be synthesized analytically
from a sum of instantaneous releases so that a discussion of the
longitudinal diffusion of material properly starts with instan-
taneous releases. (See Okubo and Karweit, 1969, for a discussion
of the above as well as on the effect of shear on diffusion.)

Estuarine pollution models derive from the advection-

diffusion equation (as does a river model) which can be written

3¢ ac ac oc _ [8.yn 2€y 4 3 3y 4+ 3 p 3C| =
st U PVt [SR(DX % oy 5y * el 32)) B
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By comparison with equation (1), it can be seen that the
cross-stream and vertical terms were neglected in getting to the
one-dimensional equation.

Confusion as to the meaning of dispersion as opposed to
diffusion is easily rectified if equation (20) is referred to as
the "dispersion equation." Dispersion will then include the
advective transport of material as well as its diffusion due to
turbulent flux.

If a one-dimensional coordinate system moves with the center
of mass of material, equation (20) degenerates into the Fick
equation originally developed to describe molecular scale phenomena
in which local concentration changes are due to diffusion only

(and diffusion is constant):

21) 3¢ . p 2%
) X 9X% *

In large scale problems, the eddy diffusion analog to the
Fick Equation is often used.
The instantaneous point source solution of (21) is:
M

- o~X2/4Dt
(4nDt) %o

22)
which describes a Gaussian distribution curve about x=0, and
where M = f: Cdx. Since the Fick Equation is statistical in nature,

it contains no force terms to "move" particles from regions of
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high to low concentrations. It can be seen from (22) that as time
increases, the normal curve will flatten; the area under the curve
remains finite and equal to the total mass of marked particles
released at the source. It should be recognized that the solution
for predicting the concentration of a diffusing substance is also
a probabilistic equation, i.e., the mean concentration of marked
particles at x is directly proportional to the probability of
finding marked particles at that point. This idea is reinforced
by noting that a so-called Monte Carlo simulation of diffusion can
be obtained quite easily with a table of random numbers. The
longitudinal distribution of a substance introduced into a pipe can
be obtained by this method without employing the diffusion equation
at all (See Crank, 1955, p. 216, for an example).

Because of the feeling of uneasiness generated in scaling
up molecular analogs of diffusion to geophysical size, considerable
research has been devoted to more satisfactory descriptions.
Employed in the quality program is a form of the Kolmogoroff
hypothesis (Orlob, 1959) for computing the diffusion coefficient:

23) Dy = t-E]/3-z4/3, where
C = Empirical constant (dimensionless)
E= Vi~g-é$3 an energy dissipation term*

- *Note that for E constant the dispersion term becomés the "4/3 law,"
= 04/3 .
Dd 1)
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Vi = Channel velocity
q = Gravitational constant
AH/Li = Potential (head) difference at ends of channel i
2 = Scale of phenomenon; written in terms of the hydraulic

radius, R.

The dimensions (M, L, T) of the energy dissipation term are:

E = {(LT'I)(LT'Z)}‘/3 = 123

and of the scale terms are

(W3, so that
Le3m M3 2 e

2

D4
and ¢ is dimensionless.
The diffusion of mass per time step is then
Acd
Diff/At = @lQlR T
i

with dimension
MT™1 = ()(L3T 2)(L)(ML73)(L7T)

and where ffg is mass concentration gradient and Q is flow.
L.

j
As stated elsewhere, numerical erraors can contribute to the
spreading out of material. When this is not accounted for, the
errors will be hidden in Dd leading to erroneous conclusions as
to the relative magnitude of the advection and diffusion terms.

When tidally-averaged. formulations are employed, the "velocity"
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term in the one-dimensional equation is river flow : cross- |
sectional area. Diurnal tidal variations are then not implicit,
but are in reality responsible for producing the spread of
material with time such that peak concentrations occur both up-
stream and downstream of the source. This tidal displacement has
to be accounted for even in the tidally-averaged equation and is
generally dumped into some form of the diffusion coefficient. This

coefficient is not a pure turbulent diffusion term, but is, rather,

a catch-all.

Stability, Numerical Mixing and Other Errors

A finite difference representation of differential equations
means that one will obtain solutions at discrete points at certain
time steps. Because of this and the fact that computing machines
carry only a finite number of decimal places, problems of trun-
cation, roundoff error, convergence and stability will always arise.
Certain of these concepts are stated concisely by 0'Brien, et al.

(1951):

“Let D represent the exact solution of the partial differen-
tial equation, A represent the exact solution of the partial
difference equation, and N represent the numerical solution of the
partial difference equation. We call (D - A) the truncation
error; it arises because of the finite distance between points of

the difference mesh. To find the conditions under which a + D is
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the problem of convergence. We call (A - N) the numerical error.
If a faultiess computer working to an infinite number of decimal
places were employed, the numerical error would be zero. Although
(4 - N) may consist of several kinds of errors, we usually consider
it Timited to round-off errors. To find the conditions under which
(Ao - N) is small throughout the entire region of the integration is
the problem of stability.

"The principal problem in the numerical solution of partial
differential equations is to determine N such that (D - N) is
smaller than some preassigned allowable error throughout the whole
region considered. We can assert that

(D-N)= (D-a)+(a=N)
is small for a numerical calculation over a fine mesh using a
stable, convergent difference scheme."

It should be noted that other definitions exist for truncation
and convergence. If a Taylor series expansion is used to approxi-
mate derivatives, only a few terms are carried; the higher ordered
terms are dropped and the series is said to be truncated. Like-
wise, a particular computing scheme may converge to a proper solu-
tion at a relatively fast or slow rate depending on the scheme

employed and the choice of initial conditions.

Hydraulic Equations

Two types of errors can occur in the programs under dis-

cussion aside from truncation and roundoff. In the hydraulic
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program (HYDRA), stability is generally inferred from the so-
called "Courant Condition" for explicit finite representations of

the hydraulic (open-channel) equations. The Courant criterion can

be written as:

24) Ly > |V; Vol Lo (At

where

Hmax = Maximum channel depth

At = Integration step
The term Jaﬁ;;;'is the speed of a shallow water wave and holds
where the wave length is greater than twice the channel depth. The
approximation Li > VgH At usually suffices in schematization as
is discussed later. "Wave length" refers to the length of a tidal
wave with a period that is on the order of 12.4 hours.

It has been found (See, e.g., Perkins, 1968) that even though
the Courant Condition is met, instability may occur and that this
instability is due to the presence of the non-linear frictional
resistance term, Ki’vilvi’ in the equation of motion. This term
is written:

n2|V1|
(1.49)2 R,

25 = = K

where

n = Manning coefficient
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R;

Hydraulic radius of ith channel

K

((n/1.49)2 R,™3)

The modified Courant Condition is then written:

26) L; > [V & YgH o, - g-K'|at ,

i

which says that for a given integration step and channel depth,
the channel length must be at least of a certain length if stabi-
lity is to be maintained.

During the process of verifying current and stage, the
Manning coefficient can be adjusted in various reaches. This may
result in instabilities if n becomes too Iarge, however, and a
shorter time step may become necesséry or the schematization re-
examined.

Checks are available in the program to determine the serious-
ness of violation of water mass conservation resulting from

numerical procedures. These are discussed in part II.

Dispersion Equation

Two types of instability occur in the quality program.
Recently, attention has been directed to these aspects by various
authors (Orlob, et al., 1967; Bella and Dobbins, 1968; Prych, 1969).

Briefly, the problem occurs in the form of numerical errors

in the convective tranSport calculation in that mass concentration
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is not conserved and a pseudo-dispersion of substance occurs. If
diffusion is included in the dispersion equation, the error is
masked as a longitudinal spreading of material in a manner that
appears to be a turbulent diffusion of the substance. If the
diffusion term is not included in the equation, then an initial
load distributed evenly throughout a given channel should move as
a self-contained parcel, i.e., it should not spread out with time.

Because the channel lengths and integration time steps are
fixed (in the analysis under discussion), the velocity in a given
channel times the time step (with resultant dimension as length)
may not exactly equal the particular channel length. If it were
exactly equal, there would be no prob1ém, hence, a condition simi-
lar to the Courant Conditions for maximum stability would hold. In
essence, then, more material may be transported into a junction
than the junction can hold or more may be withdrawn than actually
exists. Program statements are written to prevent negative con-
centrations or this type of supersaturation for dissolved oxygen
concentrations. For other substances the statements are an

indication of instability and a determination of the seriousness of

the condition must be made.
The transport term AMps due to the "pseudo-dispersion”

phenomenon can be expressed as follows:

_ AC .
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where
KpS = Pseudo-dispersion coefficient (L?T 1)
A; = Channel cross-section area (L?)
AC/L; = Concentration gradient (ML™%)
At = Time step (T).

The term Kps will depend on the particular difference scheme

employed and (Bella, 1969) can be roughly computed from:

V.
27) K ?l [(1 - 2y)L; - V;at]

ps

Y 0 for a backward difference solution

.25 for a quarter-point difference solution

0.5 for a central difference solution

1.0 for a forward difference solution.

While some choices of y will minimize AM they may prove to con-

5
tribue to instability in the form of osc?]]ations about the
solution points.

The pseudo-dispersion transport term is minimized in the
quality program by employing the quarter-point method which yields
"reasonably" accurate and stable solutions. Further testing of
the model with the diffusion term omitted and various difference

approximations is anticipated for branched junction schematizations.



HEAT BUDGET TERMS

Only a brief discussion of heat budgetry will be given here
since a certain familiarity with the subject is assumed and there
are any number of excellent texts and papers readily available.

Figure 7 illustrates the heat exchange processes at an earth
boundary during the day and at night. Similar magnitudes of
energy transfer components hold for water surfaces, except for the
evaporation term which may be relatively larger. It can be seen
that some processes considerably outweigh others; in the heat
budget formulation used here, this is reflected in the neglect of
radiation pseudo-convection and heat conduction. Also neglected
are terms for conduction of heat through the earth-water interface

and advection by rain.

In any given time period, the temperature at a fixed point
(Eulerian analysis) will be raised or lowered or remain constant
depending on the heat balance of the heat budget terms and the
advection and diffusion rates during that time period. The time
period used in this discussion corresponds to the time step
empioyed in the temperature simulation (program QUALTEMP). The net
rate can be computed from empirical formulas; the formula summary
prepared by TVA (1967) was used in the following resume as a basic
reference. The system of units employed are: length in meters (M),
mass in kilograms (KG), time in seconds (SEC), pressure in milli-
bars (MB), temperatures in degrees centigrade (°c) and degrees

Kelvin (°K) and heat in kilocalories (KCAL).
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FIGURE 7. Energy Balance Terms (From R. Gieger, "The Climate near

the Ground," pp. 7, Harvard University Press, Cambridge,
Mass., 1957) v
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Heat Flux Through the Water Surface, q,, (KCAL M 2SEC?)

28) Gy = gy * Gapn * 9y * G ¥ G Where
qg, = Net solar radiation flux, +:incoming
Ga¢n = Net atmospheric radiation flux, +:incoming
q, = MWater surface radiation flux, -:outgoing
Q@ = Evaporative heat flux, -:outgoing
9. = Convective heat flux, *:either way, depending on

the difference in air and water temperature
(+, 1f T>T) - |
The first two terms on the right of (28) are discussed only
briefly. They are quite complicated functions, but easily comput-
able. It is assumed that the avai]abie meteorological programs
have been made use of to obtain‘qsn‘+ Qatn for specific times and
geographic locations under discussion, or that direct measurements
are available. These two terms are independent of the water sur-
face temperature (unlike Ggs Uy qc) and can be computed by an
external program not necessarily 1inked to that under discussion.
Since a one-dimensional model is employed, all net incoming
radiation is absorbed at the surface; it is distributed evenly
throughout the water column via the one-dimensional assumption.
The temperature dependent heat budget terms are computed at

each time step. The initial, or most recent, value of temperature
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is used in the formulas for Qo> Gy° 9c>» to obtain new values which
are in turn summed with the independent terms to compute a new net

flux.

Temperature Dependent Terms, - Computation

The dependence of the surface temperature is direct for 9

and 9 and somewhat indirect for 9, as can be seen in the following

approximations:

29) q, = a:(T, + 273.16)"

30) q. = b-(TS - Ta)

31) g = c-(eS - ea) R

where
T = Surface water temperature (°c)
T, = Air temperature (°c)
e =

s Pressure of saturated water vapor at temperature TS

4]
1]

a = Pressure of water vapor in ambient air

[-}]
o
o
-
()
i

Empirical coefficients,

Back Radiation, g, (KCAL M™2SEC™1)

A1l bodies emit radiation at a rate proportional to the
fourth power of the absolute temperature (To) of their surface.

The heat budget term accommodates this phenomenon through the
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back radiation term, q . The surface radiation formula is:

32) Ay e'o-TO“, where

e = 0.97, the emissivity

1.36 x 10711 KCAL M"2SEC™! %K™, the Stefan-Boltzman

g

constant.

Evaporation Heat Exchange, qe.'(KCAL M™2SECT!)

Heat loss by the vaporization of water is expressed by:

33) qg = o, E-HV, where

E = Rate of water loss due to evaporation, M SEC™!
HV = Latent heat of vaporization, KCAL KG !
o, = Water density, 1000 K& M3,

E is computed by means of the formula:

38) E = N-Us(e - e,), where
N = Empirical constant, MB™!
U = Wind speed, M SEC™}. (If the reported wind speed is
<0.05, it is set = 0,05 in the program.) '

- Provision is made in the program to write N«U as

NxU = (A + BB«U)
to accommodate usage of the many existing empirical evaporation

formulas and where A, BB are empirical coefficients.
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The heat vaporization term (KCAL KG™ ) is written:

HV =597. - 0.57-T,.

The vapor pressure terms (MB's) are computed through
exponential approximation formulae first employed by Lamoreaux
(1962) through the Clausius-Clapeyron equation. The coefficients
used are taken from a WRE report (1969):

e = 2.1718 x 108 exp(-4157.0/(239.09 + Ts))
e, = 2.1718 x 108 exp(-4157.0/(239.09 + wa))
-AP(T, - Ty, )(6.6 x 1074 + 7.59 x 1077 (T,0)),
where |
Tub = Wet bulb temperature (°c)
AP = Air pressure (MB).

Convection Heat Exchange, q., (KCAL M™2SEC™!)

Convective exchanges, as sensible heat transfer, far outweigh
conduction heat exchanges (which are neglected).

Although direct measurements of both e and 9. are possible,
their measurement is quite complex due in part to instrumentation
difficulties and the necessity to somehow measure turbulent fiux
terms (which are masked in transfer coefficients).

The method used here is to employ the Bowen ratio:

BR = qc/qe;
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since 9% is easily computed (but not necessarily an accurate

estimate) g, can be evaluated through:
35) 9. = BR'qe

The Bowen ratio is computed as follows:

T, -T
BR = 6.1 x 107 -Ap. | 23|
S a

Summary of Heat Budget Step

Initial conditions are used to compute the dependent heat
budget terms; these are summed algebraica]]y and added to the
independent terms. The net flux (qH, which will be zero, positive
Or negative, depending on thelrelat1ve magnitude of the terms)
during a computation step (1 hour, here) is multiplied by the time
Step (At) divided by density, depth (d) and specific heat (cp) and

added to the most recent temperature term:

qH't
old ¥ st d -

wp

36) Toew =T

During the next computational interval, T becomes To1d‘

new
advection and diffusion steps and time changes in depth are applied

in the program Just prior to the net heat flux step.

Equitibrium Temperature, Te,,°c :

For a check on the temperature as computed above or as a

substitute, temperature can be computed by using the "equilibrium
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temperature" approach. The most recent work on this subject has
been conducted by Edinger, Geyer and associates whose publications
(1965, 1967, 1968, e.g.) should be examined for a complete des-
cription of the subject. Briefly, the equilibrium temperature
method is a shortened approximation to the net heat transfer
method outlined above in that linear approximations to the vapor
pressure and back radiation terms are employed. Temperature
estimates can be made rather rapidly using a desk calculator if
single water parcels (Lagrangian analysis) are dealt with.

An option is provided in the program to compute the exchange
coefficient, equilibrium temperature, and the water parcel

temperature according to the equation:

= - _ K-t
37) Ty =T+ (Toqq - Te) exp( B;FTETH"
where
Te = Equilibrium temperature, ¢
K = Thermal exchange coefficient, KCAL M"2SEC™! O¢~1,

Equation 37 could be used in itself for an analysis where the

coordinate system moved with the water parcel; it is known as the

exponential temperature decay equation.



SCHEMATIZATION

General

Details of the schematization of the Columbia River under tidal
influence are described in detail below to exhibit the geographic
and hydrologic input data for the model. The total schematization
(Figures 8 - 11) consists of 396 finite elements called "junctions,"
each of which is an arbitrarily-shaped area centered about a junction
point; the junctions are connected by 432 "channels." The large
scale work charts of the schematization shown in Figures 8 - 10
which include the numbering system and other detail are on file at
“our laboratory. Part II explains how to select boundary conditions

such that only portions of the schematization need be used.

Base Charts and.Data Sources

The schematization was prepared primerily from U.S. Coast
and Geodetic Survey navigation charts numbers 6151, 6152, 6153,
6154, and 6156, scale 1:40,000. Coast and Geodetic Survey Chart
number 6155, scale 1:20,000, and U.S. Army Corps of Engineers
dredge sheets, scale approximately 1:5040, were also used to obtain
geographic data for selected areas of the river system.

Flow data were obtained from records of the U. S. Afmy Corps
of Engineers, Portland District, and summarized by FWPCA personnel

in the Pacific Northwest Regional Office.
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Tidal information was taken from Coast and Geodetic Survey

tide tables and navigation charts.

Datum Planes

Stream depths on the navigation charts are referenced to mean
Tower low water at lowest river stages, Columbia River Datum; mean

sea level is used as the datum plane.

River Boundaries

Heavy black lines on the base charts mark the river bed
boundaries. These 1ines were traced on overlay paper to provide
an outline of the river. All islands, lower reaches of major
tributaries, and major sloughs were outlined. Minor tributaries
and sloughs were not included.

An exception to these boundaries is from river mile 125 to
river mile 146. In this segment, the boundaries of the river were
taken at the M.L.L.W. level; that is, the first dotted 1ine within
the riverbed proper. On the charts, these lines separate inter-
tidal areas (green colored) from the water (blue colored). The
decision to use this 1ine as a boundary in this reach of the river
was based on the assumption that tidal influence was minimal in
this reach and that the primary use of the model would be to |

simulate low river flow conditions.
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Junction Point Layout

The overlay was placed on the base chart and the apparent
main flow routes sketched. The depth and width of the riverbed,
islands, etc. were considered in this preliminary sketch. After
it was felt the flow pattern was reasonably represented, the
Junction points were plotted on the overlay. Establishing these
points (as well as sketching in the flow) is somewhat of an art;
however, certain criteria must be met. These are discussed in the
following section.

Boundaries were then established around the junction points.
That part of a boundary between junction points connected by a
channel was drawn across the channel, near its midpoint, to the
edge of the estuary schematization or to the boundary separating
unconnected junction points. Nominally these bounds are perpen-
dicular to the channels. In the narrower parts of the schematiza-
tion and in those areas where Junction points 1ie near the side of
the schematization, the schematization boundary forms part of the
Junction boundary. In the wider parts of the schematization
bounds between unconnected junction paints were somewhat arbitrary

and generally were drawn along intertidal areas and shoal aréas.

Criteria for Selecting Junction Points

The selection of junction points and the distance between

points is based upon an initial choice of integration period and
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an "average"” channel depth between junctions. As stated earlier
the maximum average depth, Hmax’ determines the speed of a shallow
water wave according to f@ﬁ;;;. For a given integration time, at,
the channel length, L., is limited according to the quantityl/

Li 2 At gHmax )

As mentioned before, the first "free hand" schematization is
based on a pre-selected at. The actual channel depths, the areas
of interest, the divergency and convergence of channels, and the
detail one wishes to go into enter into the selection of junction
points. Once this first selection has been made, it is possible
to compute the required topographic information from a knowledge
of the mean depths in each junction and the surface areas of the

junctions.

Data Obtained from the Schematization

Upon completion of the schematization, pertinent input data
for the model program were obtained from each junction and each
channel.

Each junction has as input data: a number, from one to five

channels connected to it, a surface area and an initial head. In

lehe relation is more complicated as was discussed earlier;
however, this simple formula was used to estimate the successive

channel length in the actual schematization.
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addition, those junctions 1qcated where a tributary enters the
river has as input data the flow of that tributary.

Each channel has as input data: a number, two junctions
Connected to it, a width, a depth, an initial streamflow velocity,
and a Manning coefficient.

Derivation of these data from the schematization and other

pertinent records are discussed in the following sections.

Junction Data

dunction Numbers

There are 396 junctions or junction points in the entire
scheme numbered from 1 through 396 inclusive. The schematization
was prepared in two sections. Section I extends from river mile
28.3 (Jim Crow Point) to river mile 146.1 (Bonneville Dam) and the
Junctions are numbered consecutively from 1 though 260.

Section II of the scheme extends from river mile 0 (Pacific
Ocean) to river mile 28.3. To facilitate the location of starting
points in this part of the scheme, the two junctions at the sea-
ward end were numbered 1 and 2, respectively. Those junctions near
river mile 28.3 which had been numbered 1, 2, and 3 in Section I

were renumbered 261, 262, and 263, respectively.*

*It would have been easier to rewrite the program to handle any
numbering system at the ocean end. This has been done by D. Fitz-
~gerald (Northeast FWPCA Regional Office) for Boston Harbor;
unfortunately we didn't think of it in time.
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Additionally, junctions in Section II were renumbered 1
through 142 inclusive in order that Section II of the scheme could

be operated independently of Section I.

Junction Surface Area

The surface area of each junction, at mean tide level datum, was
measured with a planimeter and recorded in square feet.
Those junctions which have major sloughs entering them have

included in their surface area the surface area of those sloughs.

Initial Head

The initial heads for each junction (the approximate height of

the water surface at a flow of 147,200 C.F.S. at Bonneville Dam)
were obtained from Corps of Engineers records. A graph of the
heads at selected river mile intervals was prepared and the appro-
priate datum taken from the graph for each'junction. Initial heads

could have been taken as 0.0 throughout at the expense of a delay

in convergence in the iteration.

Number of Channels at a Junction

From one to five channels may enter each junction. The
number of each channel entering is listed as input data. The
lowest numbered channel entering is listed first, the highest
numbered channel last. More than five channels may be accommodated

by appropriate increases in the program dimension statements.
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Junction Depths

After the schematization was prepared, the mean depth of each
junction was determined.* The technique for doing this is described
below:

A transparent grid overlay consisting of 225-600 foot square
squares, scale 1:40,000, was prepared. The steps given below out-
Tine the procedure for finding the depth of a junction.

1. The grid was placed over a junction outline on the base
chart.

2. The depth at the center of each 600-foot square was read
and recorded. A detailed explanation of this procedureris given in
the paragraphs following these steps. |

3. The square was marked with a grease pencil and counted.

4. In each junction, there were always some grid squares
that fell on the junction boundaries, putting only parts of the
grid squares within the junction boundary. These parts of grid
squares were summed mentally to make a whole grid square and the
depth estimated and recorded.

5. The sum of the squares read for each junction divided

into the sum of the depths gave the mean depth for the junction.

*The depths thus calculated are not used directly in the program
but were made to provide an independent deck of depths computed
in the program from junction volumes and surface areas.
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The procedure and the data entered on each card are described
below.

1. The junction number was read and entered on the punch
card in columns 1-3.

2. The card number was entered in column 4. Most of the
junctions required that more than one card be used to record all
the depth readings. The cards required for each junction were
numbered sequentially from 1 through the number required.

3. The size of the grid squares being used was entered in
columns 5-7.

4. The stage correction was entered in columns 8-10.

The stage correction was applied to‘depths obtained from the
chart, referenced to mean lower low water to obtain a depth
referenced to mean tide level. The stage correction varied for
different reaches of the river. Near the seaward end, it was

4 feet; in the reach immediately below Bonneville Dam, it was
taken as 0. The stage correction was made to the nearest whole

foot (Table 1, Stage correction vs River Miles).
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TABLE 1
STAGE CORRECTIONS VS. RIVER MILES

Stage Correction River Miles
4 feet 0- 28
3 feet 28 - 50
2 feet 50 - 76
1 foot 76 - 122
No correction 122 - 146

5. The number of channels entering a junction was entered
in column 11, |

6. A1l of the data in columns 1-11 were entered on each
card being used for a particular juhction.

7. Depth data, read directly from the base charts, for each
grid square was entered in columns 12 through 80. Three columns
were used for each reading.

8. As noted in 4 above, all depths read directly from the
Chart were referenced to mean lower low water. This situation
Caused intertidal areas, shown in green on the charts, tb be above
the datum from which depths were read. In order to accommodate

these areas, a negative depth, corresponding to the stage
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correction applicable to that particular junction, was read by the
reader when such an area occurred under a grid square. The depth
was entered on the card with a 90 preceding it. For example, the
intertidal area of a junction in that reach of the river having

a stage correction of 3 feet would be entered on the card as 903.

9. After all the grid squares had been read and accounted
for, a 999 was entered on the card to indicate the end of data for
that junction.

10. Frequently, the reader and the keypunch operator would
change roles and the junctions would be read a second time.

11. The two independent mean depths were compared; if the
difference between them was less than two feet, the mean of the
two readings was taken as the junction depth. If the two depths
varied by two feet or more, the junction was read one or more

times to obtain a usable junction depth.

Tributary Stream Flows

Flow data for several tributaries which enter the Columbia
River were available from Corps of Engineers records. These data
were entered as input data for the junctions in which the tribu-

taries joined the river.
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Channel Data

Channel Numbers

Channels in Section I of the scheme were numbered from 1
through 276 inclusive.

In Section II of the scheme, the two channels near the seaward
end of the scheme were numbered 1 and 2, respectively. Those
channels near river mile 28.3, which had been numbered 1, 2, and
3, were renumbered 277, 278, and 279, respectively, Additionally,
the channels in Section II were renumbered from 1 through 159
inclusive, in order that it could be operated independently of

Section I.

Channel Length

The Tength of each channel between two connected junctions
Was measured in feet and ranged from about 2,000 feet to about
12,000 feet.

Channel Depths

The depth of each channel is taken as the mean of the two
depths of the junctions which that channel connects. It was felt
that the preliminary smoothing effected by this averaging would
Compensate for channels lying partly in deep water and paﬁtTy in

shallow water.
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Channel Widths

The widths of each channel were measured along the junction
boundary which crossed a channel near its midpoint. Widths were

measured in feet. Widths were measured at both M.L.L.W. and M.T.L.

Cross-sectional Area

In Section I, cross-section areas were constructed along each
junction boundary crossing a channel, planimetered, and reported
in square feet.

Cross-sectional areas in Section II were obtained by multi-
plying the M.T.L. width of a channel by its mean depth referenced

to the appropriate datum.

Channel Flow

Streamflow in each channel was used to calculate initial
velocities. Arbitrary initial velocities could also have been
used; the extra work involved here was felt worthwhile in order to
reduce the possibility of instability due to a bad choice of
initial conditions which might have been difficult to correct.

The total flow in the river (at the mouth) was taken as the
sum of the flow at Bonneville Dam plus the flow from tributaries,
for which data were available, during the modeling period.

Flow in each channel was derived from the flow in the

channel immediately upstream from it plus any flow entering from

a tributary.
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For example, in channel number 274, immediately below .
Bonneville Dam (see Figure 10), the flow is 147,200 C.F.S. (meas-
ured at Bonneville).

The flow remains constant for all channels downstream through
number 265. This channel branches into channel numbers 264 and
270, respectively.

To find the flow in each of these channels, a straight line
partitioning was done in the following fashion.

The sum of the cross-sectional areas of channel numbers 264
and 270 was found and the percentage each channel contributed to
this total was calculated. This percentage was then multiplied by
the flow in channel number 265 (the branching channel) to give the
flow in 264 and 270, respective]y.

Flow in channel #265 = 147,200 ft3/sec.

21,714 ft2 = 36% of total
38,164 ft2 = 64% of total
59,878 ft2

(0.64)(147,200 ft3/sec) = 93,800 ft3/sec.
(0.36)(147,200 ft3/sec) = 53,360 ft3/sec.

The flow in channel numbers 267, 268, and 269 remain the same

Cross-section area channel #270

Cross-section area channel #264

Total

Flow in channel #264
Flow in channel #264

as the flow in channel 270. Similarly, flow in channel numbers

261, 262, and 263 remain the same as the flow in channel number
264,
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The flow in channel number 260 is the sum of the flow in
channel numbers 261 and 267.
Similar partitioning and summing of flows was done throughout

the scheme; about four hours were required to complete the entire

channel initialization.

Channel Velocity

The initial water velocity (owing to streamflow) in each
channel was found by dividing the flow in that channel by its
cross-sectional area. If a channel ended in a slough or in a
tributary with no récorded flow data, the velocity was set to
zero.

Computing the velocities in this manner resulted fn what
were to be unrealistic velocities in some channels, on the order of
10 feet per second. When such velocities occurred, the width or
depth of the channel was arbitrarily reduced an appropriate amount
to make the flow realistic. Such changes were made in channel
numbers 69, 70, 71, 72, 85, 206, 222, 234, 235, 236, 237, 240,

241 and 250.



DISCUSSION

Deterministic pollution models of the environment usually
involve analytical or numerical solutions of the dispersion (or
advection-diffusion) equation. The numerical methods employed
are likely to be identical regardless of the constituent involved,
hence a generalized model should obviate the necessity of deriving
a new model for differant topographical settings and constituents,
This being the case an existing model was modified to handle
temperature; the solutions obtained are thus forms of the energy
equation.

Where Coriolis terms are unimportant and stratification
(either vertical or horizontal) is slight, the finite element
representation of two-dimensional environments may be quite satis-
factory. If the Coriolis force is not negligible, then the methods
used will not suffice since the velocity term in the y-direction
is required in a solution of the x-direction equation of motion.

Since many open estuarine areas consist of numerous scoured
channels, the junction-channel representation of theée areas may
not be as forced as it may first appear. Certainly, the use of a
one-dimensional approach to sections of a tidal river may be ques-
tioned, but it is also questionable if a fine grid model incorporat-
ing horizontal shear terms would add a great deal to our present

state of knowledge. One reason for this is the very difficult
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verification procedure which would be required for such a model,
especially under different wind, tide and runoff conditions. It
is well known that the only real limitation we have in the complete
solution of the Navier-Stokes equations is one of computer hard-
ware. Doubtless we will have mind-bogglingly fast machines with
almost unlimited storage capacity sometime in the near future, but
the big question is 1ikely to remain on how to handle and verify
the rather simple models we have even now. Such problems wilil
always face the model user; if the uses of modeling are to be
well served, verification will go hand-in-hand with modeling use.
In flood routing problems and for high-éccuracy displays of
periodically exposed tidal flats, procedures must be employed to
allow for time-varying channel widths. Where very accurate repre-
sentations of tidal flow are required, it may not be enough to
vary only the cross-section; in this model, however, rectilinear
channels were assumed and cross-section variation occurs only by
a change in stage elevation. The two-dimensional model employed
by Leendertse {personal communication) on Jamaica Bay, New York,
apparently accounts for tide flat exposure every five time steps.
Such models are highly desirable if not absolute necessities in
shallow estuaries such as Tillamook Bay and other areas where
only a stream cuts through extensive tide flat areas at low water.

But again, "absolute necessity" can be tempered to the purposes of
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the modeler or manager and perhaps less rigorous approaches may
suffice for certain aspects of a particular pollution model. It
should be noted that a model such as Leendertse's or the one
described here requires several years of continuous development,
and pollution agencies usually operate on far more demanding time
scales.

In the matter of the heat budget calculations (where Part II
provides examples) it is known that the heat exchange process at
the surface is much more involved than would be implied by the
equations employed. Air-sea interaction occupies a large area of
research in the oceanographic and meteorological community and
involves studies of the flux of heat and momentum to and from the
atmosphere. Turbulent processes at the surface are still rather
mysterious, so ultimate solutions of heat budget processes are not
Tikely in the immediate future; the approximations employed,
however, have given reasonably satisfactory answers where verifi-
cation has been possible.

Of more concern in certain areas, particularly the stratified
marine environment, is the role that vertical velocity and density
variations play in the overall pollution dispersion problem. Here
again, field studies with an end to verification are major under-
takings. As an indication of the upper part of the scale, field
Programs conducted by the U. S. Army Corps of Engineers for the

Purpose of verifying their movable-bed hydraulic model cost
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approximately $250,000. Aside from the usually back-breaking pro-
cess of field collection is the general inadequacy (in terms of
ease of use and reliability) of water quality measuring devices,
(If the data has to be coliected over one or more tidal periods,
it is usually a toss-up as to whether the electronic gear will
give out before the field personnel do.)

Finally, if it is assumed that the well-planned survey goes
off without a hitch and the measuring devices do not balk, data
reduction and analysis will surely manage to contain unplanned for
and/or uncorrectable situations. |

So much for executing the faultless survey; what is one to
do? Short of designating the problem of verification and field
collection as someone else's business, it behooves the model user
and builder to be aware of what goes into the various terms and
coefficients in order that they may be proberly sampled or esti-
mated at the appropriate time. He should also be aware of the
realities and limitations of field techniques and existing instru-
mentation, as well as being aware of possible alternative solutions

such as hydraulic models or strictly analytical solutions.
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APPENDIX I
NOTES FOR PROGRAM HYDRA

"...free from bugs,...
if possible,
If you know any such."

Aristophanes. The Frogs.
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APPENDIX I

NOTES FOR PROGRAM HYDRA

Logical unit (or data set reference) numbers:

A time sharing conversational computer system was used for
much of the work on the programs done in connection with this
paper. Several separate data files were created for different
portions of the input data; the program then referenced each file
with a different unit number.

Most operating systems have facilities for equating different
unit numbers to the same source. If card input is used; units
listed below as card image input should be equated to the card

reader.

Unit Number Use

5 Control'and System Input (card
images)

Standard Output (printer)
Junction Input (card images)
Channel Input (card images)

Restart Output (card images)

O W 00 N O

Qutput for HYDEX (binary tape images)
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PROGRAM NOTES

Program HYDRA

"Sequence No. FORTRAN Name

Dimensioned variables
AREA
AREAT
Vv
VT

Y
YT

Dimensioned variables

AK

ALPHA

AREAS

CLEN
CN
JPRT

Comments

In the Runge-Kutta integration
scheme, the variable quantities
head (Y), velocity (V), and
cross-sectional area (AREA), are
extrapolated forward a half-
cycle. The extrapolated values
are held in arrays YT (for Y
temporary), VT, and AREAT. The
temporary values are then used
to compute the new values at
the time one cycle forward.
Heads are junction properties,
velocities and areas are
channel properties.

Constant used in obtaining
frictional resistance term =
(G*CN*%2/2:21), see line 146.

Alphanumeric information used
to identify printout.

Surface area of junction
determined by, e.g., plani-
metering.

Channel width.

Channel length.

Friction coefficient.

Junction numbers where data
will be printed.
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Sequencé No. FORTRAN Name Comments
NCHAN Channels (maximym of 5)

connected to junction J., e. g.,
NCHAN (J,1) = channel number

of first channel connected to
Junction J, etc.

NJUNC Junctions (maximum of 2)
attached to either end of channel
N, €.9., ...NJUNC (N,1) =
junction number at one end of
channel N, etc.

Q Channel flow.

QIN Tributary inflow,

R Hydraulic radius (=AREA/B).

Variables in COMMON

DELT Time increment (seconds) used
as 1ntegration step.

NC . Total number of channels.

NCYC Number of cycles hydraulic
program will run,

NCYCC Used to hold the current cycle
for use outside the main loop.

NJ Total number of Junctions,

NOPRT Number of junctions for which

data 1s to be printed.

NPRT Printing output interval, i.e.,
results are printed every
NPRTth cycle,

PERIOD Period of input wave at ocean
end, hours,
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Sequence No.  FORTRAN Name "Comments

Variable names listed as they occur in the program:

19-24 Read input information and
write a general heading.

20 TZERO Initial time of this run.

20 NETFLW Switch to call HYDEX: #0,calls.

20 ISTART If the run is a restart, this

is the next cycle to be pro-
cessed. (= to 1 + the cycle
number written in the run to
be restarted.)

20 INPSUP If #0, suppresses printing
junction and channel data.

23 IPRT Start printing on cycle __ .

23 IWRTE Write binary output on 10
beginning at cycle __ .

23 KPNCHI The interval at which the
restart records will be
written.

25-30 Position tape 10 if this is a
restart.

27 ISTOP The number of the last cycle
processed in the run to be
restarted.

34-40 Read junction initial conditions;

unless this is a restart, set
YT=Y; determine if the input

data cards are in the correct
order.

41-44 Write junction input data
’ unless INPSUP #0.
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‘Séquence No.  FORTRAN Name "comments
48-53 Read channel initial conditions,

calculate channel cross-
sectional area (see text),
determine if the input data
cards are in the correct order.

54.58 Write channel input data unless
INPSUP #0,

62 Read the numbers of the junctions
for which data will be printed.

63-64 Read and write the amplitude,
phase and period of the input
tide wave.

68 NEXIT A flag which is non-zero if

there is a compatibility or
restart problem.

69-88 Determine that the junction
and channels are connected to
each other properly.

92-101 Output the control and system
data to unit 10. If IWRTE is O,
(hydraulic output desired for
every cycle) calculate channel
flows and output initial head,
speed and flow to unit 10.

105 DELT2 Half a time step.

106 Convert the initial time to
seconds.

107 Convert the period in hours to
seconds.

108 W ' Used in the Fourier series

representation of the tidal
input; 2r/Period.
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Sequence No.

FORTRAN Name

109-119

120

121
125-131

132

The restart provision has two
purposes: if the program
terminates abnormally, (over
time estimate, system failure,
etc.) a restart record can be
used to start the program at
some mid-point without wasting
all the computer time used in

~getting to the point. A restart

record is also made at normal
termination, so that the run
can be extended if desired.
Writing the restart record
itself uses extra time. If
abnormal termination is not a
problem, set KPNCHI=0, and the
restart record will be made
only at the end. To protect
against abnormal termination,
set KPNCHI>200 or so. A
restart record will be made
every KPNCHIth cycle. To use
the restart unit, equate it to
units 7 and 8, and run the pro-
gram using cards only for the
unit 5 read statements, get
TZERO from the last line of
printed output saying, "TZERO
FPR RESTARTING = ..." Set
ISTART = 1 + last cycle for
which restart "deck" was made.

~ If there has been a compatibi-

1ity problem, or an error in
KPNCHI, stop.

Gravitational constant.

Calculate the frictional con-
stant in each channel; reorder
the junction numbers if
necessary.

Set time equal to the initial
time.
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Sequence No. FORTRAN Name ~'Comments

140 Loop through sequence number
289 (statement 285) for each
hydraulic cycle, through NCYC
cycles.

140-143 Replace current values of
NCYCC, T2 and T each time
through the loop. See section
on Runge-Kutta integration,
explicit solution, leapfrog

methods.

147-156 Compute channel speeds and
flows.

150-151 Divide the frictional constant

by the hydraulic radius raised
to the 4/3 power after comput-
ing the current value of the
hydraulic radius.

152-155 DVDX Compute the velocity gradient
‘ . (dv/dx) and channel velocity
from initial or last computed

values of velocity and head.

160 Compute the Fourier series
representation of the input tide
wave for as many junctions as
are at the ocean.

161-170 Determine the sum of tributary
and channel flows into each
Jjunction. |

171 Find a new junction head based

on the amount of water added to
or subtracted from each
Junction.

175 Perform second step of Runge-
Kutta integration substituting
values previously calculated as
the old values.
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Sequence No. FORTRAN Name

204-207

211-215

216-237

Compute new values of the cross-
sectional area based on the
increase or decrease of heads
previously computed.

If this is a binary output
cycle, write the cycle number,
junction numbers, heads, the
speeds, and flows in the
channels on unit 10.

If this is a print cycle or the
last cycle, enter the "selective
print routine."

"Print Routine

221-222

223-237

241-245

250-258

Convert time to hours and
print a general heading.

For the junctions that are to
be printed, print the junction
heads. For each channel con-
nected to said junctions, print
the channel flows and speeds
after determining the correct
sign.

If the channel speeds during
any cycle exceed a predeter-
mined value print the cycle
and channel number and EXIT.

If this is a restart record
cycle or the last cycle, write
on unit 9. These data can be
used for initial conditions

to another case or used to
start up again in case the run
was interrupted.

End main loop.



FORTRAN_ Name

267-274

278

93
Commeﬁts

Make a copy of the restart
information on the printer.

Call hydraulic extract
program.
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c....ﬂii”.‘.#l"‘"l!”’.ﬁ"i.l'*#*"Q'QQ'QG.‘QGQ"Q.QQ‘#GGQ'*GQG#QGGQ
o S MAIN LCOP (CONTINUED)  SUTPUT *

c....*‘..‘...Q*"Q...‘0‘.’.0'6."'Q.0'6QQOQQG.QQG.G*.Q.QOQ&!QQQQQ.G#QQG

. IF(ICVC.LT.IHRTE,G” TS 259
¢ LGN RRRNARBLINRIRRGRER

c . BRINARY TAPE OUT &

..........

c . §§0.§¢.0l§0!!l§liﬁﬁiiﬂﬁﬁ :
RIT TE410) ICYC!(Y!J)OJIlvNJ)o(V(NloQIN)oﬂlloNC)
YC.NEIPRT ,AND, ICYCoNE,NCYC)BC TS 263
0"00.00'60.0..0&.&6
®  PRINTER SUT &
.QQ.Q.QOQ.#'.Q!!.!'G

.-

9 IF(I

O

IPRT®IPRTNPRY
Tive: = 7/3600,0
WRITE164302) ICYC,TIME
DS 340 I=1+NOPRT
,gtd?RTt;)
WRITE(64305) J.Y(D)
D5 335 K=isS " g
IF INCHAN(JK) .E0.0)ac TC 335
n-ncniN1J.x1 i}
IF{1JJNE,NJUNCIN,1))62 TS 320
VEL=V IN)
FLOW=Q(N)
6t 1O 325
320 VEL=evIN)
‘ FLCW==Q(N)
325 HthE(6.3301 NeVEL +FLOW
338 CONTINUE
340 convINE
Q*.QOOOQQ&.#.Q.Q.O.QQQQQOQQQOQQGOQG..Q'.
. CHECK FCR REASONABLE VELCCITIES #

............

HERRNRBRRBRARRRRVRVDEDARGOBARRROFRERRNBRS

4 Nely

00201
00202
00203
00204
00205
00206
00207
00208
00209
00210
00211
00212
00213
00214
00215
00216
00217
00218
00219
00220
00221
00222
00223
00224
00225
00226
00227
00228
00229
00230
00231

00232
00233
00234
00235
00236
00237
00238

00239

00240

66



263

275

OO0

- e =

DC 275 N=1,yNC
IF (ABSF (V(N)) ,1L.Te20,)6C TC 275
WRITE(61,270) T1CYCoN
sTCP
. _CONTINUE
zrctcvc.NE.chc.AND,xcvc.Lr.an!rE)s TS 288

-------

QOQ'QOGQQQOQOQOOGQOOQG0060
®  MAKE RESTART TAPE #
QﬁQQQQQlCQQlQQGQlOQQQQQl.l _
. WRITE(95120) (JoAREAS (J) o (NCHAN(J oK) oK®195) Y () 9 QIN(Y)
* YT(J) 9J=14N))
) HRITE(9'130)(NvCLEN(N,O(NJUNC(NoK)oK:loa)'R(N)oCN(N),B(N)c
® ___ V{N)yNalyNC)
KHRITE!K?RITE*KPNCH!
ENDFILE 9
.. REWIND 9
TZERS2=T/3600,
WRITE(6,281) 1CYC,TZERD2
CONTINVE

.....

CQQGQQ'QQQO’QQQ'.GCQQ..’..OQ..QG’..&..‘.Q.Q.QQ‘Il'...‘&..ﬂ&ﬁi’##ﬁ.&‘ll

ce

END MAIN LO2 »

...........................

c.ﬁ.”’."'.'...”'..QQQQQQ.QGQ.Ql.#.'l.'..0'6.’...*#"#.lQ##G.'QOGGQG

¢
c

c

000

ENOFILE 10
LIIZ TR T TR T TR 2L IS TR Y

* PRINT RESTART INFC @

................

Y T Y Y Y Y YT Y Y Y T
WRITE (6,432)
WRITE (65402) _ . - _ )
HRITE(60t04) (JoY(J) v AREAS (J) 9 QIN(J) o INCHAN (J oK) o K21 45) 9. m1 oNJ)
WRITE(65410)
WRITE(60+412) _ (NYCLEN(N) #B (N) ¢ AREA (N) s CN(N) s v (N) R (N) »
® (NJUNC (NyK) gKul,2) yN=1,NC)
VR!TE(60299) IWRTEvNCYCC
iiii&iiibi&iii&i&i&i&6*.0&0;;0»0090.000
» CALL HYDRAULIC EXTRACT PROGRAM
B ERERNRRRNRNGANENNRRBRNERNBRNBERIRENES
ggﬁNETFLH.NE.O)CALL HYDEX
cP
2T YT YT YT YYIYT I Y Y I8

00241
0024642
00243
00244
00245
00246
00247
00248
00249
00250
00251
00252
00253
00254
00255
00256
00257
00258
00259
00260
00261
00262
00263
00264
00265
00266
00267
00268
00269
00270
0027}
00272
00273
00274
00275
00276
00277
00278
00279
00280

00t



00

* END.MAIN.PRCGRAM ¢
FRBRIRBRANERBARERGOBORERG

100 FCRMAT (18A4)
105 FCRMAT (81592F10,0+315)
110 FCRMAT (1H1///

'3 1M 1BA4,5X,47TH FEDERAL WATER POLLUTION CSNTRSL APMINISTRAT
® TSN/
. 1H 18A495X435H PACIFIC NORTHWEST WATER LARCRATCRY////)

115 FCRMAT(132H JUNCTICNS CHANNELS CYCLES  SUTPUT INTERVAL  TIME
# INTERVAL  INITIAL TIME WRITE BINARY TAPE  RESTART INTERVAL
#START PRINT//
® 1H _J64+3111,47H CYCLES-FII OcSH SEC.vFlZ.3.14H HRSe CYCLES I4e6H T
#5 14518,19H CYCLES _ CYCLE 14r/77)

117 F‘RMATCLQHOJUNCTIvN DATA CARD SUT OF SEQUENCE. JJEB l4y4H,J= 16)
120 FORMAT (159F104095X¢SI3¢F10¢5¢F10,00F10,5)
126 FORMAT(]H 925Xe21H8®  JUNCTION DATA wes//)
125 FORMAT (86H JUNCTION  INITIAL HEAD SURFACE AREA  INPUT1CYTPUT
- CHANNELS ENTERING JUNCTION//(1H +16¢F15e43F17e0¢F11e2,112,
. 416))

127 FORMAT(39HOCHANNEL DATA CARD_CUT OF SEQUENCE, NN= 14,4usNa 16)

128 FORMAT(JH1///1H_925Xs20H®% CHANNEL DATA #e#,//)

130 FORMAT (189FB,092134F6,1oF5¢3¢F5.,005X¢F10,3)

135 FORMAT( 9TH CHANNEL LENGTH  WIDTH_ AREA MANNING  VeLOCIT

OY . UYD RADIUS JUNCTIONS AT ENDS//

®(1H I1SsF11400F8,0sF10,1+F9¢3eF10,5+F13.1+123,16))

37 FCRMAT (1415)

145 FORMAT(30HOCOMPATIBILITY CHECK, CHANNEL I4s11Hs JUNCTISN 164)

177 FORMAT{6F10.0)

179 roanntc!n///

1Hs 15X 932H8eCOEFFICIENTS FCR TIDAL INPUT#®///

ox.znnl,ax.znAz.sx.2uA3.ex.aﬂpntz.ex.suputaoex.sunenxno//

5'100 'FIOQZ///

6H_WHERE//

: 41H Y(1)® A14A26SIN(WT+PHI2) +A3SSIN(WT+PHI3))

270 FGRMAT (38HOVELCSCITY EXCEEDS 20 FPS IN CYCLE 13,10H, CHANNEL I3,
#23Hy EXECUTICN TERMINATED,)

281 FORMAT (48MORESTART DECK TAPE 'WAS LAST WRITTEN AFTER CYcLE 14
#926H TZERZ FOR RESTARTING = F7.4)

299 FORMAT (32HOTAPE 10 WAS WRITTEN FRCM CYCLE 16,10H TS CYOLE 16//)

302 FORMAT(1H1///

-

Ll

L AL Ik IR I} T

00281
00282

00283
00284
00285

00286

00287

00288

00289

00290
00291

00292
00293
00294
00295
00296
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311
00312
00313
00314
00315
00316
00317
00318
00319
00320

Lot



. 27H SYSTEM STATUS AFTER CYCLE _144F12,246H HGURS//
* S6H JUNCTION HEAD CHANNEL VELSCITY FLOW/
. S¢H NUMBER (FT) NUMBER tFPS) (CFS))

305 F‘RNATCIHOI$9F13-4)
330 FORMAT (1H 128,F14,5,F12.1)
602 FORMAT (lHIIII

» 32H JUNCTICN DATA FSR RESTART DECK///)

404 FORMAT (R6H JUNCTISN  INITIAL HEAD  SURFACE AREA  INPUT=CUTPUT
o CHANNELS ENTERING JUNCTICSN//(1H 316,F15,49F17.0,F11,2,112,
. 416))

406 FORMAT (#OWITH KPNCHI=#,164# AND ucvcaa.ta.
s 3 RESTART RECSRDS WILL BE MADE TCO C MANY TIMES#)
410 FORMAT (1H1///

- 314  CHANNEL DATA FSR RESTART DECK///)

412 F”RMAT( Q7TH CHANNEL LENGTH WIDTH AREA MANNING VELSCIT
ay HYD RADIUS JUNCTIONS AT ENDS//
'(lH I5cP11.0¢FB OoFIO.l.F9o3oF10 59Fl302' 123+16))

622 FORMAT(42HOEND OF TWO=DIMENSIONAL ExoLxcxt PROGRAMe 1698W CYCLES,)
43?7 FORMAT (36HOEND OF FILF WAS WRITTEN ON TAPE 10.)

$30 FORMAT(315)
END

00321
00322
00323
00324
00325
00326
00327
00328
00329
00330
00331
00332
003133
00336
003135
003136

00337

00338

00339

00340
0034)

20t
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NOTES FOR SUBROUTINE HYDEX
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APPENDIX II

NOTES FOR SUBROUTINE HYDEX

nit Use
3 Qutput to QUALTEMP (binary
records)
5 Control and System Input
(card images)
6 Standard Qutput (printer)
10 Input from HYDRA (binary

records)
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PROGRAM NOTES

Subroutine HYDEX

SequénéE'Nd. 'FdRTRAN'Name Comments
Dimensioned variables in addition to those discussed in HYDRA.

7-13 ARMIN, ARMAX Minimum and maximum channel

cross-sectional areas over the
entire run.

NMIN, NMAX Cycle when the minimum and
maximum head occurred.

QEXMIN, QEXMAX Minimum and maximum quality
cycle average flows over the
entire run; i.e., minimum and
maximum QEXT's. ’

QEXT Accumulates channel flows over
a quality cycle; becomes the
average over the cycle.

QNET Accumulates channel flows over

the entire run; becomes the
average over the run,

RANGE (YMAX-YMIN)

VEXT Accumulates channel velocities

over quaiity cycle; becomes the
average over the cycle.

VMIN, VMAX Minimum and maximum channel
velocities over the entire run.
(Note: entire run means
hydraulic cycles used by
HYDEX-NSTART to NSTOP)

YAVE Used to accumulate junction
heads over the entire run; be-

comes an average for the entire
run,



FORTRAN Name

YMIN, YMAX

YNEW

107

Minimum and maximum junction
heads over the entire run.

Updated value for junction
head.

Variable names as they occur in the program.

19

24

25

26
30-33

34

35

NODYN

FNODYN

NSTOP

NSTART

Rewind unit 10 which contains
information from HYDRA.

Read heading information to be
printed later.

Read the number of hydraulic
cycles per dynamic (water
qua]ityg cycle. Example: If a
water quality cycle of one
hour is to be used and the
integration period in HYDRA
is DELT = 120-0, then NODYN =
3600/120 = 30.

Floating Point NODYN.

Read system information com-

puted by HYDRA and stored on
unit 10.

Set NSTOP equal to the total
number of cycles in HYDRA
(NCYCC is passed through
COMMON. )

Start HYDEX a specified
number of tidal cyclies from
NSTOP. ,

Example:
PERIOD

DELT
NCYCC
NSTART

12 hours .

12%3600 seconds

120 seconds ,

961

961 - 3600 x 12 = 601
120

Hnuaun
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Sequence No.  FORTRAN Name

36-39

37 DELTQ
38

39 JRITE
43 ICYCTF

43

45-58

59-65

69

Comments

This allows convergence to be
achieved in HYDRA before
extracting in HYDEX. This
(converged) cycle can then be
run repeatedly in QUAL for any
number of dynamic steady-state
cycles.

Write the alphanumeric infor-
mation from HYDRA with a
general heading.

Find the quality cycle in hours.

Print information from the
hydraulics program as well as
starting, stopping and
interval cycles used.

The hydraulic cycle number
when the next quality cycle
begins.

Read from unit 10. The
hydraulic cycle number which is
currently being processed.

Read and ignore the hydraulic
output from HYDRA on unit 10
until the hydraulic cycle read
is the same as the starting
cycle in HYDEX.

When the starting hydraulic
cycle is read from the tape,
initialize several variables.

As each hydraulic cycle is read
from the tape, update minima
and maxima, and add to
accumulator variables.

After initializing, branch to
write initial conditions on
unit 3 (line 133).
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Sequence No.  FORTRAN Name Comments

71-80 If the velocity in a channel is
zero, compute area from
junction heads; otherwise, from

Q/v.

81-85 Initialize the area variables
if this is the (NSTART + 1)
hydraulic cycle (KFLAG = 1),

86-94 If this is the first hydraulic
cycle in the next dynamic
cycle, summarize.

95-105 When one quality cycle is
through, complete averages
over the cycle, update minima,
maxima and add to accumulator
variables for entire run.

110-116 Adjust the flow and velocity
accumulators to include only
1/2 of the current hydraulic
cycle.

117-122 If this is the first quality
cycle (KFLAG2 = 1) initialize
minima and maxima variables.

123-126 Otherwise, update maxima and
minima.
127 Output the flow and velocity

average to unit 3.

128-131 Reinitialize the flow and
velocity accumulators.

132 Skip to the summary portion if
this is the last cycle.

133 Qutput the cycle number, and the
initial heads for the next
quality cycle.
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FORTRAN Name

Seqguence No.

134

142

143~153

155-165

166-171
174

176-180

FNSMNS

Comments

Update JRITE (hydraulic cycle
number at beginning of next
quality cycle).

Summary Section

Floating point representation
of (NSTOP-NSTART).

Compute average flow, area, and
hydraulic radius, range, and
average heads.

Output average flows,
descriptive and geometric
information on unit 3.

Print summary results.

Number of dynamic cycles
processed.

Print a few values from the
ocean end of the estuary for
each quality cycle, to check
the tape.



SUBROUTINE HYDEX. . . _ . . ... . .

é .".'..f’..”.'.."’.’.Q.’Q“'.O.’.’..Q"QQ”OQ"”#’QQ
¢ 9 NET FLOW PR2GRAM o
c * PACIFIC NSRTHWEST WATER LARSRATGRY o
¢ FEDERAL WATER PSULUTISN CONTROL ADMINISTRATION  #

CG&l&.,"i.!'.l.l...‘!.iQQQQQQQQQQQQ.Ql.ll.ll&”#.llQQQ
_DIMENSICN VMIN(5) ¢ VMAX (5) JARMIN(5) ¢ ARMAX (S) ,
* QEXMIN(S)gQEXMAX(S).YMIN(S)oYMAX(S)cRANGE(S)
® ARAVE (5) +NMIN(S) yNMAX (S)
_DIMENSISN ALPHA(72),Y(5) sAREAS (5) s QIN(5) sNCHAN(S,5) s
® V(S)1405) +AREA(S) 4B (S) sCLENIS) yR(S)
®  CN(5) oNJUNC (592) ¢ JPRT (75) s YNEW (5) s GNET (5) »
®  QEXT(5)sVEXT(5) YT (5) o YAVE (5)
_COMMON ALPHA.YcYT.AnEA.n.AREAs.QrN.v BoCLENcRoCN DELT,

---------

c......l&...'|.'.Q'..§...§QOQQQOQQ.QQQGQQQQQGQQﬁlCQQQQG}"QQ&QQO'.QOC.GQ

c* !NPUT AND INIT!ALIZATIvN hd

cQGQQQ.QQQQQQGQQQ.C.QQOQOQOOQQQQQGQQOQ.ﬁ.*."Q.GQO.&G.‘Q.QGOQ.'QQOOQ#OQG
REWIND 10

. REWIND 3 .. . .. ...

c Ql{"."....0.0.'0'00..’..'.'QQG‘Q."Q

c ?.... GNIBGL CARDS UNTQUE TS WYDEX &

c QQG.QQ.QQ.QQOQQQQQQGQ.00.0§!§0GQOQQlli

READ(SyIQSl(ALPHAt!)vt-31.72)
nzno(s.soa ncovu

......................

O o
L 3
7]
g |
w
-l
™M
x
e
P4
= T
<
X
k 4
>
P
<oy
<€
Z
-n
-
[+ X
¥ 4
c
z
-
-y
Py
-1
-~

........................

RE““!&O! . (ALPHA(T) o131 436) yNJoNCoDEL T+ (CN (NI sR(N) 4B(N) o
CLEN{N) yN=1,NC)

READ;IO) (Y(J).AREQS(JQQQINCJ)0(NCHAN(J¢K)0K=105) NE3RLNIES
“‘, (AREA(N)oV(N)v(NJUNC(No!)oIn!oZ)oNlloNC)

NSTVB = NCYCC

NSTAGT = NCYCC = (PSRIOD / DELT)

HRITE{G.]OS)(ALPHA(I’v!Ilo72)

DELTO=DELT*FNCDYN/3600,.0

WRITE(64351) NSTART,NSTZP,DELTINSDYN,OELTAQ

JRITE = NSTART

.............

c.Q.Q'.QGQOQQQ..'..”&".*QQQ'G".‘QQ...Q.Q.GQQQGQ’QQQQ*.Q#.#Q#Q&*G.QQ

0000
0000

00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040

LEl



e __MAIN LOCP . ot

....................

c..ﬂf’......’.l#.'Q*'.Q'.QQ.Q.G....Qll.i.*'0.&"*...#“'#GGGQQG’QOQQ!DQ

202 READ(10) ICYCTF.(YNEH(J;.J=1.NJ).(V(Mr.ocnu.Nsl.ucu
IF(ICYCTF =« NSTART)202,204+208
204 DS 206 N=loNC .
b.Qi..iil!.ﬂQ.QQ‘Q.QG#QQQOl&.ﬁ&*i&."Q
9 ROCESS FIRST HYDRAULIC CYCLE #
» gFon INTTIALIZATION) °

------

‘QQO'QQ.QQ'QOQQO.Q.QGQQQQ'QG#QQQQ’QQQ'
QONET(N) = 0,58Q(N)
QEXT(N) = 0,5#Q(N)
VEXT(N$ s 0,5V (N)
VMIN(N) = V(N)
YMAX (N) = V(N)
‘ ARAVE(N)'O.
206 CONTINUE

KELAG = o

KFLAG2 = 0

ng 207 . JIIQNJ
YAVE(J} = 0,0
Y"IN(J) s YNEW(J)
NMIN(J) = ICYCYF
YMAX(J) = YNEW(J))

_ NMAX(J) = ICYCTF
207 CGNTINUE

...................

nwﬁrvn'

»
6&66&6.066&&5&8066&6&&.**.uon*uu&uﬁ.&o&*q.&n.o
6% T2 218
208 KFLAG a KFLAG + 1
ng 15‘ N=1sNC “
TF(VIN) JNE+D.)6C TS 152
NL = NJUNC(N+ 1)
NH = NJUNC(N'a’
ARElluillﬂEﬂ(N)ti(R(N)/2.)‘(YNEW(NH’-Y(NH)* YNEWI(NL) «Y (NLY Y)Y
ARAVE(N) = ARAVE(N) ¢ AREA(N)

s Nela ]
L
O:
0
<)
0
"
N
wn
-l
r
r
B
c
fhr
L
o
‘X
N
-
X
oo
=
-k
P
=
r
g
€
(9]
- !
O
-
lﬂ

93 Iv 15¢
152 AREA(N) = Q(N) 7 VIN)
ARAV;(N) = ARAVE (N) ¢ AREA (N)
154 ONTINUﬁ

00061
00042
00043
00044
000645
00046
00047
00068
00049
00050
0005]
00052
00053
00054
00055
00056

00057
000s8
00059
00060
00061
00062
00083
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080

ZLL



€PN

156

IF(IKELAG,NEL,1)GC T 157
o 156 gblo&b

ARMIN(N) = AREA(N)
QRNAX(N) = AREA(N)
CONTINUE

157 D3 210 N=1sNC

21g

176

180

214

ONET(N) = QNET(N) + Q(N)

QEXT(N) = QEXT(N) + Q(N)

VEXT(N) = VEXT(N) ¢ V(N)

TF (VIN) ;BT o VMAX (N) ) VMAX (N) =V (N)

IF(VIN) JLToVMIN{N) ) YMININ) =V (N) q

1E (AREA (N) o 6T« ARMAX {N) ) ARMAX (N) =AREA (N)
TF (AREA (N) LT, ARMIN (N) ) ARMIN (N) SAREA (N)
CONTINUE

05 180 j=loNJ

Y(J) . = YNEW(J)

YAVE(J) = YAVE(J) ¢ YNEW(J)
IF(YNEW(J) oLT.YMAX (J))GC TO 176
YMAX (J) = YNEW(J)

NHA:(J) = ICYCTF

6c 1% 180
lrtvututJ).st.yuxutJ))e~ TS 180
YMIN(J) = YNEW())

NMIN(J)) = tcvctr

CONTINUE-

:r(tcvcff-NE»J“IVE!6° 7o zo

.....

--------
................

KFLAG2 = KFLAGZ * i
DS 214 N=1sNC

OEXY(N) a QEXT(N) = 0.540(N)
N) s QEXT{N)/ENCOYN .
3§§¥5N: pd VEXT (N) = 0,58V (N)
VEXT{N) = VEXT(N)/FNSDYN

CONTINUE

IF(KFLIGQ-NE.I’Gv 75 183
s 1gl nslyne

QEXMIN(N) = QEXT(N)
QEXMAX (N) = QEXT (N)

0008}
00082
00083
00084
00085
00086
00087
000RSB
00089
00090
00091
00092
00093

00054
00095
00096

00097
00098
00099
00100
00101

00102
00103
00104
00105
00106
00107
00108
00109
00110
00111

00112
00113
00114
00115
00116
ool117
oollg
00119
00120

gLt



181 C“NTINUE
GC 1C 188
183 N¢ 157 N=]9oNC

IF (QEXT (N) «BT,QEXMAX (N) ) QEXMAX (N) 2QEXT (N)
. xr(ogxt(N).LT.szmxncN))QEXM!N:N)aoexrtN)
187 CNTINUE
188 WRITE(3) (QEXT(N) s VEXT (N) oN=1sNC)
DS 216 N=1sNC
QEXT(N) = 0,5%(N)
VEXT(N) = 0,56V (N)
216 CONTINUE
IF(ICYCTFWGEJNSTOP)GC T2 220
218 WRITE(3) ICYCTF o (YNEW(.J) e J=] ND)
JR!TE = JRITE ¢ NODYN

......................

.....................................

SUMMARIZE ALL CYCLES #

'''''

.Q..QQ’QQQ..Q!.O' ' TYIT Y Y Y YYY)

220 FNSMNSIELGATF(NSTuP-NSTART)
Dg 222 N-lvNC
QNET!N$ = ONET(N) = 0,5#Q(N)
QNET(N) = QNET(N)IFNSMNS
AQAVE(N) s ARAVE(N) /FNSMNS
R(N) =: ARAVE(N! / B(N) '
222 _CONTINUE
0e 260 J-loNJ
RANGE(J) = YMAX(J) = YMIN(J)
YAVE(J) = YAVE(J) / FNSMNS
o Y(J) = 0.0
260  _CONIINUE
REHIND 10
HR;IE(!)(ONET(N)oN-leC)
HRITE(SQ(ALPHA(I)0181036)cNJ.NC.DELT.(CN(N)oR(N).B(N),
3 CLEN(N) N=1,NC)
02 246 N=1oNC
NL = NJUNC(N.I)
NH = NJUNC(Ns?2)

OO

ool21

00122
00123
00124
00128
00126
00127
00128
00129
00130
00131

00132
00133
00134
n013S5
00136
00137
00138
00139
00140
00141

00142
00143
00144
00145
00146
00147
00148
00149
00150
00l18]

00152
00153
00154
00185
00156
00157
00158
00159
00140

vLL



(21 ¢ Me )l

LYY

Aﬂtg{ﬂ)u‘ﬂfl(N)olBlNl/?.Ol‘((Y(J}-YNEH(NH))orY(J}-vNPHINL)})
246 CONTINUE.

JWRITE (3) (Y(J)4AREAS (1) sQIN(JS) o (NCHAN(JoK) 9K=145) 0 Ju14N.1} o

. (AREA(N)¢V(N)o(NJUMC(Not)oIn).Z)oM:].NC)

END_FILE 3

WRITE(69226) (NeQNET [N)  QEXMIN (N) 5 QEXMAX (N) s VMIN (N) ¢

®  VMAX (N) sARMIN(N) y ARMAX (N) s ARAVE (N) ¢N=1 ¢NC)

RE&!ND 3

WRITE‘6926$)(JOYMIN(J)cNMINtJ)oYMAX(J)oNMAX(J)cYAVE(J) +RANGE (J) »

. JE1eNJ

...............

&  CHECK DATA ON SUTPUT UNIT 3 «

................

l."..i..l.i&...l.’!!..iQl..illiiil.
K= (NSTOP=NSTART) /NCDYN
WRITE {6,242)
NG 236 ]=1+K
READ(3) ICYCTF, (YNEW(J) s JulyNJ)
READ(3) (QEXT(N) s VEXT (N) «N=] 4NC)
L WRITE(6,232) ICYCTF, YNEW(1),0EXT (1) 4QEXT (2)
234 SNTINUE
REWIND 3
WRITE (6,280)
RETURN

-------------

END ENT!RE SUBROUTINE .

........

.Ql"...l..".i’...'.'Q'QQQQ'Q
_80 FORMAT(515)
jO3 FORMAT(18A4)
105 FORMAT (IM17//

s 1H 1BA&4,5X,4TH FEDERAL WATER PCLLUTION CONTRSL ADMINISTRAT
®I10N/
o lﬂ 18A4-§Xo;7ﬁ PACIFIC NORTHWEST WATER LABCRATCRY /
. _ 1M 18A&/1H 18A4/s///)
224 FORMAT(119H _ FOTN ® FLOW & & & v »
» @ & VELOCITY & & _® 8 ®» CRCSS=SECTICNAL AREa * & oy
. J18H CHANNEL NET FLOW MIN, MAX,
s MINo  MAX., MIN, _ MAX o AvE,/
. _]19H NUMBER (CFS) (CFS) (CFS)
o (CFS) (CFS) (sQs FT) (SQ. FT) (SQe FTY//
®  (1H I5,F15.202F16,2+2F13+3.F16.1sF13,1+F12.1))

00161
00162
00163
00164
00165
00166
00167
00168
00169
00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
00180
00181
00182
00183
00186
001RS
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200

Gt



232 FORMAT(1795XeF104296XeF11,24F12,2)
240 FORMAT (25HOEND OF NET FLOW PRCGRAM,)
262 FORMAT (1HL///

. %34 #8848 SUTPUT FOR CHECKING DATA CN EXTRACTED TAPE %noea///
* 49H HYDRAULIC  HEAD AT #FLOW IN CHANNEL®/
. 49H  CYCLE JUNCTICN NCel NC.1 NGe2/7)

262 FORMAT(1H1/72/7/ )
# 98H JUNCTION MINIMuM HEAD CCCURS AY MAX IMUM WEAD sCcu
#RS AT AVERAGE HEAD _ TI1DAL RANGE/ '
» QAH NUMBER (FT) CYCLF (FT) cY
'CLE B (FT’ i (FT)//
. (lH I@yFlS.Zo113,F16.2v113oF16 2¢1F15.2))

as] F“RMAT(BBH saddnuse FROM HYDRAUL!CS PREOGRAM sasansss HYDRAULIC
. CYCLES PER. ?IME INIEBVAL IN/
*B8TH STARYT CYCLE  STOP CYCLE TIME INTERVAL QUALITY CYCLE
& ___ QUALITY pRaGRaM//
*14 17,11 41F11-0.9H SEPONDS.IOX.1611219F9e2v7ﬂ MCURS/Z2/77)
END

00201
00202
00203
00204
00205
00206
00207
00208
00209
00210
00211
00212
00213
00214
00215
00216
00217
00218

9Ll



APPENDIX III
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APPENDIX 111

NOTES FOR PROGRAM QUALTEMP

”Qg_e

Control Input (except unit 11)
(card images)

Input from HYDEX (binary
records)

Restart output (card images)

Output for extracting program
(binary records)

Waste flow input (card images)
Standard Output (printer)

Standard Output (printer or
teletype) ‘
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Sequence No.

FORTRAN Name

7-18

PROGRAM NOTES

QUALTEMP

Comments

Dimensioned variables in addition to those discussed in HYDRA
and HYDEX

ALPH

ASUR
BETA

CIN

CLIMIT

CMASS

CONST

Intercept (millibars) used in
temperature, vapor-pressure
approximation.

Junction surface area.

Proportionality coefficient
(MBO C"1) used in the linear
approximation of the tempera-
ture, vapor-pressure relation.
(See Edinger, et al., 1965).

Initial (or present) concentra-
tion at a junction.

Concentration of the ocean
input water. CIN(M,K), for
example, is the concentration
in the ocean for constituent
M.K quality cycles into a tidal
cycle.

Upper concentration limit for
a constituent. If exceeded
during computation, execution
is terminated.

Mass of a constituent in a
junction.

Constant mass of pure constit-
uent added to a diverted flow,
which appears at the junction
to which the diverted flow is
returned.



FORTRAN Name

CSAT

CSPEC

DECAY
DIFFK
EQTEM

FACTR

JDIV1
JDIV2

JRET]

121

Comments

Saturation concentration of a
(dissolved gas) constituent. If
the concentration ever exceeds
this value, the concentration
is forced to the saturation
value and an error message
printed.

Concentration of a waste dis-
charge. This differs from
CONST in that it is in MG/L
and dependent on the diverted
flow rate.

Decay coefficient (K,) in SEC™!
for BOD or other subltance with
a reaction rate. Base e.

Diffusion coefficient, computed
from CDIFFK and channel
dimensions.

The equilibrium temperature at
a junction.

Multiplication factor applied
to the concentrations to
accelerate convergency. (See
NJSTOP, for example)

Junction number where a
diversion is to occur,

Junction number where a
diversion is to occur.

Junction number to which the
diversion from JDIV] is re-
turned.
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Sequence No.

"~ FORTRAN Name

JRET2

MARK

NCONDK

NCONOX

NGROUP

NJSTRT
NJSTOP

Comments

Junction number to which the
diversion from JDIVZ is
returned. (There may be up to
NUNITS of the JDIV1-JRET1,
JDIV2-JRET2 pairs.)

Contains the quality cycle
numbers which bound a series
of KOUNTT quality cycles;
used in keeping track of the
binary output for the quality
extraction program.

Contains the nonconservative
numbers. For example, NCONDK(I)
is the constituent number for
the Ith nonconservative con-
stituent; a decay rate is
associated with each such
constituent.

Contains constituent numbers
with an associated reoxygena-
tion rate. The value of
NCONOX(K) (#0) is the constit-
uent number which is paired with
constituent number NCONDK(K).

Number of groups of junctions
for each constituent. For
example, NGROUP (K) is the
number of groups of junctions
to which multiplication factors
are applied for the Kth con-
stituent. Each group consists
of junctions in the series of

to

» inclusive. For example,
suppose that for constituent
number 3, a convergency factor
of 1.5 is to be applied to
junctions 1-4, and that a con-
vergence factor of 2.5 is to be
applied in junctions 7-8. Then,



Sequence No.  FORTRAN Name

ODECAY
Qc

QE

QINWQ

QNET

QToT

Qw

123

NGROUPS (3) = 2,

NJSTRT (3,1) = 1, and NJSTOP
{3,1) = 4, and FACTR (3,1) =
.5.

NJSTRT (3,2) = 7, and NJSTOP
§3§2 = 8, and FACTR (3,1) =

1.0 - DECAY (SEC™1)

Convective heat exchange at a
junction.

Evaporative heat exchange at a
junction.

The flow into a waste producing
entity. There is a QINWQ for
each junction. It is zero if
no water is being removed from
the junction, or if water is
returned to the junction only
after having been removed from
another junction. If it is
negative, waste is being added
to the junction from an

external source which obtained
the water from outside the
system. If it is positive, water
is being removed from the
junction, and may or may not

be returned to another junction.

The net channel flow during a
quality cycle.

The total heat exchanged at a
junction,

The back radiation from a
junction.
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Sequence No.  FORTRAN Name

20-21

36

REOXK

RETRNF

VoL
VOLQIN

Comments

Reo;ygenatﬁon rate (Kp) in
SEC 1 for dissolved oxygen.
Base e.

Proportion of constituent that
is returned to a junction after
a diversion.

Volume of a junction.
Volume of wastewater removed

during a quality cycle
(QINWQ() = DELTQ).

Undimensioned variable names in COMMON in addition to those
discussed in HYDRA, HYDEX.

A

AP

BB

QRNET

TA

Coefficient in evaporation
equation.

Air pressure, millibars. Inter-
polated as necessary in sub-
routine METDTA.

Coefficient in evaporation
equation.

Net incoming radiation (KCAL
M~2SEC~1) calculated for each
cycle in subroutine METDTA.

Dry bulb temperature, °C,
calculated in METDTA.

Variable names listed as they occur in the program.

NOJ

The number of junctions that
are at the ocean end of the
model. If NOJ is 2, then
junctions 1 and 2 are assumed
at the ocean end.



FORTRAN Name

37

38

ITEMP

IEQTEM

NRSTRT

INCYC

NQCYC

NOEXT

CDIFFK

NTAG

IPRT

NQPRT

NEXTPR

125
Corments

The number of the constituent
that is temperature; i.e., the
ITEMPth constituent is tempera-
ture. (=0 if temperature is not
a constituent),

Switch which, when non-zero,
indicates that the equilibrium
temperature should be computed.

The first hydraulic cycle to be
used from the extract type.

The first quality cycle which
is to be processed by QUAL.

The last quality cycle which is
to be processed by QUAL.

Switch which can be used to
indicate that EXQUA should be
called.

Constant used in computing the
eddy diffusion coefficient.

Counter to indicate how many
quality cycles have passed in
one tidal cycle. Initially,

it describes where in the tidal
cycle the program will start.
NTAG runs up to NSPEC, and is
then reset to zero.

Holds the next quality cycle
which will generate printed
output. (See Figure 12)

Print output every NQPRTth
cycle,

Output is printed every
NQPRTth cycle for one tidal
cycle. Then, several
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Sequence No.

39

40-53

54~55

56

57
58

59-61

62

FORTRAN Name

INTBIG

IWRITE

NEXTWR

IWRINT

NOJP1

DELTQ

DELTQ1
DELTQ2

NUMCON

Comments

quality cycles are skipped, and
output is then printed again at
the NEXTPRth cycle, every
NQPRTth cycle for one tidal
cycle, etc. See Figure 12)

Analagous to IPRT for the
binary output.

Analagous to NEXTPR for the
binary output.

Analagous to INTBIG for the
binary output.

Number of ocean junctions plus
one. '

The number of quality cycles on
the extracted tape, usually a
tidal cycle. Bypass all of the
extracted hydraulic infor-
mation on tape to obtain the
net flow and system information
from HYDEX.

Read additional alphameric
information from cards, and
print the aggregate alphameric
information.

Length of a quality cycle,
seconds.

Length of a quality cycle, hours,

Length of the printing interval,
in hours.

Print constants, counters,
flags, for the run.

The number of constituents in
the run.
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FIGURE 12.

|
20 30 40 50 60 70 80 90 100 quality cycle number

IPRT = 10. Begin printing at the 10th quality cycle.
NQPRT = 2. Print every 2nd cycle (thus, the 10th, 12th, 14th, etc.), until...
a tidal cycle has elapsed, then

start printing again at NEXTPR after

INTBIG cycles have elapsed since beginning of last print cycle.

Integer terms employed in scheduling print output in the water quality program
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Sequence No.

FORTRAN‘Name

64-66
67
68-80

84-94

98-111

98

116
118

119

NALPHA

CLIMIT

NUNITS

NFIRST

Comments

The number of alphameric
variables to be read which
depend on the number of con-
stituents. Read and print a
card descriptive of each con-
stituent.

Read the limiting concentrations
for each constituent.

Read and print the reoxygenation
and decay coefficients. If
there are none (exit from loop
with k=1) print a message.

Read the number of diversion
return combinations. Then read
and print the diversion-return
information. If no diversion-
return information, so print.

Input waste flow information.
Since all of it won't fit on a
card for five constituents,
read two sets of cards if there
are more than three constituents.
Check each card for proper
sequencing (JJ=d). If a
sequence error is noted, stop.

Is used in reading the two sets
of cards.

Print a "multiplication factor"
heading. Then, for each con-
stituent,

1) read a card containing the
number of groups for that
constituent.

2) if there are no groups for
that constituent, go to the
next one.



Sequeénce No.

FORTRAN Name

121

123-129

131

136-139

143

148

149

150-163

164

168

NSPEC

NOPRT

JPRT

METDTA

NCOUNT

129

Comments

~ 3) for each group, read infor-

mation describing the group.

4) with that information, apply
the return factors to the
starting concentrations.

Print "no concentration factors
applied" for constituents for
which NGROUP is zero.

Print the wasteflows, and
adjusted concentrations.

The number of times concentra-
tions are input at the ocean
end. There should be enough
for one tidal cycle at the
appropriate interval. For
example, if the tidal cycle is
25 hours. and the quality cycle
is 20 minutes, NSPEC=75. Read
cards containing NSPEC con-
centrations.

The number of junctions for
which printout is desired.

Contains the junction numbers
of NOPRT junctions.

Print the channel and junction
geometry.

The entry point in the
meteorological data subroutine
which inputs the meteorological
data.

Counts the number of times data
is printed in a tidal cycle, so
that when the tidal cycle is
over, NEXTPR may be used to
skip several tidal cycles.
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Sequence No.

FORTRAN Name

169

170

171

172-177

181-194

196-198

200-210

211-214

218-222

KOUNTT

NOB

NEOT

KVOL

Comments

Used in controlling the binary
output notes in MARK.

The number of binary output
tidal cycles elapsed.

ICYCTF at end of extracted
tape,

Reorder the junctions connected
to a channel, if necessary.

A flag to indicate that the
loop following has been gone
through twice. The junction
volumes are computed twice.
They are computed from CLEN, B,
and R, where the first time, R
is an average from all of the
quality cycles. The volume
thus calculated is an average
volume.

The average volume, and other
initial and descriptive para-
meters are output as initial
information to the quality
binary output tape.

A new R is computed, which will
make the volume correct for a
specific junction head, Y.

The new junction volume is then
computed from the R's when this
is done, skip to 774.

The heads which started the
hydraulics extract tape are
input, and the volumes
corrected for these heads.

Initial mass concentrations
are computed from the initial
volumes and concentrations.



Sequence No. ~ FORTRAN Name

226-227

228-230

291-239

244 NQcYcCC
248

249

250
255 VOLFLW

254-272 FACTOR

13

Comments

Eddy diffusion constants are
computed from channel geometry,

Waste water volumes which
change during a quality cycle
are computed.

If binary output is to be made
from the first cycle, write the
initial concentrations.

Used to retain the value of
ICYC when the main loop is
complete.

Channel flows and volumes are
obtained from the extracted
information.

If all of the information from
the hydraulics program has

been read, rewind it, so that
it can be read again to con-
tinue the quality computations
for an indefinite time with

the same basic hydraulic infor-
mation.

Read junction heads from
extracted information.

The volume of flow during a
quality cycle.

Depending on whether the
channel is connected to the
ocean, and the direction of
flow in the channel, the
quarter point solution tech-
nique is applied to the channel
concentration gradient. For a
discussion, see Orlob, et al.
(1967).
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Sequence No.

"~ FORTRAN Name

273-274

280-291

295-296

297-300

305-310

311-314

318

NTAG

Comments

Adjust the mass concentrations
for advection and diffusion.

Adjust the mass concentrations
for decay and reoxygenation.

If NCONDK(1)=0, the Ith con-
stituent is conservative, and
no correction is made for that
constituent. If it is non-zero,
a correction is made, and
NCONOX(K) checked. If non-
zero, a reoxygenation correction

is made based on the constit-
uent.

The ocean concentrations are
input for one tidal cycle, at
each quality cycle. If the
tidal cycle is complete, reset
NTAG, so that the ocean con-
centration information can be
used again.

Set the concentrations at the
ocean junctions to the ocean
concentration.

Adjust for waste flows. If the
waste flow is negative, an in-
flowing waste from outside the
system is assumed, and the mass
concentration at the junction
is adjusted using the volume
flow and CSPEC, the concentra-
tion of the waste.

If the waste flow is positive,
an outflow is assumed, and the
mass concentration is adjusted
using the concentration at the
Junction.

If NUNITS is zero, bypass the
loop for adjusting concentrations
for diversion returns.



Sequence No.  FORTRAN Name

319-330

332

335 FMD
336

337 RHOW
338 TWC
339 HV
340 ROXDR
341 EA
343 ES

133
Comments

For each diversion, adjust the
mass concentration of the
receiving junction on the basis
of the volume flow from the
contributing junction, the
original concentration in that
junction, the return factor
(RETRNF), and CONST, (which

- allow for pollutant which enters

during the diversion.)

If temperature isn't being com-
puted, skip the next loop.

The subroutine which Fetches
the Meteorological Data
according to ICYC.

DO for each junction where CIN
isn't an input, i.e., where
the concentration isn't fixed
by the junction being in the
ocean.

Water density in KGM 3.

Initialize surface temperature
(or update it).

Compute latent heat of
vaporization.

The reciprocal of RHOWxDEPTH
with a conversion factor for
ft to meters.

Saturation vapor pressure (MB)
at the wet bulb temperature of
the air.

Saturation vapor pressure (MB)
at the temperature of the
water surface.
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" Sequence No.  FORTRAN Name Comments
344 DELVAP Difference of the above two.
345 Since evaporation can still go

on at (reported) wind speeds
of 0 MSEC-! wind is set to
0.05 MSEC-! even if it is a

calm day.

346 T Temporary variable used in
computing QE, QC.

349 DELTMP Difference in air-water
temperature.

350 BOWMOD Modified Bowen ratio.

353 QDEP Sum of the terms dependent

on surface water temperature.
KCAL M=-2SEC-1,

354 QR Atmospheric radiation terms
(measured or computed) which
are independent of surface
temperature.

356 Computed temperature gain or
loss since initial condition,
or updated from the last com-
puted value.

357 Bypass, 1f not interested in
the equilibrium temperature.
358-359 The 1imits of the table used in

computing EEKTEMP are 0-300C,

360 4 Find out where the initial (or
last computed) temperature
1ies within the table.

361, 362 T2, T3 Temporary variables, using
ALPH, BETA to compute the heat
exchange coefficient and the
equilibrium temperature.
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Sequénce No.  FORTRAN Name COmment;

363 XCHCF The exchange coefficient.

366 DTEM Difference between last
temperature and equilibrium
temperature.

367 TEM2 Temperature calculated by the
equilibrium temperature
equation.

368-371 See if TEM2 (above) uses values

of ALPH, BETA originally
assumed. If not, use the newly
computed value of temperature
to obtain new values and go
through the loop again.

376-381 Compute new junction volumes,
and from them, new specific
concentrations.

385-392 If negative concentrations

occur, set the concentrations
to zero. This condition can
occur if the time step is too
large. This is one form of
instability and this corrective
procedure doesn't really cure
the instability, although it
may be partly justified if the
concentrations are low. If this
is a print cycle, an error
message is printed.

394-408 Two checks are made on the high
side of concentration. If the
constituent is nonconservative,
a check is made that the paired
constituent does not exceed its
saturation value. If it does,
it is set to the saturation
value and a message is printed.
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Sequence No.  FORTRAN Name

409-418

419-438

423 KOUNTT

439-458

426-477

Comments

A1l constituents are checked
against an upper 1imit (CLIMIT).

If they are higher than that

Timit, execution is terminated.

Binary output is made for the
quality extracting program
according to a rather confusing
sequence of counters and flags.
Basically, these are arranged
to give output every quality
cycle for one tidal cycle,

and then to skip several

tidal cycles, and output again
Tater in the program.

Accumulates the number of times
in a tidal cycle that output
has occurred. When KOUNTT =
NSPEC, the tast output is
written, and output is
suppressed until NEXTWR, which
is computed from when the last
series of output began.

A restart card deck containing
the non-constant variables is
made if this is the last cycle.
These could be used to continue
the program if the values have
not stabilized in the length of
run selected initially. Because
all of the information will not
fit on a card, two loops are
necessary if there are more than
three constituents.

Printed output is now made
according to a series of
counters and flags described
above.



Sequence No.

FORTRAN Name

478-489

497-499

620-END
629

632

635

137

Comments

If the equilibrium temperature
is to be calculated, it is
printed in addition to the heat
budget terms which are 1isted
in both KCAL/M%-sec, and
BTU/hour.

A subroutine to extract the
quality data in a form somewhat
similar to HYDEX has been used
elsewhere. However, it is
rather specific to a given
locale and not particularly
useful in the case of the
CoTumbia River and is not
described in this report.

Meteorological Data Subroutine

INT

NPTS

NQCSM

QRNETA()
UWINDA()
TAA()
TAW()

APA()

1DQ

The interval, in seconds,
between data points on input.

‘The number of data points input

(should be enough for one day).

Time, expressed as the number
of quality cycles since mid-
night at the start of the
quality program.

An array of QRNET's (net
radiation).

An array of UWIND's (wind
speed).

An array of TA's (air
temperature).

An array of TAW's (wet bulb
temperature).

An array of AP's (air
pressure).

The integer representation of
the length of the quality
cycle in seconds.
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Sequence No.

FORTRAN Name

636

637

639

646
647

648

649

FINT

LOT

FMD

ITIM

ITIT

FACT

Comments

The floating representation of

~ the interval in seconds

between meteorological data
points.

The length of the meteorological
table in seconds.

"Fetch meteorological data."
Called when the table is to be
referenced at a particular
time. The values are inter-
polated from the arrays, and
stored in COMMON in variables
QRNET, UWIND, TA, TAW, and AP.

The seconds of elapsed time in
the simulation since the start
of the program.

The seconds of elapsed time
since the start of the last
meteorological data set.

The entry in the meteorological
table which immediately pre-
cedes the present time.

A factor for interpolating
between the Ith and (I+1)th
value.
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00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00011
00032
00033
00034
00035
00036
00037
00038

6El



200

128 e

. FIND SYSTEM INFOCRMATION FROM HYDEX UNIT o

.............

i ﬁ.i.QQQQQQQQO‘QQ00!9000&’QOQQQQQQQQOGQQQ!QQGGQ##
- INSTSP=NSTART) /NCDYN
Do 36 I = 1,K
READl3)
. READ(3)
R6 CONTINUE
- READ(®) (QNﬁT(NLoN:ltNC’
READ(3) (ALPHA(I) vI=1436) ¢NJJNCyDELTs (CNIN) ¢R(N) 4B (N},
- CLEN(N);N‘I.NC)
READt3)tY(J)oAREAS(J)oathJ).(NCHAN(J'K!.Ksl.S).J:l'MJ»o
" (AREA(N);V(N)'lNJUNCIer)oIi!vZ’yNﬂlvNC)
REWIND 3 "
nerca.losnéALPHAcx;c:-37 v 721
WRITE (614103) (ALPHA(]),121,72)
DELTO-QELT*FLVATF(N“DYN)

DELTDI-DELTQ/3600.0
DEL TR2=DEL Y01 *FLOATF (NOBRT)
WRITE(619106) NSTART¢NSTCP,DELT

WRITE (164 10TINRSTRT 4 INCYC+NQCYC ¢ INTBIGDELTO2,DELTQ1 »CDIFFK
WRITE(164109) IPRT,IWRITE
READ(Z;;IZ} NUMCON

WRITE(164120) NUMCS

NALPHA = 108 ¢ NUMCCN » 18
READ(2+103) (ALPHA(I) 412109 ,NALPHA)
WRITE(1§9122) AL PHALI), 1:109,NALPHA)
READ(2,110) (CLIMITcK;.K-loNuMc N)

..............

I T T Y T Y R T YRR Y AR Y Y YT YT NPT YT YA YL Y Y
. INPUT/0UTPUT=wRESXYGENATICN AND DECAY CCEFFICIENTS

...........

6&66666&&&60¢.000n».909.0.009.»0#&#»54.0;090.;nquueiﬂpino.no
READ (29400 (NCONDK (K) 4NCONOX (K 4k21 s NUMCON
D2 44 K= ¢eNUMCON
!F(NCGNDK(K).ED O’Gu o] 46
READ (2942) DECAY (K) yRECXK (K) ¢ CSAT (K)
ODECAY(K) 2 J¢0 =~ DECAY(K)
1F (NCONDX (K) cEQ,0)WRITE (16958) NCANDK (K) +DECAY (K)
TF (NCONSX (K) (NE, 0IWRITFE (16956)NCANDK (K) ¢DECAY (K)o
& NCS X!Ki'REvXK(K!’CSAT(K\
bt CQNT!NUE

00040
00041
00042
00043
00039
00044
00045
00046
00047
00048
00049
00050
00081
000&2
00053
N005¢4
00055
00056
00057
00058
00059
00060
00061
000k2
00063
00064
00045
00066
00067
00068
00069
00070
00071
00072
00073
00074
0007%
00076
00077
00078
0007S
no0Ro0

ovl



21e Ne!

2 Ee Re 1

On'

n t

118

SRR RRBRGRRNE R ARG R AR RLA RN AR RDERAR R BB R DS NRG R BN B
& INPUT/QUTPUTe=p]VERSIGN=RETURN FACTORS .

.............

QQQQQQQ.QQ.Q.Q..QQQQ!..GGQQ...!'G.G!'O..GQQQ.#’OGQ’

READ(25]12) NUNITS

IF (NUNITS.NE.0)BC TC 115

WRITE(16,481)

6T 73 lla

WRiTE(14+198)

L1 ]+] 117 1-1.NUNIY$
_READ(24116)JDIVI (1) 4JDIV2(I) ¢ JRETI(I) s JRET2(I)

®  (RETRNF(]oM) CONST (14M) sM=] ¢« NUMCSN)

WRITE(169350) I,J0IY1(T)sJDIV2II) 9 JRETI (1) s JRET2(I)s

. ¢RETRNF(!.M)0€ONST(!.M)vMIl.NUMCuN)

117

210

212

T eONTINVE. .
QQ"Q'IQQQQOOQC.Q%GCGQQ!Q’.QQQ!CQQQQ’.QQ!'QQQGQQQOiﬁi

. INPUT==WASTE FLOW CONCENTRATIONS AND AMCUNTS &

...........................

S0RBRRRNRNNENNNNERNNRNRRERRBRDF AR RABRRNADBERRAADANNRO GG
NEfRST®3 .
IF (NUMCT NaLT.3)NFIRS7lNUHC°N
Dg: ZOQ -‘l’ J
RE‘D(IIQZOO) JJoQINWQ (S} o (CCUsK) 3CSPEC (JoK) okm] oNFIRST)
I'!JJ.EQQJ’GG T8 206
WRITE (16,204)JJ,J
SToP
CONTINUE .
IF (NUMCON.LE.3)6C T2 212
"FIRSTiﬂfiRSTOI
DC 2]0_J=19NJ
REAO(II.ZOO) JJ, (C(JoK)OCSPEC(J.K)OK'NF!RSTgNUMCvN)
IF (JJNE,J)BC TS 202
CoNTINUE

RTINS S TS T TR Y AT Y ALY A LTI LT Y AT T 2L L T
4 INPUT'-HULT!PLICAY$CN FACTCRS TS BE APPLIED :

----------------------------

.l'i.ll.ili..OQQQQOQOQQGQQQCOQOQl!QQ‘QQQ!QQ&‘QCQOQQQ
wRITE(IG.ZZ#b
0% 222 181 9sNUMCON
READ¢Z.112) NGRZUP (1)
!rtNeRaqulp.En.ODG“ To 222
NG = NGRJUP(I)

000R]
00082
000R3
00084
00085
00086
00087
00088
000R9
00090
0009]
00042
00093
00094
00095
00096
00097
00098
00099
0oloo
00101
00102
00103
00106
00105
00106
00107
00108
00109
00110
00111

oo112

ooti2
00115
n0116
00117
0011g
00119
00120

vl



iR He L

(9 on A1y ]

READ(27220) (FACTR(IsK) yNUSTRT (]4K) sNJISTOP(I,K) oK=14NG)
wnzretlﬁozza)l.(K.FAcvncl.K).NJﬁTRT(t.K}.NJST*Pt!.K).Kal.Ns
234 KUI-NG
uJ; = NJSTRT (1K)
NJ2 = NJSTCP(IeK)
DS 234 JeNJ1yNJ2
CtJel) = CtJel) ® FACTR(I,K)
234 CONTINUE

222 CONTINUE
N3 232 I=1,NUMCCN
IF (NGRSUP (1) JEQ.OIWRITE (1642161 1

232 eoNTINUE
» SUTPYT=~ADJUSTED CANCENTRATIONS &

,,,,,,,,

L BRBBVDOBDRNRBOBURPDIDRBBRBORNBRIVBDBANERDND
WRITE (1§¢241)
NS 283 _J=mlsNJ
HR!TF(léoZBZ) JeQINWQ(J) » (C(JeK) oCSPEC (JoK) ok=1eNUMCSN)

283 CONTINVE. . . . . ..
aoiaouuecnaﬁoioobavaa&noo#o&co».o#o#o.eotc;ﬁﬁo##oon

#  JFNPUT/OUTPUT==CCEAN JUNCTION CCMCENTRATION »

‘Q.Q'!l."".".0#..6’.#.#9“0""“*.GQ*’.*QQ#Q'G#Q#

READ(ZoIIZ’ NSPEC
DS 186_M=19NUMCON
READ(11,184) (CIN(Mm, 1) 4121 +NSPEC)
. WRITE(61+188)Ms (CIN(M¢I)+13]1NSPEC)
186 CONTINUE
READ(2+¢112) NOPRT
READ (24192) (JPRT (1) yI=) 4NCPRT)
1F (NJJLELNCIGS TC T2
N1=NC
N2 = NJ._
@G5 TO T4
72 Nl = NJ
Ng = NC
74 wanE(sl 196) (NgCLEN(N) 9B (N) sAREA (N) 4CN(N) yONET (N) »
. R(N)o(NJUNC(NOK)9K¢192)vaY(N,o(NCHAN(NOI’|I=105)QNBI N1)
N{ = N1 + 1
IFIN) « NC)76+79:78
T8 WRITE (619195) (JoY (J) » (NCHAN (I oK) oK31,45) o JaN1.N2)

00121
00122
00123
00124
00125
00126
0ol27
ool2a
00129
00130
00131
00132
00133
00134
00135
00136
00137
001138

00139
00140
00141

00142
00143

00144
00145

00146

00147
00148

00149

00150
00151

00152
00153
00154
00155
00186

00157
00158
00159
00160

vl



_ G” Tu ?é
76 HRITE(610196"NQCLEN‘N}QB(N’OAREA(N)OCN(N)!QNET(N)O
. R(Nlo(NJUNC(NOK)'K-quloN'Nl’Nz)

...........................

é.il...’i"’.....ﬂ'...'.Q.QOQ6.'0.‘0'.!6'*0'*{"’.l."fi'ﬁ.li.ﬁ#i*’#GGQ

o INTTYALIZATION »
c...‘...‘.’ﬂ.&.Q.QQQ...QG"O&“.‘..Q!"Q.5"'..90.'&"*".‘"QQQ**QQ{GD
NCSUNT = 0
KCUNTT = 0
NGB s 0

NES T = NSTUP = NCDYN
DS 388 N=lyNC
I'(NJUNC(NQI}oLEoNJUNC(NQZ’in TS 358
KEEP=NJUINC (No1)
NJUNG (Ng ] ) SNJUNC (N 2)
. NJUNC1Np23'KEEP
358 CONTINUE

¢ QoQi..«.tﬁoowooooooooooo;o&.»uoco
¢ ® _ COMPUTE JUNCTION VOLUMES
c _ .o.orooooooowoun;uvooooo;.oo.ouo
. KVOL_ - 0
359 07 373 JsisNJ
ASUM =: OOQ
DSUMv‘ s 0.0
ng 371 Ks1e5
lF(NCHAN(JoK)-EQ.O!Gu TS 372
N-NCHIN(J.K)

ABAR = ;LEN(N"B(N)
ASUM = ASUM ¢ ABAR
__ DSUM_= DSUM + ABAR®R(N)
371 CONTINU E.
3772 NBAR = QSUMIASUM .
VQL(J! = ASUR (J) SDBAR

373 CONTINUE
!F(KVvL NE.O)BC TS 774
wu;rgc;g) " (ALPHA(T)91u]sNALPHA)
_WRITE(10) NJoNCDYN NSPEC+DELTQe (QINWQ (J) o VL (J) 9 ASUR (J) »
" (CSPEC(JoK)oKlloNUMC"N)oJ!loNJ)
L =

DO 710 N=s1sNC

00161
00162
00163
00164
00165
00166
00167
00168
00169
00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
00180
001R1
00182
00183
00184
ool8as
00186
00187
00l1a8
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200

Evl



c
c

C
774 READ(S)

c
e
c

xIRe e X

 RIN) = AREA(N) 7 B(N)
ri0 c»nrruuz

SRABRSRNASINEI NS SSSLIRNNERNERNSIERNNRERNOO
CCRRECT VSLUMES FOR STARTING HEADS

. ICYCTFo(YNFwIJ).JSIoNJl
I"!;YCfFQGECMRSVRT)G' Tu 776
RFAD(3) ) (QIN) yV(N) (N=14NC)
780 JtloNJ

L‘J) s VOL(J) o ASUR (J) # (YNEW (J) =Y (J))

a YNEW(J)
780 CONTINUE

..........

..‘Q.l'..‘&'&ﬁ‘.ﬁ#ﬁ'.Q.QO&'Q.GQO.'Q

nc 377 K=1oNUMCSN ,
CMASS (JoK)IaC (JeK) SVOL ¢
377 CONTINUE
378 CONTINUE

................

I T T T Y AT R AR YT I S T T L LT T T E e
CCMPUTE EDDY DIFFUS!GN CONSTANTS

lQ.Qi’.lll.'..!'b..#!l.*#l#ﬂ&l&.ll'..’l'l
D” 385 NIIONC
385 DIFFK(N)-CDIFFkiR(N)OoELTQICLEN(u)
388 J-NuJPl'NJ
LG;N(J) = QINWO(J) ® DELTQ
388 CONTINUE
~ IF{IWRITE = ({INCYC = l)’30932.36
30 IWRITE = INCYC
32 antrstlga  IMRITE ((C(JoK) oKm] sNUMCENY o J=] 4NJ)
NGB = NJB ¢ 1
MARK(N a'l) = IWRITE
WRITE (6] +693)NCBy IWRITF
KSUNTT = KOUNTT ¢ )

00201
00202
00203
00204
00205
00206
00207
00208
00209
00210
00211
00212
00213
00214
00215
00216
00217
00218
00219
00220
00221
00222
00223
00224
0022%
00226
00227
00228
00229
00230
00231
00232
00233
00234
00235
00236
002137
0023A

1241



coo.n&c»0&0&6&6&5.00&9¢0&.0b&&6i&n..uctﬁubtﬁiaco;coo.&.9»»»9;0#9»»95;
ce MAIN LS @

.................. R

c&’t&.i’&....‘..&#"'.&.G.ﬁlﬁ#GOQQ!GQQ&QQOQGC!Q.QODGGGQ#QO#OQQQQGGQQG
DS 536 !CYC s INCYCoNRCYC

&
- ﬁi&éiiibi&i.on.ooooﬁcQatibiiiiiiétino
READ(3) _ LQIN) ¢ VIN) ¢N=1 (NC)
!F(lCYCTP.GE.NE TIREWIND 3
READ(3)  ICYCYF, (YNEW(J)gJsleNd)
l’l'ﬂl.ﬁi""&.ﬂ’*ﬁii.ﬁ#OQCQQ.Qiob.#’.QQ'QO
ADJUST FCR ADvEcTIuN AND DIFFUSIgN »

...........

. ".G.QQQQQGQQGQQ'&Q.QQ!‘Q!CQQQ.IQOQ.‘l'ﬁi!’
De ‘]6 NnéoNC
VOLFLW = OtN) # DELTQ
NL = NJUNC(NQ!)

NH = NJUNC (Ny2)
1F (N,8T NOJ) 6C T 406
1F(Q(N) ,6E.0418C TC 406
FACYUR-Q.

. 8% 13 12 .

404 FACTOR 31400

83 T3 #12

FACTZR = 0.25

R [ 1o} Tu ‘lz

410 FACTuB = 075

417 ng 414 el JNUMCON
QGRAD = C(NL oK) = C(NH,K)

CONC . C(NHQK) ¢ FACTSR # QGRAD
ADMASS = CONC * VOLFLW
DIMASS = DIFFK(N) # ARSE(Q(N)) # QGRAD
CMASS(NH'Kl = CMASS (NH,K) ¢ ADMASS + DIMASS
__ CMASS(NLoK) = CMASS(NL.K) = ADMASS = DIMASS
416 CONTINUE
416 CONTINUE

s BeEel
&
*Z
©
<
- i
x
i
S~ 2
)
4
[l
r
-t
-0
-
-
z
q
IJ
K 9
>
-t
-t
<)
z

-y e Ne X
*

T Y Y Y Y Y Y Y Y YT YY

®  ADJUST FOR DECAy @
T T T TP YT YT TY Y ¥ Y

N3 422 k=19NUMCCON

o000

00239
00240
00241
00242
00243
00244
00245
00246
00247
00248
00249
00250
00251
00252
00283
002564
00255
002%6
00257
002%8
002%9
00260
00261
00262
00283
00264
00265
00266

00267
00268

00269
00270
00271
00272
00273
00274
00275
00276
nn277y

00278

00279
NO2RO

Spl



c
¢
¢

DO

s Bely X

IF!NC NDK(K)oLE,Och TS 424

NCON. = NCONDK (K)

NCONG = NCvch‘K,

0 420 J-NvJPloud

CMAS§(J.NCUN)'CMASS(J.NcuN! & DEcAY (k)

IF (NCONS,LEL.0)6S TC 420

CMASS (J4NCCNC) = CMASS(J-NC“N ) « C(JINCCN) # V3L I(J) ® ODECAY(K)

® o REGKK(K) ® DELTQ & vCL(J) ® (CSAT(K) = C(JeNCONC))

420 CONTINUE
422 CONTINUE
4?A C‘NTINUE

429

OOQIQGQQQ!Q'QQ!G'Ql&l.ill###&iﬁl#ii&i’!l#.bbQﬂ
* SET chCENrnATtuns AT CCEAN JUNCTI“NS *
Qﬁ*.*li*i.ﬁQGQ.QGl&#li.#&0#’&6#0#&6000&#0.#0’&

NTAG = NTAG ¢ 1
IF(NIAG,GE.NSPEC)NTAG-Q

NS 429 K=l NUMCSN

D” 4g9 JllvaJ

C(JvK’ u CIN(KeNTAGe+1)
f"NTINUE ............

QQ..OQ..!Q.Q.O.li'il.QQDGQO.&0.#6.*&#.*&'09.“..!G.99’#'0

K ADJUST FOR WASTE SUTFLOWSe AND FCR WASTE INFLCWS o

& FROM EXTERNAL scuaces . o

&iiéiii.*&lqu&..qooniQ§¢¢Q¢Q0§¢0090*9&0&0Qﬁif;oqautcoouta

NS 634 jaNOJP1aNJ
!F(GIMUQ(J)’#30’434a432

D NC 431 k=l NUMCON

gMAse(J.K»-cMASStJ.K) - cspeccd.x: . vg SLQIN(Y
CONTINUE

ap Y& 436

NS 433 K=19NUMCON

CMASS (JoK)BCMASS (JyK) « C(J,K) # VCLQINTYY
CONTINUE

CONTINUE . .
I TTITYT I T YR I LT TRLYL YT LT Y IY T2 Y Y Y

. ADJUST FOR DIVERSION RETURNS  #
6!QQ§|’§Q§Q|QQQI§!¢QQQ&QQQQQQQQGQQQQ!
IF (NUNITS<EQe0) 60 TO 842
DC_660 1=1oNUNITS
Jol = JpIvi(D)

00281}
00282
00283
00284
00245
00286
00287
00288
00289
00290
00291
00292
00293
00294
00295
00296
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311
00312
00313
00314
00315
00316
00317
00318
00319
00320

9L



JD2 = JDIvV2(1) 00321

JRY1 = JURET1(I) 00322
JR? = JﬂETZ(!t 00323
7PMASS(JRIuM)!CMASS(JRloM)Q(P(JDl.M)'VuLQIN(Jnl3'RETRNF(I M))e 00325
*  CONST(IsM) _ 00326
CMAS%(JHz-M)-CMASSQJRz.M)ococJoz.M)*v LOIN(JD2)#RETRNF (I ,M)) e 00327
CONST (19M) 00328

433 C“NT!NUE 00329
4640 CONTINUE 00330
462 IF(ITEMP,EQ,0)G3 TS 443 00331
ooi&oéiiiii.ooﬁa000.&&.440&9..0&0&;coqonaﬁeo.t;u&;oiou»gnq.» 00332
& ADJUST TEMPERATURE FOR NCN-ANVECTIVE HEAT TRANSFERS  # 00333
i...&.ll.*.l.iﬂlﬁlﬂllli’..o&&.i"&i&"b.’li&6!0600&!#0!9#00#Q 00336
CALL FMD 003135
DS lsoo JuN2JP1,NJ . 00336
RHOWe 00337
gc -lg?J:ITEMP) 00338
HVISQT.-‘S".THC 00339
RCXDR=1,0/( (VOL (J) #3064 ,80061) Z/ASUR (J)) 00340
A-z.xrlszaaexp(-4;57.01(1Aw.239 09))=AP# 003641

* (TATAN) #(6,6E=4+7,59F=T*TAW) 00342
ES=2,1T1BEBSEXP (=4157,0/ (TWCe239, 09): 00343
DELVAPSES=EA . 00364
IF (UWIND.LT,0005) UWIND=0 405 00345
T1sRHCW&HV® (A*BR*UWIND) 00346
QE (J) sT]*DEL VAP _ 00367
IF (DELVAP.LT.0:0)QE (J)n0.0 00348
DELTMP=TWC=TA 00349
ASWMOD=D,614T1 00350
QC (J) *BSWMCD*DEL TMP 0038}
QW (J) =74 36E=241,1TE~3#TWC 00352
QDEP=QE (J) +QW (J) +QC ()} 00353
QRmQRNET 00354
ATeT () sORQDEP 00355
CMASS (J+ ITEMP) SCMASS (10 {TEMP) «QTST (J) *DELTQ*REXDR* VL (J) N03%6
IF (IEQTEM.EQ.0)GC TS 1800 00357

4 IF(THC.G§.30.0)THC-29 9 - 00358

NN=IFIX(TWC) /501 00360

Ll



T2uBETA (NN) ¢6¢ 1E~40AP
T1llLPHlNN)-EA'6olE-b'AP'TA
XCHCF=],1TE=3¢TI®T2
DNUMIQR-7.36E'2-TI‘73

FOTEM (J) sDNUM/ XCHCF
DTEMSTWC=EOTEM(J)

ATEMZ:EOTEM(J)*DTEM'EXP(-((XCHCF*nELTQ)lP XDR) }

1=!EIX(YE"2’/5*1 .
!F(!I.EQ.NN)Gu TC 1500
TWC=TEM?

60 T2 4

1500 €% ONTINUVE

C QQQ..QQQQQ'OOQQ*Q“O.Q.OGQ.#.QQ'CGQQ#*#Qﬁ{&'&QQGOG{&*Q#GOGG#QQ###Q

e

*

COMPUTE SPECIFIC CONCENTRATIONS FRCM MASS CONCENTRATICNS o

.........

e .QQQ&*.GQQ.*'Q...*.QGQ*GQ!{QGQ’.QQQ“QQ*GGG##Q#&QGQ*.QQQQ*G#QQGGQG

443

vy
646

Oty

ke Nel

466
466

n~ 446 J=NCJUP19NJ
VSLIJ) = VOL(J) .+ ASUR(JI®(YNEW(J) =Y (J))
Dy 448 Ku] ,NUMCON
C(JoK)-cMASS(JoK)/V L)
CONTINUE

.CONTINUE e e

HGNORBRBARERRBRIRONIRDUERNIDORDERBRNND
®  CHECK NEGATIVE CCOMCENTRATIONS *
BAROBBRRNBERORRTARRDORARRBRABREB PR BB RRE

D‘ 666 JlloNJ

YiJ) = YNEW(J)

ne ‘6‘ K=1 s NUMCCN

1F1CLJeK) eBEL0¢)BC TC 464

IF(IQYCQNSPEC01 GE.NQCYC’WRITE(6]0460$J0!CYC!K0C(J’K)

ClJeK) = _0a0

CMASS(J.K" 0.0

C‘NTINUE

NT!NUE

IF INCONDK (1) EQ, 0163 T3 479
0.00.*0‘.&“"0000..0'..!'{.".

* __CHECK SUBERSATURATION

.....

(LI 12T XTI YT YT ST Y Y Y Y YN 7]
D3 476 K=1sNUMCON
TF INGONDK (K} 4EQ,0.CRNCINSX (K) oENL0)BS TS 476
NEONSNCINSX (K)

00361
00362
00363
00364
00365
00366
00367
00368
00369
00370
00371
n0372
00373
00374
00375
00376
00377
00378
00379
003R0
00381

00382
00383

00384

00388

00386
003RY

00388
00389
00390
00391

00392

00393
00394
00395
00396
00397
00398
00399
00400

8Yl



OOy

Oy

OO0

RE
476
479

480
4A?

484

486
490

492

494

498
500

nv 475 J-I'NJ

TF{C{JyNCON) oLE,CSAT(X))BS TS 475
WRITE(6]94T&)NCONoJoICYCoC (JoNCEN)
C(JeNCCON) = CSAT(K)

CMASS (JoNCON) = CUJoNCON) * V3L ()
CONTINUE

CONTINUE

CONTINUE

NS 482 =loNJ

...........

®  CHECK CVER MAXIMUM LIMIT
CQ‘QQ.QQQQQQQQQG.QQQD‘Q%Q**QQQO!'
NG 480 K=l ¢NUMCON
IF(CtJeK) oLE.CLIMIT(K)1GC T3 480
WRITE(61+478)KeCLIMIT(K) 9 JeICYC
SYCSP_
CONTINUE
CONTINUE
IF((!CYCQNSPEC)-NQCYC)ABG.AB#-49O

......................

&  MAKE BINARY SUTPUT FOR EXTRACTING PROGRAM &
QQ'QQ......OQGQQ.QQ.QOQQCO..QQQQQO”.’QQQQQGQQQQOQ

KGUNTT = 0

63 T2 690

IF(I;YC,LT.!HRITE)GV T2 500

KSUNYT=KQUNTYT®]

IF (KQUNTY -1)492.692'h94

NGB = N'B 1

MARK(NvBoll = ICYC

WRITE (18,493) NOB,ICYC

IF(KOUN1T.LT.(NSPEC¢I))Gv T2 498

MARK(N”B.Z)IXCYC

URITE!15.697) N~8¢1cvc

UNTT:Q

IWRITE s NEXTWR

NEXTWR_= NEXTWR o twntnf

HR!TE(IO’ . ICYC.((C(JoK),KlloNUMC“N!gJSIQNJ)

CuN71NUE

!F(ICYC.LT.NQCYC!GV Ts_szqi,
QQQ’.Q..6.‘.0*500..0*'0..6
“ MAKE RESTARY DECK ®
QQQQ‘QQGG*.QQ.Q.'GDGQG!QQ'

00401
00402
00403
00404
00405
00406
00407
nn&08
00409
00610
00411
00612
00413
00614
006415
00416
00617
00418
00419
00620
006421
00422
00423
00424
00625
00426
00627
00428
00429
00430
00613}
00632
006433
00634
004135§
004136
00617
00438
00439
00440
00441
004642

6vl



(2 X9 e 1

556

520

NFIRST=3 -
IF!NUHCVN.LT.3)Nf!RST:NUMCVN
HP!YE(9¢103)(ALPHA(!):!-I.TE!
Do 556 JullNJ

WRITE (94555) JvOINHQ(J)o(C(JoK)oCSPEC(JoK).K-1.NFIRST)

CONTINUE

IE INUMCONGLE 3)6¢ To
N;!HST = NFIRST + |

ng 558 JslNJ

WRITE'90557) JO(ClJoK)oCSPEC(JoK)9KINPIRSTQNUMC0N)

CONTINUE

CONTINUE
wnrtg«ls.s:niICYCoIcYCTF'NTAG
END _FILE ©

REWIND 9

CONTINUF

hd SUTPUT TO PRINTER

-----

FRERCEAEAABBRRABRIRNTBRRERS
IF(IgYQONSPEC*l.GEoNQCYC)Gu TC 528

IF(ICYC,LT.IPRT)GO TC 536

528

LI

IPRT = IPPT +NQPRT _

NCvUNT m: NCOTUNT « )}

TF (NCOUNT LT NSPEC/NQPRT+2)6C TC 528
NCS CUNT = 0

1PRT = NEXTPR

NEXTPR = NEXTPR ¢ INTBIG

HOURS = DELTQ * FLOATF(ICYC) / 3600,0
KDAYS = HOURS 7/ 23,99999

HOURS = HOURS = FLOATF (24 # KDAYS)
WRITE(16+530) ICYC,KDAYS HOURS

NS 534 [=1,)NOPRT

JuJPRT ()

URIYE(61053Z)JOY(J) (C(JeK) yK=]1 yNUMCIN)
CONTINUE

IF(IEQTEMEQ.016C TS 836
BTU2=AR®1327.29

WRITE (61,531)

00643

00444
00645
00646
00447
00448
00649
00480
00451
00452
00453
00454
00455
00456
00457
00458
00459
00460
00461
00462
00463
006464
00465
004646
00467
00468
00469
00470
00471
00472
00473
006764
0047TS
00476

00477

00478
00679
004Rp

0slt



DG 535 ]=1sNCPRT

JIJPRTQI}

BTU1=QT3T(J) *1327,29

ntuaaaw;J)01327 29

RTU&SQE (J) #]327,29

ATUS=QCTJ) *1327,29
HQITE(61.533)QT"T(J)oBTul.QR.BTUZnOH(J$-BTUB.QE(J).BTUA;
. QC(J)-BTUSoEQTEM(J)

§3g c~ur;nug

CQCQQQ.QQ.QQQ.Q.‘..“.QOQ.G‘QQ.‘.QO....QQ.Q.Q.i'*Q.CQQQQG.'GQ..QQCQQQGQ
Ce END MAIN LODP *

..........................

c’..'ll.i.".!{l..."Q!.GQ..QQOQQQ.QQ‘QQ‘QQl.&.."'ﬁ#"‘li&.'ﬂ0&#’#06#

REHIND 3
WRITE (6]+560) { (MARK {JoK) ¢K=]42) » 41 +NOB)
wa;rr;s;,szﬁ NQCYCC

............

.
iouoo*¢&&oo.o&o&o.&oococo.g.uooo.o«&&ibi66..;0.010.0.

STop
40 FORMAT (181S)

42 FORMAT(3E10,0)
S0 F“RMAT(‘HO/I//

s By Ne L
 J
D
r
r
-q
(
0
-
I
r
L 1
- and
4
ﬂl
K
-
2
‘>
O
-y
g
<
b4
-0
'ﬂ
G’
0
>
k- 4
@
<)
m
w
P =
™
B
m

. 53HDALL CONSTITUENTS TREATED AS CONSERVATIVE IN THIS RUN//)

56 F“RMAT(!HO////

' 11HOCONSTITUENT NCe I1¢59H IS TREATED AS A NON=CONSERVATIVE
# WITH_DECAY COEFFICTENT = F10.7,36H AND IS PAIRED WITH CONSTTTUENT
® NC. !l/36H WITH MASS TRANSFER COEFFICIENT = F15,9432H AND SATURAT

_ #I5N CONCENTRATICN = Fid.2)
58 FCRMAT (1HO/_

o 17HOCCNSTITUENT NO, 1;.59n 1S TREATED AS A NON=CONSERVATIVE
® WITH DECAY COEFFICIENT = F10.7,645H BUT IS NOT PAIRED WITH ANY CTH

®ER CONSTITUENT//)
80 FORMAT(71S) o ) i o .
A1 FORMAT (3BHONC WASTE WATER RETURN FACTZRS APPLIED//)
R4 FORMAT (4154F10+0+15)
103 F“PMATCIBAb)
108 FCRMAT(1H1////

. 1H 18A4,5X,47H FEDERAL WATER PJLLUTISN CONTRCL ANMINTSTRAT

®ICN/

nnasy
004R2
00483
00486
00685
NDLAS
00587
00488
00489
00490
00491
00492
00493
00494
00495
00406
00497
00498
00499
00500
00501
00502
00503
00504
00505
00506
00507
00sn8
00509
00%10
00511
00512
00513
0nSle
00515
00516
00517
00518
00519
00520

Lgl



. TH 18A4s8Xs37H PACIFIC NORTHWEST WATER LABCRATCRY /
» . 1M 18A&/1H ]8A&////)
106 FORMAT (42H #e8sases FROM HYDRAULTCS PRCGRAM ssasscus/
® a2H STARI CYCLE  ST3P CYrLE TIME INTERVAL//
. _IM 17, 1149F12,0,94 SECSNDS////7)
107 FORMAT (T1TH STARTING CYCLE INITIAL QUALTITY TOTAL OUALITY «
(113 cuvpur INTERVALS % TIME INTERVAL IN CNSTANT FgR/
® 1224 ON HYD, EXTRACT TAPE CYCLE CYCLES
# CYCLES HCURS QUALITY PRSGRAM DIFFUSION COFFFICIENT
»S
» / IlIo11811169IlBoFl#oZoFlT-S;GH H‘URSvFl7-3////)
109 FORMAT (3]H PRINTSUT IS TC BEGIN AT CYCLF [&4//
® 49H QUALITY TAPE FOR EXTRACTING 1S TS REGIN AT CYCLETS////)

- = -

110
112 FORMAT(IS)
116 FORMAT (I130314+5(F5,04E8,2))
120 FORMAT(1HOIS42H CONSTITUENTS BEING CONSIDERED IN THIS RUN//)
12?2 F“RMQT(]H?ISA#)
184 FORMAT(7F10,0)
188 FsRMAT(ssuo§PEc1FIED C=FACTCRS AT JUNCTICON )| FCR CONSTYTUENT NZ. I
-1//
(1M 7r12.z)»
192 FCRMAT (1615)
194 FORMAT (1592FBe0sF9,00FR,3sF12.2,F101119,16)

195 FORMAT (85Xs199FB,2,18,415) .
196 FORMAT ({WY//7/2/ . N
“ 1324 OQQQQQGQQQQ000;!!600050.}&;. __ CHANNEL DATA 22y YYI Y
SUERBERBRERPRGTRRRERS0E BRBBRRGHEE JUNCTISN DATA »
TIXTT T YV o )
hod 132H CHAN. LENGTH WIDTH AREA MANNING NET FILLCW HYD,
®RADIUS  JUNC. AT ENDS JUNC. HEAD CHANNELS ENTERING

L JUNCTI NZ/
. llsoZFB 0sF9e0oFB3yF12,2sF10,1¢19916,10Xs19,FB,2¢18,415))

198 F“ﬂMAT(IHIIIII

® 132H RGN0t tettarentieetitatotosaitasdasannasasy TABLE o
#F WASTE WATER RETURN FACTORS SEEBNBRBNNNABABBBNORGNBRREN SRR
SRLBNBNBRE ) , ) »

. 37H JUNCTI‘NS USED JUNCTICNS USED/

. 1324 . FOR DIVERSIONS FOR RET, FLOWS  1ST. CONSTITUENT

® 2ND, CONSTITUENT  3RD. CONSTITUENT  4TH, CONSTITUENT STH, 68

00571

00522
00523
00524
00525
00526
00527
00528
00529
00530
00531

00532
00513
00534
00515
005136
00537
00538
005239

00540
00541

00542

00543
00544
00545

00546

00547

00548

00549
00550
00551

00552
00583
00554
0055S
00586
00557
00558
005%9
00560

261



ONSTITUENT/

®  132HUNIT NC, 1 N3, 2 NCe 1 NCe 2 CCEFF, CoNsT,
* chFF CONST,  COEFF, CONST,  CCEFF, CCONST. CEFF,
. Nsr,//)

200 r~nMAT(:5.7Flo.0)
206 FORMAT (3{HODATA CARD SiT OF SEQUENCE, JJx T4,3H,J= 14)
216 FORMAT (K2HONS MULTIPLIGATION FACTCR APPLIED T“ ONSTITUENT NZ,.12/)
220 ranMAr(FS.O,ZIS,Fs.o.?IS,Fs.o.ztﬂ.r5.o.?15.r5.0.215!
224 FORMAT (TOM1##a0eMULTIPLICATION FACTCRS APPLIED TS CBTAYN STARTINA
®CONCENTRATIONS// - _
™ 5iH CONSTITUENT BRSUP FACTOR JUNCTICN NUMBERS)
228 _FORMAT (I H //18.111.F11.2.112.2H -y 14y
®  (1194F11,2911242H =414))
241 F“RMAT(;H!/I// )

& ZDH GQQ’QQQG.Q.QQ..'_”.Q..Q.QO.Q’QQQQ.QQQ."QQQ#QC HATEP
QQUAL!YY DATA QQQ&QQ6iiéaoc‘ocacoioavoﬁuionooonuooiioooaoop.p/

» . 1204 ® FIRST CONSTITUENT » SECOND CSNSTyTUENT
® & THIRD CONSTITUENT # FCURTH CONSTITUENT ® FIFTH CONSTITUENT #/

. 1184 INITTAL INFLCW  INITIAL INFLOW
o INITIAL  INFLOW  INITIAL _  INFLCW  INITIAL INFLCW/

d llaﬂ JUNCe INFLOW CCONCe CONC, CCNC. CONCe
* CONC, CONC.  _CONC, CONCe  _COTNCe CSNC,//7)

282 RMAT(!‘-OPIO. ,FIZ 1,2"'10010 Fll 1¢3F10, l!Fll 1,2F10.1)

K1 1)) F“RMAT(!3018.!70110’17.F9 2.ElZ.2-4tF7 ZoEIZ 2))

460 FCRMAT(39H DEPLETION CuRRECYIVN MADE AT JUNCIIVN 1397TH CYCLE Té&.
® 21H _FOR CONSTITUENT NC, I1,12H, CONC, WAS F10.2)

474 F“RMAT(36HOSUPERSATURATIVN gF CC NSTITUENT NS. 11¢23H PoEVENTED AT
'JUNCTI N 14,7TH CYCLE 16,10H CONC, WAS F10.2//)

478 F“RMAT(3&HOC NCENTRAT! N OF CvNST!TUFNT NCe T198H EXCEFDSeFT.10
# 134 IN JUNCTICON 135164 DURING CYCLE 15,25H, EXECUTION TFRMINATE
OD }

493 F“PMAT(/IIGH HARK(Iz-su.l) =15/7/7)

497 FORMAT(£/7/6H MARK(12+5H,2) =15//7)

518 FGRMAT(]HI///IQGHRESTART ODECK TAPE WAS LAST WRITTEN AFTER CYCLEIS/

® S0H HYDRAULIC CYCLE SN EXTRACT TAPE F2R RESTARTING = 15/
* 8H_NTAG = 137/
530 F“RMA?(IHI////
A .. 354 SYSTEM STATUS AFTER QUALITY CYCLE 14,112+6H DAYS»
Ad F60206H HCURS/Z/
» wlo9H BEERERBRRGBRRD BB GHEDIRDY

00561
00562

00563
00564
00565
00566
00567
00568
00569
nos710
00571
00572
00573
00574
00575
00576
00577
00578
00579
00580
00581
00582
00583
00584
005R5
00586
00587
005AR8
00589
00590
0059}
00592
00593
00594
0059%
00596
00597
00598
00599
0né00

€GL



OO D

®  CONCENTRATICH FACTSRS | ssspsshesanensnnssasanseia, N0601

' 1094 JUNCTION HEAD 15T, CONSTIT, 2ND, CONSTI  D0602
*T, 327, CTHSTIT, 4THe CONSTITe = STHe CONSTITN.y/ = 00603

P 1354 NUMRER (FTy (MGL.) (MGL) 00604

‘ m& ) {MGL) . {MGL) . {MGL)Y /) DO6QS
5§31 FORMAT(#) #uossososnsssss PADTATION TERMS AND EQUTL#, 00606
S2[RKTUM TE* IPERATURES 4anecsssssaastot/ 00607
#20(KCAL TMWPLIES KIL.3GRAM=CALZRIES PER SQUARE METER PER %2, N0608
#2SFCNND, BT IMPLIES ATy PER _SQUARE FCCT PER HCURIZ/ . 00609
2= NFT 28NIATICN IHNCTOMING SCLAR BACK RADIATICN FVAPCRAZ, 00610
#2710 CSHMRUCTICN  FQUIL TEMP#/ 00611
#1Xe5 (2 KCAL BT #)+2 CFNTIGRADF2) 00612
5§33 FORPMAT(1ANS(E9,24FAe341X)9FQ,2). noe613
s3? FchAT(14ﬂ15,F1?.2.F20.294F17.2) N0616
540 FCRMAT (36HOQUALITY TAPE WAS WRITTEN FRCM CYCLFe16:9H T2 CYCLE.T6/) 00615
§42 FORMAT(2IH=FND OF QUALTTY RUM.eT%¢9H CYCLES,) 00616
6§55 FORMAT(TS«F]10abqabOFIN,.P) 00617
887 FORMAT (15¢6F15.2) 00618
FND . N0619
SURROUTTINFE MFTUTA 00620
0&!§ig§g_%i§§{?§*#&#%***#i*#i#*ﬁ*ﬁ####G#*ﬁ#.#@#i’#&ii*ﬁ#?#*##*# 00@21
& SHRRCUTINF TS TNPUT METFCROLSGICAL DATA # 00622
* FOH QUALITY PRCGRAM @ ~ D0623
0#&*{%##*{I-*Gﬂ-*ﬂ-ﬁ-%*###**#ﬁ#*#*####**###Q&ﬂﬁ#*##&###&**ﬁ**%*#%.&ﬂ 00{)24
NIMENSISN CANETA(24) oI TNDA (24) ¢ TAA(24) ¢ TAWA (24) ¢ APA (21) . 00625
COMMON ALPHA(LIO9R) 9 (545) o CSPFC(5,5) 4vC Ll%).Q{NWQ(S)¢NSﬂFr.nELTO- 00626

_® NUMCCMNALPHA NI, TCYCoNODYNJNSTARTGNSTOP 2 ASUR (5) vMARC(1042)y 00627

& AMCRYITFMPLIEUTEMyQRNFToUWIND s TA+TAWs AP, ABR 00628
READ (2410} IMT91iPTS,NOCSMy A9 RR .. 00629
 WRITF(41412) 00630

NS 100 T=)4NPTS 006131
9EAﬂl?-l!’QnuFfA(I).HHVMnA(Ii-TAA(I) TAWA(I) JAPA(]I) 00632

L WRTITE ()l W13 NRETA(L o WINDACT) o TAALT) o TAWALTISAPALT) Q0633
100 CONTINUF 00634
INASTFIX{DELTY) 00635
FINT=FLOATF (INT) 00636
LTT=INT&NPTS 006137
RFTIMN N0638

141}



ENTRY Fw) : | ... 00639

T L T T L T A Y S P P PR Y 00640
(02 d , FHTRY POINT T2 FETeH CUHRRENT (TNTERPJLATED) vaLUE ®  0064)
ce SF NMETEGROLSGTCAL VARTARLES o 00642
CREBERF VBRI ADREBEIHARSJLBR LS BEGORSBBFBCEREBBSHGHBBRBPRBEREISGo 000008 0 00643
NOCSM=NACSHs | ‘ 00645
ITLM—NQPC‘*IDP . X L e e 00646
ITIT-ITIW-(IIIW/LVT)*L“T 00647
T=1TUT/INT , . e e o 00648
FACT=FLCATF (ITIT=I#INT) /FINT 00649

N 52 £ 4 I “ ... ... ... _ _D0o0650

J=Te] ‘ 00651

TR (JRTNPTS)J=] o L 00652
CORNET= (3NFTA(J)=ORMETA (1)) #FACT+QRNFTA(T) 00653
UWINNZ (W TNDA(J) =W TNDA (T) ) FACTLUWINDACYY .. 00654
TA=(TAA( N =TAA(T) ) #FACT+TAA(]) 00655

TAW= (TAA(J) =TAWA(T) ) #FACT+TAWA(T) J R * 1 ¢ |- 31 -

AP= (APA( ) =APA(T) ) #FACT+APA(T) - 00657
RFETURN _ B e 00658

10 FORMAT(3110,F5.2+E9,.2) 00659

11 FORMAT (Fleb4e3F3,.19F4) N 00660

12 FIRMAT (£ shsRutprbostosbanananaonanan TARLE OF YETTCRC#S 00661

® FLOGICAL NDATA Sestsussplossssadodantatatons/ I ¢ -] .Y

*20 MEY " DRY  WET#/ N o o 00663

#2 INCCSMING WIND RILB BULBR ATMOSPHERIC®/ = 006846

#4 RANIATION  SPEED  TEMP TEMP  PRESSUREZ/ 00665

8¢ {KC/M2/SEC) (M/SEC)  (C) () (MR) #) 00666

12 FOPMAT(1A0F10e3eFB 43F7,2sFho2¢F10s1) 00667
FHD | , S . . ___Docss

6§t



As the Nation's principal conservation agency, the Depart-
ment of the Interior has basic responsibilities for water,
fish, wildlife, mineral, land, park, and recreational re-
sources. Indian and Territorial affairs are other major
concerns of America's "Department of Natural Resources."

The Department works to assure the wisest choice in manag-
ing all our resources so each will make its full contribu-
tion to a better United States--now and in the future.



