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COMPUTER-PROGRAM DOCUMENTATION OF AN INTERACTIVE-ACCOUNTING MODEL
TO SIMULATE STREAMFLOW, WATER QUALITY, AND
WATER-SUPPLY OPERATIONS IN A RIVER BASIN

By Alan W. Burns
ABSTRACT

This report describes an interactive-accounting model used to simulate
streamflow, water quality, and water-supply operations in a river basin. The
model uses regression equations to compute flow from incremental (internode)
drainage areas by using a time series of independent variables, such as snow-
pack, precipitation, or gaged flow. Water-quality concentrations and loads
(typically dissolved solids) then are computed from regression equations by
using streamflow as the independent variable. Streamflow and water-quality
loads then are routed downstream--that is, they are accumulated downstream
because there is no hydraulic routing in the model with the monthly time step.

The model is designed to operate interactively so that queries can be
made during simulation, allowing considerable flexibility in output. Although
most data are entered from pre-existing files, the data can be modified
interactively to produce new management alternatives for simulation. Because
of the interactive capability of the model, a major feature of the model is
its color-graphic-output options.

The model also can simulate the water-supply operations and the
simplified ground-water systems of a basin. Types of water users that can be
simulated include agricultural, municipal, industrial, and in-stream users,
and reservoir operators. Each water user has a list of potential sources,
including direct diversions, ground-water pumpage, imports, or reservoir
releases; this list is entered in the order that the sources will be used to
meet demand. All direct diversions are controlled to conform to the basin-
wide, prior-appropriation, water-law priorities.

Documentation of the model includes a brief description of the model,
simple organizational charts of the subroutines, and examples of the output
graphics and tables. Detailed format instructions of the input data, examples
of input data, definitions of program variables, and listings of the FORTRAN
source code are provided as attachments at the back of the report.



INTRODUCTION

Most of the irrigated river basins in the semiarid western United States

have similar hydrologic regimes.

Snowmelt from adjacent mountains or uplands

is the major source of flow in a river, which functions as a conduit to

transmit water to lower elevations for irrigation and other uses.

the general scarcity of water, a set of water la
prior appropriation) developed in the western Un
from the riparian system in the rest of the coun
laws allocate and prioritize water to those user
As development increased, the natural streamflow
basins was transformed by return flows from irri
storage in natural lakes and constructed reservo
other basins. The multiple reuse of the water a
returned, and rediverted, frequently concentrate
contents of the water, leading to water-quality

Historically, agricultural irrigation was t
these western rivers, and State agencies had res
istration to ensure that legal allocations of wa
ever-increasing population and accompanying need
industrial, and energy-related development is pu
surface- and ground-water systems. As the deman
agricultural use and for other competing uses, p
necessary for more resourceful use of water. Wh
management has increased with time, the technolo
management also has increased. One of the most
improvements has been the development of digital
river-basin systems.

Because of
s (based on the doctrine of
ted States that is distinct
ry. The prior-appropriation
who first used the water.
regime of these western river
ation, ground-water pumpage,
rs, and imports of water from
it is diverted, applied,

the dissolved-solids
oncerns and issues.

e dominant use of water in
onsibility for water admin-
er were met. However, the
of water for commercial,
ting new stresses on the
for water increases for
anning and management are
le the need for planning and
y to improve planning and
seful technological
computer models to simulate

Several different models are available to simulate the hydrologic regime

of such basins.
Center, has developed a suite of models, includi

The U.S. Army Corps of Engineers, Hydrologic Engineering
ng HEC III, HEC IV, and HEC V

(U.S. Army Corps of Engineers, 1980) that are capable of simulating the

quantity of flow in river basins.

Another model

developed by the U.S. Army

Corps of Engineers, SSARR (U.S. Army Engineer Division, 1972), also has an

interactive version, COSSAR.
developed river-basin simulation models such as

The U.S. Bureau of Reclamation also has

ROSS (U.S. Bureau of

Reclamation, 1978) and NWO1 (Ribbens, 1975), which has the capability to

simulate salinity (dissolved solids) in streams.

Other available models

include SIMYLD (Texas Water Development Board, 1972) and an interactive

modification of that model, MODSIM (Shafer, 1979).

All these models emphasize

reservoir operations and many have varying degrees of optimization included,
but none include the prior-appropriation allocation system explicitly,

although some allow a priority for demands.

A privately owned and operated

model of the Colorado River basin in Colorado (Fleming, 1975) simulates the

appropriation priorities to allocate water.

None of these models attempt to
simulate the ground-water/surface-water interactions explicitly.

Taylor and

Luckey (1972, 1974) developed a stream-aquifer model that used ground-water
response functions to incorporate the time-delayed effects of ground-water

pumpage and deep-percolation recharge of applied
flow.

irrigation water on stream-

Their model also used the prior-appropriation system established by

Colorado water law to allocate the water of the Arkansas River basin in a

|



reach from Pueblo to the Colorado-Kansas State line. Many other stream-
aquifer models are available that range from various types of response
functions to standard ground-water-flow solutions. Most of these models are
limited by the extent of the study areas, because of excessive computer
resources needed for large basins.

A study was conducted by the U.S. Geological Survey, in cooperation with
the Southeastern Colorado Water Conservancy District, to develop a model of
the Arkansas River basin in Colorado. The model was to simulate the water
quantity and quality of the Arkansas River, whose flow regime in the eastern
one-half of the State is dominated by irrigation diversions and return flows.
The irrigation diversions are determined by the prior-appropriation allocation
system; and return flows, which greatly affect streamflow, result from the
ground-water interactions of pumpage and excess irrigation applications.
Thus, these functions had to be included in the model. A desired feature of
the model was an interactive capability to facilitate use of the model by
local water managers. The model described in this report was developed as
part of this study.

The purpose of this report is to document the computer model. This
documentation includes a description of the model capabilities and example
inputs and outputs. Considerable information is included for potential model
users, which are listed as Attachments at the back of the report. This
information includes:

Attachment 1--Data instructions for streamflow and water-quality
simulation.

Attachment 2--Example files of input data for streamflow and water-
quality simulation.

Attachment 3--Data instructions for water-supply operations simulation.

Attachment 4--Example files of input data for water-supply operations
simulation.

Attachment 5--Definition of commoned variables in subroutines for
streamflow and water-quality simulation.

Attachment 6--Definition of commoned variables in subroutines for
water-supply operations simulation.

Attachment 7--FORTRAN source code of subroutines for streamflow and
water-quality simulation.

Attachment 8--FORTRAN source code of subroutines for water-supply
operations simulation.

The computer code was designed for generic use--that is, for use in any river
basin. Therefore the description of a river basin, its hydrology, and water
use is entered completely through the input data. Because of the enormity and
complexity of the Arkansas River basin, the basin described in this report is
a hypothetical simplification for purposes of illustration.



DESCRIPTION OF THE MODEL FOR SIMULATING STREAMFLOW,
WATER QUALITY, AND WATER-SUPPLY OPERATIONS

Streamflow and its accompanying water-qual

solids) are routed (accumulated) using a monthly time step.

routing is included in the model.
a network of nodes.

ity load (typically dissolved
No hydraulic-flow

The river basin is depicted in the model as
The network of nodes and sets of regression equations

needed to compute streamflow and water-quality concentration are stored in a

file known as the basin-description file.

This| file provides the spatial
discretization and variability of the hydrology|of the basin.

The information

in this file can be modified interactively during a simulation to produce

results for different management alternatives.
prior to simulation, is the time series of a se
by the regression equations.

The simulation of water-supply operations

A second file, which is needed
t of independent variables used

and ground-water systems

require additional description of the natural hydrologic system, such as
evapotranspiration rates and initial ground-water storage and quality, which

are stored in another data file. A file also i
users and their demand characteristics and supp
needs to be available prior to simulation, the
can be modified interactively during a modeling
various management alternatives. If the supply
diversions, then a separate file, listing the o
allocation laws, needs to be available.

One of the major reasons a new model was d
rather than applying an existing model, was the
interactively on a computer-terminal screen. G
technique to summarize and collate the many val
tion model. Two types of illustrations are ava
simulation: (1) Schematic maps that depict are
periods; and (2) graphs that depict time inform
time-series graphs and frequency curves can be

current simulation to results stored in other fi

Such graphical output and other limited tables
displayed interactively provide users with info
to obtain by evaluation of large quantities of
of the illustrations in this report are example
these illustrations would be displayed on the ¢

The model is written in FORTRAN, and every
generic for use on any computer or compiler. D
development, the model was run on CYBER!, AMD
computers. Minor modifications were necessary
dates from the different computers and to handl
manipulations. The code presented in this repo
with the F77 compiler. All graphics use ISSCO

5 needed that lists the water
ly sources. Although this file
information in the file also
session to produce results for
sources include direct

rdered priorities of the

pveloped for this project,
desire to obtain results
raphical output was a feasible
nes computed by such a simula-
ilable interactively during a
1 information for fixed time
tion for fixed points. Also,
rawn to compare results of the
les from previous simulations.
nd summary statistics
mation that would be difficult
rinted computer output. Many
of these outputs; commonly,
omputer-terminal screen.

attempt is made to keep it
ring different stages of

, Honeywell Multics, and PR1ME
between computers to retrieve

e a few character-string

rt was used on a PRIME 9955
DISSPLA. An initial version of

lUse of brand names in this report is for identification purposes only and

does not constitute endorsement by the U.S. Geo

logical Survey.



the model was developed primarily to format data for initial development of
the graphics options. That version had no capability to accumulate streamflow
downstream and, thus, had little hydrologic-simulation capability. The part
of the model used to simulate streamflow can be used alone without the water-
use and ground-water capabilities. Simple water-use systems can be included
with the hydrologic-basin description by incorporating their effects in the
regression equations. An evaluation of effects of coal mines on dissolved
solids (Parker and Norris, 1983) was accomplished using this model without the
water-use and ground-water systems.

Algorithms for Streamflow and Water-Quality Simulation

All of the hydrologic relations in the basin described by the model use
regression equations. The incremental streamflow (Q) of each node in a basin
(fig. 1) is determined by an algebraic equation with some independent
variable. Three types of equations are available in the model to compute Q on
the basis of a code for the independent variable:

a g bX, (1)
aX , and (2)
a + bQu (3)

(=8
wuu

PolVelVel

[t

where Q. is the incremental (or internode) streamflow at node i,
is the intercept-regression coefficient,

is the slope-regression coefficient,

is the independent variable, and

Qu is the streamflow at the upstream node.

For sites where measured data are to be used directly in the model, the X
values would be the measured streamflow, and the regression coefficients would
be chosen as 1 and 0. For sites where there is no measured data, or the
length of record is insufficient, the X values could be snowpack or precipita-
tion or measured streamflow at some other site. The regression coefficients
need to be determined by statistical methods separate from the model; however,
they can be adjusted during the calibration process.

e T o

The resultant incremental streamflow could represent gains in flow due to
tributary inflow, overland runoff, or irrigation return flow, or the resultant
incremental streamflow could represent losses in flow due to diversions, bank
storage, or evapotranspiration. For each month of the year, different types
of equations, independent variables, and regression coefficients can be used.

The water-quality concentration (C) of each incremental streamflow also
is determined by using regression equations, with the computed streamflow as
the independent variable: . d

C. = cQ. , (4)

where éi is the concentration of the incremental streamflow (Q ) at node i,
C is the intercept-regression coefficient, and
d is the slope-regression coefficient.

As with the computation for streamflow, different regression coefficients for
each month of the year can be used.
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Figure 1.--Sample basin with nodes and incremental areas.




The most commonly available water-quality data is specific conductance;
thus, the C. in equation 4 commonly would be specific conductance (SC.). To
compute watér-quality concentrations (C.) from specific conductance (§C),
another equation is used in the model: *

Ci z=e+ f sC., (5)

where SC. is the specific conductance of the incremental streamflow (Q.)
at node i, N
e is the intercept-regression coefficient, and
f is the slope-regression coefficient.

This equation is used to convert specific-conductance values computed using
equation 4 to dissolved-solids concentrations (or any other desired
conservative constituent).

Total streamflow (Q) is computed as the sum of the streamflow of all
immediately upstream nodes and the incremental streamflow:

N
Qi=Qi+Z Qu’ (6)
u=1

where Q. is the streamflow at node i,
Q; is the streamflow at adjacent nodes immediately upstream from
node i, and .
N is the number of adjacent nodes immediately upstream of node i.

The downstream water-quality concentration (C) is computed by dividing
the sum of the loads (QC) reaching a node by the streamflow:

[QC+Z Q. C]

i i u=1 u ou o, (7

where Ci is the concentration at node i, and
CLl is the concentration at adjacent nodes immediately upstream
of node 1i.

When the incremental streamflow is negative, a factor is specified to
determine the concentration at the downstream node. This factor is determined
during calibration; it adjusts the concentration to account for the quantity
of the water-quality load that is lost when streamflow is lost. The two
extreme possibilities are: (1) The loss of streamflow is the result of a
diversion and, thus, downstream concentration remains equal to the upstream
concentration; or (2) the loss of streamflow is the result of evapotranspir-
ation with no loss of water-quality load and, thus, the entire upstream load
becomes concentrated downstream. The factor allows a range between these
extremes, equaling 0 for possibility 1 and equaling 1 for possibility 2.



An option in the model enables the computation of the total streamflow
(Q) at any node directly rather than routing streamflow to a node. With the
proper code for the independent variable, equations 1, 2, or 3 can be used to

compute Q. rather than Qi'
compute C. rather than C..

For this condition, equations 4 and 5 are used to
This option is useful for entering measured data

into the model format for plotting and for later /comparisons during
calibration.

A chart depicting the organization of the sy
FORTRAN program to simulate the streamflow of a 1
water-supply operations or ground-water systems i
the subroutines is described briefly in the follg
ing of the FORTRAN source code is listed in Attac

Subroutine INSTRK merely displays, at the te
instructions of the required input data, similar

Model Components For Streamflow and Wate
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subroutines used for




Either subroutine READFI or READFB is used to read the basin-description
file into the computer from logical unit 60. READFI is called when the model
is operated interactively with certain information being supplied during the
modeling session. READFB is called when the model is not used interactively
and requires an additional data file (logical unit 64) that provides the
needed information. The format of the basin-description file used by READFI
or READFB is described in detail in Attachment 1, and an example of such a
file is shown in Attachment 2. For each node, the data include: (1) An
identification number, (2) name, (3) location, (4) concentrating factor,

(5) downstream-node identifier, and (6) slope- and intercept-regression
coefficients for the relation of specific conductance to dissolved-solids con-
centration (eq. 5). For each node, there also is a set of monthly parameters
including: (1) A code to determine which variable to use from the file of
independent variables and what kind of relation (either eq. 1, 2, or 3) to use
to compute the streamflow; (2) slope- and intercept-regression coefficients
for streamflow (eq. 1, 2, or 3); and (3) slope- and intercept-regression
coefficients for the water-quality concentration for any conservative constit-
uent (eq. 4). READFI issues prompts for modifying data if any of the data
read from the basin-description file are to be temporarily modified before the
simulation is begun. Both READFI and READFB have the option of drawing a
schematic node location (fig. 3), which is drawn by subroutine PLTNOD. From
PLTNOD, subroutine NETWRK is entered to draw the drainage pattern of streams.
The network of x-y points that comprise the drainage pattern is read from a
separate file using logical unit 62. The format for this digitized network of
data is described in detail in Attachment 1, and an example of such a file is
shown in Attachment 2.

Some accounting type variables are initialized in the mainline of the
program. If a schematic of streamflow in the basin is to be updated monthly,
then subroutine MNTHLY is called to draw the initial part of the schematic.
From MNTHLY, subroutine NETWRK is called to draw the drainage pattern before
hydrograph grids are drawn on the schematic within MNTHLY.

A loop in the mainline controls the monthly simulation. The major opera-
tive subroutine, NFLOW, is called in that loop. In NFLOW, the code for the
independent variable for each node is deciphered to determine the type of
relation and independent variable to be used to compute streamflow (eq. 1, 2,
or 3). All the independent variables for that particular month are read from
the independent-variable file (logical unit 61). The format of the independ-
ent-variable data is described in detail in Attachment 1, and an example of
such a file is shown in Attachment 2. Either the incremental streamflow or
the total streamflow (depending on the type of relation chosen) is computed
from the regression equation. Then the appropriate water-quality concentra-
tion is computed using the streamflow as the independent variable (eq. 4) and
adjusting the concentration using a linear equation (eq. 5). The total stream-
flow at a node then is computed (eq. 6) as the sum of all streamflow from
nodes immediately upstream added to the incremental streamflow. The water-
quality load is routed similarly (eq. 7), by multiplying the streamflow of the
upstream nodes by their respective water-quality concentrations and summing
the loads to determine the load at the downstream node. For the special case
when the incremental streamflow is negative (a losing reach), the routing of
the water quality is computed by using a factor that would compute the water-
quality concentration somewhere between the upstream concentration and the
concentration that would occur if the total load were routed downstream.
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Algorithms For Water-Supply Operations Simulation

Inherent to including the water-supply operations to the description of a
river basin is the inclusion of the ground-water system and reservoirs. Still
needed are all the features to simulate the streamflow of a basin. The incre-
mental areas of each node (fig. 1) still are used to simulate runoff from the
basin; however, simulation of the water-supply operations (fig. 12) affects
streamflow through reservoir operations and diversions, and simulation of the
ground-water system allows the inclusion of pumpage and return flow from water
use. :

EXPLANATION
93‘: . Stream
& /r \ 920 —..— Drainage Basin Divide
= I\ . Diversion Ditches

Pipeline

10°

h One Industries Inc.

’//’/’—_ o
92°
93° ° o
(l) 215 T ’ 5'0 MILES
I T T
0 25 50 KILOMETERS

Figure 12.--Sample basin with diversion ditches and pipelines.
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Simulation of the water-supply operations is based on prioritized lists
of sources of water. For every water user simulated, water need is computed
based on the type of use and production level. The production-level cate-
gories for the different types of users are: (1) The number of irrigated acres
for agricultural users, (2) the populace served for municipal users, (3) the
number of units produced for industrial users, (4) actual water demand for
instream users, and (5) the reservoir capacity for reservoir operators. A
perceived water demand is computed for each user, using its water need and a
demand factor. This demand factor is determined during calibration by compar-~
ing measured and simulated diversions. This factor has a decipherable code
that causes the perceived demand to be based on the irrigation season only or
on a separate monthly curve that computes demands throughout the year.

Each water user has a list of sources of water that can be used to
satisfy the perceived demand. The list is in the order in which the user will
use the sources. The types of sources of watér available to a water user
include: (1) Direct diversions, (2) ground-water pumpage, (3) reservoir
releases, (4) imports (transbasin diversions), and (5) storage diversions.
When direct and storage diversions are based on the prior-appropriation
doctrine of western States water law, a separFte list of water rights, in
their basinwide prioritized order, is needed.| The list of sources for each
individual water user is compared against the‘basxnw1de list of water rights
to ensure conformity to the law. The determlhatlon of how much water from a
specific source will be used is based on the remaining unsatisfied demand, the
physical availability of the water, the legal availability of the water, and
the physical capacity for providing the water as each source is evaluated in
its turn.

After the water deliveries to a user have been simulated, the model then
simulates the fate of that water. Computations are based on the assumption
that all delivered water first satisfies the water need. All delivered water
that exceeds the water need becomes return flow. Return flow may be either
tailwater, which as used in the model returns to the river in the month after
being delivered, or deep percolation, which as used in the model returns to
the river in a time-delayed function by using ground-water response curves. A
factor, entered for each wuser, determines the percentage of the return flow
that is tailwater and deep percolation to ground water. Canal leakage, which
is subtracted from diversions before delivered water is computed, also is
return flow and is distributed into tailwater and deep percolation to ground
water by using the same percentage factor. A'second type of return-flow
computation that is designed for nonagrxcultukal type users is available. For
this type of computation, return flow is computed as a percentage of the
delivered water. With this type of return flow, all of the computed return
flow is assigned as either tailwater or deep percolation.

The ground-water system is simulated by use of ground-water response
functions (Jenkins, 1968a) that compute the time-delayed effects of ground-
water stresses on streamflow. Soil moisture is not simulated in the model;
thus, all land-surface activities, such as ground-water pumpage, deep perco=-
lation of excess-water applications to ground | water, and canal leakage, are
assumed to affect ground-water storage immediately. The magnitude and timing
of the effects of those stresses that are traﬁsmitted through the aquifer to
the river are functions of the aquifer properties (transmissivity and storage
coefficient) and the distance to the stream. Using the methods developed by

|

i
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Jenkins (1968b and 1968c) and more fully explained by Burns (1983, p. G2-G14),
a unit-response function is computed by using volume-response functions:

x2S
v _(x%s x2S 2 (ZTE)
Qt (ﬁi{ * 1 erfel\\ /37e 4Tt v € ’ (8)

where v is the volume of water removed from (or added to) streamflow,
Q is the rate of stress on the aquifer,

t is the time since the stress started,

X is the distance from the stream to the stress point,

S is the aquifer storage coefficient,

T is the aquifer transmissivity, and

erfc is the complementary-error function.

Jenkins (1968a) developed the surrogate parameter, SDF (Stream-Depletion
Factor), for use in realistic hydrologic settings to represent x2S/T in
equation 8, which is based on idealized aquifer conditions. Within the model,
unit-response functions for five SDF values (fig. 13) are computed by
subtracting a volume-response function (eq. 8) with the appropriate parameters
from the same volume-response function lagged in time by 1 month. Thus,
whenever a stress is simulated within the model, that stress is multiplied by
the appropriate unit-response function and all future effects of that stress
on streamflow are stored for eventual use. The assumption of one uniform
value for storage coefficient and transmissivity for the entire basin is
incorporated in the model. Distances for the point of deep percolation and
ground-water pumpage for each user are computed, and used with the storage
coefficient and transmissivity to determine which of the SDF groups are to be
used. Rather than using the computed distances, distances can be entered and
used to compute other SDF values to compensate for irregular values of storage
coefficient or transmissivity.

Model Components For Water-Supply Operations Simulation

A chart depicting the organization of the subroutines constituting the
FORTRAN program to simulate the water-supply operations in a basin is shown in
figure 14. Each of the new subroutines (some shown on fig. 14 are used for
the streamflow and water-quality simulation) is described in the following
text. A complete listing of the FORTRAN source code is in Attachment 8.

Subroutine NSTRK2 merely displays, at the terminal, a complete set of
instructions of the requlred input data, similar to those listed in
Attachment 3.

Either subroutine READMI or READMB is used to read the additional basin-
description file into the computer from logical unit 53. READMI is called
when the model is operated interactively with certain information being
supplied during the modeling session. READMB is called when the model is not
used interactively and requires an additional data file (logical unit 64) that
provides the needed information. The format of the additional basin-
description file used by READMI or READMB is described in detail in Attach-
ment 3, and an example of such a file is listed in Attachment 4. Those data
include monthly rates of crop potential evapotranspiration, lake evaporation,
agricultural-irrigation demand, and instream-water demand. Other needed data
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Figure 14.--Organizational chart of all model subroutines.
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include the average water demand per person and per unit produced, the basin-
wide average transmissivity and storage coefficient, and canal-leakage rate.
Several factors and parameters needed by the model are entered through one of
these subroutines. The length of each river reach is computed from the

latitude-longitude location of each node, con
a conversion parameter, and sinuosity paramet
precipitation factor identifies how much of t
on an irrigated area effectively contributes

rest of the precipitation is not included in

mental streamflow may be based on precipitati
prestressed to generate initial return flows.
during calibration, needs to be entered throu
of the physical data for the reservoirs are e
either READMB or READMI. The needed data for

erting degrees to miles by using
rs read in as data. An effective
e monthly precipitation falling
o plant consumptive use. The

he model, except as the incre-
n. Finally, the model is

A prestress factor, determined
h one of these subroutines. All
tered into the model through
each reservoir includes: (1) An

identification number, (2) name, (3) location|, (4) maximum and inactive capa-
cities and surface area, and (5) initial contents and water-quality concentra-

tion.

Also entered through one of these subroutines is the initial quantity

and quality of ground water in storage for each side of the river upstream

from each node.

READMI issues prompts for modifying data if any of the data

read from the additional basin-description fille are to be temporarily modified

before the simulation is run. READMI and

MB have the option of drawing a

schematic for reservoir location (fig. 15), which is drawn by subroutine

PLTRES.

The size of the symbols correspond tp the size of the reservoirs.

From PLTRES, subroutine NETWRK is entered to draw the drainage pattern of

streams.

1

The water-supply operations file is entered into the model through either

subroutine READUI or READUB from logical unit

50. READUI is called when the

model is operated interactively with certain linformation being supplied during

the modeling session.
actively and requires an additional data file
the needed information. The format of the wa
by READUI or READUB is described in detail in
such a file is listed in Attachment 4. For e
include: (1) An identification number, (2) n
user, (5) quantity of use, (6) demand factor

demand), (7) number of sources, and (8) type,
of return flow. Also needed for every source
(2) quantity available, and (3) location. Th
entered in the order in which the water user

READUB is called when the model is not used inter-

(logical unit 64) that provides
ter-supply operations file used
Attachment 3, and an example of
ch water user, those data

me, (3) location, (4) type of
(relating to the perceived
percent, location, and distance
of each water user is: (1) Type,
e sources of water need to be

is to use the sources. READUI

issues prompts for modifying data if any of the data read from the water-

supply operations file are to be temporarily modified before the simulation is
begun. The prioritizéa'bQSinwide water-rights list also is entered into the
computer by one of these two subroutines from logical unit 51. The needed
data include: (1) Water-user identification pnumber, (2) name, (3) quantity,
and (4) priority date of each water right. Bpth READUI and READUB have the
option of drawing a schematic of water-user lpcation (fig. 16), which is drawn
by subroutine PLTUSR. The size of the symbols corresponds to the quantity of
use for each user. Also, the lines indicate where a diversion is made, where
ground water is pumped, or where excess applifcations recharge the ground-water
systems. From PLTUSR, subroutine NETWRK is eptered to draw the drainage
pattern of streams.
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Some accounting-type variables are initialized in the mainline of the
program. If a streamflow schematic is to be updated monthly, then subroutine
MNTHLY is called to draw the initial part of the schematic. From MNTHLY,
subroutine NETWRK is called to draw the drainage pattern before hydrograph
grids are drawn on the schematic within MNTHLY. The unit-response functions
necessary for the simulation of the effects transmitted through the ground-
water system need to be initialized. The unit-response functions for five SDF
values are computed in subroutine UNTRSP. Each unit-response function is
computed as the difference of two volume-response functions (computed using
eq. 8), one of which is lagged 1 month behind the other. A final initializa-
tion step required is to prestress the model. This process, done in subroutine
PRSTRS, generates reasonable ground-water return flows representative of
historic usage; thus, when the simulation begins, the initial return flows are
not all zero. Within this subroutine, 10 years of return flows, as computed
by using the water-user needs multiplied by the prestress factor, are simu-
lated to stress the aquifer. For each user and for each month of the 10-year
prestress period, subroutine CMPUIR is called to multiply the assumed stress
by the appropriate unit-response function.

A loop in the mainline then controls the monthly simulation. NFLOW, as
described in the previous section for simulation of streamflow, is entered to
generate the natural streamflow available for water use. Next, the perceived
water demand for each water user is computed in subroutine DEMAND. This
demand is computed based on the type of water use and the specified demand
factor. This perceived demand is the driving force within the simulation
model because the model attempts to obtain all the water it can from each
available source until the perceived demand is satisfied.

Within subroutine ADJUST, the flows computed in NFLOW are adjusted to
account for return flows generated from previous water-use activities.
Similarly, ground-water storage is adjusted for those same return flows.
Reservoir evaporation also is computed in this subroutine.

The next subroutine within the monthly simulation loop is SUPPLY, which
simulates the water-use system. The program loops through the basinwide
water-rights list to: (1) Determine which user owns the next right, (2) deter-
mine whether that user has a perceived demand for water, (3) determine if that
user has other water sources that are higher in the user's priority system,
and (4) determine whether sufficient water is in the river to make the diver-
sion. If the user has other, higher priority sources of water, those sources
are simulated before using the direct diversion. For direct diversions, the
quantity of the diversion is defined as the minimum of: (1) The perceived
demand, (2) the quantity of the water right, or (3) the legal quantity of
water in the river. After a nonzero diversion has been computed, all stream-
flow (both upstream and downstream) is adjusted, so that no subsequent diver-
sion can affect this more senior diversion. The adjustment is transferred
upstream until sufficient inflow equal to the diversion is determined and is
transferred downstream to the end node or until the river is dried up at some
intervening node. After going through the entire basinwide water-rights list,
the program then goes through the list of all water users to determine if any
other sources of water exist in each individual priority list that have not
been used in an attempt to satisfy the perceived demand.
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The last operative subroutine in the monﬁhly simulation loop is QUALTY.
This subroutine simulates the streamflow similar to NFLOW, but also simulates
the water-quality mixing at the same time. However unllke NFLOW, the return
flows computed in ADJUST and the reservoir releases and stream d1vers1ons
computed in SUPPLY are included in the simulattion. The reservoirs also are
simulated in this subroutine using inflows and releases computed in SUPPLY and
properly accounting for water-quality mixing. Finally, each water user is
simulated by computing the water quality of the applied water using the
quantities from various sources computed in SUPPLY and the respective water-
quality concentrations computed earlier in this subroutine. After computing
the quality of the applied water, the quality |of all return flows and ground
water is computed. The concentration of retuyn flow is computed by dividing
the total load applied to the land surface by |the quantity of the return flow;
this accounts for the concentrating effects of the crop consumptive use of
water. Ground-water concentrations are then computed by mixing the return
flow with the ground water previously in storage.

The monthly-simulation loop is completed by calling the statistical-
summary subroutines SUMRYM and SMRYMU. SUMRYM is the same as described for
the streamflow simulation. Within SMRYMU, statistics for ground-water
storage, water use, and reservoirs are summarized and stored. If a schematic
for annual ground-water storage is desired, subroutine SKMGW is called from
SMRYMU to generate that schematic after each December has been simulated.
Similarly, if a schematic for annual, average water-use is desired, subroutine
SKMU is called from SMRYMU to generate that schematic after each December has
been simulated.

When the monthly loop has been completed /for the period of record, sub-
routines SUMRYF and SMRYFU are called. SUMRYF is the same as described for
the simulation of streamflow. SMRYFU summarizes all of the ground water,
water use, and reservoirs. If a schematic for final ground-water storage
(fig. 17) is desired, subroutine SKMGW is called from SMRYMU. If a schematic
for period-of-record average water use (fig. 18) is desired, subroutine SKMU
is called from SMRYMU. Within SMRYFU, the graund-water summaries are
generated first. Ground-water storage, ground-water concentration, and return
flows for any river reach and side can be displayed as hydrographs (similar to
fig. 6) or as tables (similar to fig. 7). The same parameters, summed for the
entire basin, also are available as hydrographs or tables. Summaries avail-
able for any water user include direct diversions, ground-water pumpage, and
total applications, which are displayed as either hydrographs (similar to
fig. 6) or tables (similar to fig. 7). A statistical summary (fig. 19) also
is available for any water user. Any of these summaries also can be displayed
for the basinwide total water use. Finally, reservoir contents or water-
quality concentration can be displayed as hydrographs (similar to fig. 6) or
tables (similar to fig. 7). A statistical sudmary for a reservoir (fig. 20)
also can be displayed.
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At the completion of a simulation, two final subroutines are available
that provide comparative summaries of the just-completed simulation with one
previously generated. CMPAR is the same as described for the streamflow
simulation. Within CMPARU, the water need, direct diversions, ground-water
pumpage, reservoir releases, imports, total application, or total water
consumption of any water user can be compared with the same user and parameter
from a previous simulation. Reservoir contents for any reservoir also can be
compared. This comparison is done by reading the output file produced during
the ongoing simulation (logical unit 52) and by reading some designated output
from a previous simulation (logical unit 55). For any selected parameter, the
subroutine computes the mean and standard deviation of the difference between
the monthly values for the period of record, and displays three plots: (1) A
histogram of both time series, similar to figure 9; (2) a frequency curve of
each time series, similar to figure 10; and (3) a histogram of the time series
of the difference between the two simulations, similar to figure 11.

SUMMARY

An interactive-accounting model which simulates streamflow, water
quality, and water-supply operations in a river basin was developed and
described in this report. Regression equations are used to compute streamflow
from a set of independent variables such as snowpack, precipitation, air
temperature, or other streamflow. The concentrations of a comservative
constituent, usually dissolved solids, also are computed with regression
equations, with streamflow as the independent variable.

The model can be operated interactively, with the baseline data sets
being modified to create new scenarios. Most of the model output can be
displayed on a computer terminal interactively, in the form of colored
graphics schematics, to show areal variations, and hydrographs, to show
temporal variations.

The water-supply operations and a simplified ground-water system also can
be simulated with the model. Various water users, such as agricultural,
municipal, industrial, and in-stream users, plus reservoir operators are
assigned water demands which they try to satisfy from an ordered list of water
sources. Those sources may include direct diversions, ground-water pumpage,
reservoir releases, or interbasin imports. All direct diversions are
simulated such that the basinwide, prior appropriation priorities are
recognized.
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ATTACHMENTS

Attachment 1--Data Instructions For Streamflow and Water-Quality Simulation

Three data sets must be prepared prior to using the model for streamflow
simulation:

A basin description of the modeled area (logical unit 60),

a digitized network of points along the river (logical unit 62), and

a time series of all the independent variables (logical unit 61).

Record Columns Name Description

The format for the basin-description file is:

1 1- 80 TITLED A title
2 1- 5 NNODE The number of nodes {maximum of 100)
3 1- 10 QMAX An estimate of the largest streamflow, in cubic feet
per second (used for plotting purposes)
11- 20 QWL1 Value of water quality, in milligrams per liter, to
subdivide class 1 from class 2
21- 30 QwWL2 Value of water quality, in milligrams per liter, to
subdivide class 2 from class 3
31- 40 QWL3 Value of water quality, in milligrams per liter, to

subdivide class 3 from class 4

NOTE -- records 4 and 5 are entered as a set, one for each NNODE

4 1- 5 NODEID A node ID number
6- 13 NODNAM A node name
16- 25 YLOC Latitude, in decimal degrees
26- 35 XLOC Longitude, in decimal degrees

36- 40 NXINOD Node ID of the downstream node. Must be set to
negative number for all terminus nodes.

41- 50 PLTX Plotting offset from the node symbol, in inches

51- 60 PLTY Plotting offset from the node symbol, in inches

61- 70 CONCFC Concentration factor to determine load routing when
incremental streamflow is negative. Value ranges
from 0.0 to 1.0, where 0.0 indicates the entire
load is concentrated downstream and 1.0 indicates
the concentration is maintained downstream.

71- 80 DSA Intercept of the water quality-specific conductance
linear regression
81- 90 DSB Slope of the water quality-specific conductance

==~ -. linear regression

NOTE -- record 5 is repeated 12 times, one for each month, beginning with
January.

5 11- 15 INDEPV Variable number of the independent variable.

If the value is positive, the incremental flow is
computed and routed downstream.

If the value is negative, the total flow at that
point is computed with no routing.

If the value is less than 100, the flow is
computed using linear regression and the
independent variable identified by INDEPV.

47



Attachment 1--Data Instructiong For Streamflow and

Water-Quality Simulatign--Continued

Record Columns Name

Déscription

Format for the basin-description file--Continued

5

11-

16-

26-

36-

46-

15

25
35
45

55

The format for

1

1-
11-
21-
31-
41-
51-

1-
11-
21-
31-
41-
51-
61-
71-

81-

10
20
30
40
50
60
10
20
30
40
50
60
70
80

90

91-100

INDEPV

NTRCPT
SLOPE
QWA

QWB

If the value is greater than 100, the flow is com-
puted using log-log regression and the independ-
ent variable identified by (INDEPV - 100).

If the value is greater than 200, the flow is
computed using [linear regression and the
independent varliable is upstream streamflow.

Intercept of the streamflow-independent variable
regression.

Slope of the streamflow-independent variable
regression

Intercept of the specific conductance-streamflow
log~log regressio

Slope of the specific conductance-streamflow
log-log regressio

the digitized network file is:

XMIN
XMAX
YMIN
YMAX
XLENG

YLENG

XHY

Largest longitude, in decimal degrees, for mapping

Smallest longitude, in decimal degrees, for mapping

Smallest latitude, in decimal degrees, for mapping

Largest latitude, in decimal degrees, for mapping

Length of x axis, i¢ decimal degrees, on schematic
hydrographs

Length of y axis, i
hydrographs

Longitude, in decimal degrees, to place first
schematic hydrograph

Latitude, in decimal degrees, to place first
schematic hydrograph

Longitude, in decimal degrees, to place second
schematic hydrograph

Latitude, in decimal degrees, to place second
schematic hydrograph

Longitude, in decimal degrees, to place third

" schematic hydrograph

Latitude, in decimal degrees, to place third
schematic hydrograph

Longitude, in decimal degrees, to place fourth
schematic hydrograph

Latitude, in decimal] degrees, to place fourth
schematic hydrograph

Longitude, in decima]l degrees, to place fifth
schematic hydrograph

Latitude, in decimal degrees, to place fifth
schematic hydrograph

decimal degrees, on schematic
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Attachment 1--Data Instructions For Streamflow and
Water-Quality Simulation--Continued

Record Columns Name Description

Format for the digitized network file--Continued

NOTE -- record 3 is repeated until ICARD is negative

3 1- 5 ICARD Code indicating disposition of data points.
If value is one, start plotting data in a new
sequence.

If value is greater than 1, continue plotting
data in sequence from previous line.
If value is zero, skip the line.
If value is negative, quit plotting the network.
6- 12 YLINE Latitude, in decimal degrees, of a point
13- 19 XLINE Longitude, in decimal degrees, of a point
20- 26 YLINE Latitude, in decimal degrees, of a point
27- 33 XLINE Longitude, in decimal degrees, of a point
34- 40 YLINE Latitude, in decimal degrees, of a point
41- 47 XLINE Longitude, in decimal degrees, of a point
48- 54 YLINE Latitude, in decimal degrees, of a point
55- 61 XLINE Longitude, in decimal degrees, of a point
62- 68 YLINE Latitude, in decimal degrees, of a point
69~ 75 XLINE Longitude, in decimal degrees, of a point

The format for the independent variable file is:

1 1- 80 TITLEP A title .
2 1- 5 NMONTH The number of months (maximum of 600)

6- 10 NINDV The number of independent variables (maximum of 75)
3 1- 6 VARNAM An independent variable name. There are NINDV

11- 16  VARNAM occurrences, eight per line.

21- 26  VARNAM
31- 36 VARNAM
41- 46  VARNAM
51- 56 VARNAM
61- 66  VARNAM
71- 76  VARNAM

NOTE ~- record 4 is read as a set, one for each NMONTH, beginning in a January

4 1- 10 VARIBL Value of the time series of independent variables.

11- 20 VARIBL There are NINDV occurrences, eight per line.

21- 30 VARIBL (-99. is used to indicate missing data).

31- 30 VARIBL

41- 50 VARIBL

51- 60 VARIBL

61- 70 VARIBL

71- 80 VARIBL
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Attachment 3--Data Instructions for Water-Supply Operations Simulation
1

\
Three additional data sets must be prepared prior to using the model for
water-use simulation:

Additional basin descriptions of the modeled area (logical unit 53);
a description of the water-supply operat
a prioritized list of water rights (logi

ions (logical unit 50); and
cal unit 51).

Record Columns

Name

Des

cription

The format for the additional basin-description file is:

1 1-
2 9-
15-
21-
27-
33-
39-
45-
51-
57~
63-
69-
75~
3 9-
15-
21-
27-
33-
39-
45-
51-
57-
63-
69-
75~
4 9-
15~
21~
27~
33~
39-
45-
51-
57-
63-
69-
75-

80
14
20
26
32
38
44
50
56
62
68
74
80
14
20
26
32
38
44
50
56
62
68
74
80
14
20
26
32
38
44
50
56

62

68
74
80

TITLEM
PET
PET
PET
PET
PET
PET
PET
PET
PET
PET
PET
PET
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
AGDMND
AGDMND
AGDMND
AGDMND
AGDMND
AGDMND
AGDMND
AGDMND
AGDMND
AGDMND
AGDMND
AGDMND

A title

Monthly potential evapotranspiration, in feet, one

for each of the 12

months, beginning in January

Monthly lake evaporation, in feet, one for each of
the 12 months, beginning in January

Monthly agricultural
for each of the 12

58

irrigation demand, in feet, one
months, beginning in January




Attachment 3--Data Instructions for Water-Supply

Operations Simulation--Continued

Record Columns

Name

Description

Format for the additional basin-description file--Continued

5

NOTE --
10

9- 14
15- 20
21- 26
27- 32
33- 38
39- 44
45- 50
51- 56
57- 62
63- 68
69- 74
75- 80

9- 14
15- 20

9- 14

9- 14
15- 20
21- 26
27- 32
33- 38
39- 44
45- 50
51- 56
57- 62
63- 68
69- 74

1- 5
record

1- 5

6- 13
16- 25
26- 35
36- 45
46- 55
56- 65
66- 75
76- 85
86~ 90
91- 95

SESNAL
SESNAL
SESNAL
SESNAL
SESNAL
SESNAL
SESNAL
SESNAL
SESNAL
SESNAL
SESNAL
SESNAL
STCOEF
TRANS

DRINK

CNVLAT
CVLONG
SNUOS1
SNUOS2

SNUOS3
SNLAT1
SNLAT2
PREFAC

SEEPFC
PRSPFC
TAILFC

NRES

Monthly instream demand, in feet, one for each of
the 12 months, beginning in January

Basinwide aquifer storage coefficient (dimensionless)
Basinwide aquifer transmissivity, in feet squared
per day
Average municipal water demand, in acre-feet per unit
Factor to convert latitude, in degrees, to miles
Factor to convert longitude, in degrees, to miles
Sinuosity factor to compute river miles east of SNLAT1
Sinuosity factor to compute river miles between SNLAT1
and SNLAT2
Sinuosity factor to compute river miles west of SNLAT2
Latitude divider, in decimal degrees
Latitude divider, in decimal degrees
Prestress factor to scale the initialization of
return flows
Canal leakage factor, in acre-feet per mile
Limit of effective monthly precipitation, in feet
Percentage of tail water that goes through the
ground-water system (ranges from 0.0 to 1.0)
The number of reservoirs (maximum of 25)

10 is entered as a set, one for each NRES

RESID

RESNAM
CAPMAX
NACTIV
AREAMX
RSXLOC
RSYLOC

RESSTR

RSCONC

RSXPLT
RSYPLT

A reservoir ID number

A reservoir name

Maximum capacity of reservoir, in acre-feet

Inactive capacity of reservoir, in acre-feet

Surface area, in acres, at maximum capacity

Longitude, in decimal degrees

Latitude, in decimal degrees
For on-channel reservoirs, RSXLOC and RSYLOC must
correspond exactly to the XLOC and YLOC of a node

Initial reservoir contents, in acre-feet

Initial water-quality concentration, in milligrams
per liter

Plotting offset from the reservoir symbol, in inches

Plotting offset from the reservoir symbol, in inches
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Attachment 3--Data Instructions for Water-Supply
Operations Simulation--¢ontinued

Record Columns Name

Des?ription

Format for the additional basin-description fiie--Continued

NOTE -- record 11 is entered as a set, one for each NNODE

11 9- 14 GWSTOR Initial ground-water storage above node on side 1,
in acre-feet
15- 20 GWCONC Initial water-quality concentration above node on
side 1, in milligrams per liter
21- 26 GWSTOR Initial ground-water storage above node on side 2,
in acre-feet
27- 32  GWCONC Initial water-quality concentration above node on

side 2, in milligr

ms per liter

The format for the water-supply operations file is:
1 1- 80 TITLEU A title
2 1- 5 NUSERS The number of water users (maximum of 100)

NOTE -- records 3, 4, 5, and 6 are entered as 8 set, one for each NUSERS

A water user ID numbe

3 1- 5 USERID r
6- 13 USRNAM A water user name
16- 20 USRTYP The type of water user
1 = agricultural |
2 = municipal
3 = industrial
4 = in stream
5 = reservoir operator
21- 30 NUMUSR The quantity served by the water user
If type 1, then the units are irrigated acres
If type 2, then the units are populace units
If type 3, then the units are units produced
If type 4, then the units are actual water
needed, in acre-feet
If type 5, then the units are reservoir capacity
available to the juser, in acre-feet
31- 40 DMDFAC Factor to compute a water user's demand for water
If value is positive, multiply by PET,
If value is negative, multiply by AGDMND.
41- 50 XLOCU Longitude, in decimal degrees
51- 60  YLOCU Latitude, in decimal |degrees
For reservoir operators, XLOCU and YLOCU must
correspond exactly to the RSXLOC and RSYLOC
of a reservoir
61- 65 USXPLT Plotting offset from | the water user symbol, in inches
66- 70 USYPLT Plotting offset from the water user symbol, in inches
71- 75 IPRECP Number indicating which of the independent variables
represents the appropriate precipitation data for

the water user. |
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Attachment 3--Data Instructions for Water-Supply
Operations Simulation--Continued

Record Columns Name Description

Format for the water-supply operations file--Continued

76- 80 TAKNT Reservoir subaccout number appropriate for this
water user
4 16- 20 NSOURC Number of sources available to a water user

(maximum of 15)
21- 25 RFTYPE Type of return flow
1 - a percentage of initially computed return flow
becomes deep perocolation (rest is tail water)
2 - a percentage of total application becomes
tail water (rest is lost from basin)
3 - a percentage of total application becomes
deep percolation (rest is lost from basin)
4 - a percentage of initially computed return flow
becomes tail water (rest is lost from basin)
5 - a percentage of initially computed return flow
becomes deep percolation (rest is lost from basin)
26- 35 RFVAL Return flow percentage
36- 45 RFXLOC Longitude, in decimal degrees
46- 55 RFYLOC Latitude, in decimal degrees
56- 65  RFDST Distance from point of deep percolation to stream,
in feet. (if 0., the program computes this value
using location)

NOTE -- record 5 is repeated NSOURC times

5 1- 5 ICODE Type of water source
1 = direct diversion
2 = ground-water pumpage
3 = reservoir release (if reservoir releases

directly to the water user rather than using
the river as a conduit, enter -3)

4 = direct pipeline or tunnel importation
5 = storage diversion
6 = direct diversion used for reservoir storage

6- 15 QUANTY The quantity available from the source

If type 1, then the legal right, in cubic feet
per second

If type 2, then the pumping capacity, in cubic
feet per second

If type 3, then the capacity of the reservoir
allocated to this water user, in acre-feet
(if the reservoir is a 'general-use', 'bank-
account' type storage, enter the percentage
allocated to this user as a negative)

If type 4, then the pipeline or tunnel carrying
capacity, in acre-feet

If type 5, then the legal right, in acre-feet

If type 6, then the legal right, in cubic feet
per second
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Attachment 3--Data Instructions [for Water-Supply

Operations Simulation--Continued

Record Columns

Name

Desc

fiption

Format for the water-supply operations file--Co

16- 25
26- 35
36- 45
46- 50
51- 55
56- 60

NOTE -- record

6 6- 10
11- 15
16- 20
21- 25
26- 30
31- 35
36- 40
41- 45
46- 50
51- 55
56- 60
61- 65

The format for the water rights file is:

1 1- 80
2 1- 5

NOTE -- record 3 is repeated NRIGHT times

3 1- 5
6- 13
16- 23
24~ 33

SCXLOC
SCYLOC
GWDST

NMRES
IACCNT

ITIMFC

Longitude, in decimal

Latitude, in decimal

The distance from poi
If 0., the program

location.

The ID number of the

Subaccount number to
allocated to this w

Code to indicate whet
every month (if 0,

6 is read only when ITIMFC is no

TIMFAC
TIMFAC
TIMFAC
TIMFAC
TIMFAC
TIMFAC
TIMFAC
TIMFAC
TIMFAC
TIMFAC
TIMFAC
TIMFAC

TITLER

NRIGHT

OWNER
NAME
DATE
AMNT

Percentage indicating
active in each of t
in January. A valu
active, a value of

ntinued
f
degrees

degrees

nt of pumpage to stream, in feet.
computes this value using

appropriate reservoir (RESID)
identify portion of a reservoir
ater user (if 0, set to 1)

her the source is available

it is; if 1, read TIMFAC)

nzero

how much of the source is
he 12 months, beginning
e of 1. indicates fully
0. indicates the source is

inactive during that particular month.

A title
The number of water 1

The water user ID (US
The water user name (
The date of the water
The amount of the wat
feet per second for
acre-feet for storj

ights (maximum of 200)

ERID) who owns the right

USRNAM) who owns the right
right

er right (QUANTY), in cubic
direct diversions, and in

ge diversions.

NOTE -- all of the record 3's must be ordered qy DATE.

|

62



‘0001 "0000S°0001 000001 €IMD
‘009 °0000S°009 000001 CIMD
*00S 000001°00S 000001 TIMD

*00S  "00008°0 ‘0 0IM9

‘0 ‘0 ‘0 ‘0 60M9

‘00% °00001°00% °0000C 80MO

'00€ 00 O 0 LOMD

"0 ‘0 "0 ‘0 90MO

‘00 0001 00T -000C GOM9D

‘00C 005 00T 0001 70M9

0 ‘0 0 0 €O0MD

‘0 0 0 "0 ¢0M9

"0 ‘0 ‘0 ‘0 TOMO
0z'- GI° 0 ‘0 0°01 G°06 *00001 ‘0 *000002 I STJ0S8
oL1'- G0°- 0 ‘0 [ARi] S 16 *000¢ ‘0 *0000S ¢ DIVISTY
GI° 01" -"0i1 *00001 L°01 T°€6 *00S *000S *0000S T DIVI0ST

€
0°0 01 €09 €1 §'¢6 116 ¢'I 9°'1 %I  0I€ €98%0°690Vd ANOD
0S¢’ JANT YA

00001 2°0 :icEdilo)4

00’0 00°0 00°0 00°0 000 OO0 00'0 00°0 00°0 00°0 00°0 0O°0 TVNSIS
01°0 0C¢°0 0%0 GS°0 G9°0 GL°0 GS°0 O%°0 0C°0 S0°0 SO°0 GO0 aNKRaoV
000 OI°0 0S°0 09°0 S8°0 OL'L O00'L S6°0 SL°0 00°0 00°0 O00°0 dvVAld
00°0 00°0 GZ°0 0S°0 09°0 0L°0 0S°0 0O€E°0 OTI'0 00°0 00°0 000 Lid

1°pow 9jexjsuowsap o3 uiseq aydweg
:ST STTF uoT1dTIOSap-uUTSeq [eUOTITppe 3YJ
*(1G 2Tun Ted1807) s3YS1x I93eM Jo 3SI| pazIjtiotad e
pue {(0G 31tun Ted180y) suorjeirsdo Ajddns-asqem ay3z Jo uorirdiiosap e

f(€g 3tun [ed1807) eaie pafapouw 3yl Jo suorldiadsSIp uUlseq JeUOIIIPPY

:uorjernuwts suorjeiado A7ddns-isjem xoy T3pow 3yl Butsan o3 aotid psxredosad oaq 3Isnw s319S BIEpP [BUOTIIPpPE 9IIY]

uortjeinuig suotjexadg Ajddng-isiem 1oy ejeq jnduy Jo salTj ajdwexyg--4 JuUaWYOELIIY

63



SY%°6 S1°16 “oy [4
0S¢ 00°01 0L°16 *00002 €
00°01 0L°16 *00% 1
00°01 0L°16 ‘001 I
S9°6 c0°16 8°0 I Y
[4 0C°0-S0°0 0%'® o%°16 0'¢ *00001 1 L HJ1I1a009¢
529 0z 01 0S°16 *0000¢ €=
*0009 01°01 09°16 ‘oY [4
00°01 06°16 ‘009 I
*000Y S0°01 GG 16 S°0 1 €
[4 01°0 S2°0 0t 01 09°16 0°¢- *00001 1 9 HOLIO00ST
06°01 00°¢6 00°¢L I
*000€ 0L°01 66°16 0'1 1 I
I 50°0 -G0-0-88-01 86’16 —— 02— 005 1T .S HOLIQOO%Z.
L0°01 S1°C6 "0 1
00°01 0€°¢6 00°0S 1
00°01 0€£°26 00°S 1
00°01 0€°26 00°1 1
00°01 0£°76 00°¢C 1
*000% S0 01 G0°26 S0 [4 <
01°0 S2°0 01701 01°¢6 0°¢ "0001 [4 TdIDINOKO00S
%9°6 ST°26 0 I
00°01 08°C6 007061 I
00°0T 08°76 00°S I
00°01 08°¢6 00°0¢ I
00°01 08°26 00°0S 1
0001 08°¢26 00°¢S I
06°6 S6°16 L0 4 9
02°0-12°0 09°6 0C°¢6 S'1 *000¢ € TVLSNANIO00Y
0c 11 00°€6 00°8 1
*008 l1°11 86°C6 0’1 I I
1 G0°0-S0"0-LT"II 86°¢C6 0°¢ *00S 1 1 HOLI@000¢
71

19pow 3jeajsuowsp o3 uiseq a1dwes i03 saasn ajdueg

:8T 911 suoriexado Ajddns-isjem ayg

ponuIjuo)--uoTjejnuis suorjeradg Ayjddng-isjem i1oJ eieq jndul Jo saftg s[dwexg--4 JusuUNIEIJY

64



[4 GE"0-ST°0 oo”oﬂ 05°06 01
02°0-S1°0 00°01 06706 10
01°0-50"0-02°01 06°16 01
S1°0 0170 04701 (VR §

0C €6
0 1 1 ‘1 1 !
1 [4 0¢8
068
[4 058
1 00°01
01°0 01°0-00°01

06°68
06°68 9'1-
*0008

0s8
*0009
S 01°0-S0°0-09°6

0676 S0° 06

01°06 S'1

0Z°01
Vj 01°0 01°0-05°01

0% 06
09706 S 1-
*000¢

*000S
€ 01°0 S0°0-0¢€°01

or-ort
01" 16

06°06
G°¢

‘0

00°01
‘0

00°01
‘0

0S°11
‘0

1
00°01
00701
00°01
"0

G8°6
00701
00°01
00°01
8°0

01°01
00°01
00°0T1
00°01
8°0

G001
00°01
L0

[4 0
*0000¢ S
065706
[4 1
*000081 S
06°16
(4 I
"0000¢ S
00°%6
[4 I
*0000S S
1 1 ‘0
06°68
06°68
06°68
[4 €
*00621 I
01°06
0€°06
0£°06
0€°06
1 ki
*000ST 1
S¥°06
08°06
08°06
08°06
S /
*0000Y 1
S6°06
0916
I [4
*000S1 1

(V)1 S3IYISS
*0000ST S
1 STI0SS
*0000¢ S
Z DIVISZ9
*00002 V]
I DIVI0ST
‘0 0
00°00T 9
09°- €
00°000C ¢
Z1 HOLIQOOIE
00° 0% z
00°00S I
00°00€ I
oy’ - €
11T HDIIA000E
001 rA
*00¢ 1
00§ I
*0S1 I
01 HOLIQ0062
‘01 z
002 I

8 HOLIQ00.lT

psnuIluo)-~uoTleTNUIS suorleiadg Ajddng-isjem 1o ejeq Indul Jo so[Ij o[dwexy--+4 JusUIEIIY

65



AV 00°0000SGT 1 SHJ0S8
gV 00°00002 ¢ MIVIST9
00°00% L HOLIA009C
00°00S 9 HOLIW00GZ
00°00G 1T HOLIWOOOE
e S 00:°002 QI _HJ2LI4A006Z
00°00¢ ¢1 HOLIQOOIE
00°00¢€ IT HJLIQ000E
00°00S 0T HJ1IQOO06C
00°001 { HOLIOO0097¢
00°0S1 01 HOLIW0062
00°0S1 TVLSNANIO00Y
00°0S TdIJINNKO00S
00°S TVLSNANIO00Y
00°L S HOLIdoo%e
00°02 TVLSNANIO00Y
00°8 1 HOLIO000%
00°0S TVLSNANI000Y
00°S TdIJINNKOOOS
00°00¢ 8 HOLIJ00LZ
00°1 TdIJINNKOO0S
00°S TVLSNANIOOOY
00°¢ TdIJDINNKO0O0S
1 X4

66

19pouw a3eajsuowdp o3 uiseq aTdwes 1oy siasn ardweg

:ST 3TTF S3yS1x I33eM SY3 I0J 3JeWIOF IYJ

panurjuo)--uorjenuwig suotjeradg Arddng-xajem 103y ejeq 3ndu] Jo Sa[Ig o1dwWexy-- JuUsBWYOI®IJVY



Attachment 5--Definition of Commoned Variables in Subroutines for

Streamflow and Water-Quality Simulation

[Variables preceeded by a * are read by the model]

*IBATCH

*IGRAPH
IMONTH
IN
I0UT

*IPRINT

*IQW

IYEAR

JMONTH
*NINDV
*NMONTH

*IHY (5)

QHY (400,5)
QWHY (400,5)

QWLHY (400,5)

*TITL

*XHY (5)

XINC
*XLENG
*XMAX
*XMIN
*YHY (5)

YINC
*YLENG

S

*YMIN

UNLABELED COMMON

Indicator of whether job is being run interactive
or batch. ]

Code for type of graphics terminal.

Counter for the month number.

Logical unit number for input.

Logical unit number for output.

Indicator of whether monthly output should be
printed interactively.

Indicator of whether to use time-weighted or
discharge-weighted water-quality statistics.
Counter for the year number.

Counter for the month of the year.

Number of independent variables in input file.
Number of months of independent variables in
input file.

HYDROG

Node ID of those nodes for which hydrograph will
be plotted.

Time series of stream discharge to be plotted.
Time series of water-quality concentration to be
plotted.

Time series of water-quality load to be plotted.

NAMES
Title of simulation.
NTWRK

X-coordinate for the location of small hydrograph
on the schematic.

X-axis tick mark increment on schematic.
Horizontal length of small hydrograph on schematic.
Maximum x-coordinate for edge of schematic.
Minimum x-coordinate for edge of schematic.
Y-coordinate for the location of small hydrograph
on the schematic.

Y-axis tick mark increment on schematic.

Vertical length of small hydrograph on schematic.
Maximum y-coordinate for edge of schematic.
Minimum y-coordinate for edge of schematic.
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Attachment 5--Definition of Commoned Variables in Subroutines for
Streamflow and Water-Quality Simulation--Continued

|
REACHS ‘

|
Concentration factor used to route loads when a
reach loses water.

*CONCFC (100)

*DSA (100) - intercept in the regression to convert specific
conductance to dissolved|solids
*DSB (100) - slope in the regression to convert specific conductance

to dissolved solids

Monthly number indicating which independent variable
to be used to compute stream discharge.

*NNODE - Number of stream nodes.

*NODEID (100) Node ID.

NODEUS (100) Node number of the main channel upstream node.
*NTRCPT (100,12) Monthly intercept in the|regression equation used

to compute stream discharge.

Node number of the downstream node.

*INDEPV (100,12)

*NXTNOD (100)

*PLTX (100) - Horizontal distance to offset number from symbol at
node plotting position.
*PLTY (100) - Vertical distance to offset number from symbol at
node plotting position.
Q (100) - Stream discharge.
QSUBA (100) - Incremental (internode) stream discharge.
QW (100) - Water-quality concentration. .

*QwA (100,12)

Monthly intercept in the regression equation used
to compute water-quality’ concentration.

Monthly slope in the regression equation used to
compute water-quality coicentration.

Incremental (internode) water-quality concentration.
Monthly slope in the regression equation used to
compute stream discharge
X-coordinate location.
Y-coordinate location.

*QWB (100,12)

QWSUBA (100)
*SLOPE (100,12)

*XLOC (100)
*YLOC (100)

REACH1

*NODNAM (100) 8-character node name.

SCHMTK

AQ (100) - Annual average stream discharge.

AQW (100) - Annual average watet-quafity concentration.

AXN (100) - number of months in year
*ISKM - Code for frequency of plotting streamflow schematic.

PORQ (100) - Period-of-simulation average stream discharge.

PORQW (100) - Period-of-simulation average water-quality concentration.
PORXN (100) - number of months in peri¢d-of-simulation
*QHYMAX (5) - Maximum stream discharge|associated with horizontial

length of small hydrograph on the schematic.

1
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Attachment 5--Definition of Commoned Variables in Subroutines for
Streamflow and Water-Quality Simulation--Continued

SCLFAC
*QMAX - Maximum stream discharge associated with symbol size
on the schematic
*QWL1 - Water-quality concentration class limit.
*QWL2 - Water-quality concentration class limit.
*QWL3 - Water-quality concentration class limit.
STATS
*1SS (10) - Node ID of those nodes for which statistical
summaries will be printed.
QMEAN (10,12) - Monthly mean stream dsicharge.
QsD (10,12) - Monthly standard deviation of stream discharge.
QWLMN (10,12) - Monthly mean water-quality load.
QWLSD (10,12) - Monthly standard deviation of water-quality load.
QWMEAN (10,12) - Monthly mean water-quality concentration.
QWSD (10,12) - Monthly standard deviation of water-quality
concentration.
XNN (10,12) - Number of months with data.
TABLES

IQTBL (5,400) - Time series of stream discharge to be printed.
IQWLTB (5,400) - Time series of water-quality loads to be printed.
IQWTBL (5,400) - Time series of water-quality concentration to be
printed.
*ITBL (5) - Node ID of those nodes for which tables will be printed.
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Attachment 6--Definition of Commoned Variables in Subroutines
for Water-Supply Operations Simulation

[Variables preceeded by a * are read by the model]

DEMND i

1

factor to compute water want
type of water source

*DMDFAC (100)
*ICODE (100,15)

1 = Direct diversion
2 = Ground-water pumpage
3 = Reservoir release
4 = Direct pipeline importation
5 = Storage diversion
ISIDRF (100) - side of the river the return flow occurs

NEED (100)

NODERF (100)

NODESC (100,15)
*NSOURC (100)
*NUMUSR (100)

the consumptive use requirement of the user
node number where return|flow enters the river
node number of the source of water

number of sources available to user

quantity served by the user

if type 1, then irrigated acres

if type 2, then populace

if type 3, then units produced

if type 4, then water needed

if type 5, then reservoir capacity

*NUSERS ~ the number of users
*QUANTY (100,15) quantity available from $ource

if type 1, then legal right

if type 2, then pumping capacity
if type 3, then reservoitr capacity
if type 4, then physical capacity
if type 5, then legal right

RFDIST (100)
*RFTYPE (100)

return flow distance used in response function
type of return flow

1 = ground-water response function

2 = one-month lag function

percent of use returned

decimal longitude of the|return flow

decimal latitude of the return flow

decimal longitude of the|source

decimal latitude of the source

a user ID number

type of user

= agricultural
muncipal
industrial

in stream
reservoir operator
plotting offset from user symbol
plotting offset from user symbol
computed user's water deland

*RFVAL (100)
*#RFXLOC (100)
*RFYLOC (100)
*SCXLOC (100,15)
*SCYLOC (100,15)
*USERID (100)
*USRTYP (100)

UV WN -~
nnun

*USXPLT (100)
*USYPLT (100)
WANT (100)
*XLOCU (100)
*YLOCU (100)

decimal longitude of the|/water user
decimal latitude of the water user
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Attachment 6--Definition of Commoned Variables in Subroutines
for Water-Supply Operations Simulation--Continued

DEMND1

*USRNAM (100)

1

an 8 character user name

GW
*GWCONC (100) - concentration of ground water in node reach
*GWSTOR (100) - quantity of water in ground-water storage in node reach
RTRNFL (100) - quantity of ground-water entering river that month in
node reach
GWUSE
GWDIST (100) - pumpage distance used in response function
GWPUMP (100) - quantity of pumpage for the pumpage source
GWSOUR (100) - source number of the pumpage source
GWUSER (100) - user number of the pumpage source
ISDPMP (100) - side of the river the pumpage occurs
MGW - number of pumpage sources
HYDGRG

GWHYC (500,5)
GWHYRF (500,5)
GWHYS (500,5)

time series of ground-water concentration to be plotted
time series of ground-water return flows to be plotted
time series of ground-water storage to be plotted

t

*THYGW (5) - code for node ID and side for which hydrographs will
be plotted
HYDGRR
*IHYR (5) - reservoir ID of those reservoirs for which hydrographs
will be plotted
RHYC (500,5) - time series of reservoir concentration to be plotted
RHYS (500,5) - time series of reservoir storage contents to be plotted
HYDGRU
*IHYU (5) - water user ID of those water users for which hydrographs
will be plotted
UHYD (400,5) - time series of direct diversions to be plotted
UHYP (400,5) - time series of pumpage to be plotted
UHYT (400,5) - time series of total applications to be plotted
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Attachment 6--Definition of Commoned Variables in Subroutines

for Water-Supply Operations Simull

ation--Continued

*AGDMND (12) -

CANLEN (100) -
*CNVLAT -
*CVLONG -
*DRINK -
*EVAP (12) -
*PET (12) -
*PREFAC -
*PRSPFC -
*RAIN (50) -

RMILES (100) -
*SEEPFC -
*SESNAL (12) -
*SNLAT1 -
*SNLAT2 -
*SNUOS1 -
*SNUOS2 -
*SNUOS3 -
*STCOEF -
*TRANS -

UNIT (5,120)

FRSPNZ (100,480,2)

MRES -
NUMRES (100) -
RESRL (100) -
RESSOR (100) =
RESUSR (100) -
TRANSL (100) -

*AREAMX (25) -

*CAPMAX (25) -
NODRES (25) -

*NRES -
RELEAS (25) -
RESCUM (25) -
RESEVP (25) -

*RESID (25) -

*RESSTR (25) -

*RSCONC (25) -

*RSXLOC (25) -

*RSXPLT (25) -

*RSYLOC (25) -

*RSYPLT (25) -

PHYSIO

monthly agricultural irrig
length of canals
conversion factor from deg
conversion factor from deg
average per person water d
monthly lake evaporation w
monthly potential evapot
prestress factor to initi

ation demand values

rees latitude to miles
rees longitude to miles

emand
alues
nspiration values
lize return flows

maximum rate of effective precipitation

monthly rain at the rain g
river miles from downstrea
canal leakage rate
monthly instream demand va
latitude designation to di
latitude designation to di
senuosity factor to dete
senuosity factor to dete
senuosity factor to dete
basinwide aquifer storag
basinwide aquifer transmis
unit responses for selectle

RESPON

- future ground-water flow

RESUSE

number of reservoir sourde
the reservoir number of th
quantity of reservoir rele

ages
m end of basin

lues

stinguish SNUOS1 and SNUOS2
stinguish SNUOS2 and SNUOS3

ine river length
ine river length
ine river length
coefficient
sivity

d bands of SDF

s to the river

s
e reservoir source

ase of the reservoir source

source number of the reservoir source

user number of the reservo
transit loss of the reserv

RESVOR

surface area at maximum ca
maximum capacity of resenv
node where the reservoir |r
the number of reservoirs
quantity released from the
cumulative volume diverted
reservoir evaopration

a reservoir ID number
reservoir storage contents
concentration in reservoir
decimal longitude
plotting offset from reser
decimal latitude |

ir source
oir source

pacity
oir

eleases water to the river

reservoir

during a storage year (OCT-SEP)

voir symbol

plotting offset from reservoir symbol
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Attachment 6--Definition of Commoned Variables in Subroutines

for Water-Supply Operations Simulation--Continued

*RESNAM (25)

*NRIGHT
*OWNER (200)

ACN (100)
ADD (100)
AGW (100)
AIM (100)
ANEED (100)
APR (100)
ARR (100)
*ISKMGW
*ISKMU
*UMAX

*ISSR (10)

RMEANC
RMEAND
RMEANE

(10,12)
(10,12)
(10,12)
RMEANI (10,12)
RMEANL (10,12)
RMEANR (10,12)
RMEANS (10,12)

*ISSU (10)

UMENC (10,12)
UMENCL (10,12)
UMENDD (10,12)
UMENDP (10,12)
UMENGW (10,12)
UMENND (10,12)
UMENP (10,12)
UMENRR (10,12)
UMENTA (10,12)
UMENTW (10,12)
UMENWC (10,12)

RES1
an 8 character reservoir name
RIGHTS

the number of water rights
user ID number (USERID)

SKMTKU

consumptive use

direct diversions

ground-water pumpage

imports

water need

average effective precipitation

average reservoir releases

code for frequency of plotting ground-water schematic
code for frequency of plotting water-use schematic
maximum water use associated with symbol size on
the schematic

average
average
average
average
average

STATR

reservoir ID of those reservoirs for which statistical
summaries will be printed

monthly mean reservoir concentration

monthly mean reservoir diversion inflow

monthly mean reservoir evaporation

monthly mean importation inflow

monthly mean leakage

monthly mean outflow release

monthly mean storage contents

STATU

water user ID of those water users for which statistical
summaries will be printed

monthly mean concentration of total applications
monthly mean canal leakage

monthly mean direct diversion

monthly mean deep percolation

monthly mean pumpage

monthly mean water need

monthly mean effective precipitation

monthly mean reservoir release application
monthly mean total application

monthly mean tail water

monthly mean consumptive use
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Attachment 6--Definition of Commoned Variables in Subroutines

IGTBLC
IGTBLR

for Water-Supply Operations Simulation--Continued

(5,500)
(5,500)

IGTBLS (5,500)
*ITBLG (5)

IRTBLC
IRTBLS

(5,500)
(5,500)

*ITBLR (5)

*ITBLU (5)

IUTBLD
IUTBLP
IUTBLT

APCONC
CANLEK
DELIVR
DPPERC
DIVRZN
IMPORT
PRECIP
PUMPAG

(5,500)
(5,500)
(5,500)

(100)
(100)
(100)
(100)
(100)
(100)
(100)
(100)

PUMPG (100,2)

RESREL
TAILWR

(100)
(100)

TABLEG

time series of ground-water concentrations

time series of ground-water return flows

time series of ground-water storage

code for node and side for which tables will be printed

TABLER

time series of reservoir|concentration to be printed
time series of reservoir|storage contents to be printed
reservoir ID of those reservoirs for which tables will be

printed

be printed

TABLEU

water user ID of those witer users for which tables will

time series of direct di

ersions

time series of pumpage {
time series of total application

USTATS |

average concentration of the total applications

quantity
quantity
quantity
quantity
quantity
quantity
quantity
quantity
side
quantity
quantity

of
of
of
of
of
of
of
of

of
of

canal leakage for a user

diversions delivered to a user

deep percolation for a user

water diverted at a node
importations|delivered to a user

effective precipitation for a user
ground-water pumpage delivered to a user
ground-water| pumped in each node reach and
reservoir releases delivered to a user
tail water for a user
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ttachment 7--FORTRAN SOURCE Code of Subroutines for

Streamflow and Water-Quality Simulation

CBSNMD2

oNeoNoNeo NN

C

1000

1010

1020

10
1030

MAINLINE OF RIVER BASIN SIMULATION MODEL (VERSION #2)
WRITTEN BY ALAN BURNS, U.S. GEOLOGICAL SURVEY
WATER RESOURCES DIVISION, LAKEWOOD, CO
LATEST UPDATE 1/28/87

COMMON NMONTH,NINDV,IN,IOUT,IPRINT,IGRAPH,IBATCH,IQW,IMONTH,

1 JMONTH, IYEAR

COMMON /NAMES/ TITL(5)

COMMON /REACHS/ NNODE,NODEID(100),NXTNOD(100),XLOC(100),YLOC(100),
PLTX(100),PLTY(100) ,NTRCPT(100,12),SLOPE(100,12),
QWA(100,12),QWB(100,12) , INDEPV(100,12),Q(100),
QW(100) , CONCFC(100) ,NODEUS (100) ,QSUBA(100),
QWSUBA(100),DSA(100) ,DSB(100)

SWN —

REAL NTRCPT
COMMON /SCHMTK/ ISKM,PORQ(100),PORQW(100),AQ(100),AQW(100),
1 QHYMAX(5) , PORXN (100) ,AXN(100)

DIMENSION ITITLE(20)
CHARACTER*80 IDUM

REAL ITITLE
EQUIVALENCE (IDUM,ITITLE)

IN=1

IouT 1

WRITE (IOUT,1000)
FORMAT (54H IS THIS AN INTERACTIVE SESSION (0 FOR NO, 1 FOR YES)?)
CALL QUESZN(IBATCH)

WRITE (IOUT,1010)

FORMAT (44H BSNMD2 RIVER BASIN SIMULATION MODEL #2 ,//,
1 56H WRITTEN BY ALAN W. BURNS, USGS, LAKEWOOD, COLO ,/,
2 4OH LATEST UPDATE MADE ON 1/28/87 ,///)

IF (IBATCH .EQ. 0) GO TO 40

WRITE (IOUT,1020)

FORMAT (53H FOR ALL QUESTIONS, 1 = YES AND ANY OTHER NUMBER = NO
1 ,/,37H DO YOU WANT THE GENERAL EXPLANATION? )

CALL QUESZN(IQ)

IF (IQ - 1) 20,10,20

WRITE (IOUT,1030)

FORMAT (//,65H THIS MODEL IS THE SECOND IN A PLANNED SERIES O
1F RIVER BASIN,/,65H SIMULATION MODELS. VERSION #2 IS A RATHER SIM
2PLE ROUTING MODEL.,/,66H FLOW FROM THE INTERMEDIATE DRAINAGE AREA
30F EACH NODE IS COMPUTED,/,61H WITH REGRESSION PARAMETERS AND A SE
4T OF TEMPORAL INDEPENDENT ,/,66H VARIABLES. REGRESSION PARAMETERS
5 ARE ALSO NEEDED TO DESCRIBE THE ,/,63H WATER QUALITY-DISCHARGE RE
6LATIONSHIPS. INTERMEDIATE DISCHARGE,/,65H FROM EACH NODE IS THEN
7ACCUMULATED AND ROUTED DOWNSTREAM. WATER,/,62H QUALITY CONCENTRAT
8IONS ARE MIXED DURING EACH FLOW ROUTING AND,/,20H LOADS ARE COMPUT

9ED. ,///)
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Attachment 7--FORTRAN SOURCE Code of Subroutines for
Streamflow and Water-Quality Simulation--Continued

55 C

56 20 WRITE (IOUT,1040)

57 1040 FORMAT (30H DO YOU WANT THE INSTRUCTIONS? )
58 CALL QUESZN(IQ)

59 IF (IQ - 1) 40,30,40

60 30 CALL INSTRK

61 C 1

62 40 IF (IBATCH .EQ. 1) CALL READF$

63 IF (IBATCH .NE. 1) CALL READF

64 C

65 C INITIALIZATION

66 C

67 IYEAR = 0

68 DO 50 INODE = 1,NNODE

69 PORXN (INODE) = O.

70 PORQW(INODE) = 0.

71 50 PORQ(INODE) = 0.

72 C

73 IF (ISKM .NE. 1) GO TO 60

74 WRITE (IDUM,1050) TITL

75 1050 FORMAT (5A4,22H - MONTHLY SIMULATIONS )

76 CALL MNTHLY(ITITLE)

77 C

78 C DO MONTHLY SIMULATION OVER ALL MONTHS
79 C

80 60 DO 100 IMONTH = 1,NMONTH

81 JMONTH = IMONTH - ((IMONTH - 1)/12)%12 .
82 IF (JMONTH - 1) 70,70,90

83 70 DO 80 INODE = 1,NNODE

84 AXN(INODE) = 0.

85 AQW(INODE) = 0.

86 80 AQ(INODE) = 0.

87 IYEAR = IYEAR + 1

88 IF (IBATCH .EQ. 1 .AND. ISKM .NE. 1) WRITE (IOUT,1060) IYEAR
89 1060 FORMAT (26H CURRENTLY SIMULATING YEAR ,I3)
90 C

91 90 CALL NFLOW

92 CALL SUMRYM

93 100 CONTINUE

94 C

95 C SUMMARIZE AND DO ANY DESIRED COMPARISONS
96 C

97 CALL SUMRYF

98 110 IF (IBATCH .EQ. 0) GO TO 120

99 WRITE (IOUT,1070)

100 1070 FORMAT (66H DO YOU WANT TO COMPARE RESULTS FROM THIS RUN WITH A PR
101 1EVIOUS RUN? )

102 120 CALL QUESZN(IQ)

103 IF (IQ - 1) 140,130,140

104 130 CALL CMPAR

105 GO TO 110
106 140 CONTINUE

107 IF (IGRAPH .NE. 0) CALL DONEPI
108 C

109 STOP
110 END
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Attachment 7--FORTRAN SOURCE Code of Subroutines for
Streamflow and Water-Quality Simulation--Continued

111  CCMPAR

112 ¢

113 ¢ SUBROUTINE COMPARISON OF RIVER BASIN SIMULATION MODEL (#2)
114 ¢ WRITTEN BY ALAN BURNS, U.S. GEOLOGICAL SURVEY

115 C WATER RESOURCES DIVISION, LAKEWOOD, CO

116 ¢ LATEST UPDATE 1/22/87

117 ¢

118 SUBROUTINE CMPAR

119 COMMON NMONTH,NINDV,IN,IOUT,IPRINT,IGRAPH,IBATCH,IQW, IMONTH,
120 1 JMONTH, IYEAR

121 COMMON /NAMES/ TITL(5)

122 COMMON /REACHS/ NNODE,NODEID(100),NXTNOD(100),XLOC(100),YLOC(100),
123 - PLTX(100),PLTY(100),NTRCPT(100,12),SLOPE(100,12),
124 2 QWA(100,12),QWB(100,12) , INDEPV(100,12),Q(100),
125 3 QW(100) ,CONCFC(100) ,NODEUS (100) ,QSUBA(100),
126 4 QWSUBA(100) ,DSA(100) ,DSB(100)

127 REAL NTRCPT

128 COMMON /REACH1/ NODNAM(100)

129 DOUBLE PRECISION NODNAM

130 c

131 DIMENSION TITL2(5),YTEMP(3),X1(600),Y1(600),X2(600),Y2(600),
132 1 X3(600),Y3(600),ITITLE(20),TITLED(20), TITLEP(20)

133 DIMENSION ERAV(12),ERNM(12),ERMX(12),ERMN(12),MONMX(12),MONMN(12)
134 CHARACTER*80 IDUM

135 CHARACTER*6 LXNAME

136 c

137 DOUBLE PRECISION SD,ERRSD,XXN

138 REAL ITITLE

139 EQUIVALENCE (IDUM,ITITLE)

140 c

141 REWIND 63

142 REWIND 64

143 c

144 c SKIP DOWN TO THE MONTHLY OUTPUT

145 c

146 READ (63,1000) ITEST,ITEST,ITEST,ITEST

147 READ (64,1000) ITEST,ITEST,ITEST

148 1000 FORMAT (1A1)

149 READ (64,1010) TITL2

150 1010 FORMAT (20X,5A4)

151 WRITE (IOUT,1020) TITL2

152 1020 FORMAT (//47H THE PREVIOUS RUN YOU LOADED FOR COMPARISON IS: ,5A4)
153 READ (63,1000) ITEST,ITEST,ITEST

154 READ (64,1000) ITEST,ITEST

155 READ (64,1030) TITLED,NNODEP

156 1030 FORMAT (26X,2044,11X,13)

157 WRITE (IOUT,1040) TITLED

158 1040 FORMAT (32H ITS BASIN DESCRIPTION FILE WAS: ,/,20A4)

159 READ (63,1000) ITEST,ITEST,ITEST,ITEST

160 READ (64,1000) ITEST,ITEST

161 READ (64,1050) TITLEP,NINDVP,MONTHP

162 1050 FORMAT (29X,20A4,/,18X,13,13X,13)

163 WRITE (IOUT,1060) TITLEP

164 1060 FORMAT (35H ITS INDEPENDENT VARIABLE FILE WAS: ,/,20A6)

17



165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

C

Attachment 7--FORTRAN SOURCE Code of Subroutines for
Streamflow and Water-Quality Simulation--Continued

READ (63,1000) ITEST,ITEST,ITEST,ITEST,ITEST
READ (64,1000) ITEST,ITEST,ITEST,ITEST,ITEST
PO 10 I = 1,NNODE
10 READ (63,1000) ITEST
DO 20 I = 1,NNODEP
20 READ (64,1000) ITEST
DO 30 I = 1,NNODE
DO 30 LINES = 1,17
30 READ (63,1000) ITEST
DO 40 I = 1,NNODEP
DO 40 LINES = 1,17
40 READ (64,1000) ITEST
IF (IBATCH .EQ. 0) GO TO 50
WRITE (IOUT,1070)
1070 FORMAT (27H ENTER THE NODE ID (5 COLS) )
50 READ (IN,1080) INODE
1080 FORMAT (I5,A8,2X,2F10.0,15,3F10.0)
DO 60 IINODE = 1,NNODE
IF (NODEID(IINODE) .NE. INODE) GO TO 60
GO TO 70
60 CONTINUE
70 IF (IBATCH .EQ. 0) GO TO 80
WRITE (IOUT,1090)
1090 FORMAT (50H ENTER 1 FOR FLOW, 2 FOR CONCENTRATION 3 FOR LOAD ,
1 8H (1 COL) )
80 READ (IN,1100) ITYPE
1100 FORMAT (I1)
GO TO (90, 100, 110), ITYPE
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