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DOCUMENTATION OF A DISSOLVED-SOLIDS MODEL OF THE TONGUE RIVER,

SOUTHEASTERN MONTANA

By 

Paul F. Woods

ABSTRACT

A model has been developed for assessing potential increases in dissolved 
solids of streams as a result of leaching of overburden materials used to 
backfill pits in surface coal-mining operations. The model allows spatial and 
temporal simulation of streamflow and dissolved-solids loads and concentrations 
under user-defined scenarios of surface coal mining and agricultural develop­ 
ment. The model specifically addresses the Tongue River from the Tongue River 
Dam to Miles City, Montana, and its three major tributaries, Hanging Woman, 
Otter, and Pumpkin Creeks.

The model routes an input quantity of streamflow and dissolved solids 
from the upstream end to the downstream end of a stream reach while algebra­ 
ically accounting for gains and losses of streamflow and dissolved solids 
within the stream reach. Input data needed to operate the model include the 
following: simulation number, designation of hydrologic conditions for each 
simulated month, either user-defined or regression-defined concentrations of 
dissolved solids input by the Tongue River Reservoir, number of irrigated 
acres, number of mined acres, dissolved-solids concentration of mine leachates, 
and quantity of other water losses.

The computer program is written in FORTRAN language. A listing of the 
computer program, definitions of all variables in the model, and an example 
output will permit use of the model by interested persons.

INTRODUCTION

Surface mining of coal in the western United States has rapidly increased 
in recent years, with much of the increase occurring in Montana and Wyoming. 
Water-quality impacts from such mining are a major concern in semiarid south­ 
eastern Montana where many of the coal beds are major aquifers. The quality 
of water obtained from these aquifers may be degraded because of methods used 
to mine the coal. Surface mining involves removal and stockpiling of over­ 
burden materials (spoils) in strips adjacent to the pit containing the coal. 
Following extraction of the coal, the pit is backfilled with the spoils. 
Dissolved solids may be leached as ground water moves through the spoils. 
Some ground water discharges to streams in the area, adding its load of spoils- 
derived dissolved solids to streamflow. If such dissolved-solids loads are 
large enough, streams will show an increase in dissolved-solids concentration.



Increased dissolved-solids concentrations resulting from surface mining 
of coal may conflict with the water-quality needs of the agricultural industry 
downstream from the mined area. Agriculture is Montana 1 s principal industry 
and accounts for much of the consumptive water use in the southeastern part of 
the State (Koch and others, 1977). The Tongue River area supports an agricul­ 
tural industry and also is the proposed site of numerous surface coal mines.

Resolution of conflicts is a major responsibility of agencies charged 
with managing water resources. Such agencies may rely on computer simulation 
models for evaluating potential impacts of planned developments. Recognizing 
the potential conflict between agriculture and mining in the Tongue River area, 
the U.S. Bureau of Land Management contracted with the U.S. Geological Survey 
for development of a model to evaluate effects of surface coal mining on dis­ 
solved solids. The resultant model is capable of temporal and spatial simula­ 
tion of dissolved-solids concentration in the Tongue River under various land- 
use scenarios of surface coal mining and agriculture.

The purpose of this report is to document the model. The report discusses 
the theoretical development of the model, describes sources of data used in the 
model, provides input instructions, and lists the FORTRAN computer program. 
The final product of the overall project is intended to be a report explaining 
in detail the model's development and results of numerous simulations designed 
to assess the impacts of mining on dissolved solids in the Tongue River.

MODEL DESCRIPTION

The model simulates the hydrologic and dissolved-solids budgets of the 
Tongue River from the dam of the Tongue River Reservoir to the U.S. Geological 
Survey's streamflow-measurement station near Miles City (fig. 1). The Tongue 
River is subdivided into five reaches to permit spatial simulation. River 
mileages are based on a report of the Montana Department of Natural Resources 
and Conservation (1976). Model time step is monthly and each simulation is 
for a calendar year. The FORTRAN computer program (table 1) is composed of 
nine subroutines linked as shown in figure 2 and described in table 2. Model 
variables are defined in table 3.

Theoretical development

Streamflow and dissolved solids at the downstream end of a reach are simu­ 
lated by routing an input quantity of streamflow and dissolved solids from the 
upstream end of the reach. Gains and losses of streamflow and dissolved solids 
within the reach are accounted for algebraically during routing. Although the 
model assumes a routing interval of 1 month, the actual routing interval from 
the Tongue River Dam to Miles City is highly dependent on streamflow magnitude. 
Using empirical equations presented by Boning (1974), the routing interval for 
the mean annual streamflow was estimated to be 10 days. Conceptually, the 
monthly streamflow from the Tongue River Reservoir is instantaneously routed to 
Miles City; gains and losses to this routed streamflow occur simultaneously. 
Routing of streamflow and dissolved solids is accomplished by two primary 
equations.
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Figure 1. Location of Tongue River and reaches simulated by the model,



Figure 2. Flow chart of model showing linkage of nine subroutines,



Table 2. Description of subroutines

Subroutine 
name Subroutine description

MAIN

BLOCK DATA 

MEAN

PLS1SD

MIN1SD

HIGH

LOW

INSTRM

SALINE

Reads input data, writes simulation conditions, calls appro­ 
priate subroutines for passage of data to subroutine SALINE, 
writes headings for output of monthly results, performs 
statistical analyses of monthly results, and writes headings 
and results for simulation summary

Contains data for six streamflow conditions used in the model

Passes data associated with mean streamflow to subroutine 
SALINE

Passes data associated with plus one standard deviation 
streamflow to subroutine SALINE

Passes data associated with minus one standard deviation 
streamflow to subroutine SALINE

Passes data associated with historic high streamflow to 
subroutine SALINE

Passes data associated with historic low streamflow to 
subroutine SALINE

Passes data associated with instream streamflow requirements 
to subroutine SALINE

Calculates hydrologic and dissolved solids mass balances 
for five reaches of the Tongue River plus Hanging Woman, 
Otter, and Pumpkin Creeks and writes results of monthly 
computations



The streamflow balance of a reach is computed by the first primary equation 

QOUT = QIN + OP ~ QE + QGW + QGA + QUGA ~ QIR + GIB + QIRF ~ QID ~ QOL W

where all units are in acre-feet per month,
s streamflow at downstream end of reach, 

is streamflow at upstream end of reach, 
Qp is precipitation received on stream surface, 
QE is evaporation loss from stream surface, 
Q^ is ground-water inflow, 
QGA is streamflow from gaged tributaries,

s streamflow from ungaged tributaries, 
v°lume °f streamflow stored as ice, 
v°lume °f streamflow input by ice breakup, 

Q-IRF i s v°lume °f irrigation return flow, 
QID is volume of irrigation water removed, and 

is volume of other water losses.

The dissolved-solids balance of a reach is computed by the second primary 
equation:

where all concentrations are in milligrams per liter,
SQUT *- s dissolved-solids load (in tons per month) at downstream end of reach,
Sjjy is dissolved-solids concentration at upstream end of reach,
Sgpf is dissolved-solids concentration of ground water,
SGA is dissolved-solids concentration of gaged tributaries,
SUGA * s dissolved-solids concentration of ungaged tributaries,
SIRF *s dissolved-solids concentration of irrigation return flow,
SID is dissolved-solids concentration of irrigation water removed,

is dissolved-solids concentration of other water losses, 
is a factor (0.00136) to convert streamflow in acre-feet per month and 
dissolved-solids concentration in milligrams per liter into 
dissolved-solids load in tons per month, and 

the remaining variables are as defined for equation 1.

Streamflow and dissolved-solids load at the downstream end of the reach 
are used to compute dissolved-solids concentration in milligrams per liter as 
follows :

SOUT 
DSouT= _______ (3)

QOUT x f

where DSOUT is dissolved-solids concentration in milligrams per liter, 
SOUT * s dissolved-solids load in tons per month,

s streamflow in acre-feet per month, and
is a factor (0.00136) to convert streamflow in acre-feet per month and 
dissolved-solids load in tons per month to dissolved-solids concentra­ 
tion in milligrams per liter.



Numerous peripheral equations are used to compute values for input to the 
two primary equations. Development of these peripheral equations is described 
in the following two sections.

Hydrologic components

Comparison of the impacts of dissolved solids caused by various scenarios 
of surface coal mining is the major intended use of this model. To facilitate 
comparability, simulated hydrologic conditions were restricted to a discrete 
number (six) instead of using stochastic methods to generate hydrologic condi­ 
tions. The six hydrologic conditions are based on streamflow data because 
dissolved solids and streamflow are highly correlated. Hydrologic conditions, 
on a monthly basis, include the mean, plus one and minus one standard devia­ 
tion from the mean, historic high and low flows, and instream flows. Instream 
flows are the minimum flows necessary for maintenance of the existing physical 
and biological stream environment. In the case of streamflow and runoff coef­ 
ficient for Hanging Woman, Otter, and Pumpkin Creeks, the mean is replaced by 
the 50th percentile, the plus one standard deviation from the mean is replaced 
with the 75th percentile, and the minus one standard deviation from the mean 
is replaced by the 25th percentile.

Releases from the Tongue River Dam provide the initial input for each 
month of a simulation. Except for instream flows, the six hydrologic condi­ 
tions were developed from a statistical analysis of streamflow records spanning 
1948 to 1980 for a U.S. Geological Survey streamflow-measurement station down­ 
stream from and near the Tongue River Dam. Instream-flow conditions were 
obtained from the Missouri River Basin Commission (1978). Changes in bank 
storage during a simulated month are assumed to equal zero or to be a negligi­ 
ble amount; therefore, no component for bank storage is included in the model.

The period of record at the Tongue River Dam greatly exceeds that avail­ 
able for Hanging Woman, Otter, and Pumpkin Creeks, each of which had 8 years 
of record or less. For small samples of hydrologic data, Yevjevich (1972) cau­ 
tions that the 50th percentile, rather than the mean, is a better estimator of 
central tendency, especially when the data contain extreme values. Because the 
three tributaries have such extreme values, the 50th percentile is used to 
estimate their most likely streamflow, and standard deviations are replaced by 
the 25th and 75th percentiles.

Streamflow from ungaged tributaries is estimated by using runoff coeffi­ 
cients based on unit area. These coefficients were calculated with streamflow 
data from Hanging Woman, Otter, and Pumpkin Creeks.

Precipitation records are available for a number of stations within or 
near the study area; however, most are of short duration or are incomplete. 
The longest and most complete record is for Miles City FAA Airport (near Miles 
City, Mont., fig. 1). Based on 41 years of record, the mean annual precipita­ 
tion at that station is 13.93 inches. The monthly precipitation data for the 
model were statistically derived from the 1949-78 records for the Miles City 
station so they would correspond to the 1948-80 streamflow data used in the 
model.



Evaporation data applicable to the study area are available for Sheridan 
Field Station (20 miles south of Decker, Mont., fig. 1), which has a period of 
record of 1951-79. The data were recorded with a U.S. Weather Bureau Class A 
pan and were, therefore, converted to corrected evaporation by application of 
a 0.7 coefficient as suggested by Hewlett and Nutter (1969). The mean annual 
corrected evaporation at the Sheridan station is 37.9 inches.

In the model, monthly amounts of precipitation and corrected evaporation 
are applied only to the stream surface areas of the Tongue River. This approach 
is used because inflows to the Tongue River from gaged and ungaged tributaries 
are not computed by hydrologic mass balance but are derived from analysis of 
historic streamflow records, which include the effects of precipitation and 
evaporation.

Irrigation withdrawals and return flows are important components of the 
model, because agriculture accounts for much of the consumptive use of water 
in the study area. Unfortunately, data are not available for actual volumes 
of irrigation withdrawals and return flows in the study area. These volumes 
were estimated by applying agricultural engineering practices to estimates of 
irrigated acreages (Woessner and others, 1981). Acreage irrigated within the 
study area was provided by Glen Smith (Montana Department of Natural Resources 
and Conservation, Helena, Mont., oral commun., 1980).

Irrigation withdrawal rates for the Tongue River are patterned after 
those measured from 1945 through 1967 at the Huntley Project, an irrigation 
diversion on the Yellowstone River near Billings, Mont. (77 miles southwest of 
Hysham, fig. 1). These historic data were also used in a water planning model 
developed for Montana by Boyd and Williams (1974). The Huntley Project data 
represent the only long-term information available and were judged likely to 
be applicable for the Tongue River. Withdrawal rates are increased by 10 
percent when the precipitation component of the model is set for historic low 
or minus one standard deviation. This decision was based on a 10-percent 
increase in plant water requirements during months of little precipitation 
(Glen Smith, written commun., 1980). When the precipitation component is set 
to historic high or plus one standard deviation, the withdrawal rates are 
reduced by 10 percent. The model provides water for the entire irrigation 
season along the main stem Tongue River. Hanging Woman, Otter, and Pumpkin 
Creeks receive partial irrigation service, which involves a July 15 date for 
cutoff of irrigation water.

Tributary irrigation in the model is handled differently than Tongue 
River irrigation. Tributary streamflow is derived from statistical analysis 
of historic streamflow data and, as such, integrates all hydrologic components, 
including irrigation withdrawals, within the tributary drainage basin. There­ 
fore, irrigation withdrawal rates for the three major tributaries are applied 
only to acreages in excess of those presently (1980) irrigated in that partic­ 
ular drainage basin.

Return flow occurs when irrigation water is applied in excess of the
evapotranspiration requirements (consumptive use) of plants. Some of the
applied water may percolate beneath shallow aquifers and be lost from the



return-flow system. The remaining water returns to the stream via surface 
or shallow-subsurface flow. No quantitative data on actual return-flow rates 
were found for the study area; however, agricultural engineering estimates 
for the Tongue River (Woessner and others, 1981) indicate that 35 percent 
of applied irrigation water goes for consumptive use and 15 percent is lost to 
deep percolation. Of the remaining amount, 65 percent returns to the stream 
in the month of application, and 35 percent returns in equal increments over 
the next 8 months. In addition to these flows, return flows emanating from 
the year preceding the simulated year must also be estimated. Such antecedent 
return flow rates are based on application of mean irrigation withdrawal 
rates in the antecedent year. Antecedent return flows to the tributaries are 
insignificant because of partial irrigation service. Therefore, only the 
Tongue River receives antecedent return flows in the model.

Ground-water inflow was estimated from base-flow studies conducted Novem­ 
ber 2-5, 1977, on the Tongue River as reported by Lee, Slagle, and Stimson 
(1981). Analysis of their data indicated an overall ground-water inflow rate 
of 0.82 acre-foot per river mile per day, which equals 4,453 acre-feet of 
inflow in November for the 181-mile length of modeled river. Correcting for 
irrigation return flow that comprised part of the measured ground-water inflow, 
the volume of irrigation return flow in November for the modeled river distance 
was calculated to be 2,248 acre-feet. This value is based on an irrigated 
acreage of 14,500 acres and an irrigation return flow rate of 0.155 acre-foot 
per acre. Accordingly, the overall ground-water inflow rate measured by Lee, 
Slagle, and Stimson (1981) was reduced by 50 percent, to 0.41 acre-foot per 
river mile per day. In the model, each reach has a ground-water inflow rate, 
which is 50 percent of the rate measured by Lee, Slagle, and Stimson (1981) 
for that particular reach.

Part of the Tongue River streamflow is stored as ice during winter. 
Process-oriented models of ice storage and breakup are complex and beyond the 
scope of this model; therefore, ice storage for the model was estimated from 
ice-thickness data obtained by the Geological Survey during streamflow measure­ 
ments on the Tongue River at the Tongue River Dam, near Ashland, near Branden­ 
burg bridge, and at Miles City. Analysis of 9 years of that data indicated 
that ice generally occurred from December through February. During a simula­ 
tion, streamflow is converted to ice based on surface area and average ice 
thickness of the reach being computed. In March, the quantity of streamflow 
removed as ice in the preceding 3 months is converted back to streamflow. Ice 
storage in reach 1 is reduced by 50 percent because records show that ice 
formation is inhibited by releases from the Tongue River Dam. Owing to lack 
of correlation between ice thickness and streamflow conditions, the same ice 
formation and breakup values are used in all simulations.

Provision is made for the model user to designate additional water losses. 
These losses could be due to the water requirements of specific industries, 
such as coal gasification plants, coal-fired electrical generating plants, or 
others.



Dissolved-solids components

Most dissolved-solids loads are computed by multiplying the volume of a 
hydrologic component by its associated dissolved-solids concentration. These 
concentrations are derived by various means.

Regression equations are used to estimate dissolved-solids concentration 
from streamflow input by the Tongue River Reservoir and Hanging Woman, Otter, 
and Pumpkin Creeks. The regression equations were derived from concurrent 
measurements of streamflow and dissolved-solids concentrations. Provision is 
made for the model user to input alternate concentrations at the Tongue River 
Dam in place of regression-derived values. The regression-derived dissolved- 
solids concentrations for Hanging Woman, Otter, and Pumpkin Creeks are used to 
compute dissolved-solids loads from ungaged tributaries.

Dissolved-solids concentrations for ground-water inflow to the five Tongue 
River reaches are based on values calculated from a 1978 base flow study of 
the Tongue River (W. R. Hotchkiss, U.S. Geological Survey, written commun., 
1981). Dissolved-solids loads from leaching of backfilled spoils are trans­ 
ported via ground water. In the model, the load generated by leaching of spoils 
is calculated using methods developed by McWhorter and others (1979). The 
model equation is as follows:

L = AXI>XKXF (4)

where L is dissolved-solids load in tons per month, 
A is area of surface coal mine in acres, 
D is dissolved-solids concentration of spoil leachate in
milligrams per liter, 

R is runoff coefficient for the mined drainage basin in inches per month,
and 

F is a factor (0.0001133) to convert equation units into tons per month.

The dissolved solids leached from mine spoils are modeled as the quantity 
entering streams after such leachates reach steady-state input rates. Based 
on aquifer characteristics in the study area, the production of leachates may 
occur for hundreds of years (Woessner and others, 1979). Therefore, it is 
assumed that all coal mines in the study area will discharge at a steady-state 
rate for a long time period, and they will all be discharging to streams at 
some common, but undetermined, time in the future. The model simulates this 
common future time.

Dissolved-solids loads removed by other water losses and irrigation-water 
withdrawal are computed as the product of the respective hydrologic component 
and the dissolved-solids concentration in the reach of withdrawal. For other 
water losses from Hanging Woman, Otter, and Pumpkin Creeks, such water is 
withdrawn from the Tongue River. The hydrologic components of precipitation, 
evaporation, ice storage, and ice breakup are not associated with a dissolved- 
solids component.
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The dissolved-solids load from irrigation return flow is based on an assump­ 
tion of salt balance. That is, the dissolved-solids load removed by irrigation- 
water withdrawal is returned in full with return flow. Return flows occur in 
the month of withdrawal and for the 8 months thereafter. Monthly loads were, 
therefore, a summation of that month's return flow load and loads returning 
from prior months. Additionally, some dissolved-solids load is input by ante­ 
cedent return flow from irrigation in the year prior to simulation. These loads 
occur in January through June and are added to return-flow loads generated in 
the simulated year. Only the Tongue River receives such loads, because ante­ 
cedent return flows to the three tributaries are insignificant.

MODEL INPUT

Most of the data used to compute streamflow and dissolved-solids loads 
are contained in the computer program, mostly in subroutine BLOCK DATA. The 
model could be adapted to other hydrologic conditions for the Tongue River 
by replacing the internal data statements with data statements representing 
the new conditions. No provision is made for simulation of the extra day in 
a leap year, but leap-year computations could be made by resetting variable 
ND in subroutine SALINE.

The model user selects the hydrologic condition for each month of 
simulation by inputting values for the monthly flow designator (model variable 
MFD). These values determine the hydrologic condition of streamflow releases 
from the Tongue River Dam. The model releases are internally programmed to 
select appropriate hydrologic conditions for the other hydrologic components 
of the model (table 4).
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Table 4, Condition of hydrologic components during a simulation as selected
by monthly flow designator

[Hydrologic conditions: A = mean, 
B = plus one standard deviation, 
C = minus one standard deviation, 
D = historic high, E = historic 
low, F = instream flow

Monthly flow designator: 1 = mean, 
2= plus one standard deviation, 3 = 
minus one standard deviation, 4 = 
historic high, 5 = historic low,
6 = instream flow]

Hydrologic component
Hydrologic condition based on 

status of monthly flow designator

1 2 3 4 5 6

Initial streamflow from 
Tongue River Dam

Precipitation rate 

Evaporation rate

Initial streamflow of 
Hanging Woman Creek

Initial streamflow of 
Otter Creek

Initial streamflow of 
Pumpkin Creek

Runoff coefficient for 
Hanging Woman Creek

Runoff coefficient for 
Otter Creek

Runoff coefficient for 
Pumpkin Creek

Irrigation water diversion
rate for Tongue River reaches

Irrigation water return-flow 
rate for Tongue River reaches

Irrigation water diversion 
rate for Hanging Woman, 
Otter, and Pumpkin Creeks

D

A B

A C

Aa Bb

Aa Bb

Aa Bb

Aa Bb

Aa fib

Aa Bb

C

B

Cc

Cc

Cc

Cc

Cc

Cc

D E

E D

D E

D E

D E

Bb Cc

Bb Cc

Bb Cc

F

A

Aa

Aa

Aa

Aa

Aa

Aa
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Table 4, Condition of hydrologic components during a simulation as selected
by monthly flow designatoz Continued

Hydrologic condition based on 
Hydrologic component _____status of monthly flow designator

Irrigation water return-flow 
rate for Hanging Woman, 
Otter, and Pumpkin Creeks

a50th percentile in place of mean.

"75th percentile in place of plus one standard deviation

C25th percentile in place of minus one standard deviation

^Minus 10 percent of mean value

ePlus 10 percent of mean value

13



Input data for a simulation is read into the computer program via sub­ 
routine MAIN with the following six data cards:

Card

1

Columns

1-5

11-34

Format

A5

1212

Variable

SN

MFD

Description

Simulation number

Monthly flow designat:or; enter 1 for
mean, 2 for plus one standard deviation, 
3 for minus one standard deviation, 4 
for historic high, 5 for historic low, 6 
for instream flow

1 II INTDS Designator for dissolved-solids input by
Tongue River Dam; enter 0 for regression- 
defined, 1 for user-defined

6-65 12F5.0 TRDTDS User-defined monthly concentration (in milli­ 
grams per liter) of dissolved solids input 
by Tongue River Dam

1-30 5F6.0 AIT Acreage irrigated on each of five reaches
of Tongue River

31-36 F6.0 AIHW Acreage irrigated on Hanging Woman Creek
(enter acres in excess of 1,225 acres 
presently irrigated)

37-42 F6.0 AIO Acreage irrigated on Otter Creek (enter
acres in excess of 785 acres presently 
irrigated)

43-48 F6.0 AIP Acreage irrigated on Pumpkin Creek (enter
acres in excess of 2,875 acres presently 
irrigated)

1-30 5F6.0 AMT Acreage of surface coal mines on each of
five reaches of Tongue River

31-36 F6.0 AMHW Acreage of surface coal mines on Hanging
Woman Creek

37-42 F6.0 AMO Acreage of surface coal mines on Otter
Creek

43-48 F6.0 AMP Acreage of surface coal mines on Pumpkin
Creek

14



Card Columns Format Variable Description

1-30 5F6.0 DST

31-36 F6.0 DSHW

37-42 F6.0 DSO

43-48 F6.0 DSP

1-30 5F6.0 QOLT

31-36 F6.0 QOLHW

37-42 F6.0 QOLO

43-48 F6.0 QOLP

Dissolved-solids concentration (in milli­ 
grams per liter) of leachate from surface 
coal mines on each of five reaches of 
Tongue River

Dissolved-solids concentration (in milli­ 
grams per liter) of leachate from surface 
coal mines on Hanging Woman Creek

Dissolved-solids concentration (in milli­ 
grams per liter) of leachate from surface 
coal mines on Otter Creek

Dissolved-solids concentration (in milli­ 
grams per liter) of leachate from surface 
coal mines on Pumpkin Creek

Other water losses (in acre-feet per year) 
from each of five reaches of Tongue River

Other water losses (in acre-feet per year) 
from Hanging Woman Creek

Other water losses (in acre-feet per year) 
from Otter Creek

Other water losses (in acre-feet per year) 
from Pumpkin Creek

MODEL OUTPUT

Model output consists of a description of simulation conditions input by 
the model user, monthly results of the simulation, and a summary of simulation 
results. Under simulation results, the output for each month consists of the 
streamflow, the dissolved-solids load and concentration for each reach, and 
the initial streamflow from the Tongue River Reservoir. In addition, the con­ 
tribution of dissolved-solids load due to return flow or mining along each 
reach is tabulated as a percentage of the current dissolved-solids load. Dur­ 
ing routing the model computes the components of the total load of dissolved 
solids and prints the percentage of the cumulative dissolved-solids load due 
to return flow or mining. In the simulation summary, tabulations for each 
month consist of the dissolved-solids load and the dissolved-solids concentra­ 
tion discharged from the Tongue River Reservoir and at Miles City. A statisti­ 
cal summary of monthly dissolved-solids concentrations and percentage loads due 
to return flow or mining is then listed for each reach.

An example of model output is given in table 5. Input data for this exam­ 
ple are not representative of conditions for the Tongue River.

15
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Table 1. Listing of computer program

1. C**************************************
2. C *
3. C TONGUE RIVER DISSOLVED SOLIDS MODEL *
4. C *
5. C PROGRAM TO COMPUTE DISSOLVED SOLIDS (SALINITY) CONDITIONS FOR FIVE *
6. C REACHES ON THE TONGUE RIVER, MONTANA FROM THE TONGUE RIVER DAM TO MILES *
7. C CITY, IN ADDITION TO HANGING WOMAN/ OITER, AND PUMPKIN CREEKS. *
8. C COMPUTATIONAL SCHEME IS MASS BALANCE OF HYDROLOGIC INPUTS AND OUTPUTS *
9. C IN ASSOCIATION WITH ThEIR RESPECTIVE DISSOLVED SOLIDS CONCENTRATIONS. *

10. C TIME STEP IS MONTHLY. EACH SIMULATION RUN IS FOR ONE YEAR TIME PERIOD. *
11. C *
12. C DEFINITION OF INPUT VARIABLES *
13. C SN = SIMULATION NUMBER, USE FOR IDENTIFICATION PURPOSES *
14. C MFD = MONTHLY FLOW DESIGNATOR / ENTER 1 FOR MEAN/ 2 FOR PLUS ONE *
15. C STANDARD DEVIATION/ 3 FOR MINUS ONE STANDARD DEVIATION, 4 FOR *
16. C HISTORIC HIGH/ 5 FOP HISTORIC LOrt, 6 FOR INSTREAM FLOW *
17. C INTDS = DESIGNATOR FOR DISSOLVED SOLIDS INPUT 8Y TONGUE RIVER DAM, *
18. C ENTER 0 FOR REGRESSION-DERIVED VALUES OR ENTER I FOR *
19. C USER-DEFINED VALUES *
20. C TRDTDS = USER-DEFINED MONTHLY VALUE FOR DISSOLVED SOLIDS INPUT BY *
21. C TONGUE RIVER DAM *
22. C AIT = AREA (ACRES) IRRIGATED ON EACH OF FIVE REACHES ON TONGUE RIVER *
23. C AIHfc = AREA (ACRES) IRRIGATED ON HANGING rtOMAN CREEK (ENTER ACRES *
24. C IN EXCESS OF 1225 ACRES PRESENTLY IRRIGATED) *
25. C AID = AREA (ACRES) IRRIGATED UN OTTER CREEK (ENTER ACRES IN EXCESS *
26. C OF 785 ACRES PRESENTLY IRRIGATED) *
27. C AIP = AREA (ACRES) IRRIGATED ON PUMPKIN CREEK (ENTER ACRES IN' *
28. C EXCESS OF 2875 ACRtS PRESENTLY IRRIGATED) *
29. C AMT = ACREAGE OF SURFACE COAL MINES ON EACH OF FIVE REACHES ON *
30. C TONGUE RIVER *
31. C AMHW = ACREAGE OF SURFACE COAL MINES ON HANGING WOMAN CREEK *
32. C AMD = ACREAGE OF SURFACE COAL MINES ON OTTER CREEK *
33. C AMP = ACREAGE OF SURFACE COAL MINES UN PUMPKIN CREEK *
34. C DST = DISSOLVED SOLIDS CONCENTRATION (MG/L) OF LEACHATE FROM *
35. C SURFACE COAL MINES ON EACH OF FIVE REACHES ON TONGUE RIVER *
36. C DSHW = DISSOLVED SOLIDS CONCENTRATION (MG/L) OF LEACHATE FROM *
37. C SURFACE COAL MINES ON HANGING WOMAN CREEK *
38. C DSO = DISSOLVED SOLIDS CONCENTRATION (MG/L) OF LEACHATE FROM *
39. C SURFACE COAL MINES ON OTTER CREEK *
40. C DSP = DISSOLVED SOLIDS CONCENTRATION (MG/L) OF LEACHATE FROM *
41. C SURFACE COAL MNES ON PUMPKIN CREEK *
42. C QOLT = OTHER WATER LOSSES FROM EACH OF FIVE REACHES ON TONGUE RIVER *
43. C (ACRE-FEET/YtAK) *
44. C QOLHW = OTHER WATER LOSSES FROM HANGING WOMAN CREEK (ACRE-FEET/YEAR) *
45. C QOLO = OTHER WATER LOSSES FROM OTTER CREEK (ACRt-FEET/YEAR) *
46. C QOLP = OTHER hATER LOSSES FROM PUMPKIN CREEK (ACRE-FEET/YEAR) *
47. C *
48. C INPUT DATA CARD INSTRUCTIONS/ SIX CARDS REQUIRED *
49. C CARD 1 = SN/MFD FORMAT(AS,5X,1212) *
50. C CARD 2 = INTDS,TfcDTOS FORMAT(11,4X,12F5.0) *
51. C CARD 3 = AIT,AIHW,AIO,AIP FORMAT18F6.0) *
52. C CARD 4 = AMT, AMHK, AK.O, AMP FORMA T (BF6.0) . *
53. C CARD 5 = DST,DSHW,DSO/DSP FORMAT(6F6.0) *
54. C CARD 6 = QOLT,QOLHttoQOLO,QOLP FORMAT(8F6.0) *
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Table'1. Listing of computer program Continued

55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79. 

" 80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.

C**************************************

CCCCC SUBROUTINE MAIN    READS INPUT DATA/ 'rtRITES SIMULATION CONDITIONS, 
CCCCC CALLS APPROPRIATE SUBROUTINES FOR PASSAGE OF DAlA TO SUBROUTINE
ccccc SALINE, WRITES HEADINGS FOR OUTPUT OF MONTHLY RESULTS, PERFORMS
CCCCC STATISTICAL ANALYSES OF MONTHLY RESULTS, WRITES HEADINGS AND 
CCCCC RESULTS FOR SIMULATION SUMMARY

DIMENSION MFD(12),X(12),Y(12),M(12),ZU2), YMEANC5) , ZMEAN(5) ,
*YMEANT(3) 
COMMON AITC5),AMT(5),OST(5),QOLT(5),CT(12,5),PTAU2,5),PTM(12,5),C
*HU2),CO(12),CP(12),PHM(12),POM(12),PPM(12),SN,AIHrt,AIO, A IP, A
*MHW,AMO,AMP,DSHW,DSO,DSP,QGLHWrQOLO,QOLP,YQMCU2),YSLMCU2),l, J,CP
*TA(12,5>),CPTM(12,5),GD(12),SADX(12,5),SLADH(12),SLADQU2),SLADP(12
*),INTDSrTRDTDS(12),SD(12),CD(12) 
DATA M / 'JAN', 'FE6', 'MAR', 'APR', 'MAY', 'JUNE', 'JULY', 'AUG', 'SEPT',
*'OCT','NOV','DEC'/

CCCCC READ INPUT DAlA FROM CARDS

READ(5,5)SN,MFD 
READ(5, 7)INTDS,TROTDS 
READ(5,10)AIT,AIHW,AIO,AIP 
READ(5r 10)AMT,AMHyv,AMO,AMP 
R£AD(5, 10)UST,DSHW,DSO,DSP 
READ(5, 10)QOLT,QOLH*,QOLO,QOLP 

5 FORMAT(A5,5X,12I2) 
7 FORMAT(I1,4X,12F5.0) 

10 FORMATC8F6.0) 
CCCCC hRITE DESCRIPTION OF SIMULATION CONDITIONS

WRlTEUr 15) SN 
15 FORMAT C1TONGUE RIVER DISSOLVED SOLIDS MODEL    SIMULATION NUMBER

* ',A5//)
IF(INTDS.EQ.O) WRITE(6,18) 
IFUNTDS.EQ.l) «RITE16,20) 

18 FORMAT (' DESIGNATOR FOR DISSOLVED-SOLIDS INPUT 8Y TONGUE RIVER DAM
* SET TO REGRESSION-DEFINED STATUS') 

20 FORMATC DESIGNATOR FOR DISSOLVED-SOLIDS INPUT BY TONGUE RIVER DAM
* SET TO USER-DEFINED STATUS') 
WRITE(6,76) 
wRITE(6f 78) 
rtRITE(6,80) 
WRITE(6,82)

«RITE(6,86) 
WR1TE(6,88) 
WRITE(6,90) 
«RITE(6,92) 
WRITE(6,94) 
WRITE(6,96) 
«RITE(6,22)
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Table 1. Listing of computer program Continued

109.
110.
111.

113.
114.
115.
116.
117.
lid.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.

22 FORwATCOSTREAMFLOW STATUS DURING SIMULATION')
*RITE(6,24) 

24 FORMAT(' ***********************************')
WRITE(6,30)MFO(1),MFD(2)
WRITE(6,32)MFb(3),MFD<4)
rtRITE(6,34)MFD(5),MFD(6)
WRITE(6,36)MFD(7),MFD(8)

',Il,T30,'l 
',I1,T30,'2',II,T13,'APRIL = 

,I1,T13,'JUNE =

MEAN')
PLUS ONE STANDARD

,I1,T30,'3 = MINUS ONE STANDAR

, 1 1 , T 13, 
, 1 1 , T 13, 
, 1 1 , T 13,

AUG 
OCT 
DEC

,I1,T30,'4 
,I1,T30,'5 
,I1,T30,'6

HISTORIC HIGH') 
HISTORIC LOW) 
INSTREAM FLOW REQ

«RIT£(6,40)MFD(11),MFDU2) 
30 FORMATCOJAN = ', 11, T 1 3,'FEB 
32 FORMATC MARCH =

* DEVIATION') 
34 FORMATC MAY =

*D DEVIATION') 
36 FORMATC JULY = 
38 FORMATC SEPT = 
40 FORMATC NOV =

*UIREMENTS')
WR1T£(6,42)
WRITE(6,44)

42 FORMATC01RRIGATED ACREAGE STATUS DURING SIMULATION') 
44 FORMATC' *******************************************)

riRIFE(6,46)AIT(l),AlF(2),AlT(3),AlT(4)
*RITE(6,48)AIT(5),AlHW,AIOrAIP ' ' .
«RITE(6,49) 

46 FORMATCOREACH 1 = ' ,F6. 0, T 19,'REACH
*',F6.0,F56,'REACH 4 = ',F6.0)

48 FORMATC REACH 5 = ' r F6.0,T19,'REACH HWC = ',F6.0,T38,'REACH OC s
*',F6.0,T56,'REACH PC = ',F6.0)

49 FORMATC NOTE - IRRIGATED ACRES ON REACHES HrtC, OC, AND PC ARE
*THOSE IN '/,' »  EXCESS OF PRESENTLY IRRIGATED ACRES (1225 ACRES 0
*N HWC, '/,'t 785 ACRES ON OC, 2675 ACRES ON PC)') 
WRIFE(6,50) 
HRI7E(6,52)

50 FORMATCOSURFACE COAL MINING STATUS DURING SIMULATION') 
52 FORVATC ********************************************')

WRIFE(6,54)
WR1TE(6,56)
ARITE(6,58) 

54 FORMATCO
*SSOLVED SOLIDS') 

56 FORMA fC REACH

2 = ',F6.0,T38,'REACH 3 =

DISSOLVED SOLIDS 

(MG/L) OF LEACHAFEACREAGE
*/L) OF LEACHATE') 

58 FORMATC                        
*             ')
wRirE(6,60)AMT(l),DSr(l),AMT(2),DSTC2) 
WRIT£(6,62)AMT(3),DST(3),A^T(a),DST(4)

DI 

REACH ACREAGE (MG

WRIFE(6,66)AMO,L)SO,AMP,D3P
60 FORMATC l',T8,F/.0,T25,F5.0,T42,'2',T46,F7.0,F63,F5.0) 
62 FORMATC 3',T8,F7.0,T25,F5.0,T42,'4',T46,F7.0,T63,F5.0) 
64 FORMAFC 5',F8,F7.0,T25,F5.0,F41,'HrtC',f46,F7.0,T63,F5.0) 
66 FORMATC OC',T8,F7.0,T25,F5.0,T42,'PC',F46,F7.0,T63,F5.0)

rtRIT£(6,68)
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Table 1. Listing of computer program Continued

163.
164.
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.

68

70

72

74

76
78
80

82

84

66
88

90
92
94
96

ccccc
CCCCC

100

CCCCC

111
112

CCCCC
CCCCC

/»RITE(6,70) 
68 FORMATCOOTHER WATER LOSSES (ACRE-FEET PER YEAR)

*') 
70 FORMAT('

*')
WRITE(6,72)QQLT(l),QuLT(2),QOLT(3),QOLT(4) 
fcRlTE(6,74)UOLT(5),QOLhtv,tiOLO,QOLP 

72 FOHMATCOREACH 1 = ', F6.0, T19, 'REACH 2 =
*',F6.0,T56,'REACH 4 = ',F6.0) 

74 FORMATC REACH 5 = ',F6.0,T19,
*',F6.0,T56,'REACH PC = ',F6.0J 

76 FORMAT COREACH DESCRIPTIONS') 
******************') 

1 = TONGUE RIVER 0AM (RIVER MILE 189.1

DURING SIMULATION

,F6.0,T38,'REACH 3 = 

REACH HWC = ',F6.0,T38,'REACH OC =

78 FORMAT( 
80 FORfATCO

*56.7') 
82 FORMATC

) TO RIVER MILE 1

156.7 TO RIVER MILE 112.7 (INCLUDES HANG 

112.7 TO RIVER MILE 77.6 (INCLUDES OTFE

6 TO RIVER MILE 20 
0 TO RIVER MILE 8.1

.0') 
AT MILES CITY GA

2 = RIVER MILE
*ING WOMAN CREEK)') 

84 FORMATC 3 = RIVER MILE
*R CREEK)')

66 FORMATC 4 = RIVER MILE 77, 
88 FORMATC 5 = RIVER MILE 20,

*GE (INCLUDES PUMPKIN CREEK)') 
90 FORMATC HWC = HANGING WUfAN CREEK') 
92 FORMATC OC = OTTER CREEK') 
94 FORMATC PC = PUMPKIN CREEK') 
96 FORMATC TRD = TONGUE RIVER DAM DISCHARGE'//)

WRITE HEADINGS FOR MONTHLY RESULTS OF SIMULATION. RESULTS WILL BE 
WRITTEN BY SUBROUTINE SALINE

WRITE(fe,100)SN
FORMATC1SIMULATIUN RESULTS -- SIMULATION NUMBER ',A5/,'********** 
***********************************'/ f '*',T17f'STREAMFLOW',T33,*DI 

.*SSOLVED SOLIDS',T58,'PERCENT LOAD (PER',T88,'CUMULATIVE PERCENT'/, > 
',T17,'(ACRE-FEET)',T34,'LOAD',T44,'CONC',T60,'REACH) DUE TO',T9

*1,'LOAD DUE TO'/,'tMONTh REACH',T33,'(TONS)',T43,'(MG/L)',T56, 'RE
*TURN FLOW MINING RETURN FLOW MINING'/,'*       --

ZERO OUT ARRAYS FOR COMPUTATIONS OF IRRIGATION RETURN FLOW

DO 112 I = 1,12 
SLADH(I)=0.0 
SLAOO(I)=0.0 
SLADP(I)=0.0 
DO 111 J = 1,5 
SADXU, J)=0.0

BASED ON VALUE OF MONTHLY FLOW DESIGNATOR(MFD), SUBROUTINE MAIN 
CALLS APPROPRIATE SUBROUTINE FOR PASSING DATA TO SUBROUTINE SALINE
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Table 1. Listing of computer program Continued

217. DO 145 I = 1,12
218. 1MFD=MFO(I)
219. C TEST FOR VALID MONTHLY FLOW DESIGNATOR
220. IFUMFD.LT.l.OR.IMFD.GT.b) GO TO 1000
221. GO 10(115,120,125,130,135,140),IMFD
222. 115 CALL MEAN
223. GO TO 145
224. 120 CALL PLS1SO
225. GO fO 145
226. 125 CALL MIN1SO
227. GO TO 145
228. 130 CALL HIGH
229. GO TO 145
230. 135 CALL LOW
231. GO TO 145
232. 140 CALL INSTRM
233. 145 CONTINUE
234.
235. CCCCC rtRlTE FIRST SET OF HEADINGS FOR SIMULATION SUMMARY
236.
237. rfRITE(6,300) SN
236. 300 FORMATC1SIMULATION SUMMARY   SIMULATION NUMBER ',A5)
239. WrtIT£(6,305)
240. 305 FORMAT(' *********************************************'////)
241. WRUE(6,310)
242. 310 FORMATCO', 120, 'STREAMFLOW, 156, 'DISSOLVED SOLIDS'/, ' + ', T20, ' (ACRE
243. *-FEET)',T44,'                                        '/,'f',T4
244. *6,'TONGUE RlVtR DAM',T70/'MILLS CITY GAGE'/,'t',T9, '            

246! */,'+MONTH TONGUE RIVtR DAM MILES CITY GAGE LOAD(TON) CONCCMG/L
247. *) LOAD(TON) CONC (MG/L) '/, ' +                                
248. *                                    ')
249.
250. CCCCC WRITE RESULTS FOR SIMULATION SUMMARY
251.
252. DO 390 1=1,12
253. Z(I)=YSLMC(I)/YQMC(I)/.00136
254. *RITE(6,3b5) M(I),QD( 1), YQMC(I),SD(I),CD(I),YSLMC(I),Z(I)
255. 385 FORMAT(1X,A5,T11,F10.0,T28,F10.0,T42,F10.0,T56,F7.0,T65,F10.0,T79,
256. *F7.0)
257. 390 CONTINUE
258.
259. CCCCC WRITE SECOND SET OF HEADINGS FOR SIMULATION SUMMARY
260.
261. WRIT£(6,400)
262. NRITE(6,410)
263. *RITE(6,420)
264. fcRITE(b,430)
265. 400 FORMATCO',T10,'MONTHLY DISSOLVED SOLIDS CONC (MG/L)',T55,'MEAN PE
266. *RCENT LOAD'/T63,'MEAN CUMULATIVE PERCENT')
267. 410 FORMATC ',flO,'                                  ',T55,'PER REA
268. *CH DUE TO',Ttt9,'LOAD DUE TO')
269. 420 FORMATC '/T2,'REACH',U2,'MEAN',T20,'STD DEV',T31,'MIN',T40,'MAX'
270. *,T53,'RETURN FLOW,T68,'MINING',T84,'RETURN FLOW,T99,'MINING') "
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Table 1. Listing of computer program Continued

271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.
294.
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324.

430 FORMAT(' ',T2,
* *_____-.__.-_     »^»»»«» »»»

Til ,T53
',T84,

CCCCC PERFORM STATISTICAL ANALYSIS OF DATA OUTPUT BY MONTHLY COMPUTATIONS
CCCCC FOR FIVE REACHES OF TONGUE RIVER, WRITE RESULTS OF STATISTICAL
CCCCC ANALYSES

00 500 J=l,5
SUMX = 0
SUMXSQ = 0
SUMY = 0
SUM2 = 0
XMIN = I.E20
XMAX = -1.E20
SUMU=0
SUMV=0
DO 470 1=1,12
SUMX = SUMX f CT(I,J)
SUMXSQ = SUMXSQ f CT(I,J) ** 2
SUMY = SUMY + PTAdrJ)
SUMZ = SUMZ + PTMd,J)
XMIN = AMlNl(XMlN,CTd,J))
XMAX = AMAX1(XMAX,CHI,J)) 

= SUMUtCPTAd, J) 
= SUMVfCPTMd,J) 

470 CONTINUE
XMEAN = SUMX/12 

. XSD = SQRTC12 * SUMXSQ - SUMX ** 2)/12
YMEAN(J) = SUMY/12
ZMEAN(J) = SUMZ/12
UMEAN=SUMU/12
VM£AN=SUMV/12
WRITE<6,460) J,XMEAN,XSD,XMIN,XMAX,YMEAN(J),ZMEAN(J),UMEAN,VMEAN 

480 FORMATC ',T4,11,T10,F6.0,T20,F6.0,T29,F6.0,T38,F6.0,T55,F7.4,T67,
*F7.4,T87,F7.4,T98,F7.4) 

500 CONTINUE

CCCCC PERFORM STATISTICAL ANALYSIS OF DATA OUTPUT BY MONTHLY COMPUTATIONS
CCCCC FOR HANGING WOMAN,. OTTER, AND PUMPKIN CREEKS, WHITE RESULTS OF
CCCCC STATISTICAL ANALYSES

DO 650 K=l,3
SUMX = 0
SUMXSQ = 0
SUMY = 0
XMIN = 1.E20
XMAX = -1.E20
00 610 1=1,12
IF(K.EQ.l) X(I)
IF(K.EQ.2) XCI)
IFCK.EQ.3) X(I)
IF(K.EQ.l) Yd)
IF(K.Eii.2) Yd)
IF(K.EQ.3) Yd)

= CH(I)
= CO(I)
= CPd)
= PHMd)
= POM (I)
= PPM(I)
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325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.
340.
341.
342.
343.
344.
345.
346.
347. 
348 
349! 
-350.
351.
352.
353.
354.
355.
356.
357.
358.
359.
360.
361.
362.
363.
364.
365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376.
377.
378.

SUMX = SUMX t XCI)
SUMXSQ = SUMXSQ t X(I)**2
SUMY = SUMY t YCI)
XMIN = AMIN1(XMIN,XU))
XMAX = AMAX1 (XMAX,X(I)) 

610 CONTINUE
XMEAN = SUMX/12
XSD = SQRTU2 * SUMXSQ - SUMX ** 2)/12
YMEANT(K) = SUMY/12
GO 10(620,625, 630), K 

620 rtRIT£(6,635)XMtAI\i,XSD,XMIN/XMAX,YMEANT(l)
GO TO 650 

625 WRIT£(6,640)XMEAN, XSD, XMIN, XMAX, YMEANTC2)
GO TO 650

630 rtRITE(6,645)XM£AN, XSD, XMIN, XMAX, YMEANU3)
635 FORMATC HWC ' , T9, F7 .0, T 1 9,F 7 . 0, T28, F7 . 0, T37,F7.0, T67/F7. 4) 
640 FORMATC OC ' , T9,F7. 0, T 19, F7. 0, T28, F7 .0, T37, K7 .0, T67,F7.4) 
645 FORMATC PC ' , T9,F7 . 0, T 19, F7 .0, T28,F7 .0, T 37/F7 . 0, T67,F7.4) 
650 CONTINUE

HRITE(6,670)
670 FORMATCO NOTE -- MEAN AND CUMULATIVE PERCENT VALUES DERIVED FR 

*OM 12 MONTHLY VALUES')
GO TO 1020

CCCCC

1000 *KITE(6,1010) SN,I
1010 FORMATCOS1MULATIUN NUMBER ',A5,' TERMINATED DUE TO INVALID MONTHL

*Y FLOW DESIGNATOR IN MONTH NUMbER ',12) 
1020 STOP 

END

C*************** ****************

CCCCC SUBROUTINE BLOCK DATA    CONTAINS DATA FOR SIX STREAMFLOW 
CCCCC CONDITIONS USED IN THE MODEL

BLOCK DATA
COMMON / DATA / GTRDC6, 12) , PT (6, 12) ,ET (6, 12) ,QH*(6, 12) , Q0( 6, 12) ,QP
*C6,l2),YHrt(6,12),YQ(6,12),YP(6,12),AD(6,12),RFC6,12),QADT(6,12)/QR
*FT(6,12) 
DATA QTHD / 1 0800 ., 1 3350 ., 8250 ., 15060. , 4910. , 9220. , 1 0580 ., 15520 . ,5

*6/40., 32660., 3 160., 6330., 15390., 24560., 6220., 4 1550., 1 400 ., 9220 ., 247
*70., 37490., 12050 . ,57020 ., 6630. , 6920 ., 63390 ., 95550 ., 31 23U ., 166900. t
* 11970., 237 00. ,90450., 145350 ., 35550. , 223300 ., 1 3980 ., 4 1640 ., 351 70 ., 5
*70 10., 13330., 1281 00., 10390., 12790., 22560., 3 1220., 13900,, 47 190,, 670
*0., 9220., 18 130., 25480., 10780. ,40850., 7740., 8920., 16730., 24580., 888
*0., 3 1320., 4740., 11 680., 15120. , 22820. , 7430. , 30 1 10. ,2420. , 1 1300. , 121
*20., 15770., 6470., 19680 ., 5320 ., 9220 ./ 
DATA PT/.049, . 08 1 , . 0 18, . 1 48, . 007, .049, . 047, . 073, . 02, . 108, . 007, .047

*,. 054,. 09,. 01 8,. 153,. 006, . 054, . 1 1 4, . 196, . 033, .352, . 008, . 1 1 4, . 194/ .
*323, .066, .568, .02, . 194, . 232, . 34 1 , . 123, .436, .07, .232, . 1 23, .217, . 03,
*. 376,. 008,. 123,. 099,. 192,. 007,. 333,. 001,. 099, .095, .18, .01, .335, .00
*l,.095,.0/d, .176,. 001,. 526,. 001, .078, .05, . 093, .008, . 18, . 002, .05, .0
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379.
380.
381.
382.
383.
384.
385.
366.
387.
388.
389.
390.
391.
392.
393.
394.
395.
396.
397.
398.
399.
400.
401.
402.
403.
404.
405.
406.
407.
408.
409.
410.
411.
412.
413.
414.
415.
416.
417.
418.
419.
420.
421.
422.
423.
424.
425.
426.
427.
428.
429.
430.
431.
432.

*5,.088,.013,.148,.002,.05/ 
HAIA P T / n^A. ncr. nA7. nil?

/OUU.,7UU.,£UU.,O// V . ,

,2100.,300.,5000.,12.,
/I ICrt ZQ~3ft 1 TAft

V»fWVVV*fTvV»p J| *-' T V V   f

2000.,400.,12580.,1.,
I A n 1 1 1 A « "SrtA 1 L

*.554,.504,.245,.221,.27,.221,.27,.24b,.155,.14,.171,.14,.171,.155,
*.155,.14,.171,.14,.171,.155/ 
DATA QADT / 18*0.,.06,.054,,0fa6,.054,.066,.06,.94,.846,1.034,.846,

* 1.034,.94,1.14,1.026,1.254,1.026,1.254,1.14,.76,.684,.836,,684,.83
*6, .76,30*0./ 
DATA QRFT / .049,.044,.054,.044,.054,.049,.046,.041,.051, .041, .051
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433.
434.
435.
436.
437.
438.
439.
440.
441.
442.
443.
444.
445.
446.
447.
448.
449.
450.
451.
452.
453.
454.
455.
456.
457.
458.
459.
460.
461.
462.
463.
464.
465.
466.
467.
468.
469.
470.
471.
472.
473.
474.
475.
476.
477.
478.
479.
480.
481.
482.
483.
484.
485.
486.

C******************

CCCCC SUBROUTINE MEAN    PASSES DATA ASSOCIATED WITH MEAN STREAMFLOW 
CCCCC TO SUBROUTINE SALINE

SUBROUTINE MEAN
COMMON / DATA / QTRD(6,12),PT(6,12),ET(6,12) , QHrt(6,12),QOC6,12)/QP
*(6,12),YHW(6,12),YO(6,12),YP(6,12),AD(6,12),RF(6,12),QAOT(6,12),QR
*FT(6,12) 
COMMON AIT(5),AMT(5)rDST(5),QOLT(5),CT(12,5),PTA(12,5),PTM(12,5),C
*H(12),CO(12),CP(12),PhM(12),POi«l(12)/PPM(12),SN,AIHW,AIO,AIP,A
*MHrt,AMO,AMP,OSriK,DSO,DSP,QOLHW,QOLO,OOLP,fGMC(12),YSLMC(12),I,J,CP
*TA(12,5),CPTM(12,5),QD(12),SADX(12,5),SLADH(12),SLADO(12),SLADPC12
*)rINTDS,TRDTDS(12),SD(12),CO(12) 
CALL SALINE (1) 
RETURN 
END

C * *

CCCCC 
CCCCC

*******************************

SUBROUTINE PLS1SD    PASSES DATA ASSOCIATED WITH PLUS ONE 
STANDARD DEVIATION STREAMFLOrt TO SUBROUTINE SALINE

SUBROUTINE PLS1SD
COMMON / DATA / QTRD(6,12),PT(6,12) , ET(6,12),QHW(6,12),00(6,12),QP
*C6,12},YHW(6,12),YO(6,12),YP(6,12),AD(6,12),RF(6,12),QADT(6,12),QR
*FT(6,12) 
COMMON AIT(5),AMT(5),DST(5),aOLT(5),CT(l2,5),PTA(12,5),PTM(12,5},C
*H(12),CO(12),CP(l2),PHM(12),POM(12),PPM(12),SN,AIHrt,AIO,AIP,A
*MHrt,AMO,AMP,DSiHW,DSU, DSP,UOLHW,QOLO,QOLP, YQMCU2), YSLMC(12),I, J,CP
*TA(12,5),CPrM(12,5),QDU2),SADX(12,5),SLADH(12),SLADO(l2),SLADPU2
*),INTDS,TR010S(12),SD(12),CD(12) 
CALL SALINE (2) 
RETURN 
END

C************************* *******

CCCCC SUBROUTINE MIN1SD    PASSES DATA ASSOCIATED rtlTH MINUS ONE 
CCCCC STANDARD DEVIATION STREAKFLOW TO SUBROUTINE SALINE

SUBROUTINE M1N1SD
COMMON / DATA / QTRD(6,12),PT(6,12) , ET(6,12),QHW(6,12),00(6,12),QP
*(6,12),YHW(6,12),YO(6,12),YP(6,12),AD(6,12)rRF(6,12),QADT(6,12),QR
*FT(6,12) 
COMMON AIT(5),AMT(5)rDST(5),QOLT(5),CT(12r5),PTA(12rS)/PTM(12/5)/C
*H(12),CO(12),CP(12),PHM(12),POM(12)»PPM(12),SN,AIHW,AID,AIP,A
*MHrt,AMOr AMP, DSHvJ,DSOrDSP,QOLHMi,QOLOrGOLP, YCJMCC12), YSLMC ( 12) /1, J/CP

26



Table 1. Listing of computer program Continued

487.
488.
489.
490.
491.
492.
493.
494.
495.
496.
497.
498.
499.
500.
501.
502.
503.
504.
505.
506.
507.
508.
509.
510.
511.
512.
513.
514.
515.
516.
517.
518.
519.
520.
521.
522.
523.
524.
525.
526.
527.
528.
529.
530.
531.
532.
533.
534.
535.
536.
537.
538.
539.
540.

*TA(i2,5),CPTM<12,5),QDU2),SADX(l2,5),SLADH(12),SLADOU2)/SLADP(12
*),IMDS,TRDTDS(12),SD(12),CD(12) 
CALL SALINE (3) 
RETURN 
END

C * * *

ccccc 
ccccc

*****************************

SUBROUTINE HIGH    PASSES DATA ASSOCIATED rtlTH HISTORIC HIGH 
STREAMFLOtt 10 SUBROUTINE SALINE

SUBROUTINE HIGH
COMMON / DATA / QTRD(6, 12) , PT (6, 12) , ET (6, 1 2) , QHrt (6, 12) , Q0(6, 12) , OP
*<b,12),YHrt(6,12),YO(6,12),YP(6,12),AD(6,12),RF(6,12),QADT(6,12),GR
*FT(6,12) 
COMMON AIT (5), AMT(5),DST(5),QOLT(5),CTU2,5),PTA(12,5),PTM(12,5),C
*H(12),CO(12),CP(12),PHM(12),POM(12),PPMU2),SN,AIHfc,AIO,AIP,A
*MH«,AMG,AMP,OSHrt,DSU,t)SP,GOLh*,aOLO,QOLP, YUMC(12),YSLMC(12), I,J,CP
*TAU2,5),CPTM(12,5),QD(12),SAOX(12,5),SLADH(12),SLADO(12),SLADP(12
*),INTDS,TKDTOS(12),SD(12),CD(12) 
CALL SALINE (4) 
RETURN 
END

C**************************************

CCCCC SUBROUTINE LOW    PASSES DATA ASSOCIATED WITH HISTORIC LOW 
CCCCC STREAMFLOW TU SUBROUTINE SALINE

SUBROUTINE LOW
COMMON / DATA / QTRD(6, 12) ,PT (6, 12) , ET (6, 12) , QHrt (6, 1 2) ,00(6, 12) ,QP

*(6,12),YHrf(6,12),YG(6,12),YP(6,12),AD(6,12),RF(6,12),QADT(6,12),GR
*FT(6,12) 
COMMON AIT(5),AMT(5),DST(5),QOLT(5),CTU2,5),PTA(12,5),PTM(12,5),C
*H(12),CO(12),CP(12),PHM(i2),POM(l2),PPM(12),SN,AIhW,AlO,AIP,A
*MHrt,AMO,AMP,DSHW,DSO,DSP,QOLHW,GOLO,QOLP, YQMC ( 12) , YSLMC ( 12) / I , J/CP
*TA(12,5),CPTM(12,5),QD(12),SAOX(12,5),SLADH(12),SLAOGC12),SLADP(12
*),INTDS,TRDTDS(12),SO(12),CDU2) 
CALL SALINE (5) 
RETURN 
END

C**************************************

CCCCC SUBROUTINE INSTRM    PASSES DATA ASSOCIATED WITH INSTREAM 
CCCCC STREAMFLOh REQUIREMENTS TO SUBROUTINE SALINE

SUBROUTINE INSTRM
COMMON / DATA / Q TRD(6, 12) ,PT (6,12) , E T (6, 12) ,QHK (6, 12) ,UO(6, 12) ,QP
*(6,12),YHrt(6,12),YO(6,12),YP(6,12),AD(6, 12) ,RF (6, 12) , GADT (6, 12) ,QR
*FI(6,12) 
COMMON AIT(5),AMT(5),OST(5),aOLl(5),CT(12,5),PTAU2,5),PTM(12,5),C

*MHW,AMO,AMP,DShft,DSO,DSP,QOLHflf OULO/QOLPr YSLMC(12)r I,J,CP
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541. *TA(12,5),CPTM(12,5),aD(12),SADX(12,5),SLAOH(12),SLADOU2),SLAOP(12
542. *),INTDS,TRDTDSC12),SD(12),CD(12)
543. CALL SALINE (6)
544. RETURN
545. END
546.
547. C************************************ J
548
549! CCCCC SUBROUTINE SALINE    CALCULATES HYDROLOGIC AND DISSOLVED SOLIDS
550. CCCCC MASS BALANCES FOR FIVE REACHES OF THE TONGUE RIVER INCLUDING
551. CCCCC HANGING WOMAN, OTTER, AND PUMPKIN CREEKS AND WRITES RESULTS
552. CCCCC OF MONTHLY COMPUTATIONS
553.
554. SUBROUTINE SALINE (INDEX)
555. COMMON / DATA / QTRD(6/12),PT(6,12),ET(6,12),QHW(6,12 ), 00(6,12),QP
556. *(6,12),YHW(6,12),Y0(6,12),YP(6,12),AD(6,12),RF(6,12),QADT(6,12),QR
557. *FT(6,12) .
558. COMMON AIT(5),AMT(5),DST(5),QOLT(5),CT(12,5),PTA(12,5),PTM(12,5),C
559. *HC12),CO(12),CP(12),PHM(12),PUM(12),PPM(12),SN,AIH4,AIO,AIP,A
560. *MHW,AKO,AMP,DSHn,DSO,DSP, UULHrt,tiOLO, QOLP,YQMC(12),YSLMC(12),I/J/CP
561. *TA(12,5),CPTM(12,5),GDC12),SAOX(12,5),SLADH(12),SLADO(12),SLADP(12
562. *),lNrDS,TRDTOS(12),SD(12),CD(12) " ' *
563. DIMENSION SCGW(5),RA(5),RL(5),AUT(5),GW(5),M(12),ND(12),QIR123(12)
564. *,QIR4(12),Q1R5(12),QIM(5)
565. DIMENSION Q(5),QC(5),QPT(5),GET(5) , QGrt(5) , GAD(5),QRF(5),OUT(5) , QGT
566. *(5),QI(5),QOL(5),SL(5),SLCC5),SGW(5),SAD(5),SRF(5),S(5),SUK5),SGr
567. *(S),SLMJ(5),SOL(5)/SC(5),SADPU2,5) "  
568. DATA SCGW / 1150.,1125.,1100./950.,800./
569. DATA RA / 47 1 . ,640.,511 . ,838.,173./
570. DATA RL / 32.4,44.,35.1,57.6,11.9/
571. DATA AUT / 187520.,223360.,247680.,355200.,84480./
572. DATA GW / ,09,.67,.37,.41,.35/
573. OATA M / 'JAN','FEB','MAR','APR','MAY','JUNE','JULY','AUG','SEPT'/
574. *'OCT','NOV','DEC'/

575. DATA NO / 31,28,31,30,31,30,31,31,30,31,30,31/
576. DATA QIR123 / . 75,.75,9*0.,,5/
577. OATA QIR4 / .75,1.,9*0.,,5/
578. DATA Q1K5 / 1.,1.,9*0.,,5/
579. DATA QIM / 471.,1280.,1022.,1886.,433./
580. DATA SADP / .12,.093/.075,.055,.033,.008,6*0.,.137,.109,.09,.064,
581. *.036,.008,6*0.,.154,.125,.105,.074,.04,.009,6*0.,.171,.141,.12,
582. *. 084,. 044,.009,6*0.,.189,.158,.135,.093,.048,.01,6*0./
583.
584. CCCCC CALCULATE HYDROLOGIC MASS BALANCE
585.
586. QD(I) = QTRDUNDEX,!)
587. DO 1500 J = 1,5
588. IF(NO(I).EQ.31) CV = 61.491
589. IF(ND(I).£0.30) CV = 59.504
590. IF(NO(I).EQ.28) CV = 55.547
591. IF(J.EQ.l) Q(J)=QTRD(INDEX,I)
592. IF(J.Gl.l) Q(J)=QC(J-1)
593. OPT(J)=RA(J)*PT(INUfcX,I)
594. QET(J)=RA(J)*£T(INOEX,I)
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595. QGWCJ)=RL(J)*Gn(J)*ND(I)
596. QAO(J)=Alt(J)*AD(INOEX,I)
597. QRF(J)=AI1(J)*KF(lNOEX,n
598. IF(J.EQ.l) YC=YHfc(lNDEX,I) * .001
599. IFU.EG.2.0R.J.EQ.3) YC=YO(INDEX,I) * .001
600. IF(J.fcQ.4.0R.J.EG.5) YC = YP (INDEX, I) * .001
601. QUT(J)=AUT(J)*YC
602. QGTU)=0
603. IFU.EQ.2) QGT(J)=GHw(INDEX,I)
604. IFU.EQ.3) QGT(J)=QOUNDEX,I)
605. IF(J.EQ.5) QGT(J)=QH(INDEX,I)
606. GO TO (<>0,30,30,40,50),J
607. 20 GI(J)=RA(J)*.5*QIR123(I)
608. GO TO 60
609. 30 QI(J)=RA(J)*OIR123(I)
610. GO TO 60
611. 40 QI(J)=ftA(J)*QIR4(I)
612. GO TO 60
613. ' 50 QI(J)=RA(J)*QIR5(I)
614. 60 QOL(J)=OOLT(J)/12
b!5. QOLTH=0
616. IF(J.EQ.l) QOLTR=QOLHW/12
617. 1FU.EQ.2) QOLTR=QOLO/12
618. IF(J.tQ.4) QOL1R=GOLP/12
619.
620. CCCCC COMPUTE DISSOLVED SOLIDS MASS BALANCE
621.
622. C=.00136
623. IF(J.EQ.l) ROCT=.186
624. IF(J.EG.2.0R.J.EQ.3) ROCT=.167
625. IF(J.£Q.4.0R.J.£G.5) RUCT=.409
626. ROCH=.166
627. ROCO=,167
628. ROCP=.409
629. IF(J.EGl.l.AND.INTDS.EQ.O) SL(J) = C*QTRO( INDEX, I ) *13412.07* (QTRD( I
630. *NDEX,!)**(-.3498))
631. IF(J.EQ.I.AND.INTDS.EG.I) SL(J) = TRDTDS(I)*QTRO(INDEX,I)*C
632. SD(I)=SL(1)
633. CD(I)=SL(1)/QO(I)/C
634. IF(J.GT.l) SL(J)=SLC(J-1)
635. SGrtlJ)=QGiv(J)*SCGW(J)*C
636. SAD(J)=GAD(J)*(SL(J)/Q(J))
637. SADX(I,J) = SAD(J)
638. SRF(J) = SAD(J)*.65t(SADX(l,J)tSADX(2,J)+SADX(3,J)-»-SADX(4,J)-l-SADX(
639. *5,J)+SADX(6,J)tSADX(7,J)+SADX(b,J)tSADX(9,J)+SADX(10,J)fSADX(ll,Jj
640. *tSADX(12,J)-SADX(l,J))*.04375tSADP(l,J)*AIT(J)
641. IF(J.EU.l) 5(J)=2006.14-16.13*(GHw(INUEX,I)/CV)
642. IF (J.EiJ.2.nR.J.EG.3) SI J ) =2237 .49-8.831 * (G0( INDEX, I)/CV)
643. IF(J.£Q.4.0k.J.EG.5) S(J)=1610.64*(QP(INDEX,I)/CV)**(-.2543)
644. SUTCJ)=&UT(J)*S(J)*C
645. SLMT(J)=OST(J)*.0001133*AM1(J)*(ROCT/12)
646. SGL(J)=GOL(J)*(SL(J)/U(J))
647. SOLTR=0
648. IF(J.EQ.l) SOLTR=QOLTR*(SL(J)/Q(J))
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649.
650.
651.
652.
653.
654.
655.
656.
657.
658.
659.
660.
661.
662.
663.
664.
665.
666.
667.
668.
669.
670.
671.
672.
673.
674.
675.
676.
677.
678.
679.
680.
681.
682.
683.
684.
685.
686.
687.
688.
689.
690.
691.
692.
693.
694.
695.
696.
697.
698.
699.
700.
701.
702.

CCCCC

CCCCC

100
110

IF(J.EG.2) SOLTR=QOLTR*(SL(J)/Q(J)) 
IFCJ.EQ.4) SOLTR=tiOLTR*(SL(J)/Q(J))

COMPUTE DISSOLVED SOLIDS MASS BALANCES FOR THREE TRIBUTARIES

SGT(J)=0
GO TO (400,100,200,400,300),J

COMPUTE DISSOLVED SOLIDS MASS BALANCE FOR HANGING WOMAN CREEK

GO T0(110,120,130,140,140,140,140,140,140,140,140,140),! 
SGT(J)=C*UGT(J)*(-22.8a5*(QHw(INDEX,I)/CV)+2056.07) 
GO TO

,916*(QHW(IND£X,I)/CV)-H874.24)
150 

120 SGT(J)=C*QGT(J)*(-67,
GO TO 150 

130 SGT(J)=C*QGT(J)*(-13.293*(QHrt(INDEX,I)/CV)+1779)
GO TO 150

140 SGT(J)=C*QGT(J)*(-16.13*(QHH(INDEX,I)/CVH2006.14) 
.150 SLAD = AlHrt*QAUTUNDEX,I)*SGT(J)/GGT(J)

SLADH(I) = SLAD
SLA = SLAD*.65t(SLADH(l)+SLADH(2)+SLADH(3)+SLADH(4)tSLADH(5)+SLADH
*(6HSLADH(7)+SLADh(8}tSLADh(9)fSLADH(10)tSLADH(ll)tSLADH(12)-SLADH
*(!))*. 04375
SLMH=DSHW*.00011333*AMHA*(ROCH/12)
QGT(J)=QGT(J)+AlHfc*URFT(INDEX,I)-AIHW*QADTUNDEX,I) 

TEST FOR CALCULATED ZERO OR NEGATIVE STREAMFLOW
IF(QGTCJ).LE.O) GGI(J)=1.0
SGT(J)=SLA-SLAD+SLMHfSGT(J)
SCHft = SGHJ)/UGT(J)/C
PSHM=SLMH/SGT(J)*100
PHM(I)=PSHM
CH(I)=SCHW

180 FORMATC Q IN 
190 FORMATC LOAD

GO TO 400

HfcC LESS THAN OR 
IN HrtC LESS THAN

EQUAL TO 
OR EQUAL

ZERO') 
TO ZERO')

CCCCC COMPUTE DISSOLVED SOLIDS MASS BALANCE FOR OTTER CREEK

200 GO TOC210,220,230,220,220,220,220,220,240,220,220,220),I 
210 SGT(J)=C*QGT(J)*(-24.409*(Q0(INDEX,l)/CV)t2678.V9)

GO TO 250 
220 SGT(J)=C*QGT(J)*(-8.831*(QO(INDEX,I)/CV)+2237.49)

GO TO 250 
230 SGT(J)=t*QGT(J)*(-6.336*(Q0(INDEX,I)/CV)+1829.06)

GO TO 250
240 SGT(J)=C*QGT(J)*(-94.326*(QO(INDEX,I)/CV)t2195.16) 
250 SLAD=AIU*QADT(INDEX,I)*SGT(J)/QGT(J)

SLAOO(I) = SLAD
SLA = SLAD*.65t(SLADQ(mSLADO(2)+SLADO(3)fSLADO(4)tSLADO(5)+SLADO
*(6)tSLADO(7)+SLADO(8HSLADQ(9)tSLAUU(lO)tSLADO(ll)tSLADO(12)-3LAOO
*(!))*.04375
SLMO=DSU*.0001133*AMO*(hOCO/12)
QGT(J)=UGr(J)*AIG*GRFT(INDEX,I)-AIO*QADT(INDEX,I) 

TEST FOR CALCULATED ZERO OR NEGATIVE STfcEAMFLUrt
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703. IF(QGTCJ).Lt.O) QGT(J)=1.0
704. SGf(J)=SLA-SLAD+SLMOtSGT(J)
705. SCO =SGT(J)/Qb!(J)/C
706. PSOM=SLMO/SGT(J)*100
707. POM(1)=PSOM
708. CO(J)=SCO
709. 280 FORMATC Q IN OC LESS THAN OR EQUAL TO ZERO')
710. . 290 FORMATC LOAD IN OC LESS THAN OR EQUAL TO ZERO')
711. GO TO 400
712.
713. CCCCC COMPUTE DISSOLVED SOLIDS MASS BALANCE FOR PUMPKIN CREEK
714.
715. 300 GO TOC310,310,310,310,310,310,310,310,310,320,310,310),!
716. 310 SGT(J)=C*UGT(J)*(l6l0.64*(GP(INDEX,I)/CV)**(-.2543))
717. GO TO 350
718. 320 SGT(J)=C*QGT(J)*(5l72.22*(QP(INDEX,I)/CV)t42)
719. 350 SLAD=AIP*QADTUNDEX,I)*SGT(J)/QGT(J)
720. SLADP(I) = SLAD
721. SLA = SLAD*.65*(SLADP (1 HSLADP(2) f SLADP (3)+SLADP( 4) tSLADP(5HSLAOP
722. ' *(6)tSLADP(7)tSLADP(8HSLADP(9HSLADP(10)tSLADP(ll)fSLADP(12)-SLADP
723. *(!))*.04375
724. SLMP=DSP*.0001133*AMP*(ROCP/12)
725. GGT(J)=QGT(J)>AIP*QRFT(INDEX,I)-AIP*QADT(IND£X,I)
726. C TEST FOR CALCULATED ZERO OR NEGATIVE STREAMFLOrt
727. IF(QGUJ).LE.O) QGKJ) = 1.0
728. SGT(J)=SLA-SLADfSLMPtSGT(J)
729. SCP=SGT(J)/QGT(J)/C
730. PSPM=SLMP/SGT(J)*100
731. PPM(I)=PSPM
732. CP(I) =SCP
733^ 380 FORMATC Q IN PC LESS THAN OR EQUAL TO ZERO')
734. 390 FORMATC LOAD IN PC LESS THAN OR EQUAL TO ZERO')
735.
736. CCCCC COMPUTE DISSOLVED SOLIDS MASS BALANCE AT DOWNSTREAM END OF REACH
737.
738. 400 SLC(J)=SL(J)tSGW(J)-SAD(J)tSRF(J)tSUT(J)tSGT(J)-SOL(J)
739. **SLMT(J)-SOLTR
740.
741. CCCCC COMPUTE MASS BALANCE OF FLOW AT DOWNSTREAM END OF REACH
742.
743. QC(J)=Q(J)*QPT(J)-QET(J)+GGw(J)-QAD(J)+QRF(J)+QUT(J)+QGT(J)-QI(J)-
744. *UOL(J)-QOLTR
745. IFU.EQ.3) QC (J)=QC (J ) tQIM( J)
746. C TEST FOR ZERO OR NEGATIVE STREAKFLOW
747. IF(UCCJ).LE.O) GO TO 2000
748.
749! CCCCC COMPUTE DISSOLVED SOLIDS CONCENTRATIONS, COMPUTE PERCENTAGE OF
750. CCCCC DISSOLVED SOLIDS LOAD DUE TO MINING OR RETURN FLOW, COMPUTE "
751. CCCCC CUMULATIVE PERCENTAGE OF DISSOLVED SOLIDS LOAD DUE TO MINING
752. CCCCC OR RETURN FLOW
753.
754. SC(J)=SLC(J)/QC(J)/C
755. PSTArSRF(J)/3LC(J)*100
756. PSTM=3LMT(J)/SLC(J)*100
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Table 1. Listing of computer program Continued

757.
758.
759.
760.
761.
762.
763.
764.
765.
766.
767.
768.
769.
770.
771.
772.
773.
774.
775.
776.
777.
778.
779.
780.
781.
782.
783.
784.
785.
786.
787. 
7«8.
789.
790.
791.
792.
793.
794.
795.
796.
797.
798.
799.
800.
801.
802.
803.
804.
805.
806.
807.
808.
809.
810.

IF(J.EQ.l) CSLNi: 
IF(J,f.Q.2) CSLM 
IFU..EQ.3) CSLtf' 
IF(J.E0.4) CSLM: 
IKJ.E.Q.5) CSLM: 

*+SLKP)/SLC(5) 
IF(J.EU.l) CSRF 
IFU.EQ.2) CSRF 
IFCJ.EQ.3) CSRF' 
IF(J.EQ.4) 
IFCJ.EQ.5)

CCCCC

CCCCC

500

:SLMT(1)/SLC(1)
:(SLhT(l)+SLMT(2)iSLMH)/SLC(2)
:(SLMT(l)tSLMT(2)+SLMT(3)+SLMH+SLMO)/SLCC3)
= (SLMF(l)tSLMTC2)*SLMT(3)tSLMf(4)fSLMH+SLMO)/SLC(4)
:(SLMT(l)tSLMT(2)+SLMT(3)*SLMT(4)+SLMT(5)+SLMH>SLMO

:SRF(1)/SLC(1)
:(SRF(l)tSRF(2))/SLC(2)
:(SRF(1)+SPF(2)*SRF(3))/SLC(3)
:(SRF(l)+SKF(2)tSRF(3)+SRF(4))/SLC(4)
:(ShF(l)tSHF(2)tSRF(3)+SRFC4)-»-SKK(5))/SLC(5)

BUILD ARRAYS FOR LATER STATISTICAL ANALYSIS BY SUBROUTINE MAIN

PTA(I,J)=PSTA 
PTMCI,J)=P3TM 
CT(1,J)=SC(J) 
CPSTA=CSRF*100 
CPSrM = CSLNMOO 
CPTA(I,J)=CPSTA 
CPTMU, J)=CPSTM

WRITE RESULTS OF REACH COMPUTATIONS FOR MONTH

IF(J.EQ.5) YQMC(I)=GC(J) 
IF(J.£0.5) YSLMC(I)=SLC(J) 
GO TO(500,600,700,800,900),J
IF(INTDS.EQ.O) X=C*QTRDCINDEX,I)*13412.07*(QTRD(INDEX,I)** 

*(-.3498))
IK1NTOS.EQ.O) Y=QTRO(INDEX,I)**(-.3498)*13412.07 

X=IKGTDS(I)*QTF<D(INDEX,I)*C 
Y=TRDTDS(I)

M(I),QTRD(INDEX,I),X,Y 
J f QC(l),SLC(l),SC(l),PSTA/PSTM,CPSTA,CPSTM

600

700

800

900

1000
1100

0)
IF(INTDS.EQ.l) 
IFUNTDS.tQ.l) 
WRITE(6,1000) 
WRITE(6»1100) 
GO TO 1500 
*PITE(6,1100) 
WRITE(6,1200) 
IF(QGT(2).LE.O) 
IF(SGT(2).LE.O)

J,QC(2),SLC(2),SC(2),PSTA,PSTM,CPSTA,CPSTM 
UGT(2),SGF(2),SCHW,PShM

WRIT£(6,190)
GO TO 1500
WRITE(b,l100) J,GC(3),SLC(3),SC(3),PSTA,PSTM,CPSTA,CPSTM
WRITE (6, 1300) GGT(3),t>GT(3),SCO,PSOM
IF(UGT(3).Lt.O) WRI)£(6,280)
IF(SGT(3).LE.O) «RITE(6,290)
GO TO 1500
WRITE(6, 11 00) J,QC(4),SLC(4),SC(4),PSTA,PSTM,CPSTA,CPSTM
GO TO 1500
KRITE(6 f 1100) J,OC(5),SLC(5),SC(5),PSTA,PSTH,CPSTA,CPSTM
rtRITE(6,1400) GGT(5),SGT(5),SCP,PSPM
IF(QGT(5).LE.O) AR1TE(6,380)
IF(SGTCS).LE.O) rtrtITE(6,390)
IFC1.EU.6) WRITE(6,1450) SN
FORMAT(1X,A5,3X,'TRD',5X,F8.0,5X,F8.0,2X,F8.0)
FURMAT(10X,11,6X,F8.0,5X,F8.0,2X,F8.0,T58,F7.4,T70,

32



Table 1. Listing of computer program Continued

811. *F7.'b T36,F7.4,T100,F7.4)
812. 1200 FOR^T(9X,'HrtC',5X,F8.0,5X,F8.0,2X,F8.0,T70,F7.4)
813. 1300 FORMAT(9X,'UC',6X,F8.0,5X,P8.0,2X,F8.0,T70,F7.4)
814. 1400 FGRMAT(9X,'PC',6X,Fb.O,SX,F6.0,2X,F8.0,T70,F7.4)
815. 1450 FQRMAH'ISIMULATIGN RESULTS   SIMULATION NUMBER ' , A5/,'t*********
816. ************************************'/,'t',T17,'STREAMFLOW,T33,'01
817. *SSOLVtO SOLIDS',T58,'PERCENT LOAD (PER',T88,'CUMULATIVE PERCENT'/,
818. *' + ', T17, '(ACRE-FEET)', T34, 'LOAD', 144, 'CONC', 160, 'REACH) DUE TO'/T9
819. *1,'LOAD DUE TO'/,'tMONTh REACH',T33,'(TONS)',T43,'(MG/L)',T56,'RE
820. *TURN FLOA MINING RETURN FLOW MINING'/,'* --- -----
821. *   -       -.-...  . .......... ........... ........
822. *                 ')
823. 1500 CONTINUE
824. 1550 RETURN
825.
826. CCCCC WRITE ERROR MESSAGE FOR ZERO OR NEGATIVE STREAMFLOrt
827.
828. 2000 rtRITE(6/2100) SN,J,I
829. -2100 FOHMATCOSIMULATION NUMBER ',A5,' TERMINATED DUE TO ZERO OR NEGATI
830. *VE STREAMFLOW IN REACH NUMBER ',!!/' DURING MONTH NUMBER ',12)
831. STOP
832. END
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Table 3. Definition of model variables

AD Irrigation water diversion rate (in acre-feet per acre) for Tongue
River reaches

AIHW Area (in acres) irrigated on Hanging Woman Creek 
AID Area (in acres) irrigated on Otter Creek 
AIP Area (in acres) irrigated on Pumpkin Creek 
AIT Area (in acres) irrigated on Tongue River reaches 
AMHW Area (in acres) mined on Hanging Woman Creek 
AMO Area (in acres) mined on Otter Creek 
AMP Area (in acres) mined on Pumpkin Creek 
AMT Area (in acres) mined on Tongue River reaches 
AUT Area (in acres) of ungaged tributaries 
C Factor to convert dissolved-solids load (in tons per acre-foot) of

streamflow into concentration (in milligrams per liter) 
CD Dissolved-solids load (in tons) input by Tongue River Reservoir 
CH Matrix of SCHW values 
CO Matrix of SCO values 
CP Matrix of SCP values 
CPSTA Cumulative percentage of dissolved-solids load in the Tongue River

due to irrigation return flow 
CPSTM Cumulative percentage of dissolved-solids load in the Tongue River

due to mining
CPTA Matrix of CPSTA values 
CPTM Matrix of CPSTM values 
CSLM Cumulative ratio of dissolved-solids load (in tons) due to mining

versus total load (in tons) of dissolved solids in the Tongue River 
CSRF Cumulative ratio of dissolved-solids load (in tons) due to irrigation

return flow versus total load (in tons) of dissolved solids in the
Tongue River

CT Matrix of SC values 
CV Factor to convert monthly streamflow (in acre-feet) to mean daily

streamflow (in cubic feet per second) 
DSHW Dissolved-solids concentration (in milligrams per liter) of mine-spoil

leachates from Hanging Woman Creek 
DSO Dissolved-solids concentration (in milligrams per liter) of mine-spoil

leachates from Otter Creek 
DSP Dissolved-solids concentration (in milligrams per liter) of mine-spoil

leachates from Pumpkin Creek 
DST Dissolved-solids concentration (in milligrams per liter) of mine-spoil

leachates from Tongue River reaches 
ET Evaporation rate (in feet)
GW Ground-water inflow rate (in acre-feet per river mile per day) 
I Counter for monthly loop 
IMFD Monthly flow designator
INTDS Option variable for initial input of dissolved-solids 
J Counter for Tongue River reaches loop 
M Name of month 
MFD Monthly flow designator 
ND Number of days in month
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Table 3. Definition of model variables Continued

PHM Matrix of PSHM values
POM Matrix of PSOM values
PPM Matrix of PSPM values
PSHM Percentage of dissolved-solids load in Hanging Woman Creek due to

	mining
PSOM Percentage of dissolved-solids load in Otter Creek due to mining 
PSPM Percentage of dissolved-solids load in Pumpkin Creek due to mining 
PSTA Percentage of dissolved-solids load in the Tongue River due to irri­ 

	gation return flow
PSTM Percentage of dissolved-solids load in the Tongue River due to mining
PT Precipitation rate (in feet)
PTA Matrix of PSTA values
PTM Matrix of PSTM values
Q Streamflow (in acre-feet) input to upstream end of reach
QAD Volume (in acre-feet) of irrigation diversion for Tongue River reaches
QADT Irrigation water diversion rate (in acre-feet per acre) for Hanging

	Woman, Otter, and Pumpkin Creeks
QC Streamflow (in acre-feet) at downstream end of reach
QD Strearaflow (in acre-feet) input by Tongue River Reservoir
QET Volume (in acre-feet) of evaporation
QGT Volume (in acre-feet) of Streamflow input to the Tongue River by

	Hanging Woman, Otter, and Pumpkin Creeks 
QGW Volume (in acre-feet) of ground water
QHW Initial Streamflow (in acre-feet) of Hanging Woman Creek
QI Volume (in acre-feet) of ice removed from Streamflow
QIM Volume (in acre-feet) of Streamflow input by ice breakup
QIR123 Ice removal rate (in feet) for Tongue River reaches 1 through 3
QIR4 Ice removal rate (in feet) for Tongue River reach 4
QIR5 Ice removal rate (in feet) for Tongue River reach 5
QO Initial Streamflow (in acre-feet) of Otter Creek
QOL Volume (in acre-feet) of other water losses for Tongue River reaches
QOLHW Other water losses rate (in acre-feet per year) for Hanging Woman Creek
QOLO Other water losses rate (in acre-feet per year) for Otter Creek
QOLP Other water losses rate (in acre-feet per year) for Pumpkin Creek
QOLT Other water losses rate (in acre-feet per year) for Tongue River reaches
QOLTR Volume (in acre-feet) of other water losses from Hanging Woman, Otter,

	and Pumpkin Creeks
QP Initial Streamflow (in acre-feet) of Pumpkin Creek
QPT Volume (in acre-feet) of precipitation
QRF Volume (in acre-feet) of irrigation return flow for Tongue River reaches
QRFT Irrigation water return-flow rate (in acre-feet per acre) for Hanging

	Woman, Otter, and Pumpkin Creeks
QTRD Initial Streamflow (in acre-feet) input by Tongue River Reservoir
QUT Volume (in acre-feet) of Streamflow from ungaged tributaries
RA Reach area (in acres)
RF Irrigation water return-flow rate (in acre-feet per acre) for Tongue

	River reaches
RL Reach length (in miles)
ROCT Runoff coefficient (in inches per year) for Tongue River reaches
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Table 3. Definition of model variables Continued

ROCH Runoff coefficient (in inches per year) for Hanging Woman Creek
ROCO Runoff coefficient (in inches per year) for Otter Creek
ROCP Runoff coefficient (in inches per year) for Pumpkin Creek
S Dissolved-solids concentration (in milligrams per liter) for ungaged

tributaries
SAD Dissolved-solids load (in tons) removed by irrigation water diversion 
SADP Dissolved-solids loading rate (in tons per acre) from previous year f s

irrigation
SADX Matrix of SAD values 
SC Dissolved-solids concentration (in milligrams per liter) at downstream

end of reach
SCGW Dissolved-solids concentration (in milligrams per liter) of ground water 
SCHW Dissolved-solids concentration (in milligrams per liter) of Hanging

Woman Creek
SCO Dissolved-solids concentration (in milligrams per liter) of Otter Creek 
SD Dissolved-solids concentration (in milligrams per liter) input by

Tongue River Reservoir 
SCP Dissolved-solids concentration (in milligrams per liter) of Pumpkin

Creek 
SGT Dissolved-solids load (in tons) of Hanging Woman, Otter, and Pumpkin

Creeks
SGW Dissolved-solids load (in tons) from ground water 
SL Dissolved-solids load (in tons) input at upstream end of reach 
SLA Dissolved-solids load (in tons) due to irrigation water return flow in

Hanging Woman, Otter, and Pumpkin Creeks 
SLAD Dissolved-solids load (in tons) removed by irrigation water diversion

from Hanging Woman, Otter, and Pumpkin Creeks 
SLADH Matrix of SLAD values for Hanging Woman Creek 
SLADO Matrix of SLAD values for Otter Creek 
SLADP Matrix of SLAD values for Pumpkin Creek
SLC Dissolved-solids load (in tons) at downstream end of reach 
SLMH Dissolved-solids load (in tons) due to mining on Hanging Woman Creek 
SLMO Dissolved-solids load (in tons) due to mining on Otter Creek 
SLMP Dissolved-solids load (in tons) due to mining on Pumpkin Creek 
SLMT Dissolved-solids load (in tons) due to mining on Tongue River reaches 
SN Simulation number 
SOL Dissolved-solids load (in tons) removed by other water losses from

Tongue River reaches 
SOLTR Dissolved-solids load (in tons) removed by other water losses from

Hanging Woman, Otter, and Pumpkin Creeks 
SRF Dissolved-solids load (in tons) due to irrigation water return flow on

Tongue River reaches 
SUMU Summation of CPTA values 
SUMV Summation of CPTM values 
SUMX Summation of CT values or X values 
SUMXSQ Summation of CT values squared or X values squared 
SUMY Summation of PTA values or Y values 
SUMZ Summation of PTM values 
SUT Dissolved-solids load (in tons) from ungaged tributaries

36



Table 3. Definition of model variables Continued

TRDTDS User-defined dissolved-solids concentrations (in milligrams per liter)
	input by Tongue River Reservoir 

UMEAN Mean of CPTA values 
VMEAN Mean of CPTM values 
X Matrix of CH or CO or CP values or dissolved-solids load (in tons)

	input by Tongue River Reservoir 
XMAX Maximum of CT values or X values 
XMEAN Mean of CT values or X values 
XMIN Minimum of CT values or X values 
XSD Standard deviation of CT values or X values 
Y Matrix of PHM or POM or PPM values or dissolved-solids concentration

	(in milligrams per liter) input by Tongue River Reservoir 
YC Runoff coefficient (in feet) for ungaged tributaries 
YHW Runoff coefficient (in feet) for Hanging Woman Creek 
YMEAN Mean of PTA values 
YMEANT Mean of PHM or POM or PPM values 
YO Runoff coefficient (in feet) for Otter Creek 
YP Runoff coefficient (in feet) for Pumpkin Creek 
YQMC Streamflow (in acre-feet) at Miles City 
YSLMC Dissolved-solids load (in tons) at Miles City
Z Dissolved-solids concentration (in milligrams per liter) at Miles City
ZMEAN Mean of PTM values
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