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FACTORS FOR CONVERTING INCH-POUND UNITS TO INTERNATIONAL SYSTEM (SI) OF 
METRIC UNITS 

A dual system of measurements--inch-pound units and the International 
System (SI) of metric units--is given in this report. SI is a consistent 
system of units adopted by the Eleventh General Conference of Weights and 
Measures in 1960. The conversion factors for terms used in this report are 
as follows: 

Multiply inch-pound unit 13E To obtain SI unit  

acre 4,047 square meter (m2) 

inch (in.) 25.40 millimeter (mm) 

inch per day (in/d) 25.40 millimeter per day (mm/d) 

foot (ft) 0.3048 meter (m) 

foot per day (ft/d) 0.3048 meter per day (m/d) 

foot per year (ft/yr) 0.3048 meter per year (m/year) 

foot squared per day (ft2/d) 0.09290 meter'squared per day (m2/d) 

mile (mi) 1.609 kilometer (km) 

square mile (mil) 2.590 square kilometer (km
2) 
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METHODS AND APPLICATIONS OF DIGITAL-MODEL SIMULATION OF THE 
RED RIVER ALLUVIAL AQUIFER, SHREVEPORT TO THE 

MOUTH OF THE BLACK RIVER, LOUISIANA 

By A. H. Ludwig and J. E. Terry 

ABSTRACT 

The Red River Waterways Project of the U.S. Army Corps of Engineers 
provides for the construction of a series of locks and dams on the Red River 
from the Mississippi River to Shreveport, La. The locks and dams will cause a 
permanent rise in the level of the river, creating changes in the ground-water 
flow system. The U.S. Geological Survey, in cooperation with the Corps and 
the U.S. Soil Conservation Service, began an investigation in 1968 to study 
the effects of the planned navigation pools on the ground-water flow regime. 

The Red River downstream from Shreveport flows through an alluvial valley 
that ranges from 2 to 12 miles (3.2 to 19 kilometers) in width. Along the 
thalweg of the valley, the alluvium ranges from 75 to 200 feet (23 to 61 
meters) in thickness and is composed of a silt and clay layer, underlain by a 
coarse sand and gravel aquifer. The aquifer is hydraulically connected in 
varying degrees to the Red River and its major tributaries. 

The methods used in the investigation involved digital modeling of steady-
and nonsteady-state conditions. The nonsteady-state model, utilizing a program 
called SUPERMOCK, was designed to simulate transient stress and response in a 
ground-water flow system that includes a water table in a confining layer 
above an artesian aquifer. The steady-state model, utilizing a program called 
GWFLOW, computes the head response in an aquifer due to various boundary 
conditions. 

Principal data requirements for the models include climatic data, defini-
tion of the hydraulic characteristics of the upper confining layer and aquifer, 
water-table levels in the upper confining layer and potentiometric levels in 
the aquifer, and stream-stage data for the Red River and its tributaries. 

In addition to the simulation models, several computer programs were 
developed to aid in preparation of data and in the calibration of the models. 
The programs were designed to compute the harmonic-mean water level at each 
observation well (AVERAGE), compute the harmonic-mean conductivity for layered 
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materials and the potential upward movement of water due to evapotranspiration 
at the land surface (ATMOFLUX), compute daily evapotranspiration (POTEET), 
provide main-stem and tributary stream-stage data sets for the nonsteady-state 
model (RIVCHANGE and TRIBCHANGE), and to compute the change in the rate of 
evapotranspiration due to a change in protentiometric head (DELETDELH). 

Calibration techniques unique to each of the models were developed for 
the investigation. The calibration procedure for the nonsteady-state model 
involved reproducing, by manipulation of model parameters within plausible 
limits, observed water-table and potentiometric levels while maintaining 
reasonable limits on the rate of accretion to the aquifer. 

INTRODUCTION 

Background of the Investigation 

The Red River Waterways Project of the U.S. Army Corps of Engineers was 
authorized by the 90th Congress in the Rivers and Harbors Act of 1958. Project 
plans include a 9- by 200-foot (2.7- by 61-m) navigation channel, beginning at 
the confluence of the Red and Mississippi Rivers and winding northwestward 
along the present course of the Red River to Shreveport, La. From Shreveport 
the channel will follow Twelvemile and Cypress Bayous to a point in Lake 0' 
the Pines Reservoir near Daingerfield, Tex. (fig. 1). -A series of eight locks 
and dams will be required to provide the navigation depths and the necessary 
225-foot (69-m) lift from the Mississippi River to the head of navigation. 

The natural ground-water flow system in the Red River alluvial valley 
will be altered by the formation of navigation pools except at locks 7 and 9, 
which are to be built into existing dams on Caddo Lake and Lake 0' the Pines. 
Predominant effects of the navigation pools on the ground-water regime will be 
a rise in water levels and changes in the ground-water flow pattern. In April 
1963, at the request of the Corps of Engineers, the U.S. Geological Survey 
began a preliminary study of the preconstruction and postconstruction ground-
water conditions. The study characterized, using available data, the existing 
ground-water conditions in the valley and provided steady-state projections of 
the effects of proposed navigation structures on ground-water levels. The 
projections were made with the aid of an analog model. 

In 1968 the Corps requested that the Geological Survey refine the projec-
tions made in the earlier study and that a continuing ground-water data-
collection program in the Red River Valley be established. The study area was 
the alluvial valley from the confluence of the Red and Black Rivers to Shreve-
port, La., a distance of 241 river miles or 388 km (fig. 2). The Corps of 
Engineers considered several arrangements of either five or six locks and dams 
within this reach of the river. An arrangement of five locks and dams, known 
as the B-3 modified plan, was considered the most feasible plan of construction. 

The effects of increased river stages, caused by the formation of naviga-
tion pools, on the ground-water regime were projected for steady- and nonsteady-
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state conditions. The steady-state change in potentiometric surface was 
projected from the average postconstruction river stages. Nonsteady-state 
projections, used to determine the effect of the project on agriculture, 
were made for specific periods within a typical calendar year. Because of 
the size of the project area and the complexity of the flow regime, digital-
modeling techniques were used. 

Results of the steady- and nonsteady-state analyses for each of the 
five lock-and-dam areas were provided to the Corps of Engineers, 1975-76, in 
a series of five administrative reports that were later released to the open 
file (Ludwig, 1979a, b; Ludwig and Reed, 1979; Ludwig and Terry, 1979a, b). 
Average depths to the water table for specific periods of interest were 
prepared for the U.S. Soil Conservation Service on punched IBM computer 
cards. Basic-data reports containing ground-water quality analyses (Ludwig, 
1974) and ground-water levels through June 1975 (Stephens, 1976) were pub-
lished as open-file reports. 

Purpose and Scope 

The purpose of this report is to describe the methods used in the study 
and to show their application to the Red River Waterways Project. The dis-
cussion is intended to be sufficiently detailed that the reader can obtain a 
basic understanding of the methodology employed in the study. The discussion 
covers (1) development and management of the basic-data network and the types 
of data collected, (2) conceptualization of the geohydrology of the study 
area, (3) descriptions of predictive models used and data requirements of 
the models, (4) presentation of peripheral digital-computer programs used to 
generate or manipulate data for use in the models, (5) calibration of the 
models, (6) descriptions of output from the models, and (7) possible utiliza-
tion of the calibrated Red River models for other uses. Examples of program 
input and output (taken from analyses of Lock and Dam 3 area) are shown. 

DATA COLLECTION 

The objective of the data-collection program for the Red River study was 
to obtain the data necessary for the determination of the hydrologic charac-
terics of the flow regime in the Red River alluvium and the climatic factors 
and agricultural practices which affect it. To accomplish these objectives, 
work activities were divided among the participating agencies as follows: The 
Geological Survey mapped the principal hydrologic boundaries, inventoried 
existing wells suitable for periodic measurements, drilled test holes and 
installed observation wells, analyzed samples of alluvial material for 
hydraulic conductivity and grain size, installed and operated a series of 
surface-water gages on tributary streams, and analyzed ground-water samples 
from selected wells for chemical constituents. The U.S. Soil Conservation 
Service installed shallow piezometers at observation-well sites, monitored 
crop-observation plots to establish the relationship between yield and soil-
moisture conditions, mapped soil profiles, inventoried land-use practices, 
and measured water levels in the network of Geological Survey and Soil 
Conservation Service observation wells and piezometers. The Corps of Engi-
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neers provided average preconstruction and postconstruction stage profiles 
of the Red River to be used in developing input to the steady-state model. 
The Corps also provided time-variant preconstruction and postconstruction 
stage data in the form of 5-day averages at 2-mile (3.2-km) increments for 
the period December 1967 to September 1973 for the entire reach of the Red 
River in the project area. 

The test-drilling program conducted by the Geological Survey was com-
pleted during a series of field sessions from 1968 to 1971. Approximately 350 
test holes were drilled in the valley, from Shreveport to the mouth of the 
Black River. Test holes were drilled with solid-stem power-auger drilling 
equipment, and soil samples were collected at selected depths for analyses of 
hydraulic conductivity and particle-size distribution. Most of the test holes 
were drilled and logged through the entire alluvial section and into the 
underlying Tertiary bedrock. The test holes were cased with (32-mm) 

galvanized-iron pipe and screened with 3-foot (0.9-m), 60-gage well screens. 
The screens were set opposite coarse sand and gravel at depths ranging from 20 
to 140 ft (6 to 43 m) below the land surface. The locations of the observation 
wells are shown in figures 3A-E. 

In the vicinity of the proposed construction sites and along the river, 
the wells are more closely spaced in anticipation of greater variations in 
water levels in these areas. At greater distances from the river, fewer wells 
are required. The amount of pumpage from the alluvium is small; therefore, 
where little change was expected, the data from a particular well could be 
extrapolated over a relatively large area. The density of wells ranged from 
one well per square mile (2.6 km2) in the vicinity of the locks and dams to 
about one well per 3 mil (7.8 km2) elsewhere in the valley. 

Shallow piezometers were placed adjacent to most of the observation wells 
to obtain data on the position of the water table in the upper confining 
layer. The piezometers consisted of lengths of 3/4-inch (19-mm) galvanized-
iron pipe, driven into the ground to selected depths ranging from 1 to 20 ft 
(0.3 to 6.1 m) below the land surface. The lower end of the pipe was left 
open to the soil to allow movement of water into and out of the pipe. Two to 
five piezometers were installed at each observation-well location, depending 
on the variations in lithology in the upper section. 

Water-level measurements in all observation wells and piezometer tubes 
were made monthly by Soil Conservation Service personnel. Digital recorders 
were installed on 16 wells in the study area. Fourteen of the wells were near 
the Red River to provide daily water-level data for the computation of aquifer 
diffusivity. In addition, water samples were collected from all of the 
observation wells at the time of installation and from many piezometer tubes 
and analyzed for chemical quality. 

Stream-stage data were collected from a network of 45 continuous recorders, 
staff gages, and wire-weight gages (figs. 3A-E). Most of the gages were part 
of the regular surface-water data-collection network operated by the Geological 
Survey and the Corps of Engineers. However, 14 additional gages were installed 
at intervals along tributary streams between existing recording gages and on 
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lakes in the valley. These gages provide supplementary data for the determina-
tion of stream profiles. Climatic data, including maximum and minimum daily 
temperature and daily precipitation, were obtained from five National Weather 
Service stations in and near the valley (figs. 3A-E). 

MODELING THE HYDROLOGIC SYSTEM 

Conceptual Model 

The Red River flows southeastward through central and northwestern Loui-
siana. From Shreveport to the vicinity of Marksville, the river is confined in 
a valley ranging from 2 to 12 mi (3.2 to 19 km) in width. The uplands bordering 
the valley rise as much as 150 ft (46 m) above the general level of the valley. 
Downstream from Marksville, the Red River Valley and the Mississippi River 
valley merge to form the broad Mississippi River alluvial plain. The flood 
plain is characterized by very low relief, meandering stream courses, oxbow 
lakes, and other alluvial features. The dominant features are natural levees, 
which form the topographic highs, and backswamps, which are the topographic 
lows. The natural levees rise from 10 to 20 ft (3 to 6 m) above the adjoining 
backswamps. Natural levees occur along abandoned channels of the Red River 
and on tributary streams, as well as along the present course of the river. 

Elevations in the valley range from 40 ft (12.2 m) above mean sea level 
(now generally referred to as National Geodetic Vertical Datum of 1929), near 
the confluence of the Red and Black Rivers, to 170 ft (52 m) above sea level, 
at Shreveport. 

The average annual precipitation in the valley ranges from 57 in. (1,448 
mm), at Alexandria, to 43 in. (1,092 mm), at Shreveport. The greatest precipi-
tation generally occurs in April and May, and the least in September and 
October. The climate of the area is classified as humid; that is, precipitation 
equals or exceeds potential evapotranspiration. Favorable climatic conditions 
and rich soil support abundant vegetal growth. In general, row crops, prin-
cipally cotton and soybeans, are grown on the natural levees. The lower 
levels of the natural levees are used mainly for pasture or soybeans, and the 
backswamp areas are mostly forested. 

Formations of Tertiary age underlie the valley alluvium and crop out 
along the valley walls. The beds are composed primarily of clay, but locally 
they contain sand lenses. The beds form a nearly impermeable boundary to the 
alluvial aquifer. In many places, Pleistocene terrace deposits overlie the 
Tertiary deposits in the upland. The terrace deposits, which are remnants of 
older and higher flood plains of the Red River, are most prevalent in the 
lower end of the valley, where they are as much as 200 ft (61 m) thick. The 
Marksville Prairie is a terrace remnant in the Red River flood plain. The 
terrace deposits are composed of a heterogeneous sequence of sand, silt, and 
clay. Gravel layers occur in the terrace deposits and locally are the source 
of large quantities of water. 
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The alluvium in the valley generally ranges from about 75 ft (23 m) in 
thickness, in the upper end of the area, to about 200 ft (61 m), downstream 
from Marksville. The alluvium can be divided into two segments: a lower unit 
or aquifer, which is composed of coarse sand and gravel grading upward to fine 
sand, and an upper confining layer, which is composed of clay, silt, and fine 
sand. The upper confining layer averages about 30 ft (9.1 m) in thickness and 
ranges from a few feet to 140 ft (43 m). The aquifer ranges from 5 ft (1.5 m) 
in thickness beneath some channel-fill and backswamp deposits to 150 ft (46 m) 
in the lower end of the valley. The thicknesses of the two segments vary from 
place to place. Differences of as much as 100 ft (30 m) in the thickness of 
the upper confining layer within short distances have been noted in Lock and 
Dam 1 area. To a lesser extent, variations in thickness occur at many places 
in the valley, primarily as the result of fine-grained deposition in former 
channels of the Red River. 

Throughout the Red River Valley, the Red River and its major tributaries 
are hydraulically connected in varying degrees to the Red River alluvial 
aquifer. Therefore, changes in stream stages resulting from the construction 
of the proposed locks and dams would induce similar changes in the potentio-
metric surface of the aquifer. The potentiometric surface refers to the level 
to which water will rise in wells tapping the aquifer. Also, throughout the 
Red River Valley a water table exists as the upper surface of the zone of 
saturation in the fine-grained material above the aquifer. The altitude of 
the water table at any point is a function of the transient flow through the 
fine-grained material above the aquifer and the transient head in the aquifer. 
Therefore, induced changes in the position of the potentiometric surface would 
indirectly cause changes in the position of the water table. 

Rainfall on the flood plain is the primary source of recharge for the 
alluvial aquifer. Moisture reaches the aquifer indirectly by infiltrating the 
fine-grained material in the confining layer above the aquifer. An unknown, 
but probably very small, amount of recharge is derived from the formations of 
Tertiary age that underlie and flank the valley. Most of the water moving 
downgradient through the terrace deposits is discharged into the tributary 
streams that flow along the margin of the valley. 

Water levels in most wells tapping the aquifer rise above the base of 
the fine-grained material overlying the aquifer, an indication that the water 
is under confined or semiconfined conditions. A zone of saturation in the 
upper fine-grained material, extending from near the land surface down to the 
aquifer, indicates the presence of water-table conditions. These two con-
ditions exist simultaneously because of the great difference in hydraulic 
conductivity between the fine-grained material overlying the aquifer and the 
aquifer itself. The position of the water table may be either above or below 
the potentiometric level in the aquifer, as reflected by the direction of the 
resultant vertical flow in the fine-grained material between the water table 
and the top of the aquifer. Accretion, as defined by Stallman (1956), is the 
rate at which water is gained or lost through the aquifer surface in response 
to precipitation and evapotranspiration. Positive accretion or recharge takes 
place where the vertical hydraulic gradient is downward. Conversely, negative 
accretion or discharge takes place where the vertical hydraulic gradient is 
upward. 
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The natural movement of water in the alluvium is toward discharge points 
along the Red River and its tributaries in the valley. Because pumpage of 
water from wells is not significant, water levels in the alluvium fluctuate in 
response to seasonal variations in precipitation, evapotranspiration, and to 
changes in river stage. 

The recharge, movement, and discharge of water from the alluvial aquifer 
are shown graphically in the idealized section in figure 4. The direction of 
water movement, indicated by arrows, shows that the aquifer is being recharged 
in zone 1 where the gradient is downward through the clay and silt. Discharge 
takes place to the Red River and vertically upward in zone 2. The flow con-
ditions shown in the diagram may change. At any given location, the rate of 
accretion is neither constant nor in the same direction at all times. Seasonal 
weather changes, changes in river stage, and pumping may cause variations in 
the magnitude and direction of water movement in the aquifer. 

EXPLANA TION 

Clay and silt Sand and gravel Sand Tertiary rocks 

Potenftometric Water table Indicates direction of 
surface water movement 

Figure 4.--Idealized hydrogeologic section of the Red River Valley. 
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Digital Model 

Two types of digital models were used in the analyses. A steady-state 
model, GWFLOW (Bedinger and others, 1973), was used to provide projections of 
changes in the potentiometric surface. A nonsteady-state model, SUPERMOCK 
(Reed and others, 1976), was used to simulate fluctuations of the head in the 
aquifer and the water table. For purposes of analysis, the project area was 
divided into five overlapping model areas. Each area contained one or more of 
the proposed lock-and-dam construction sites. These areas are identified by 
referring to a particular lock-and-dam area (fig. 2). To aid the Corps of 
Engineers in determining the best arrangement of locks and dams, steady-state 
analyses were run for all alternate plans, including the B-3 modified plan. 
Specifications for dam locations and pool elevations for the plans considered 
are shown in table 1. The nonsteady-state model was used to make projections 
for the B-3 modified plan only. 

The framework for the digital models consisted of a rectangular grid of 
34 rows and 80 columns superimposed on a map of the area having a scale of 
1:62,500. The spacing between each intersection (node) in the grid represented 
a distance of 0.5 mi (0.8 km). Thus, each model represented a 17- by 40-mile 
(27- by 64-km) area. Five such models were used, each representing a lock-
and-dam area, to cover the 190-mile (306-km) reach of navigation channel in 
the study area (figs. 2, 3A-E). 

The examples used in this report to illustrate the various model inputs 
and outputs are taken from the analysis of Lock and Dam 3 area. The tables 
and alphameric maps employed are representations of the modeled area; each 
symbol or figure represents a value for a grid node (which represents an area 
0.5 by 0.5 mi, or 0.8 by 0.8 km). 

To provide for continuity in modeling the entire navigation reach, the 
models were designed to include an area of overlap on the adjacent model. 
Adjacent models were overlapped a minimum distance equivalent to 6 mi (9.7 
km). This overlap aided in the identification of errors associated with model 
boundary conditions and enabled the preparation of a complete suite of data 
for the navigation reach. As the models for adjacent areas were analyzed, the 
data developed for areas common to each model were examined and compared to 
determine the extent of boundary effects. Model boundaries parallel to the 
river were placed at a distance far enough from the river so that the effects 
of river-induced water-level changes would not extend to the boundaries. 

Nonsteady State 

Nonsteady-state analyses for the investigation were made by using three 
digital programs called SUPERMOCK, DATE, and HYDROG (Reed and others, 1976), 
which were developed particularly for this study. SUPERMOCK was designed to 
simulate transient stress and response in a ground-water flow system that 
includes a water table in the confining layer above an artesian aquifer. The 
model incorporates all the components of stress in the flow field. SUPERMOCK 
models three component layers: a soil-moisture-accounting component, a vertical-
flow component, and a horizontal-flow component (fig. 5). DATE assigns calendar 
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Table 1.--Specifications for lock and dam arrangements studied in the 

Plan designation 

Project document 

Group A, plan 1 

Group A, plan 2, 

Group A, plan 3 

Group B, plan 1 

Group B, plan 2 

Group B, plan 3 

Group B, plan 3 
modified 

investigation 

Lock and dam River mile 
number (1967 mileage) 

1 44 
2 87 
3 152 
4 206 
5 243 
6 270 
1 44 
2 87 
3 145 
4 206 
5 243 
6 270 
1 44 
2 87 
3 137 
4 195 
5 243 
6 270 
1 44 
2 87 
3 145 
4 195 
5 243 
6 270 
1 44 
2 87 
3 145 
4 206 
5 250 
1 44 
2 87 
3 145 
4 195 
5 250 
1 44 
2 87 
3 137 
4 195 
5 250 
1 44 
2 87 
3 137 
4 185 
5 243 
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Pool elevation 
(feet above mean 

sea level) 

40 
60 
95 

115 
135 
150 

40 
65 
95 

115 
135 
150 

40 
60 
90 

115 
135 
150 

40 
65 
90 

115 
135 
150 

40 
65 
95 

120 
145 

40 
65 
90 

120 
145 

40 
60 
90 

120 
145 

40 
58 
87 

115 
145 



 

Response 

Changes in 
soil 

moisture 

Changes in 
storage and 

head 

Changes in 
storage and 

head 

Model 
component 

and 
function 

I 

Soil-Moisture-Accounting 
Component 

Computes changes in 
soil moisture and re-
charge to and from 
water table 

A 

V 

Vertical-Flow Component 

Computes water-table 
altitude 

A 

Horizontal-Flow 
Component 

Computes accretion to 

aquifer and potentio-
metric surface 

Stress 

Precipitation, 
infiltration, 
and evapotran-
spiration 

Recharge to and 
discharge from 

water table 

Accretion to 
aquifer 

Changes in head in 
fully penetrating 

streams 

Pumpage 

Figure 5.--Relation between soil-moisture-accounting, vertical-flow, and 

horizontal-flow components of SUPERMOCK program. (From Reed 
and others, 1976.) 
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dates to data computed at observation nodes in SUPERMOCK and, for calibration, 
makes comparisons between computed potentiometric and water-table levels from 
SUPERMOCK and observed field values. HYDROG produces hydrographs using output 
from DATE. The use of output from DATE and HYDROG is discussed later in this 
report under "Calibration of Models." 

For ease in parameter modification and for adequate modeling control, key 
data components are read into the model by discrete subareas, each containing 
one observation well at which control data had been collected. The configura-
tion of these subareas was determined using the Thiessen polygon method. Data 
that are entered into, or computed by, SUPERMOCK in this manner are: the 
hydraulic conductivities of the upper confining layer, aquifer storage coeffi-
cients, specific-yield values of the confining layer, and evapotranspiration. 
The values of these parameters were determined by calibration. In order to 
maintain control over calibration cause and effect, the value designated for 
each of these parameters at the control points was assigned to all nodes 
within each polygon (subarea) in the model area. 

The soil-moisture-accounting component in SUPERMOCK is a parametric 
rainfall accretion model in which the parameters have physical significance. 
This component computes changes in soil-moisture storage, and recharge to and 
discharge from the zone of aeration to the water table. Seven parameters used 
in the soil-moisture-accounting procedure help define the hydraulics of the 
soil as related to infiltration, storage, and drainage. The values of these 
parameters were chosen arbitrarily by a trial-and-error procedure in which 
infiltration was computed based upon the value of the soils parameters and 
daily precipitation and evaporation. Plausibility limits for the parameters 
are defined in the soils literature. Within these limits, the values of the 
soils parameters were adjusted until a combination was found that produced 
reasonable infiltration rates for the types of soils found in the Red River 
Valley. These seven parameters are: 

- SMSIN -

This parameter defines the initial value for surface-moisture storage, in 
inches. Surface-moisture storage (SMS) is carried by the model in an 
array containing values for SMS at each node in the grid. In the first 
time step of the model, each member of this array is set equal to SMSIN. 
For the Red River models, the value used in each lock-and-dam area was 
1.0 in. (25.4 mm). 

- KSAT -

This parameter defines the saturated hydraulic conductivity for soil, in 
inches per day. For the Red River models, a value of 10.0 in/d (254 
mm/d) was used. This value was within plausible limits and seemed to 
produce the best results based upon observed data. 
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- DRN -

This parameter defines the maximum drainage rate for soil, in inches per 
day. It controls the amount of infiltration, or recharge, to the water 
table when an excess in soil moisture is available. A value of 10.0 in/d 
(254 mm/d) was used in the Red River models. 

- SWF -

This parameter defines the suction (tension) of the soil at field capacity, 
in inches. The value used in the Red River models was 120 in. (3,050 
mm). This is a typical value for soils in the project area and was 
obtained from the soils literature. 

- RGF -

This parameter defines the ratio of wilting-point tension to tension at 
field capacity (dimensionless). The value used in the Red River models 
was 40.0. This value also was obtained from the soils literature and is 
a typical value for the project area. 

- SMSM -

This parameter defines the maximum amount of water, in inches, that can 
be held in surface-moisture storage. The value for SMSM was obtained by 
a calibration process in which observed hydrographs at control wells were 
compared with computed hydrographs at the same locations. A value of 1.0 
in. (25.4 mm) for this parameter was used in the Red River models. 

- XNORM -

This dimensionless parameter defines the limits of the recharge rate. It 
was set to 3 in all models of the Red River. This value allows the 
recharge rate to range from zero, for SMS 0.5x(SMSM), to 0.15x(DRN), 
for SMS=SMSM. 

The value of each of these parameters was held constant for the entire model 
and was entered to SUPERMOCK on a data input card. 

The stress on the soil-moisture-accounting component is the daily differ-
ence between precipitation and potential evapotranspiration which is input to 
SUPERMOCK on cards. When the stress is positive, infiltration to soil moisture 
is computed as a function of precipitation in excess of evapotranspiration, 
the amount of moisture already in storage, and the hydraulic properties of the 
soil. Infiltration, or positive downward flux, is computed by the model, 
using a modified version of a routine from a model by Dawdy, Lichty, and 
Bergmann (1972, p. B5-B8). This routine, which uses 5-minute rainfall periods, 
was modified to correspond to the 1-day rainfall periods used in this model. 
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Overland runoff, or infiltration residual computed in the routine of Dawdy, 
Lichty, and Bergmann (1972), was dropped from the soil-moisture-accounting 
procedure in SUPERMOCK. Due to the 1-day rainfall period, it was necessary to 
impose an upper limit (SMSM), as previously mentioned, on soil-moisture 
storage because redistribution of moisture occurred only once each day. The 
value of this limit used in the Red River models was 1 in. (25.4 mm). Because 
the surficial material of the Red River alluvium is generally fine grained, a 
limit of soil-moisture storage of 1 in. (25.4 mm) is reasonable. Evapotrans-
piration, or negative stress, is subtracted from soil-moisture storage up to 
the amount of water available. When soil moisture is reduced to zero, evapo-
transpiration is derived from ground-water storage in the water-table zone in 
the confining bed until soil moisture is replenished from rainfall. 

The vertical-flow component in SUPERMOCK computes the elevation of the 
water table in the fine-grained material above the aquifer as a function of 
the elevation of the water table in the preceding time step, the elevation of 
the potentiometric surface, and recharge from the soil-moisture zone. By use 
of this water-table elevation, flow to or from the aquifer can be determined 
and used by the horizontal-flow component. SUPERMOCK computes the redistribution 
of soil moisture (recharge) to the water table as a decaying exponential 
function of soil moisture throughout the range from 1 to 0.5 in. (25.4 to 12.7 
mm). For soil moisture less than 0.5 in. (12.7 mm), SUPERMOCK sets recharge 
to the water table to zero. Initially, the model takes evapotranspiration 
from soil moisture and then from ground-water storage in the upper confining 
layer after soil moisture is depleted. The limit on evapotranspiration from 
ground water is the steady-state rate of upward movement of water, as deter-
mined by the method of Ripple, Rubin, and van Hylckama (1972). ATMOFLUX, a 
peripheral data-preparation program developed for the investigation, was used 
to compute these data. ATMOFLUX uses a method requiring a specified relation 
between unsaturated hydraulic conductivity and soil suction (Ripple and others, 
1972, p. A6, eq. 10). Two parameters of this specification, n, an integer 
soil coefficient, and 51/2, soil suction at which the unsaturated conductivity 
is one-half the saturated conductivity, are used to express the limiting 
steady-state evapotranspiration in a nondimensional form. Values of n, 
ranging from 2 for clays to 5 for sands, and values of S1/2, ranging from 1 for 
sands to 2 for finer materials, were used in this study. Output from ATMOFLUX 
includes punched cards containing values of evapotranspiration divided by 
saturated hydraulic conductivity for depths to the water table ranging from 1 
to 30 ft (0.3 to 9.1 m) for four ranges in hydraulic conductivity associated 
with each soil coefficient, n. These punched cards are used as input to 
SUPERMOCK. The actual limiting rate of evapotranspiration used by SUPERMOCK 
was obtained by multiplying the computed upward rate associated with depth to 
the water table at a particular time by the saturated hydraulic conductivity 
of the upper segment (HCU) of the upper confining layer in a particular subarea. 
The method of Ripple, Rubin, and van Hylckama (1972) assumed bare soil and 
moisture transport to the land surface. Practically all the Red River project 
area is covered by vegetation. Therefore, moisture transport was calculated 
to the base of the root zone. 
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The horizontal-flow component in SUPERMOCK computes the transient eleva-
tion of the potentiometric surface in the aquifer. In the Red River models, 
the stresses on the aquifer that were simulated included the imposition of 
time-variant stream stages for the main stem of the Red River and its major 
tributaries and accretion, which is computed by SUPERMOCK as a function of the 
water-table elevation. Where a computed water table does not exist, the model 
uses infiltration, or recharge, from the soil-moisture zone as accretion to 
the aquifer. 

The time-step increment used in the nonsteady-state analyses of the Red 
River models was 10 days. Time-variant stream-stage and climatic data were 
used as input, and the potentiometric surface and water-table elevations at 
each node in the grid were computed for each time step. 

Calibration of the nonsteady-state model was based upon preconstruction 
stream stages and comparisons of computed and observed hydrographs at observa-
tion wells. After calibration, the model was used to compute postconstruction 
elevations of the potentiometric surface and water table. Postconstruction 
output was based upon the imposition of postconstruction stream stages on the 
main stem of the Red River. The availability of the time-varying elevation of 
the water table allowed the computation of average depths to the water table for 
specific periods of interest requested by the Soil Conservation Service. 

Steady State 

Steady-state projections of the postconstruction potentiometric surface 
in the Red River alluvial aquifer were made using techniques developed during 
similar studies in the Arkansas River valley (Bedinger and others, 1970). 
During the Arkansas River study, these techniques were applied to analog 
modeling. For the Red River investigation, these techniques were incorporated 
into a digital model called GWFLOW (Bedinger and others, 1973). GWFLOW is a 
two-dimensional representation of an aquifer. 

The principal data needs of the GWFLOW model for use in steady-state 
analysis are transmissivity of the aquifer, the ratio of change in evapo-
transpiration to change in aquifer head (AET/AH), change in stream stages, and 
thickness and hydraulic conductivity of streambed material. To determine the 
change in head at any point in the aquifer resulting from a change in river 
stage, the initial potentiometric surface on the stream boundaries is the 
change in river stage and is zero at all other nodes in the aquifer. 

In the steady-state models of the Red River alluvial aquifer, trans-
missivity was varied over the modeled area, and AET/AH was entered as varying 
by discrete subareas. The method used to determine values of AET/AH is dis-
cussed later under "Preparation of Digital-Model Input" and "Calibration of 
Models." Stress on the models was imposed at appropriate stream nodes as 
changes in stream stage from preconstruction to postconstruction conditions. 
The direct effects of changes in stage for streams with partial hydraulic 
connection were simulated by applying nonuniform streambed thickness and 
holding the hydraulic conductivity of the streambed material constant. The 
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values of AET/AH have a definite controlling effect on the magnitude of change 
in the potentiometric surface and on the area of influence of stream-stage 
change. 

Time-step increments for GWFLOW were based on computation times entered 
on cards. The computation times used in the Red River models, which were 
those that were recommended for GWFLOW, ranged from 0.00130 to 40,000 days in 
logarithmic increments. Although analyses indicated that most of the water-
level changes had taken place in the first 2-3 years, computation times were 
extended to 40,000 days to insure complete equilibrium. Primary output from 
the models consisted of changes in the potentiometric surface at each node in 
the 0.5-mile (0.8-km) grid. This output was used to contour changes in the 
potentiometric surface in the aquifer resulting from an increase in river 
stage. 

PREPARATION OF DIGITAL-MODEL INPUT 

Preparation of input data for use in the GWFLOW and SUPERMOCK models 
involved the collection and manipulation of field data. Some of the data 
required, and also the data format, are common to both GWFLOW and SUPERMOCK. 
However, because of the greater complexity of the SUPERMOCK model, more detailed 
and varied types of input were required for it than for the GWFLOW model. 

Several data-preparation computer programs, hereinafter termed "peripheral 
programs," were developed during the investigation to process data required by 
the models. These programs will be discussed in the following sections. 
Source listings and data-input requirements of these peripheral programs are 
included as attachments at the end of this report. 

Some of the data read into GWFLOW were dependent upon parameter values 
determined during the calibration of the nonsteady-state model. Therefore, 
nonsteady-state analyses for each lock-and-dam area were made before the 
corresponding steady-state analyses for that area. For purposes of discussion, 
preparation of data for the two models will also be discussed in that order. 

Nonsteady-State Model 

Varied types of data were prepared for entry into the nonsteady-state 
model in order to adequately define the flow field. Most of this input is in 
the form of alphameric maps that are representations of the modeled area. 
Many of these maps are outputs from the peripheral programs mentioned previously. 
The primary data input to the model are depicted in the generalized flow chart 
in figure 6. 

Root Depth 

Root depths of vegetation are key factors required by SUPERMOCK in 
determining the effective depth to the water table for computation of evapotrans-
piration. Evapotranspiration is modeled as depleting the moisture content in 
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Figure 6.--Flow diagram of digital-model procedure for nonsteady-state analysis. 



	 	

		
		

		
		
		
		
		

the soil layer between land surface and the base of the root zone. Upward 
flow from the water table occurs as a response to this surficial depletion. 

Cropping patterns to the nearest 40-acre (162,000-m2) plot and the effec-
tive root depths for the various types of vegetal cover were determined by the 
Soil Conservation Service. This information was based upon 1971 cropping 
patterns that were assumed to be representative of the project area for the 
calibration period. 

The root-depth data for each lock-and-dam area were entered into SUPERMOCK 
in the form of an alphameric map on cards. The various types of vegetal 
cover, their associated root depths, and the symbols representing those depths 
are tabulated below: 

Root depth 
Vegetal cover (feet) Map symbol 

Cotton 2.3 C 
Soybeans 2.3 S 
Pasture 2.5 - P 
Orchards 5.0 0 
Woodlands 5.0 W 
Uplands 5.0 U 
Urban areas 2.5 E 

An example of an alphameric root-depth map is shown in figure 7. (All 
examples are for Lock and Dam 3 area.) 

Land-Surface Elevation 

The elevation of the land surface, in feet above Mean Sea Level Datum of 
1929 (now referred to as National Geodetic Vertical Datum of 1929), was used 
in the nonsteady-state models as a reference point for determining (1) the 
depth to the water table, (2) the relation of the potentiometric surface to 
land surface, and (3) the elevation of the top of the aquifer. 

Land-surface elevations were obtained from two sources: instrument levels 
and topographic maps. The land-surface elevation at each of the observation 
wells was determined by instrument and assigned to the node nearest the well. 
At all other nodes in each of the lock-and-dam-area models, these data were 
picked from topographic maps. The appropriate set of data was read into 
SUPERMOCK for each lock-and-dam area in the form of a numeric map. Land-
surface elevations at each node were estimated to the nearest foot. 

Topographic map coverage, including map contour interval, is shown in 

figure 8. 
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Figure 7.--Example of alphameric root-depth map. 
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Initial Potentiometric Surface and Water Table 

The elevation of the water table and potentiometric surface is required 
by SUPERMOCK as the starting point for computations. In the first time step 
in the model, the elevation of the water table is set equal to the elevation 
of the potentiometric surface at corresponding nodes. Therefore, the data 
input that must be prepared is the initial potentiometric surface. 

In the Red River models, the average potentiometric surface for the 
period of record was used to represent the initial preconstruction potentio-
metric surface. The elevation of the average potentiometric surface in the 
aquifer was based on a minimum of 4 years of record. These data were collected 
from the joint Geological Survey-Soil Conservation Service observation-well 
network in the valley. Measurements were made monthly in the 350-well network. 
Water-level measurements at each observation well in a particular lock-and-dam 
area were averaged on a time-weighted basis using a digital program called 
AVERAGE, which was developed for this purpose. The only data required by the 
AVERAGE program are water levels and corresponding dates of measurement at 
each observation well. A program-source listing, containing input requirements 
and formats, and an example of program output are included in attachment A. 
The average values determined from this procedure were plotted and manually 
contoured to obtain the elevation of the preconstruction potentiometric 
surface in that lock-and-dam area. The resulting average potentiometric 
surface represents a hypothetical dynamic-equilibrium condition of head in the 
aquifer for preconstruction conditions. From the contour map, the elevation 
of the potentiometric surface was picked for each node in the grid covering a 
lock-and-dam area. These values were coded into a numeric map containing 
elevations to the nearest foot at each node. The map was converted into data 
cards that were used as input to SUPERMOCK. 

Observed Potentiometric Surface and Water-Table Elevations 

For purposes of calibration, observed levels of the water table and the 
potentiometric surface were compared with corresponding values computed by 
SUPERMOCK. The comparisons were made in the DATE program (Reed and others, 
1976) that was run in sequence with the SUPERMOCK model. The observed data 
used in DATE consisted of the spring "high" and fall "low" water table and 
potentiometric levels for one or more years. 

The observed potentiometric levels for the high in the spring and the low 
in the fall of specified years were read into DATE as exact values. However, 
because the position of the water table at some sites known only within a 
certain range, several input format options are allowed. Water-table values 
may be entered as being greater than or less than a given value, as being 
within a closed range, as an exact value, or as being unknown. 

An example of a calibration table produced by DATE and a discussion of 
the use of the data are given in the section "Calibration and Verification of 
the Nonsteady-State Model." Observed data are printed in the table according 
to the format in which they were entered to DATE. Use of the observed data 
for comparisons with computed data was invaluable in the calibration process. 
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Transmissivity 

The transmissivity of the alluvial aquifer in the study area ranges from 
3,000 to 15,000 ft2/d (279 to 1,390 m2/d). These values were determined at 
selected sites by analysis of pumping-test data and by analysis of aquifer 
response to river-stage fluctuations. These data were extrapolated to other 
areas of the valley by developing relationships between hydraulic conductivity 
and particle size at the pumping-test sites and extending these values, on the 
basis of grain-size relationships and thickness, to test-hole sites. 

Pumping tests conducted by the Geological Survey as part of earlier 
studies of the alluvium (Newcome, 1960) provided values of transmissivity at 
six locations in the valley. Transmissivity values, determined from these 
tests, ranged from 5,300 to 13,000 ft2/d (492 to 1,210 m2/d). The hydraulic 
conductivity ranged from 130 to 160 ft/d (40 to 49 m/d). 

Approximately 150 samples of aquifer material were collected from test 
holes and analyzed for hydraulic conductivity and particle size during the 
investigation. From these analyses, a relationship was developed between 
hydraulic conductivity and particle size, using the method of Johnson and 
Bedinger (1967). From this relationship, an average value of hydraulic 
conductivity was developed for the alluvial aquifer. Conductivity values 
obtained by this method were compared with those determined from pumping 
tests. From these analyses, an average value of hydraulic conductivity of 147 
ft/d (45 m/d) was determined for the alluvial aquifer. This value was checked 
at several locations near the river by using the RIVER-INDUCED FLUCTUATIONS 
computer program (Bedinger and others, 1973). The transmissivity at each of 
the test-hole sites was then computed by multiplying the average conductivity 
by the thickness of aquifer material noted in the test-hole logs. 

Transmissivity values for the terrace deposits were estimated using 
thicknesses obtained from logs of test holes in the deposits. The average 
hydraulic conductivity was assumed to be 147 ft/d (45 m/d). Terrace deposits 
were assigned transmissivity values where they are areally extensive and are 
considered to be hydraulically connected with the alluvial aquifer. 

The formations of Tertiary age, which underlie the alluvium and form the 
uplands bordering the valley, are composed primarily of silt and clay and are 
relatively impermeable compared with the alluvial aquifer. Estimated trans-
missivities for sand units in these formations ranged from SO to 700 ft2/d 
(4.7 to 65 m2/d) in areas where they are in hydraulic connection with the 
alluvial aquifer. These estimates were based upon geologic and pumping-test 
data collected during earlier studies (Newcome, 1960). 

After transmissivity values had been plotted and contoured for the 
project area, alphameric maps were prepared for each lock-and-dam area; and 
the data were punched on cards for input to the models. An example of an 
alphameric transmissivity map from the study and explanation of symbols are 
shown in figure 9. 
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TRANSmISSIVITY MAP OF AQUIFER 
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SYMBOL TRANSMISSIVITY 
A 500.000000 
Ei 3000.000000 
C 000.000000 

7000.000000 
E 9000.000000 
H 11000.000000 

12000.000000 
0.0 

Figure 9.--Example of alphameric transmissivity map. 

http:IEFLHHH:IIII!HHEF.Ec
http:d.A:-.A1


Additional checks were made on the modeled transmissivity values during 
calibration of the nonsteady-state models. However, only minor adjustments 
were made, and the maps were used virtually as initially prepared in both the 
steady- and nonsteady-state models. 

Conductivity of the Upper Confining Layer 

Movement of water to or from the alluvial aquifer takes place through the 
upper confining layer, which overlies the aquifer nearly everywhere in the 
valley. The upper confining layer, which is composed of a heterogeneous 
sequence of clay, silt, and sand, ranges in thickness from a few feet to 140 
ft (43 m). Movement of water through the upper confining layer was modeled as 
being one-dimensional vertical flow. To provide for greater flexibility in 
modeling the vertical-flow component, the upper confining layer was modeled as 
two segments; one segment extending from the base of the root zone to the 
water table and the other extending from the water table to the top of the 
aquifer. 

Both the upper and lower segments were assigned values of hydraulic 
conductivity, designated HCU and HCL, respectively. These values were entered 
in SUPERMOCK by discrete subareas--each subarea having a unique value for HCU 
and HCL. Each node within a subarea was assigned the same value for HCU and 
HCL. Initially, HCU and HCL values in a particular subarea were set equal to 
the same value. This value represented the harmonic mean of the conductivities 
for materials in the upper confining layer in that subarea. These harmonic-
mean conductivities were computed using a digital program, ATMOFLUX, shown in 
attachment B. The ATMOFLUX program uses as input the thickness and lithologic 
class for materials in the upper confining layer. Lithologic data for the 
upper confining layer were obtained from test-hole logs. The scheme used in 
the study for associating lithologic class and hydraulic conductivity is shown 
in figure 10. 

Hydraulic-conductivity values ranging from 3.0 to 1.0x10-5 ft/d (0.9 to 
3x10-6 m/d) were selected as being the physical plausibility limits within 
which adjustments could be made to the vertical hydraulic conductivity of the 
upper confining layer. This range represents the conductivity of materials 
ranging from fine sand to dense clay. Because of the lateral variability of 
upper alluvial materials, the initial conductivity values, as determined from 
test-hole logs, are not necessarily representative of the entire area as 
modeled. Therefore, the only constraints on adjusting vertical hydraulic 
conductivity values during calibration was to remain within the physical 
plausibility limits. 

An example of an alphameric map and the accompanying table defining the 
value of HCU and HCL for each subarea of a lock-and-dam area are shown in 
figure 11. 
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4 0.667 13 0.01 

7 0.1 15 0.0004 
0.133 

Figure 10.--Trilinear graph of soil-classification scheme showing hydraulic-conductivity 
values for soil classes used in ATMOFLUX program. 
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HC EAPLANATIUN 

5E0uP.CE 1 SVNOOL. I REPRESENTATIVE I HCO 1 HCL I THK 
NumaER I I WELL NUMBER 

1. 1 A I N999 1 0.00020 1 0.00620 I 45.00 
2. I 5 I N257 I U.u22u9 I 0.02209 1 45.00 
3. I Y I Ni.70 1 0.01300 I 0.01000 I 85.00 
4. 1 . I N273 I 0.15000 1 0.05000 1 90.00 
5. 1%.1 N276 1 0.00310 I 0.01600 1 67.00 
6. 1 9 I N . 1 0.02000 I 0.20000 I 67.00261 
7. I 6 I N263 I 0.020u0 1 0.20000 1 35.00 
a. I i N264 I 0.02000 1 0.2000 I 42.00 
9. 6 1 N265 I 0.40000 I 0.20000 I 48.00 

10. I -4 I N267 I 0.00400 I 0.04000 I 31.00 
11. 1 5 1 N269 I 0.00130 i 0.00000 1 23-7,0 
12. I E I N290 1 0.02050 1 0.30500 I 50.00 
13. I C 1 N293 I 0.32000 I 0.00660 I 63.60 
14. t Ei I N308 I 0.06230 I 0.00250 I 60.00 
15. I 0 1 N381 I 0.05000 I 0-'130 50.00 
16. P I N382 I 0.50030 0.02063 I 30.00 
17. I C 1 N383 I 0.00300 I 0.02030 I 35.00 
1e. I • i N304 I 0.20660 I 0.00400 1100.00 
19. I C. I 1.285 0.03030 I 3.03500• I 35.00 
20. I • I N386 1 0.00300 I 6.00666 1 45.00 
21. I I I N367 I 0.00050 1 0.00,00 1 25.00 
22. I U i N358 I 0.60100 1 0.00050 1 47.00 
23. 1 V I N369 I 0.00400 I 0.00100 I 36.30 
24. I 1 I 1.393 I 0.00300 I 0.01000 1 85.00 
25. 1 . I N)51 I 0.00200 I 6.00200 1 25.00 
2c. I N302 I 0.0 --.e) - .:.0500 I 35.00Co 

i 27. 1 ? 1 N:193 i 0.00200 I 6.01000 i 36.00‘..) 
2A. I 2 i 639. I 0.00100 6.6;030 1 45.00 
29. I 1 1 N305 I 0.06200 I 0.00001 40.00 
50. I 1 I 1.398 0.00103 i 0.C6h20, I 13.0, 
31. I. N399 I 0.00069 I 0.010,,0 1 65.00 
32. I I. i 7.460 0.00100 I 0.03020 I 55.00 
33. 1 > N401 I 0.00060 I 0.01060 I 83.00 
34. I r N402 1 0.04000 I 0.0080G I 85.00 
35. I K 6424 I 0.06010 I 0.C'3000 r 70.00 
3C. I 2 N432 I 0.41000 I 0.02000 i 66.00 
37. I A '.433 i 0.22300 i 0.04000 I 37.00 
38. I G .128 I 3.00635 1 6.00005 I 40.00 
34. I m 0268 0.20000 1 0.01000 1 32.00 
40. I N 0270 I 0.20000 I 0.02000 I 75.00 
41. I / 0336 I 0.08000 I 0.15000 I 75.00 
42. I L 6343 t 0.00300 I 0.03000 I 75.00 
43. I J G347 I 0.03000 I 0.65000 I 47.00 
44. i H G348 I 0.10000 I 0.00500 I 60.00 
45. I D 31,49 I 0.10000 I G.07000 I 53.00 
46. I 3 ?654 I 0.0050u I 0.03500 I 20.00 
47. I 5 0964 I 0.10000 1 0.01300 I 36.60 
48. I 4 k970 I 0.20000 I 0.02000 I 50.00 

Figure 11.--Example of alphameric map of vertical hydraulic conductivity and 

explanation of symbols. 
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Relation of Evapotranspiration to Depth to Water 

Because the entire valley is covered by vegetation, the removal of water 
by evapotranspiration is not at the land surface but is at the base of the 
root zone in the fine-grained layer. To determine the rate of evapotrans-
piration from the root zone for different depths to water, a function expressing 
the relationship between dimensionless evapotranspiration and depth to water 
below the root zone (GWETO) is used by the model. Values of the GWETO function 
were computed by the ATMOFLUX program (attachment F) and were entered to the 
model on cards. GWETO includes four different functional relations between 
evapotranspiration and saturated hydraulic conductivity. The values of the 
GWETO function for the four ranges in hydraulic conductivity and for depths of 
from 1 to 30 ft (0.3 to 9.1 m) to the water table are shown in figure 12. The 
appropriate relation is chosen during program execution based on the value of 
HCU. The value of evapotranspiration is computed in the program as the product 
of GWETO at a particular depth to water and the upper hydraulic conductivity 
(HCU). A detailed discussion of the determination of the GWETO function is 
given in Reed, Bedinger, and Terry (1976, p. 52). 

ET EXPLANATION 

. 
DEPTH TO HC<.004 I .004<HC<.040 I .040<HC<.400 .400<HC 

WATER TABLE 
(FT) 

1 I 2.6815 1.8021 I 1.5209 I 0.3824 
2 I 1.1486 0.6498 I 0.4747 I 0.0376 
3 I 0.6605 0.3068 I 0.1821 I 0.0056 
4 1 0.4311 0.1633 I 0.0763 I 0.0014 
5 I 0.3030 0.0945 1 0.0351 I 0.0004 
6 0.2240 0.0585 I 0.0178 I 0.0002 
7 I 0.1719 0.0383 1 0.0096 I 0.0001 
8 I 0.1358 0.0262 I 0.0058 I 0.0000 
9 I 0.1099 0.0187 I 0.0037 I 0.0000 

10 i C.0905 0.0138 I 0.0024 I 0.0000 
ii I 0.0758 0.0104 I 0.0016 I 0.0000 
12 i 0.0644 0.0011 I 0.0012 I 0.0 
13 I 0.0553 0.0064 I 0.0008 I 0.0 
14 I 0.0481 0.0051 I 0.0006 I 0.0 
15 i 0.0421 G.0042 I 0.0005 I 0.0 
16 I 0.0372 0.0034 I 0.0004 I 0.0 
17 I 0.0331 0.0029 I 0.0003 I 0.0 
18 I 0.0296 0.0024 I 0.0002 0.0 
19 I 0.0266 0.0020 I 0.0002 I 0.0 
20 1 0.0241 0.0018 I 0.0001 I 0.0 
21 I 0.0219 0.0015 I 0.0001 I 0.0 
22 i 0.0200 0.0013 I 0.0001 I 0.0 
23 
24 
25 

I 
I 
► 

0.0183 
0.0168 
0.0155 

0.0012 
0.0010 
0.0009 

I 
I 
I 

0.0001 
0.0001 
0.0001 

I 
I 
I 

0.0 
0.0 
0.0 

26 I 0.0144 0.0008 I 0.0000 I 0.0 
27 I 0.0134 0.0007 I 0.0000 I 0.0 
28 1 0.0124 0.0006 I 0.0000 I 0.0 
29 1 0.0116 0.0006 I 0.0000 I 0.0 
30 I 0.0108 0.0005 I 0.0000 I 0.0 

Figure 12.--Example of GWETO functions for computation of evapotranspiration. 
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Thickness of Streambed Material 

The Red River and its tributaries do not fully penetrate the alluvial 
aquifer at all places along their channel. The fine-grained material that 
exists beneath the stream channels in places retards the movement of water to 
or from the aquifer. As a result, for preconstruction conditions, water 
levels in observation wells as close as 200 ft (61 m) to the streams may 
differ by as much as 3 to 5 ft (0.9 to 1.5 m) from stream levels during 
transient conditions. 

In SUPERMOCK, grid nodes assigned to the main stem of the Red River may 
optionally be specified as fully or partially penetrating the aquifer. All 
tributary stream entries are assumed to be partially penetrating. The model 
requires that all partially penetrating stream nodes be assigned a streambed 
thickness. 

The thickness of material beneath the stream channels was not known 
initially except through qualitative estimates based on logs of test holes 
near the stream channels. Therefore, the effective thickness was determined 
from analysis of SUPERMOCK's response to different thicknesses as indicated by 
the differences in the computed and observed potentiometric surface at control 
wells near a stream. The reasonableness of the annual accretion to the 
aquifer necessary to maintain a computed potentiometric level equal to the 
observed level at those wells was also considered. An arbitrary value of 
thickness was assigned to each node in the model that represents a point on a 
stream channel. Maps showing streambed thickness were then prepared for each 
of the modeled areas. Separate symbols were used for each stream, and an 
arbitrary value of thickness was given to each symbol. During calibration, 
additional symbols were introduced where needed to represent different thick-
nesses. Where changes were not required, the symbols used initially were 
retained for ease in identifying various modeled stream channels. For reaches 
of a stream where zero thickness seemed to be indicated by model response, a 
very small nonzero value was assigned. The program logic in SUPERMOCK computes 
no flow through the streambed if a zero thickness is coded for the node in the 
streambed-thickness map. An example of a streambed-thickness map and its 
accompanying legend are shown in figure 13. The thickness value associated 
with the symbols H and C is printed as zero because of the print format in 
SUPERMOCK. The value is actually a small nonzero fraction. The blank in the 
explanation indicates a nonstream node and therefore has no streambed thick-
ness associated with it. The 3's around the edge of the model indicate a no-
flow boundary. 

The thicknesses shown on the maps do not necessarily indicate the physical 
thickness of fine-grained material at a given location. A single value of 
5x10-3 ft/d (1.5x10-3 m/d) was used in the model as the hydraulic conductivity 
of the fine-grained material. Therefore, the thickness was adjusted to obtain 
the correct ratio of hydraulic conductivity to thickness for calibration. 
Also, because of the 0.5-mile (0.8-km) grid spacing used in the models, any 
modeled watercourse is effectively 0.5 mi (0.2 km) wide. Thus, the modeled 
thicknesses must represent the flow characteristics through streambed materials 
in generally much narrower streams. A near-zero thickness of streambed 
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Map of thickness of streambed and lakebed material 

SYMBOL THICKNESS(ft) 
3 (OUTSIUE SYSTEM)
A ?0. 

20. 

5. 
O. 
5. 

10. 
0. 

15. 
J 7. 
K 

L 40. 

Figure 13.--Example of alphameric streambed-thickness map tor 
nonsteady-state analysis. 
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material is an indication that at that point the river and aquifer are in 
perfect hydraulic connection. 

Changes in the preconstruction streambed-thickness map required in the 
postconstruction analysis included only the addition of nodes reflecting 
postconstruction changes in the position of the navigation channel. The added 
nodes were assigned the same thickness value as adjoining river nodes. 

Specific Yield and Storage Coefficient 

The introduction of specific-yield values and aquifer-storage coefficients 
into the model was done in alphameric form by discrete subareas identical with 
those used for the entry of HCU and HCL. An example of an alphameric map of 
specific-yield values and storage coefficients and the explanation for each 
are shown in figure 14. The scheme for applying calibration values to identical 
subareas was used so that, during the calibration process, modifications could 
be made to the values represented by symbols in any one subarea without substan-
tially affecting adjacent areas. 

Specific-yield values were limited to a plausibility from 1x10-2 to 
2x10-1, and the storage coefficient was allowed to vary from lx10-3 to 1x10-5. 
The final specific-yield values and aquifer storage-coefficient values were 
adjusted in the calibration procedure by a trial-and-error process within 
these limits. 

Precipitation and Potential Evapotranspiration 

Daily precipitation and evapotranspiration data are required by SUPERMOCK. 
Climatic information used in preparing these data was obtained from National 
Weather Service stations in, or near, each lock-and-dam area. Data from 
Weather Service stations at Alexandria, Natchitoches, Westdale, and Shreveport 
were used in Lock and Dam 2-5 areas, respectively (fig. 3). Data for Lock 
and Dam 1 area were taken from the Jonesville station, which is about 20 
mi (32 km) north of that area. 

Daily precipitation, in inches, was taken directly from Weather Service 
records and coded for card input to SUPERMOCK. The model assumes uniform 
distribution of precipitation throughout the grid area. Therefore, no nodal 
specifications were required. SUPERMOCK required that the precipitation data 
begin on or before the first day of the simulation run and continue through 
the duration of the period analyzed. 

Daily potential-evapotranspiration data were not directly available. 
Therefore, a computation scheme was required to derive the data. Potential 
evapotranspiration is the combination of evaporation from the ground surface 
and transpiration from plants when there is complete vegetal coverage and soil 
moisture is adequate. Potential evapotranspiration was computed by the method 
of Thornthwaite (1948). This computation scheme was incorporated into a 
digital-computer program called POTEET, which was modified from a program 
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Coefficient of storage map 
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Figure 14.--Example of alphameric specific yield and 

storage-coefficient map and explanation of symbols. 
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developed by E. P. Weeks (written commun., 1973). The principal data require-
ments of this program are minimum and maximum daily air temperatures, monthly 
average temperatures during the period for which potential evapotranspiration 
is to be computed, and latitude. A source program listing and complete data 
requirements for POTEET are included in attachment C. Primary output from 
POTEET consists of punched computer cards that are in a format compatible with 
input requirements for SUPERMOCK. 

River Stage 

Two complete sets of time-variant stream-stage data for the Red River and 
its major tributaries were required for nonsteady-state analysis. Preconstruc-
tion conditions in each lock-and-dam area were simulated and the nonsteady-
state model was calibrated to reproduce observed water-table levels and 
potentiometric-surface elevations at control wells. After successful calibra-
tion, the preconstruction stages were replaced by time-variant postconstruction 
stages, and production runs were made simulating postconstruction conditions 
in the flow field. Datum for all stream-stage data used in the nonsteady-
state model was Mean Sea Level Datum of 1929. 

The Corps of Engineers provided time-variant preconstruction and post-
construction stages on the main stem of the Red River for the period December 
1967 to September 1973. These data consisted of sets of 5-day-average stages 
at approximately 2-mile (3.2-km) intervals for the entire reach of the Red 
River in the project area. Each set of associated stage and river-mile data 
was identified by a sequence number, increased by 5 for each set, to correspond 
to the time (day) on which the average stages were based. The preconstruction 
and postconstruction stages comprised two separate data sets, each residing on 
a separate 7-track magnetic tape. These data sets were transferred to 9-track 
tapes and used as master input-data sets for the creation of separate lock-
and-dam-area main-stem river-stage-data sets, as needed. 

The individual lock-and-dam-area sets for the main stem of the Red River 
were created by use of a digital program called RIVCHANGE, developed specifi-
cally for that purpose. The source-program listing of RIVCHANGE and data-
input requirements and formats are included in attachment D. Input requirements 
for RIVCHANGE include the following: (1) beginning and ending sequence numbers 
corresponding to the beginning and ending dates of a period of time encompassing 
the period to be analyzed for a particular lock-and-dam area; (2) a number 
equal to an interpolated sequence number within the period specified in (1) at 
which computation of 10-day averages is to begin; (3) the length of time, in 
days, for which computation of 10-day averages is to continue; (4) the beginning 
and ending river miles in a particular lock-and-dam area; and (5) grid nodes 
and associated river miles at which 10-day-average river stages were desired. 
Node designation and associated river mile were determined manually, beginning 
at the downstream end of the model and proceeding upsteam sequentially to the 
upstream end of the model area. 

RIVCHANGE was designed to interpolate in time and space and compute 10-
day-average stages at specified river miles associated with river-stage nodes 
in the model of a particular lock-and-dam area. The program first located the 
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specified time period within the master data set and determined the reach of 
the river to be analyzed. The spatial interpolation was based on river miles 
and the temporal interpolation was based on sequence numbers and associated 
calendar dates. As enough daily data became available from the interpolation, 
RIVCHANGE began computing 10-day-average stages, beginning with the day 
designated by the beginning sequence number for computations, and continuing 
for the number of days specified. 

Output from RIVCHANGE consisted of 10-day-average river stages associated 
with specified grid nodes. Each set of average data was identified by a 
sequence number and a calendar date. These data were printed and also 
stored in a sequential data set on a magnetic disk pack. The disk data set 
could then be accessed by SUPERMOCK to obtain main-stem river stage every 10 
days for the duration of a simulation period. 

Preconstruction and postconstruction main-stem data sets were created 
by RIVCHANGE. Differences in the preparation of preconstruction- and post-
construction-area data sets involved accessing different master data sets 
and specifying a different set of associated grid nodes and river miles. 

Time-variant 10-day-average stages on significant tributaries to the 
Red River were also required by SUPERMOCK. A digital program called TRIBCHANGE 
was developed to provide these data in a suitable form. Input requirements 
for TRIBCHANGE include the following: (1) the total number of tributary-
stream nodes to which stages would be assigned, (2) a beginning sequence 
number--identical with that for the main-stem data set-for computing sequence 
numbers for sets of tributary-stream output, (3) manually computed 10-day-
average stages at gaging stations on each stream, and (4) associated grid 
nodes and stream miles for each stream. Data for any number of streams can 
be used as input to TRIBCHANGE, and the entire tributary-stream data set may 
be created in one run of the program. 

TRIBCHANGE was designed to interpolate only spatially because the 10-day 
averages entered to it were computed manually for the needed time increments. 
At nodes where tributary streams enter the Red River, the 10-day-average data 
from the main-stem-data set were entered to TRIBCHANGE as data for the base 
gage on that stream. 

Output from TRIBCHANGE consisted of 10-day-average stages every 10 days at 
all specified grid nodes for tributary streams in a particular lock-and-dam 
area. Each set was identified by a sequence number identical with the sequence 
number of a corresponding average set in the main-stem-data set. 

Data from TRIBCHANGE were printed and also stored in a sequential data 
set on a magnetic disk pack. This disk data set was then accessed by SUPERMOCK 
to obtain 10-day average tributary-stream stages every 10 days during the 
duration of a run. 

Both preconstruction and postconstruction tributary-stream-data sets 
were created by TRIBCHANGE. Changes in data used as input to the program 
for postconstruction included changes in base-gage data at the mouth of 
streams emptying directly into the Red River, thereby reflecting increased 
postconstruction stages on the Red River. 
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A source program listing of TRIBCHANGE and input data requirements and 
formats are included in attachment E. 

Steady-State Model 

The data requirements of the GWFLOW model are less complicated than those 
of SUPERMOCK. GWFLOW simulates only the response of the aquifer to imposed 
stresses and does not consider the effects upon the overlying water table. 
Data required by SUPERMOCK for modeling a water table and activities in the 
unsaturated zone are not required by GWFLOW. A generalized flow chart showing 
the major input data necessary for GWFLOW is presented in figure 15. 

Change in 
evapotran-

Transmissivitv spiration Boundaries 
with change 

in head 

Y 
Stress: Average ol Model represen-
change in stream tation of flow 

stage system 

Y 

Average change in 
notentiometric 

surface 

Figure 15.--Flow diagram of digital-model procedure for steady-state analysis. 
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Transmissivity 

The transmissivity of the aquifer may be entered to GWFLOW as constant 
over the grid area or as a spatially varying parameter. For the Red River 
models, transmissivity was entered as spatially varying. An alphameric map 
was used in which each symbol represented a different value of transmissivity. 
The map was identical with that used in the SUPERMOCK model. (See fig. 9.) 

Change in Evapotranspiration with Change in Potentiometric Surface 

GWFLOW allows for values representing the change in evapotranspiration 
with respect to a change in head (tET/AH) to be entered as either constant 
over the grid area, varying, or not modeled at all. For the Red River models, 
AET/AH was varied by discrete subareas, as represented by different symbols 
in an alphameric map of the grid. The alphameric map for AET/AH was identical 
with the map used in SUPERMOCK for identifying evapotranspiration and hydraulic 
conductivity of the confining layer. (See fig. 16.) 

Values of AZT/AH were determined with the aid of a digital-computer 
program called DELETDELH. Input data requirements, program listing, and an 
example of program output are shown in attachment F. The computation scheme 
in this program is based on a method given by Ripple, Rubin, and van Hylckama 
(1972). Primary input to the program includes the following: (1) the upper 
and lower hydraulic conductivities (HCU and HCL) of the confining layer in 
each subarea, as determined from calibration of SUPERMOCK; (2) the thickness 
of material from the base of the root zone to the top of the aquifer in each 
subarea; and (3) values of evapotranspiration divided by saturated hydraulic 
conductivity (GWETO) for depths to the zone of saturation of from 1 to 30 ft 
(0.3 to 9.1 m) for four ranges in hydraulic conductivity, as computed by 
ATMOFLUX. Using these data, DELETDELH computes, for each subarea, values of 
AET/AH for depths to water of from 1 to 30 ft (0.3 to 9.1 m). 

Values of AET/AH are computed by DELETDELH by the following procedure. 
Input values of GWETO (ratio of limiting rate of evapotranspiration to hydraulic 
conductivity) were multiplied by the input value of HCU to convert the dimen-
sionless GWETO value into a limiting rate of evapotranspiration (in feet per 
day) from the water table. This flow was then routed down to the base of the 
confining layer, using input data on HCL and thickness of the confining layer, 
to obtain the artesian head (expressed as depth to water) necessary to sustain 
this flow. The flow is largest for the shallowest computed depth to water (1 
ft, or 0.3 m) and decreases with increasing depth to water. The steady-state 
model uses changes in head and flow as boundary conditions. Change in flow 
per unit of head change (AET/AH) was computed by DELETDELH for an input value 
of depth to water by dividing differences in flow by differences in depth to 
water. An example of results of the computations is shown in attachment F. 

The relation between evapotranspiration and depth to water is a curvili-
near function. The function is computed by the program DELETDELH. Output 
from this program are tables of tET/tH values for depths of from 1 to 30 ft 
(0.3 to 9.1 m) to water. The model calculates the change in evapotranspiration 
with change in water level as a linear function. Therefore, an iterative 
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procedure is used with the steady-state model to select the value of AET/AH 
for the change in evapotranspiration from the initial water level to the 
final water level. The model is run initially with AET/AH not modeled, using 
change in river stage as the only stress on the model. The model is then run 
with change in river stage and the AET/AH values associated with the head 
change from the initial head to the final head determined in each subarea 
during the initial run. (See fig. 29.) This computed head change is then 
subtracted from the average preconstruction water level to obtain the computed 
water level. Then, from the table of AET/AH values, a second AET/AH value is 
chosen corresponding to the computed water level. The model is run again 
using the second value of AET/AH. This process is repeated until the final 
model-computed head is equal to the final head used in selecting AET/AH. 

An example of the alphameric-map representation of AET/AH for a lock-
and-dam area and the list of input values are shown in figure 16. 

Thickness of Streambed Material 

GWFLOW allows the thickness of streambed material to be entered as 
either constant or as a unique value at each node on an alphameric map defining 
the stream courses. For the Red River models, values of streambed thickness 
were determined in the calibration of SUPERMOCK. The thickness values were 
those found through calibration to reproduce observed potentiometric levels 
of observation wells near the stream and still maintain reasonable annual-
accretion summations at the wells. The only difference in the streambed-
thickness map used in GWFLOW and that calibrated in SUPERMOCK was at nodes 
where small, nonzero thicknesses were applied in the nonsteady-state map. In 
these instances, zeros were inserted in the thickness map for steady-state 
analysis. The reason for these changes involves model treatment of such 
nodes. A very small thickness of streambed material causes computational 
problems in GWFLOW. An example of a streambed-thickness map used in GWFLOW 
is shown in figure 17. 

Head Conditions in Confined Aquifer (Node-Level Map) 

GWFLOW requires that a node-level map be entered on cards. The node-level 
map is a numeric map indicating the head condition that exists in the confined 
aquifer at each nodal location. An example of a node-level map used in GWFLOW 
is shown in figure 18. SUPERMOCK uses the same scheme for node identification 
but computes its own node-level map, based upon other input data. A type-1 
node indicates a point inside the flow system where the head is not specified. 
At a stream node, a 1 indicates partial penetration of the aquifer by the 
stream. A type-2 node indicates a point inside the flow system where the head 
is specified. For example, a 2 would be coded for a stream node where the 
stream fully penetrates the aquifer. A type-3 node indicates a point outside 
the flow system, a no-flow boundary. In the Red River models, only the boun-
daries of the node-level maps were coded as 3. Nodes coded as type 2 were 
determined by inspection of the streambed-thickness maps calibrated in SUPER-
MOCK. A 2 was coded at each node where a small nonzero thickness had been 
assigned in SUPERMOCK. As mentioned previously, a zero thickness was assigned 
to these nodes in the streambed-thickness map for GWFLOW. All remaining 
nodes in the GWFLOW node-level maps were coded as type 1. 
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MAP OF CHANGE IN EVAPOTRANSPIRATION PER UNIT CHANGE IN HEAD 

88138888CCCCCCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAUDDDDUUDDUAAAAAAAAAAAAAAAA 
8680683CCCCCCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALWOODUUDUOMAAAAAAAAAAAAAAA 
889838bCCCCLCCAAAAAAAAAAAAAAAAAAA4AAAAAA4AAA4MAAAAAAAAUODDOUWAWAAAAAAAAAA4AAAAA 
bBH6890CCCCCCCCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAULJuLA=AAAAAAAAAAAAAAAA 
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6814000CCCCCCCFAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAALWOODAAAAAAAAAAAAAAAA 
liciBBdEs8CCCLUFFAAAAAAAAAAAAAAAAAAA4AAAAAAAAAAAAAAAAAAAAAAAAouOUAAAAAAAAAAAAAAAAA 
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dbEiBdbbFFFFFPFFAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAHHHHHHhhAAAAULWOLWAAAAAmmmmmmmAAAAA 
BE1568d0FFFFFFPF(mAiGuAAAAAAAAAAAAAAAAAAAAAAAAmmiiHemmhhAAAALUJUDUAAAAAMmAAAAAA 
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AAAALLEU00000uPPPPPPk4 SSAmAAAAAAVVVVV1IAXXnKKKKmLLLLLLMMMMMVMHINNNNNNsi 
AAAAEE0000Uuu$SPPPPPkQGvjkkks$TTAAAAJvVVVVyWAAAXXAXKNYYLLLLLLMMmmmmmmw4NW,iNNit.NN 
AAAAAE000000$$$$PPPUM;uekkmITTTUUJUVVI/wwwwAAXXXXXVYYYYVYAAmmmMMMmM//NNNWsNNNN 
AAAAAt:0000011SSISPPQUU TTITUUUuU4m4wWwAAXXXXXYYYYYYAAAm4Pmm//////NNNNNNNN% 
AAAAAEUGGSIS33iSiiirUOGQrn,a 4.•••)UJJUUwWwww222AXiiietYYAAAAAMMM////////NNNNNNNhN 
AAAA* *****")$liliSb08/30....))))))))11122c22LZZLZLYAAAAAAmm//////////NNNNNNNN 
AAAA****-,*****ss$888d8888,2 )))))??111122222ZZIZZLZAAAAAA////////J3.133%W.N;.NN 
AAAA ****......*.obbebder1 68....))))????1111122222Li>»AAAAAAA///////.1333333NNWsto. 
AAA***********7777800886080...) -...7,11 .illle2t.t.>>>»AAAAAAAA333333333:)3333NNNIN4 
AAA*******AAA77777777d8d068 -"" ''') ====116, 4ri,6»»AAAAAAAAAA3.5334333333.33N444 
AAAAAA ,AAAAAA6b7777777778 &&e66.6.f.>»AAAAAAAAAAAAAAAAAAA333334444 
AAAAAA*AAAAAAAb6t77777779 (((((((=&65,&&&&&>>AAAAAAAAAAAAAAAAAAA.)33344444 
AA4AAAA'4 AAAAAA6b677779999 ((((((gottA0.4AAAAAAAAAAAAAAAAAAALA 33%444444 
AAAAAA;4AAAAAA6666659999999 grigurnxisa6.?atiAAAAAAAAAAAAAAAAAAAAAA3344445555 
AAAAAAAAAAAAAAA6,-.669999499 = - .0 # 4 0####tAAAAAAAAAAAAAAAAAAAAAA43444555555 
AAAAAA4AAAAAAAA6b.1,99999v99 gz=gx0a04mm6.66.AAAAAAAAAAAAAAAAAAA44444y555.555 
AAAAAAAAAAAAAA066999V9999v zzamnammA6AAAAAAAAAAAAAAAAAAAA444A55555555 
AAAAAAAAAAAAA6o60999v9 ,1499i, c.-., 4 4 axx4gAAAAAAAAAAAAAAAAAAAAA444444A5b55555 
AAAAAAAmAAAAAb66F999 , 999999 azaznzaNanAAAAAAAAAAAAAAAAAAAAAAA44AAA5bbb555 

SYMBOL CHANGE IN EVAPOTRANSPIRATION. IN FEET 
PER DAY PER FOOT CHANGE IN HEAD 

A 0.000200 
0.000010 

u 
V 

0.000010 
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e 0.000030 0.000030 
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P 0.000200 A 0.000200 
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4 040U)0100 N 0.0u0020 
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3 0.000020 
5 0.000200 
4 0.000200 

Figure 16.--Example of alphameric map of ET/H and explanation of symbols. 
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Map of thickness of streambed and lakebed material 

SYW6OL ThICKNESS (ft) 
4 20. 
0 2J. 
C 0. 

S. 
0. 

F 5. 
6 10. 
ti 0. 
I 15. 

2. 
K 1 . 
L 40. 

INITIAL ELEvATION OF P;)TENTIOMLTRIC 5.JKFACE 0. 

NuPodER OF COWS 34 NuMoLk OF COLumNS 80 

NODE SPACING -- 2640.0FtET 

Figure 17.--Example of alphameric streambed-thickness map for steady-state analysis. 
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Figure 18.--Example of node-level map. 
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Changes in Stream Stage 

Stream-stage data were entered to GRFLOW as average changes in stage at 
specified grid nodes. For the Red River models, these average changes in 
stage were based on the differences between the preconstruction and the 
projected postconstruction profiles of the Red River, which were supplied by 
the Corps of Engineers. These changes in stage were applied to nodes repre-
senting the stream channel. Figure 19 shows plan-and-profile views of a 
segment of the river and illustrates the method for computing stage differ-
ences. Nodes representing the locations of existing and proposed channels 
are indicated by an "X" in the illustration. The difference in stage was 
incremented in 0.5-foot (0.15-m) steps. Thus, the model input consisted of a 
series of 0.5-foot (0.15-m) increments of stage change at specified nodes or 
groups of nodes representing the location of the river. 

Where the navigation channel departs from the existing channel, levees 
are to be constructed across the existing channel near the upper ends of the 
cutoff channels, thus forming cutoff lakes (fig. 19). The lakes formed by 
this operation will be open to the navigation channel at the lower end of the 
cutoff. Because of the differences in elevations of the water surfaces in 
the navigation channel and the cutoff lakes, the change in stage along the 
course of a-cutoff lake was computed as the difference in elevation between 
the navigation channel at the point of departure of the cutoff lake and the 
stage profile on the preconstruction channel. 

It was assumed that the stages of tributary streams will remain unchanged 
through the postconstruction period, except where affected by backwater from 
navigation pools. At the mouth of each tributary stream, the change in 
water-surface elevation was set equal to the change in the main stem at that 
point. This change in water-surface elevation was extrapolated upstream to a 
point-of-zero change where the projected backwater profile intersected the 
natural-stream profile. 

CALIBRATION AND VERIFICATION OF THE NONSTEADY-STATE MODEL 

Calibration and verification (Matalas and Maddock, 1976) of the nonsteadv-
state model was based on simulating the observed water-table levels and 
potentiometric heads at observation-well locations. Calibration was effected 
within established error criteria by adjusting model parameters within estab-
lished plausibility ranges. Computations were made using river-stage and 
climatic data for a 4-year period of record to provide sufficient time for 
inclusion of antecedent conditions. Visual inspection of computed 4-year 
hydrographs indicated that most of the antecedent conditions were satisfied 
during the first calibration year and that all had been satisfied by the end 
of the second year. The third and fourth Years of the observed water-level 
data were split into two periods. The fourth year was chosen as the calibra-
tion period for obtaining a match of simulated and measured hydrographs by 
adjusting model parameters. The model results for the third year were used 
for verification evaluation by comparing differences between the measured and 

simulated hydrographs. 
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Figure 19.--Plan-and-profile views of a segment of river channel showing the 

method for computing stage change. 
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In the calibration process, all computed water-table and potentiometric-
surface elevations of observation-well locations in the grid were passed by 
SUPERMOCK on a magnetic-disk data set to DATE. DATE performed several func-
tions, including (in sequence): (1) converting mean sea level elevations to 
depths below land surface; (2) assigning calendar dates to all water levels; 
(3) choosing the spring high and the fall low water level for the water table 
and potentiometric surface for 1 or more years, as specified; (4) comparing 
these high and low computed values with observed data entered to it on cards; 
(5) printing a calibration table for analysis; and (6) passing all computed 
water-table and potentiometric-surface levels for the observation nodes in 
card images to HYDROG (Reed and others, 1976) on a magnetic-disk data set. An 
example of the calibration table produced by DATE is shown in figure 20. 
Using these computed data as input, HYDROG plotted hydrographs for both the 
potentiometric surface and the water table. These computed hydrographs were 
compared visually with observed hydrographs to check for differences between 
the two in fluctuations and depths to water. 

The parameters that were modified, within predetermined plausibility 
ranges, during calibration of the nonsteady-state models included the upper 
and lower hydraulic conductivities of the confining layer (HCU and HCL) in 
each subarea of the grid, aquifer-storage coefficient in each subarea (S), 
specific yield in each subarea (WTSTO), and streambed thicknesses (AM). In 
order to match observed data, a general calibration table from DATE was 
inspected to determine in which subareas simulated water-table and (or) 
potentiometric-surface levels were within responding predetermined error 
criteria. In addition, computed potentiometric-surface and water-table 
hydrographs from HYDROG were compared to hydrographs developed from observed 
measurements. After a thorough analysis of a run, indicated changes were made 
to appropriate parameters, and a new computer run was made. Normally, from 20 
to 25 runs were required to calibrate each nonsteady-state model. 

The magnitude and direction of changes that were caused by modification 
of parameters during calibration of the nonsteady-state model are discussed in 
the following paragraphs. 

The hydraulic conductivity of the upper segment of the confining layer 
(HCU) limits recharge to the water table and thus the aquifer. For positive 
accretion, an increase in the modeled value of HCU in a particular subarea 
causes an increase in elevation of the water table and very likely an increase 
in the elevation of the potentiometric surface unless the conductivity of the 
lower segment of the confining layer (HCL) is very low. A decrease in the 
modeled value of HCU has the opposite effect and would likely cause a decrease 
in the elevation of both the water table and the potentiometric surface. 

As previously mentioned, HCL is the designation of the hydraulic conduc-
tivity of the confining layer from the water table to the top of the aquifer. 
An increase in the modeled value of HCL generally results in an increase in 
the elevation of the potentiometric surface and a decrease in the water table. 
Decreasing the modeled value of HCL has the opposite effect; that is, the 
water table will rise and the potentiometric surface will fall. 
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Figure 20.--Examples of spring and fall calibration charts from DATE program. 



If negative accretion is occurring--that is, the water table has dropped 
below the potentiometric surface and water is moving up from the aquifer--
increases in the modeled value of HCL will raise the water table and lower the 
potentiometric surface. Decreases in the modeled value of HCL will lower the 
water table and raise the potentiometric surface. Changes in the modeled 
value of HCU will either raise or lower both surfaces. 

Adjustments to the storage-coefficient (S) and specific-yield (WTSTO) 
values can be used to control the fluctuations of the potentiometric surface 
and water table, respectively. Increases in modeled values of either of the 
two parameters will cause smaller fluctuations, and decreases in these values 
will cause larger fluctuations. Modifications to these narameters are very 
useful during calibration for adjusting computed water levels for the spring 
and fall that differ from observed values by about the same magnitude but in 
opposite directions. 

The thickness of streambed materials can be adjusted to produce a change 
in the computed water-table and potentiometric levels near the stream. In the 
Red River Valley, the movement of water generally is from the alluvial aquifer 
to the river or stream. Therefore, if the modeled thickness of streambed 
material is too small, computed water levels in observation wells near the 
stream are lower than the observed levels unless the recharge rate is in-
creased substantially. If increasing the conductivities of the upper confining 
layer in the affected subareas does nothing more than increase computed accretion 
values to unreasonable levels without an appreciable rise in water levels, the 
streambed thickness is too small. The upper plausibility limit on accretion 
was 1 ft/yr (0.3 m per year). An example of a table of annual accretion 
summations at observation wells is shown in figure 21. 

MODEL OUTPUT 

The output from the nonsteady-state model, in addition to that used for 
calibration, was designed to display the results of the analysis in a form 
suitable for the determination of the effects of the water table on agricul-
ture. The critical parameter influencing agricultural production is the depth 
to the water table below land surface. The depth to the water table has a 
significant effect when it is within the root zone, or within approximately 5 
ft (1.5 m) of the land surface. Times of occurrence of shallow depths to the 
water table are also significant. The most critical periods occur during the 
plowing, planting, growing, and harvesting seasons of the year. For this 
reason, output from the model was designed to show the average depth to the 
water table for either one or two 10-day time frames during these critical 
periods. A series of 30-day time frames was used to represent water-table 
conditions during the dormant season. In this manner, the year was divided 
into 21 time frames associated with specific calendar dates. The dates were 
selected by the Soil Conservation Service. The actual output consisted of 
data, punched on computer cards, showing the computed depth to the water table 
below land surface, to the nearest foot, at each node in the model. Figure 22 
is an example of part of the data, in printout form, showing the node location 
(row and column) and depth to the water table for a particular time frame. 
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ACCRETION SUMMATION (FT.) 

CALENDAR YEAR 1972 

►ELL NO. 
N257 _ 
N241 
N287 
N3C8 
N3k4 
N388 
N392 
N39k 

►.OW 
19 
31 
17 

7 
22 
19 
27 
21 

COL 
15 
22 
28 

5 
12 
35 
39 
34 

ACSUM 
0.25 
0.54 
0.36 
0.10 
0.02 
0.04 

-0.02 
0.18 

WELL NO. 
N270 
N283 
N289 
N381 
N385 
N389 
N393 
N399 

ROW 
1 9 
28 
16 
16 
19 
17 
24 
29 

COL 
54 
17 
30 
10 
28 
41 
37 
30 

ACSUM 
0.23 
0.54 
0.04 
0.20 
1.00 
0.19 
0.12 

-0.00 

WELL NO. 
N273 
N264 
N290 
N382 
N386 
N390 
N394 
N400 

ROW 
29 
26 
15 
17 
20 
23 
22 
26 

COL 
42 
19 
6 

19 
30 
42 
45 
47 

ACSUM 
0.52 
0.30 
0.32 
0.b8 
0.15 
0.07 
0.01 
0.01 

wELL NO. 
N276 
N285 
N293 
N383 
N387 
N391 
N395 
N401 

ROW COL 
18 42 
22 23 

7 __ 9 
18 24 
18 32 
25 40 
15 46 
25 51 

ACSUM 
0.00 

-0.08 
_ 0.38 ___ 

0.29 
0.04 
0.18 
0.00 
0.01 

N402_ 
• 12►3 
6343 
Rf.)54 

10 
11 
14 
24 

12 
19 
57 
71 

0.40 
0.00 
0.07 
1.46 

N429 
6268 
6347 
R964 

15 
lb 
13 
29 

53 
67 
50 
79 

0.90 
1.17 
1.35 

-0.13 

N432 
G270 
G348 
R970 

21 
18 
11 
28 

51 
73 
50 
78 

0.31 
0.32 
0.21 
0.46 

___N433 
6338 
G349 

18 
19 
12 

49 
70 
63 

0.57 
1.05 

Figure 21.--Example of accretion-summation chart. 



	 			 			
	 					 	
	 			 				

			
	 								
	 	 					
	 			 			

			 	
	 	 			
	 			

					
 	

	 						
 	 	 					

   	 		 			 
	 		 		

 		 		
		 	 							

  	 								
 	 			 				

	 		 					
	 		 		

     								
             	  								

	 			 				
	 		 				

 	 								
	 							
	 					
	 							

 	 			 				
	 						
	 		 					
	 			 				
	 			 		
	 			 				
	 		 				
	 							
	 		 				
	 								
	 		 				

						
					

	 	 			
	 				 				

 				
			 				

	 						
	 							
	 			 				
	 								

 	 		 				
	 	 					

	 	 	 				
	 			 			

			
	 		 		
	 					

	 	 		

3/4/1975LOCK 6 0Am 4 POSTCONSTHUCTION 4'0E4 TABLE LEVELS. PATE OF ANALYSIS 
AvERAtit FOR 30 DAYS. ENU1N5 UN JAN 4 1971 

6 6 9 6 7 7 6 d 9 6 9 8 6 10 9 6 1! 9 6 12 8 6 13 9 6 14 9 b 15 8 6 lb 8 6 17 8 6 18 6 6 19 9 6 20 7 6 21 8 
h 22 6 6 ?3 tl b 24 9 6 25 8 b 2h 9 6 27 7 6 ?1,1 9 6 29 7 6 3u 9 6 3: 9 6 32 7 6 33 9 o 34 9 6 35 9 6 3b 9 6 37 
h 30 d 6 39 9 0 40 7 t 41 d 6 42 9 6 43 7 6 44 7 0 45 0 0 46 9 4 47 h 6 40 9 6 49 9 6 50 7 6 51 6 t 52 7 6 6 
6 54 9 b 55 6 6 56 9 6 57 6 o S N 4 6 S9 9 o GO 5 b 0: 6 4 7 6 63 6 6 u4 0 6 65 5 b ob 6 b 67 4 0 6c 7 0 69 9 

70 9 6 71 9 6 72 9 6 73 9 6 74 9 t 75 4 7 6 9 7 7 9 7 8 9 7 9 o 7 10 6 7 11 d 7 12 9 7 13 9 7 14 9 7 :5 9 
7 lb 9 7 17 d 7 18 7 7 15 u 7 20 8 7 21 b 7 22 9 7 23 7 7 24 9 7 25 6 7 2b d 7 27 8 7 24 9 7 24 U 7 33 7 7 51 9 
1 32 9 7 33 9 7 34 9 7 35 7 7 36 a 7 37 9 7 33 7 7 39 6 7 40 h 7 41 1 7 42 b 43 9 7 44 9 7 45 4 7 46 8 7 47 6 
7 44 d 7 44 8 7 50 8 7 51 d 7 52 d 7 53 a 7 54 9 7 55 9 7 5u b 7 57 b 7 Sh 7 7 59 9 7 60 b 7 61 5 7 62 3 7 64 d 
7 04 7 7 65 7 1 66 7 7 67 8 7 oo 9 7 09 9 7 70 6 7 71 b 7 72 9 7 73 9 1 74 2 7 75 9 8 b 9 b 7 S 8 8 9 6 9 9 

10 b A 11 8 8 12 h b 13 9 8 14 8 8 15 8 8 10 9 0 1/ 9 8 1'I 6 h 19 a d 2u 8 8 21 7 6 22 8 A 23 9 is 24 6 d 25 9 
26 9 8 27 d A 28 7 8 29 9 8 30 8 d 31 9 6 32 8 A 33 9 A 34 9 d 35 11 b 36 9 8 47 8 b 31 d b 39 b 4 4.: 0 5 41 9 

b 42 8 8 43 9 o 44 8 8 45 h 8 46 d 8 47 8 8 46 5 b 49 9 b 5v b d 51 9 8 52 8 b 53 B b 54 6 b 55 9 b ;6 7 8 57 
8 sd 9 6 S9 9 4 00 9 8 61 0 n 62 9 h 63 9 d 64 9 6 65 4 6 50 9 8 67 3 8 EL: 9 d a9 9 8 70 9 8 71 9 8 72 5 3 73 7 
P 74 7 8 7S 9 9 6 997 9 969999 9 10 4911 9 4, 12 9913 7 9 14 791589 1609 17 7 9 18 8 9 IC B 
9 26 b 9 21 b s 22 a 9 23 a 9 24 a 9 25 F 9 26 9 9 27 9 4 28 7 4 29 9 9'3;: 7 9 51 7 c 32 9 9 33 7 9 34 ii 9 36 
9 36 b 9 37 a 9 au 7 9 59 9 9 40 b 9 41 b 9 42 9 9 43 o 9 44 u S 45 8 9 4o 0 9 47 0 9 40 7 9 9 50 9 9 51 4 
9 52 9 9 53 9 9 54 7 9 55 7 V 56 6 9 57 3 9 Sh 0 9 59 0 \ ( 61 Li 9 61 0 9 n? 9 9 63 C 9 04 .3 9 65 d 9 66 0 9 67 3 
9 68 5 9 69 9 9 70 9 9 71 6 9 72 9 9 73 9 9 74 9 9 75 7 10 a 4 10 7 4 10 n 5 10 4 5 1U la 4 10 1! 9 10 12 9 10 13 9 

10 14 ; 10 15 8 10 16 9 10 11 b 10 14 b 10 19 o 10 20 8 16 21 b 1.) 22 i. 10 23 a lo 24 b 10 25 7 10 2o 0 10 27 Is 10 ?u b 10 24 7 
10 JO 9 10 31 9 10 J2 h 10 33 m 10 34 9 10 45 9 10 3h 7 10 J7 7 10 3d 9 14 39 u 14 40 6 1.1 41 9 10 4? d 10 43 o .0 44 b 10 45 9 
10 46 8 10 47 d 10 44 B lu 49 9 10 50 7 10 51 9 10 52 6 10 53 6 10 54 7 10 55 a 10 Sr. 9 lv 57 S 10 SO 2 IC 59 4 10 60 9 10 61 0 
10 h2 9 10 63 0 10 64 0 10 65 0 10 o6 0 10 67 9 10 6a 9 :0 64 9 10 70 9 10 71 4 10 72 7 IC 73 6 10 74 9 10 75 9 6 5 1: 7 5 
11 8 5 11 9 3 11 10 3 11 11 9 11 12 9 11 13 9 11 14 9 1: 15 9 11 16 9 11 17 9 11 9 11 15 9 11 20 8 11 21 d 11 22 6 11 23 u 
11 24 d 11 25 8 11 26 9 11 27 d 11 26 8 11 2'. a 11 36 0 11 31 9 11 32 0 11 33 9 11 3 4 7 35 7 11 36 6 11 37 7 11 38 8 11 39 7 
11 48 9 11 41 9 11 .2 d 11 43 4 11 44 b 11 45 7 11 46 a 11 47 b 11 44 9 11 49 8 11 5v 9 11 51 7 11 52 7 1: 53 b 11 54 9 11 55 h 
11 56 0 11 57 4 11 50 6 11 59 8 11 60 a 11 61 b 11 62 0 11 o3 0 11 64 0 11 65 0 11 66 9 11 67 9 11 68 9 11 69 3 1: 70 9 11 71 9 
11 12 5 11 73 5 11 7 4 9 11 75 9 12 6 0 12 7 7 12 b 6 12 9 4 :2 10 2 12 11 G 12 12 9 1? 1.1 9 12 14 9 12 15 9 12 16 9 12 17 9 
12 16 9 12 19 9 12 20 8 12 21 8 12 22 d 1? 23 9 12 24 B 12 25 b 12 26 7 12 27 7 12 2d 8 12 29 c 12 30 7 12 31 b 12 32 8 12 33 7 
12 34 7 12 35 9 12 36 7 12 37 9 12 30 7 12 39 9 12 40 9 12 41 9 12 42 9 12 43 7 12 44 a 1? 45 9 :2 46 9 12 47 8 12 48 8 12 49 d 
12 So b 12 51 7 12 52 9 12 53 9 12 54 9 12 55 2 12 56 5 12 57 1 12 56 6 12 59 7 12 bt 4 12 61 0 62 0 12 63 0 12 t4 0 12 65 9 
1? 66 1 12 67 9 12 6n 9 12 69 9 1? 70 9 12 71 9 12 72 9 12 13 8 12 74 9 :2 75 9 13 b 9 :3 7 9 14 0 9 13 4 6 13 16 4 14 11 2 
13 12 5 13 13 6 13 14 9 13 15 9 13 lb 9 13 17 9 13 le 9 13 14 9 13 20 4 :3 21 9 13 22 4 13 23 4 13 24 4 13 25 L 13 26 b 13 27 9 
13 Zm 9 13 29 v 13 JO 9 13 31 8 13 J2 7 13 35 8 13 34 i 13 35 5 13 36 9 :3 37 9 14 30 9 13 59 b 13 43 7 13 41 4 13 42 9 13 43 9 
13 44 9 13 45 8 13 46 d 13 47 d 13 48 8 13 49 9 13 Sc 7 13 SI 9 13 52 6 13 53 1 13 54 2 13 55 1 13 56 3 13 57 7 13 56 6 13 55 5 
13 60 0 13 61 0 13 62 0 13 63 0 13 64 9 13 65 5 15 66 3 13 c7 9 1J 06 9 13 69 9 13 7u 9 13 7: 9 14 72 b 13 73 9 13 74 7 U 75 8 
14 6 9 14 7 7 14 6 9 14 9 9 14 lu 6 14 11 7 14 12 5 14 13 4 14 14 4 :4 15 9 14 16 9 14 17 9 14 18 9 14 19 9 14 20 9 14 21 9 
14 22 9 14 24 9 14 24 b 14 25 d 14 26 9 14 27 9 14 28 9 14 29 9 14 30 9 14 31 h 14 32 6 14 33 9 14 34 9 14 35 9 14 36 4 14 37 9 
14 38 9 14 39 8 14 40 d 14 41 d 14 42 H 14 43 h 14 44 A 14 45 6 14 46 d 14 47 d 14 40 d 14 49 9 14 50 9 14 51 1 14 5? 1 14 53 0 
14 54 5 14 55 7 14 56 8 14 57 6 14 58 8 14 59 7 14 60 0 14 61 0 14 62 9 14 63 9 14 64 9 14 6S 9 14 66 9 14 67 9 14 1" 9 14 69 9 

..

14.70 9 14 71 9 14 72 7 14 7j 8 14 74 7 14 75 9 15 o 3 15 7 9 15 6 9 15 9 9 15 14 1 15 11 6 15 12 5 15 13 2 15 14 7 15 15 9 
15 16 9 15 17 b 15 16 b 15 19 9 15 2G 9 1S 21 9 15 22 9 15 23 9 15 24 4 15 25 9 15 26 8 15 27 9 15 28 9 15 29 9 15 31 9 15 31 9 
15 32 9 15 33 9 15 34 9 15 35 7 15 36 9 15 37 9'15 34 9 15 39 9 15 4G b 15 4! 8 15 15 43 8 IS 44 9 15 45 7 15 46 0 1S 47 9 
15 46 9 15 4; 9 15 50 9 15 51 0 15 SE 1 15 53 6 15 54 0 15 55 7 15 56 7 15 57 7 15 58 8 15 59 8 15 60 9 15 61 7 15 62 9 15 63 
15 64 b 15 65 9 15 66 9 15 67 9 15 60 9 15 69 9 15 70 4 15 71 9 15 72 7 15 73 7 15 74 8 15 75 5 15 6 6 16 7 9 16 8 9 16 9 9 
16 10 9 16 11 3 lb 12 5 16 13 C 16 14 4 16 1S 3 lo 16 9 16 17 9 16 14 9 16 19 9 10 20 9 lb 21 9 16 22 S 16 23 9 16 24 9 16 25 9 
16 26 9 lb 27 9 16 2n 9 16 29 9 :t 3u 9 16 31 9 16 32 9 18 33 9 16 34 b 16 35 d 46 36 f, It 37 9 16 30 9 16 JS 6 10 40 6 16 41 a 
16 42 9 16 43 9 lb 44 9 16 45 8 16 46 9 lo 47 9 16 4o 6 16 49 6 16 SC c :b 51 1 10 52 1 10 53 0 16 54 0 lb 55 6 16 56 ti lb 57 8 
lb 58 0 16 59 9 16 60 9 16 61 7 lo 62 b 16 63 9 lb 64 9 16 65 9 16 66 9 16 67 9 16 66 9 16 64 9 16 7,) 9 16 71 9 ld 72 9 16 73 9 
16 74 9 16 75 C 17 o o 17 7 6 17 a 7 17 9 9 17 10 9 17 II 9 17 12 9 17 13 6 17 14 7 17 :5 6 17 16 9 17 17 6 17 16 6 17 19 
17 20 9 17 21 9 17 22 7 17 23 9 17 24 7 17 25 7 17 26 8 17 27 7 17 28 9 17 29 9 17 3u 9 17 31 9 17 32 9 17 33 9 17 34 9 17 35 9 
17 36 9 17 37 8 17 38 d 17 39 9 17 40 9 17 41 9 17 42 9 17 43 8 17 44 9 17 46 h 17 40 6 17 47 9 17 48 6 17 49 6 17 5G 6 17 51 0 
17 52 0 17 53 0 17 54 0 17 57 b 17 56 u 17 57 4 17 54 7 17 59 9 17 04 9 17 61 9 17 62 9 :7 63 9 17 64 9 17 65 9 17 66 9 17 67 9 
17 6a 9 17 65 9 17 7G 9 17 71 7 17 72 7 17 73 7 17 74 8 17 75 7 Id 6 7 In 7 9 Id 4 t 14 9 V 13 4 18 I: 9 16 12 9 Its :3 5 
18 14 0 lb 15 9 la 16 3 18 17 9 lb 10 5 lb 19 S 18 20 5 lb 21 5 la 22 5 :0 23 5 lb 24 5 :0 25 0 16 26 5 16 27 9 :0 20 4 15 2c 9 
16 30 9 lb 31 9 lb 32 9 la 33 7 la 34 9 Id 35 9 14 46 9 18 57 9 16 3r 9 Id 39 9 lb 40 9 16 41 9 lj 42 6 le 43 9 18 44 2 lb 45 9 
16 46 4 14 47 9 la 4d i 16 49 9 ld 50 0 In 51 0 la 52 0 14 53 0 In 54 0 lb 55 1 18 56 0 14 57 9 lb 56 8 18 59 9 18 60 9 ld 61 9 
1K 62 9 18 63 9 18 64 9 ld 65 9 le 66 9 18 t7 9 Id 66 9 lb 09 9 Id 70 9 lb 71 8 18 72 b 16 73 6 10 74 7 18 7S 9 19 6 8 19 7 
19 8 9 19 9 9 19 10 6 19 11 9 ly 12 9 19'13 6 19 14 0 19 15 6 19 16 7 19 17 8 19 16 7 19 19 5 19 20 S 19 21 5 19 22 5 19 23 s 
19 24 6 19 25 6 li 26 6 19 27 6 19 2* 9 19 29 7 19 30 9 19 J1 9 19 32 4 19 33 5 19 34 6 19 35 5 19 36 5 19 37 1 19 36 9 19 39 5 

NOTE.--Figure shows row-column designation, and depth to water. Example underlined means: 
Row 9, column 60, 7 foot depth to water. 

Figure 22.--Example of computed output from nonsteady-state model. 



Depths to the water table of as much as 9 ft (2.7 m) below land surface are 
shown in the printout. Because the table format prints depth as only a single-
digit integer, a 9 indicates a depth of 9 ft (2.7 m) or more. 

The combination of depth to water table, soil type, and cropping pattern 
was used by the Soil Conservation Service to determine the beneficial or 
adverse effects of project-induced changes in water levels. Crop yields 
obtained during the calibration period were used as the standard for determining 
the net project effects. 

Output from the steady-state analysis consisted primarily of head-change 
data, shown as tabulations or as maps. Maps of head change with time are 
available from the model, but only the final or steady-state output was consid-
ered significant because it represented the dynamic equilibrium conditions 
resulting from the change in river stage. This head-change map was used to 
compute the average postconstruction potentiometric surface. The elements of 
this computation are shown in figures 23-26. Figure 23 shows the preconstruction 
potentiometric surface in a lock-and-dam area. The computed head change is 
shown as a grid plot to the same scale as the model grid (fig. 24) and as a 
complete contour map (fig. 25). The head change was added algebraically to 
the preconstruction potentiometric surface to produce the resultant potentio-
metric configuration shown in figure 26. This method is based on the principle 
of superposition that assumes that the flow field in the aquifer can be 
considered a linear system and that the head change component can he analyzed 
independently. The principle of superposition allows the postconstruction 
condition to be determined as the sum of the preconstruction head and the 
head-change component. 

CONTINUING STUDIES 

The modeling procedures developed for this study, particularly those for 
the modeling of nonsteady flow, were designed to provide data for an assessment 
of the effects of project-induced water-level changes on agriculture. However, 
these procedures can be applied to a variety of situations in connection with 
the Red River Waterways Study. The calibrated models can, with the appropriate 
boundary changes, be used to analyze the effects of any arrangement of locks 
and dams or pool stages. Although the results of the study were primarily 
concerned with agriculture, the nonsteady-state model can be modified to 
determine the effects of raised water levels in urban areas. The higher water 
levels may cause flooding of basements, septic tanks, or sewer systems, or 
may, because of increased moisture content of surficial clays, cause differen-
tial movement of footings of buildings, swimming pools, or bridges. The 
models can also be used to aid in the design of well fields and surface-
drainage systems that may be needed in places where shallow water-table 
levels are anticipated. 

To achieve the greatest benefit from the study, the water-level-observation 
network developed for the study should be maintained and water-level measurements 
continued through the construction phase to verify the predictions made during 
the study. The data would provide a definition of the actual ground-water 
conditions resulting from the stage changes and would provide a means of 
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0 5 10 MILES 
Buse from U.S. Geological Survey 
Alexandria 1'250,000, 1953, Revised 1963 0 5 10 15 KILOMETERS 

EXPLANATION 

80-- Potentiometric contour 
Shows elevation of potentiometric surface 
Contour interval is 5 feet (I 5 meters) 
Datum is mean sea level 

Boundary of Red River alluvial aquifer 

Figure 23.--Average preconstruction potentiometric surface, Lock and Dam 3 area. 



		 	

			 	

TIME IN DAYS-- 40000.00000 

80 COLUMNS; ROWS 1d THROUGH 34 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1.3 1.8 2.4 3.1 4.3 5.0 5.3 3.7 2.2 1.5 1.1 0.9 0.7 0.5 0.4 0.4 0.0 

1.2 1.8 2.3 2.9 3.6 4.2 4.6 4.6 2.4 1.b 1.2 0.9 0.7 0.5 0.4 0.4 0.0 

1.2 1.7 2.2 2.7 3.2 3.8 4.4 5.0 2.6 1.7 1.3 0.9 0.7 0.5 0.4 0.4 U.0 

1.2 1.7 2.2 2.6 3.0 3.6 4.7 4.7 2.9 1.9 1.4 1.0 0.7 0.5 0.4 0.4 O.0 

1.3 1.7 2.1 2.5 2.9 3.4 4.3 4.3 3.5 2.3 1.5 1.0 0.7 0.5 0.4 0.4 0.0 

1.4 1.8 2.2 2.5 2.9 3.3 3.5 3.7 3.5 2.4 1.6 1.0 0.7 0.5 0.4 0.4 0.0 

1.5 1.9 2.2 2.5 2.9 3.4 3.6 3.6 3.4 2.4 1.6 1.0 0.7 0.5 0.4 0.3 0.0 

1.6 1.9 2.2 2.5 2.9 3.3 3.2 3.0 2.7 2.1 1.4 1.0 0.6 0.4 0.3 0.2 0.0 

1.8 2.0 2.2 2.6 2.9 3.1 2.8 2.5 1.9 1.3 0.8 0.7 0.4 0.2 0.2 0.1 0.0 

1.9 2.1 2.3 2.5 2.6 2.5 2.4 2.0 1.4 0.8 0.3 0.2 0.1 0.1 0.0 0.0 0.0 

2.3 2.4 2.4 2.4 2.4 2.2 2.1 1.7 1.0 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

3.1 2.9 2.7 2.i 2.1 1.9 1.8 1.3 0.6 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

4.1 3.8 3.1 2.4 1.4 1.3 1.2 0.7 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

5.7 5.3 3.6 2.4 1.2 1.0 0.7 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

9.5 6.1 3.9 2.2 0.9 0.7 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 U.0 

8.5 5.5 3.3 1.8 0.8 0.3 0.3 0.3 0.1 0.0 0.0 0.0 0.0 0.0 O.0 0.0 0.0 

8.2 4.1 2.e 1.0 0.3 u.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

6.2 2.4 1.0 0.4 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NOTE.-Eight sheets of printout required for complete coverage of a single 
modeled area. 

Figure 24.--Example of computed output from steady-state model showing a section 
of head-change map. 
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0 5 
Base from U.S. Geological Survey 
Alexandria 1:250,000, 1953, Revised 1963 10 

10 MILES 

151 KILOMETERS 

EXPLANATION 

3 Head change contour === Navigation channel 
Shows computed river-induced change 1111111111 Boundary of Red River alluvial aquifer
in potentiometric surface 
Contour interval as shown 

Figure 25.--Contour map showing computed head change, Lock and Dam 3 area. 



	

 

	 	

	

 

0 10 MILES 
Base from U.S. Geological Survey 
Alexandria 1:250,000, 1953, Revised 1963 10 15 KILOMETERS 

EXPLANATION 

75 Potentiometric contour == Navigation channel 
Shows computed elevation of 
potentiometric surface 111111111I. Boundary of Red River alluvial aquifer 
Contour interval is 5 feet (1.5 meters) 
Datum is mean sea level 

Figure 26.--Computed average postconstruction potentiometric surface, Lock and Dam 3 area. 



	

	

	

comparison of observed and predicted water levels. From these comparisons, 
adjustments could be made, if necessary, to the modeling techniques. Once 
verified, the model would have application in future studies of alluvial 
systems. 
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ATTACHMENTS 

The following attachments give the program listings and show the input 
data requirements for the peripheral programs used in conjunction with the 
SUPERMOCK and GWFLOW models. The relation of the peripheral programs to the 
models in shown in figure 27. Examples of printed output (figs. 28, 29) from 
the AVERAGE and DELETDELH programs are given along with the respective docu-
mentation. Output from the AVERAGE program is not used directly in the GWFLOW 
model, but it provides control for the contour map of the average preconstruc-
tion potentiometric surface used in conjunction with the output from the 
GWFLOW model. Primary output from the ATMOFLUX and POTEET programs is punched 
on cards and that from the RIVCHANGE and TRIBCHANGE programs is stored on disk 
data sets. Examples of output from these four programs are not shown. 

61 



[
Card input containing location Master main-stem river-
information and 10-day average stage data on a magnetic 

stages for tributary streams device 
in a lock and dam area 

Card input containing main-
stem node and mileage data 

for a lock and dam area 

TRIBCHANGE RIVCHANGE 

Processing program for partially Processing program for main-
penetrating tributary data stem data 

ATMOFLUX 

Computes initial conductivityY V 
values for upper and lower 

Corresponding nodes and tributary Corresponding nodes and river segments for each grid sub-
stages for a lock and dam area stages for a lock and dam area area and relationships for 

stored on a magnetic device stored on a magnetic device determining depth-varying ET 

POTEET AVERAGE 

Computes and punches on Computes harmonic-mean 
cards the daily poten- water levels used in 
tial evapotranspiration defining the initial 

potentiometric surface 

V V 
SUPERMOCK Card deck Contour and alphameric 

model input input prepared manually 

VDELETDELH 
Calibrated values of GWFLOW 
hydraulic conductivity modelComputes change in evapotranspira-

tion with change in depth to water. 

Figure 27,---Generalized chart showing relationship of digital programs that prepare data for input to SUPERMOCK and GWFLOW models 
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Table 2 .--Input data for AVERAGE program 

Number 
1 

Reference of 
cards 

Columns Format 
Program 

variable 
Input item Remarks 

Dates 1 1-2 12 IMON Beginning month for period of 
interest. I 

'These should be 

3-4 12 IYR Beginning year for period of 
interest. 

two-digit numeric 
values. 

5-6 12 JMON Ending month for period of 
interest. 

7-8 12 JYR Ending year for period of 

I 
interest. 

The following will be read repetitively for each well entered 

Well data 1 61-67 F7.2 ELEV j Land-surface elevation at 

well. 

80 Il INO Card number. 

1 20-24 F5.1 DEPTH Depth of well. 

80 Il INO Card number. 

1 or 
more 

21-69 12A4, 
2A1 

IHED(I) Heading information for well. The program will 
continue to look 
for cards in this 
format until 

79-80 12 INO Card number. IN0<1. 



	

	
		
			
		

	
		
	

			

Water-level 1 or 20-75 4(312, 
data more Al,F6.2, 

lx) 

78-80 I3 

MO(I), 
ID(I), 
IY(I), 
SIN(I), 
WL(I), 
1=1,4 

JNUM 

MO(I)--month water-level 
measurement taken. 

ID(I)--Day measurement taken. 
IY(I)--Year measurement taken. 
SIN(I)--Sign of water level. 
A(I)--Water level, in feet be-

low land surface. 

Card number. 

The program will 
continue to look 
for cards in this 
format until an 
end of file is 
encountered. 



	

	

	 	
	 	
	 	

	

	 	 

	

	

	

	 	

	

	

	

	 	

	

	 		
	

	

	 	

	

	

	

	

	

	 
	
	

	
	

	 
	 

	

		

	

 
	

	

		 	
	 

	 	
	
	 	
	

	

	
	

	
	 	

  
	 	
	

	 	

	

	
	

		 	 	
	

	

Table 3.— AVERAGE program listing 

******************************************************************AVE 1 
C AVE ? 

AvFPAGF- AvE 3 
L.y AVE 4 

C JOHk1 TFPPY AVE 
C AVE 6 
C AVE 7 
C THIc ppor,PAm comPuTrc THt HAPmGNIC (T1mF-1,FIr,HTFO) Avi=r-AGF wATFPAvE 
C LEVFL FOP A SPFCIFIFD PERIOD OF PFr)Ro FOP AAY NUmkt=.0 (1F AFLLS. AVE 
C THE PROGRAM IS oESIGNFD TO READ 0,L1 AKin wt.? cAprs IN rHF -)1 n AVF 10 

GPouNn-wATFP FORMATS. HowFvFP. IT CoWo PF wEFOP0ATTF -) To ACCEPT A v 1 1 
C wATFP-t_Fvrt_ CAPOS AS THEY APF PONCI.,cr) SYSTEM ?non. A v ? 
C AVE 13 
C ****************************************************************** 

DIMENSION IDAY(1?).SIGN(3),IHED(?n0)..40(4),Ih(4),IY(4).wL(4). AVt 16 
1 SIN(4),ImO(4),IID(4),IIY(4).ewL(4) AVE. 17 

DATA JMIJD.JY.WLM/0.0.0.0.0/ AVE 14 
DATA SIGN/I.10-10 I/ AVE 14 

DATA InAY/11924.31,30.11.30.31.11.10931.30.11/ AVE 70 
IPD=5 AVE:. ?1 

IPT=6 
IZT=0 AA VV I-E ??()i 

C AVE 24 

C IMON REGINNING MONTH FOk DESIRE') REPTo0 OF REco1/1). isE 25 
C 
C IYR HEGINNING YEAR FOR DESIPF11 DF- wion kFCORD. AA vEy 

A V E_ 
22f27 
?R 

C JMON -- ENDING MONTH FOR nEsIPEn PEwroo OF RE LOUD. t,‘,,F: ?9 

C AVE 30 

C JYP ENDING YEAR FOP DESIRED PEwInO pFropo, AVE 11 

C AVE 3? 

C 
READ (IRD.45) ImON.IYR.JMON.JY0 

AA VV EE .1134 

C FLE‘i -- LAND-SUPFACF FLFVATTON AT WELL. AVE 16 

C AVE I 

C INO -- CARD NOW-4ER. AVE 37 

C AVE 14 

1 READ 
MO=0 

(IRD.46.FNn=44) ELFV.INO AVE 

AVE -414(40 

Iqm=0 
JSM=0 

AVE 41 
AVE 42 

C 
r 
C 

DEPTH -- DEPTH OF WELL. 

AVE 43 
AV E 
AVE 44 54 

C INO -- CARD NUPARER. AVE 4h 

C AVE 47 

READ (1RD.47) DEPTH, INO AVE 44 

IF (UPTH.F0.0.0) DEPTh=q99.9Q 
jm=n ilA VV IE i':(40 
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Table 3.— AVFRACP: program listina—Continued 

ww=n.n AVE CI 
PAX=9999. AVE S? 
NP=1 AVE C3 
NTM=0 AVE 54 
NO=14 AVE 55 
PIN=-999.9 AVE C6 
AO:L=999.99 AVE C7 
PAxEL=999.99 AVE CP 
PINEL=999.99 AVE c9 

C AVE 60 
C IHFO(I) -- HEADING INFoPmATION FOP *ELL. AVE 61 

AVE 6? 
C INO -- CARD NUmHFR. AVE 63 
C AVE A4 

2 RIM) (IRD.49) (IHFD(I),I=NP+No).TN0 AVE 65 
IF (INo.LT.I) GO TO 3 AVE 66 
NP=NP.14 AVE 67 
NO=NO+14 AVE 68 
GO TO 2 AVE 69 

3 m0=m0•1 AVE 70 
M=1 AVE 71 

C AVE 7? 
MO(I) -- MONTH WATER-LFVEL mFASURmFNT TAKE- N. AVE 73 

C AVE 74 
C ID(I) -- DAY WATER-LFVFL mFASUPEMENT TAKEN. AVE 75 
C AVE 76 
C IY(I) YEAR WATER-LFVFL MFASUREMENT TAKEN, AVE 77 
C AVE 78 
C SIN(I) SIGN OF wATFP-LANFL VALUE. AVE 79 
C AVE PO 
C WL(I) WATER LEVEL AVE P1 

AVE 82 
4 READ (TP0949) ("1 0(I),IO(I) , IY(I)9CIN(I).WL(I),I=1,4).1NUm AVE 93 

IF (MQ.NE.I) GO TO 9 AVE 84 
IF (IYR.E0.0) GO TO P AVE PS 
DO 7 IT=1,4 AVE RE, 
IF (IY(IT)-IYR) 7,5,6 AVE P7 

C IF (MO(IT).LT.IMON) GO TO 7 AVE RP 
6 IF (ISM.E.G.1) GO TO 7 AVE R9 

ICM=I AVE 90 
M=IT AVE 91 

7 CONTINUE AVE 92 
IF (I5M.E0.1) GO TO P AVE 93 
IF (JNUm.EG.0) GO TO I AVE 94 
GO TO 4 AVE QS 

P Lm=mo(m) AVE 96 
Ln=To(m) AVE Q( 

LY=TY(m) AVE 9P 
LIDm=o I'VE 99 

9 no 10 T....m.4 AVE 100 

67 



 

 

Table 3.—AVERAGE pro(7ram Vs*ing--Continued 

IF (SIN(I).FQ.SIGN(1)) wL(I)=r4L(I)*(-1.n) 

10 CONTINUE 
IF (JYR.E0.0) GO TO 14 
IF (j5m.E0.1) GO Tn 37 
DO 13 JT=m,4 
IF (IY(JT)-JY9) 13.11,12 

11 IF (MO(JT).LE.JMON) GO TO 13 
1? JSm=1 

IF (JT.Fp.m) GO TO 37 
mO(JT)=m0(JT-1) 
IO(JT)=ID(JT-1) 
IY(JT)=IY(JT-1) 
WL(JT)=WL(JT-1) 

13 CONTINUF 
14 IF (m.F0.4) GO TO 36 

D0 33 I=M ► 3 
IK0=0 
JT=m 
IJJ=0 
JJJ=0 
IF (Jm.E0.0) GO TO 15 
GO TO ?):1 

lc IF (MO(I•1).NE.0) GO TO 16 
MO(I•1)=MO(I) 
ID(I.1)=I0(I) 
IY(I.1)=IY(I) 
ML(I.1)=WL(I) 
GO TO 30 

16 IF (MO(I).NE.MO(I•1).OP.IY(I).NE.IY(I.1)) GO TO 17 
BA=(1.0*(ID(I*1)-ID(I)))/2.0 
wW=WW+(ML(I)GBA)+(ML(I+1)a(RA-1.0)) 
NTm=NTm4(ID(I*1)-In(I)) 
GO TO 30 

17 IF (IY(I).NF.IY(I.1)) GO TO 20 
IF (m00(IY(T).4).F0.0) IDAY(2)=?9 
K=MO(I•1)-MO(I) 
IF (K.E0.1) GO TO 19 
IA=MO(I)•1 
IR=m0(1.1)-1 
DO 18 J=IA,I8 

1P JJJ=JJJ•IDAY(J) 
lq NDY=IDAY(mO(I))-IncI) 

PA=(1.n+NOY.JJJ*IO(I*1))/2.0 
WW=WW+(WL(I)*PA)•(WL(I.1)*(RA-1.0)) 

NTM=NTM•JJJ+IO(I+1).NDY 
GO TO 30 

PO IF ((IY(I•1)-IY(I)).GT.1) GO TO 
71 KP=MO(I)•l 

IF (MO0(IY(I) ► 4).F0.0) IPAY(?)=29 
IF (KP.GT.12) GO TO 23 

AVE 101 
AVE 102 
AVE 103 
AVE 104 
AVE 105 
AVE 106 
AVE 107 
AVE 108 
AVE 109 
AVE 110 
AVE 111 
AVE 112 
AVE 113 
AVE 114 
AVE 115 
AVE 116 
AVE 117 
AVE 118 
AVE 119 
AVE 120 
AVE 121 
AVE 122 
AVE 123 
AVE 124 
AVE 125 
AVE 126 
AVE 127 
AVE 128 
AVE 129 
AVE 130 
AVE 131 
AVE 132 
AVE 133 
AVE 134 
AVE 135 
AVE 136 
AVE 137 
AVE 138 
AVE 139 
AVE 140 
AVE 141 
AVE 142 
AVE 143 
AVE 144 
AVE 145 
AVE 146 
AVE 147 
AVE 148 
AVE 149 
AVE 150 

http:KP.GT.12


	

	 			

	 	
		

		
	 	

	

		

				

		

	 		 	
		

	

Table 3.—AVERAGE program listing—Continued 

DO ?2 J=KP.12 
2? JJJ=JJJ.IDAY(J) 

IDAY(2)=28 
?3 IF (m0(I.1).E0.1) GO TO 25 

IPP=MO(I•1)-1 
IF (MOD(IY(I*1)•4).EQ.0) IDAY(2)=29 
DO 24 J=1,IPP 

24 IJJ=IJJ+IDAY(J) 
25 N1)Y=IDAY(m0(I))-ID(I) 

8A=(1.0•JT+NDY+JJJ+IJJ*ID(I+1))/2.0 
ww=w10*(WL(I)*801).(WL(I+1)*(8A-1.0)) 
NTM=NTM+NDY+JJJ+IJJ+IO(I+1)+JT 
GO TO 3n 

26 KP=CIY(I.1)-IY(I))-1 
KKI=365 
DO 27 J=1,KP 
IF (MOn((IY(I)+J).4).E0.0) KKI=366 

27 JT=JT•KKI 
GO TO 21 

28 IK0=1 
DO 29 K=1,4 
IMO(K)=MO(K) 
IID(K)=ID(K) 
IIY(K)=IY(K) 
AwL(K)=WL(K) 
IF (K.EQ.1) GO TO ?9 
MO(K)=m0(K-1) 
ID(K)=ID(K-1) 
IY(K)=TY(K-1) 
WL(K)=wL(K-1) 

?9 CONTINUE 
140(1)=Jm 
ID(1)=JD 
IY(1)=JY 
wL(1)=WLM 
GO TO 15 

30 IOAY(2)=28 
IF (IKO.NE.1) GO TO 32 
DO 31 K=1.4 
MO(K)=IMO(K) 
I0(K)=IID(K) 
IY(K)=ITY(K) 

31 WL(K)=AWL(K) 
IK0=0 
Jm=0 
GO TO 15 

3? LLM=MO(I+1) 
LLD=ID(I.1) 
LLY=IY(I.1) 
WPD=WL(I•1) 

AVE 151 
AVE 152 
AVE 153 
AVE 154 
AVE 155 
AVE 156 
AVE 157 
AVE 158 
AVE 159 
AVE 160 
AVE 161 
AVE 162 
AVE 163 
AVE 164 
AVE 165 
AVE 166 
AVE 167 
AVE 168 
AVE 169 
AVE 170 
AVE 171 
AVE 172 
AVE 173 
AVE 174 
AVE 175 
AVE 176 
AVE 177 
AVE 178 
AVE 179 
AVE 180 
AVE 181 
AVE 182 
AVE 183 
AVE 184 
AVE 185 
AVE 186 
AVE 187 
AVE 188 
AVE 189 
AVE 190 
AVE 191 
AVE 192 
AVE 193 
AVE 194 
AVE 195 
AVE 196 
AVE 197 
AVE 198 
AVE 199 
AVE 200 



	

	 

	 
	

	

	
	
	 

	 
	 

	

	 

	

	 
	 
	 

	 

	

	

	 
	 

Table 3.--AVERAGE program listing—Continued 

AVE 20133 CONTINUE 
AVE 202DO 35 N=14,4 
AVE 203PIN=AMAX1(PIN,WL(N)) 
AVE 204PAX=AMIN1(PAX,WL(N)) 
AVE 205IF (PIN.NW.WL(N)) GO TO 34 
AVE 206MA=MO M 
AVE 207MO=ID(N) 
AVE 208MY=IY(N) 
AVE 20934 IF (PAX.NE.WL(N)) GO TO 35 
AVE 210NMA=MO(N) 
AVE 211NMD=ID(N) 
AVE 212NMY=IY(N) 
AVE 21335 CONTINUE 
AVE 21436 JM=M0(4) 
AVE 215JD=ID(4) 
AVE 216JY=IY(4) 
AVE 217WLM=WL(4) 
AVE 21837 IF (JNUM•NE.0) GO TO 3 
AVE 219WW=WW+WPD 
AVE 220NTM=NTM.1 
AVE 221AVE=WW/NTM 
AVE 222IF (ELEV•E0•0•0) GO TO 38 
AVE 223AVEL=ELEV-AVE 
AVE 224PAXEL=ELEV-PAX 
AVE 225PINEL=ELEV-PIN 
AVE 22638 IF (MOD(IZT,3).E0.0) GO TO 39 
AVE 227WRITE (IPT•54) 
AVE 228GO TO 40 
AVE 22939 WRITE (IPT,50) 
AVE 23040 WRITE (IPT•51) 
AVE 231WRITE (IPT,52) (IHED(I),I=1•NG) 
AVE 232WRITE (IPT,53) LM,LD,LY,LLM,LLD,LLY 
AVE 233WRITE (IPT•54) 
AVE ?34WRITE (IPT,55) 
AVE 235WRITE (IPT,56) 
AVE 236WRITE (IPT,55) 
AVE 237WRITE (IPT•54) 

38
WRITE (IPT,58) DEPTH,AVE,AVEL,PIN,MA,MD,MY,PAX,NMA,NMn•NMY,PINEL,Pn: 239

lAXEL 
AVE 240IF (PAX) 41,42,42 
AVE 24141 WRITE (IPT,57) 
AVE 242GO TO 43 
AVE 24342 WRITE (IPT•54) 
AVE 24443 WRITE (IPT,51) 
AVE ?45WRITE (IPT,59) 
AVE 246IZT=IZT.1 
AVE 247GO TO 1 
AVE 24844 STOP 
AVE 249C 
AVE 25045 FORMAT (412) 
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Table 3.—AVERAGE program listing — Continued 

46 FORMAT (60X.F7.?,1PX,I1) AVE 
47 FORMAT (19X,F5.1,CCX,T1) AVE 
4A FORMAT (20X,1PA4,2A1,RX.I?) AVE 
49 FORMAT (191(94(112eA1.F6.?•1X)92)(913) AVE 
co FORMAT (1H1) AVE 
51 FORMAT (1H0oPIXot AVE 

I ) AVE 
5? FORMAT (19X•1244,PA1 ,1PA4,241) AVE. 
571 FORMAT (44X6'(PEGINNING DATE DATAVE 

lE ',I?0/0 4IP.'/'•IP,0 )*) AVE 
54 FORMAT (1H ) AVE 
55 FORMAT (P4X.0 '93)(0 ',3AVF 

1 .1X,1 /94 -1 X:X : AVE 
56 FORMAT (P4X.1 0FPTH OF WELLIOX.IAVFPAGF DEPTHIOX0AVERAGE "FAN'91AVt 

1X0MAX IMUM DEPTH'elX,IOATEII3X•tmINIMUM OEPTH 1 .3X,IDATE'/4PXOHELOAVE 
?W LAW),,6)(4. 1 5EA LFVELI.6XORFLOW LAND'911X,IHELOW LANO 1 /44XOSURFAAVE 
1CF',6X OELFVATION 9 •9X0SUPFACF**16X.OSURFACF 9 ) AVE 

57 FORMAT (?5X,' (NEGATIVE DEPTHc, A' AROVF LSD)') AVE 
5A FORMAT (1H•PRX,F5.149X.0 ".1X,F6.2..7X,t*, e1X .F4.?.9X.F6.2.4X9IP40 /AVE 

1'9120 /',I2e5X.F6.294X.IP0/0 9I?e 1 / 1 07/71X ,O(ELEV 'oF6.20) 41 ,11X9AVE 
P.(FLEV 1.F6.P0)e) AVE 

59 FORMAT (?50(0* ALI AVFPAGFS APF TI4F—wFIGHTFD AvEPAGEse/?5x.,(IF EAVE 
1LFVATTON OR OEPTH IS EQUAL TO 999.94 THrN NO FLEVATIO\I OR DEPTH WAAVE 
PS AVATLARLF AT WELL)') AVE 

END AVE 

P91 
252 
253 
?54 
255 
?56 
P57 
258 
?59 
260 
261 
P62 
263 
264 
P65 
?66 
267 
268 
269 
270 
271 
272 
273 
274 
27.5•-

71 



	

	 	 		 	 	
			
		 	

				 	 	
	

u.s. GEUL. SURVEY. (E(.. 3e, I • bNot k. cw.) HUrttD OHSERVATION ARTESIAN WELL IN THE 
TERHACE AuoIFER OF PLEIsTUCENt AGE. DIAm 1.25 IN, UEPTh by FT, SCREENED 66-64. MN TOP OF CASING, 
3.00 FT AbUVL LSO. 

tbEGINNIN( DATE 8/ 3/64) (LNOINO UATE 6/ 2/75) 

DEPTH OF WELL AVEHAGE uEPTH AVERAGE MEAN MAXIMUM DEPTH (JAIL MINIMUM DLPTH UmIt 
BELOW LANU SEA LtVEL btLOw LAND titLOo LANU 

3ukFACL ElEvATIoN SUHFACt DUHFACt 

69.0 51.0D u66.02 52.90 11/ 1/71 4b.20 6/ e/75 
(tLtv 64.17) (ELEv ,/0.87) 

* ALL AVEwAUES AHE TIML—WEIGHTED AVERAGES 
(IF F_LtV4TIUN') OH UEPTH ARE EuUAL TU 494.99 THEN NU LLtVATION OK DEkfH wAS AVAILAbLE AT *t.LL) 

Figure 28.--Example of output from AVERAGE program. 
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--- 

Reference 

Data defining the 
depth of the 
fine-grained ma-
terial and hy-
draulic conduc-
tivity of litho-
logic types 

`:oil coefficients 
nd corresponding 

constant coeffi-
cients represent-
ing soil-water 
suction at which 
unsaturated hy-
draulic conduc-
tivity divided by 
saturated hydrau-
lic conductivity 
equals 1/2. 

Upper limits for 
saturated hydrau-
lic conductivity 

Number 
of 

cards 

1 

1-X 

1 

1 

1 

Table 4 .--Input data for ATMOFLUX program 

Program
Columns Format Input item 

variable 

_. 

1-2 F(2) NHC Number of lithologic class iden-
tifications and associated hy-
draulic conductivities to be 
read on next card. 

1-
NHC*10 

NHC 
[F(2), 
F(8,6)] 

I,HC(I), 
3=1,NHC 

Lithologic type, I, and hydrau-
lic conductivity of the type, 
HC(I). 

1-2 F(2) NEXP Number of input values of 
EXP(I). 

1-4m NExP(F(2), EXP(I), EXP(I)--Values for the integer 
F(6)) SUC- soil coefficient, N, correspond-

TION (I), ing to values of suction (I). 
I=1, SUCTION (I)--Constant coeffi-
NEXP cient representing soil-water 

suction at which unsaturated 
hydraulic conductivity divided 
by saturated hydraulic conduc-
tivity equals 1/2. 

1-7', 10F(8,6) EXP LIMIT Upper limit of saturated hydrau-
(I),I=1, lic conductivity for each 
NEXP(I)-1 class, EXP(I). 

Remarks 

Maximum val-
ue is 15. 

1 f- 15. 

NHC*10 x= 
•80 

Maximum val-
ue is 10. 

These values 
must be 
coded in 
ascending 
order. 



	 	

			
	 			 	

			 	
	 		
	

	
		

	 	
			

1 
Log data Any , 5-8 A(4) YFLLJIO Well identification 

for each num- number 
observa- ber 
tion well 9-80 12(F(2), LCD(I), LCD(I)--Litholoqic 

F(4)) TH(I), type number for the 
1=1,12 Ith unit in the log. 

TH(I)--Thickness of 
the Ith unit. 

1-78 13(F(2), LCD(I), (Same as preceding.) 
F(4)) TH(I), 

1=13,25 

One data card for each rep-
resentative observation 
well is required. If 
TH(l2)>O, then it is as-
sumed that the log is con-
tinued on the next card. 

Optional card--enter only 
if TH(12)>0. (Can be 
blank.) 



	

 

	

Table 5.--ATMOFLUX program Zisting 

FT:PROC OPTTONS(mAIN): 
/* ******************************************************* 

ATM(LUX 

THIS PPOGRAM COMPUTES POTENTIAL uPwAPn MOVEMENT( DUE Ti 
EVAPOTRANSPIRATION AT THE LAND SuRFACF) Fop nFPTHS To THE AATFR 

TAPLF FROM 1 TO 30 FT.THF PROGRAM 
COMPUTES THE HARMONIC-MEAN HYDRAULIC CONDUCTIVITY FOP LAYERFn 
MATERIAL BY: KSAT(HAP. MEAN HYD. CON11.)=SUM(THICKNFSS ) / 

SUm(THICKNESS*HYD.CONO.). IT ASSIGNS N AND S1/2 vALUFS TO A 
LOG DEPENDING ON CALCULATED VALUES nF lesAT AND INPUT VALUES OF 
EXP,SUCTION, AND ExP_LImIT. THIS PROGRAM USFS 
N(GARDNFR'S EXPONENT), AND S1/2(TENSION AT wHICH 
UNSATURATED H.C./SATURATED H.C. = 1/2) TO ComPUTF VERTICAL FLOW 
AS A FUNCTION OF DEPTH. THE FUNCTION IS FO. 23(P.A9) rF 
RIPPLE, ET AL, WSP 2019-A. 

**************************************************###4* 

LCD(2),TH(25).DCL HC(1c)INIT((15)0.),FINF(2:5,30), 
SUCTION(10)INIT((10)0.).EXPLImIT(Q).(L.KSAT) DEC FLOAT(A). 
ExP(10) PiNARy FIXEI)(15,0),wELL_NO CHAR(6).PUNCH FILE OUTPUT: 
ON ENDEILE(SYSIN) GO TO pl; 
GET FILE(SYSTN) EDIT 
(NHC,(I,HC(I) DO J=1 TO KIHr)) 

/* 
NHC - NUmRER OF HYD. COND. TO HE READ(mAXImUm = 
I - NUMPER REF- EPPING TO A IITHOLOGIC TYPE. MAY BE ApHITRAPILY 
CHOSEN WITHIN THE RANGE OF 1-15. 
HC(I) - HYD. COND.(FT/DAY) OF LITrIOLOGI(' TYPE I. 

*/ 

(COL(1),E(2),SKIP(1),(NHC)(E(2),F(8,6))) 
(NEXP,(EXP(I),SUCTION(I) DO I=1 TO NFXP)) 

/* 
NEXP - NUmPER(mAXImUm = 10) OF INPUT VALUES OF N. 
EXP(I) - VALUE OF N CORRESPONDING TO SUCTION(I). 
SUCTION(I) - VALUE OF S1/2 (IN FEET) COPQESPONDING TO FXP(T).

*/ 

(coLt1),F(2),sKIP(1),(NExP)(F(?).F(6))) 
((ExP_LImIT(I) no I=1 TO NExP-1)) 

/* 
FXP_LImIT(I) - UPPER LIMIT OF KSAT FOR FxP(I). NOPARFR OF VALUES 
IS NFXP-1 (MAX = c). EXP_LIMIT VALUES MUST RE ARRANGED IN ASCENDING 
ORDER, (SMALLEST FIRST AND LARGEST LAST). SINCE THEPF is 
A CORRESPONDENCE RFTWEEN EXP(I) AND FXP_LImIT(I), FXP(I) WILL 
ALSO 8F COOFF) IN ASCENDING ORDER. 

(coL(1).10 F(A,6)); 
PUT FILE(sYsPPINT) rnIT 
(IH.c. LIMIT 1 .9 51,?,.+ExpoNFNT 0 ,9(FT/oAY)1 .,(FT),) 

76 

http:coL(1).10


	  

	 	

Table 5. —ATMOFLUX progrcon listing — Continued 

(x(1?).A.x(4),A.00L(1).A,X(c,).A.X(c)).8) 
(tExP(I). 1 < 1 .vxP_LIN4 17(1).SliCTION(I) 7-)(1 1=1 To NixP-1)) 
NNFYP-1)(CoL(1).X(3),F(?).).:(7).A.F(s4 .L,).y(c,).F(4))) 

(F)03(r\IFxP),SUCTI()N(Nc- xiD)) 

(COL(1),Y(3),F(?).x(?1).F(4)): 
clICTION=10.48*SUCTIor,: 

no K=1 Tr-4 NFxp: 
N=FxP(K): 

cl?=SUCTION(K): 
PN=N: 

N1=N-1: 
F=3.1415Q/(PN*SIN(3.141Q/PN)): 
x=51P*F/10.4R: 
IF x<1. THEN Y=1. 

no T=1 To 3n: 
L=30.4R*I: 
A=(C1?*F/L)**N: 
ro J=1 Ti) lon: 

xN=)(**N: 
XN1=XN/X; 
XN?=XN1/X: 

(J=(xN-XN1 -r1)/(N*Xt, l -N]*x'!?): 
)(=)(-0; 
IP 0<0. THF,v 

IF , J<3. THFm 6n To C): 
F n : 

J=lon; 
rp FP,;F(N.I)=x-1.: 

E- Nn: 

K=1: 
L=ln: 
nn 

PUT FTLF(PuNcH) 
c(Fir.F(N.I) 1) I=K.L),N) 
(roL(1).10F (7.6) 9 X ( 41) , 'N=1 9F(2)): 

K=K+1n; 
L=L+1 n 
Fr\m: 

FND: 
A 1 :(,FT FILF(cYJN) FDIT 

(WELL No.(Lcn(I),TH(I) on I..] To 1?) 
/* 

WELL NO - wELL NwAncp. 

Lcn(1) - LITHOLO6Tr-TYPF NlimPFP Fria T-0- 1TH UNIT po Lo(; 
TH(I) THICKNFFS(FT) oF T-4 E IT)- UNIT I^ Lo(i. 

* / 

(COl (1),Y(4),A(4).1? (E(2).P(4))): 
IF TH(12))0. THEN no: 

(AFT FILF(SYSIN) F')1T 
C(Lin(I),T-4 (I) .7)0 I=11 To 

/* 

IF TH(1?)>n It-4;Hr\ IT IS KIPCFSSAkY TO HAVF A cFCOND ChPD(CAm QF 
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Tab 1 e 5.— ATMOFLUX program listing —Continued 

PLANK) FOR LCD,TH. 

(COL(1)913 (F(2),F(4))); 

END; 

THC,THK=0.; 

DO 1=1 TO 25; 

THICK=TH(I); 

IF THICK<=0. THEN GO TO A2; 
THKFTHK.THICK; 
HYDCOND=HC(LCD(I)); 
IF HYD_COND<=0. THEN DO; 

PUT FILE(SYSPRINT) EDIT 
('WELL NUMRER ',WELL_NO,', UNIT ',I,', CODE= I.LCD(I), 
I, HYDRAULIC CONDUCTIVITY = 0 1 ) 
(PAGE,A,A(4),A.F(?),A,F(2),A); 
GO TO Al; 
ENO; 

THC=THC.THICK/HYD_COND; 
END; 

A2:KSAT=THK/THC; 
no I=1 TO NFXP-1; 

IF KSAT<EXP_LIMIT(I) THEN DO; 
N=EXP(I); 
GO TO Cl; 
END; 

ENns 
N=EXP(NEXP); 

Cl:PUT FILE(SYSPRINT) EDIT 
= ',KSAT,('WELL NUMBER I,WELL_NOOSATURATED HYDRAULIC CONDUCTIVITY 

FT/DAY ,,,GARDNERIIS EXPONENT = ',N) 
(PAGE,A,A(4),COL(1),A,F(7,4),A,COL(1),A.F(2)) 
( 1 0FPTHIOTO,,,WATEP,,,(FT), 10 ET/SHC ','FT(FT/DAY)') 
(SKIP(2),A,COL(1),X(2),A,X(19). COL(1).A.X(20), 
COL(1),X(1),A,X(4),A,X(4).A) 
((I.EINF(N,I),KSAT*EINF(N.I) no 1=1 TO 30)) 
(30 (COL(1),X(2),F(?),X(5),F(8,5),X(5),F(895))); 
PUT FJLE(PUNCH) EDIT 
(WELL_NO,KSAT,KSAT,THK9 1 .1t) 
(COL(1),A(4),X(6)9 3 F(10.5),X(6),A); 
GO TO Al: 
D1:END ET: 
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Table 6.—Input data for POTEET program 

_ _ _ _ , 

Number 

cards 
........_ ._......._ 

Program 
variable 

______ 

Number of 
weather 
bureau 
stations 

i 1 —71-2 12 NSTAS Number of weather bureau sta-
tions to be read. 

Average 
monthly 
tempera-
tures 

1 1-72 12F6.2 AMT(J) Average monthly temperature in 
degrees Fahrenheit. 

1 
I 

1 

I 

Latitude 

Number of 
years 

Data de-
fining 
period of 
record 

1 

1 

1 

1-8 

1-2 

1-4 

5-9 

I 

1 

F8.3 

12 

14 

F5.0 

STALAT 

NYR 

MO 

DSE 

Station latitude as a decimal ; 
Inumber. ; 

Number of years of station re- T 
icord to be read. 

Total number of days in period 1 
to be processed. 

Number of days since spring (ver- For example, DSE 

nal) equinox to beginning period =-80 or -81 for 

of record. January 1. 

Year 1 1-4 14 IYEAR Calendar year for which potential 
ET is computed. 

Days per 
month 

1 1-24 1212 MDAY(I), 
1=1,12 

Number of days in each calendar 
month. 



		 		

	

	

	

	

	

	
	

		

	

Maximum 1 
tempera-
ture data 

1 

1 

Minimum 1 
tempera-
ture data 

1 

1 

10-11 

12-13 

15-74 

15-74 

15-80 

10-11 

12-13 

15-74 

H 

15-74 

15-80 

12 

12 

10F6.2 

10F6.2 

11F6.2 

12 

12 

10F6.2 

10F6.2 

11F6.2 

IYRD 

IMOND 

TEMP(J), 
J=1,10 

TEMP(J), 
J=11,20 

TEMP(J), 
J=21, 
ISTOPM 

IYRD 

IMOND 

TEMP(J), 
J=1,10 

TEMP(J), 
J=11,20 

TEMP(J), 
J=21, 
ISTOPM 

Calendar year of data to be read. 

Calendar month of data to be 
read. 

First 10 maximum-temperature 
values for a month. 

Second 10 maximum-temperature 
values for a month. 

Maximum-temperature values from 
21st day to end of month. 

Calendar year of data to be read. 

Calendar month of data to be 
read. 

First 10 minimum-temperature 
values for a month. 

Second 10 minimum-temperature 
values to be read. 

Minimum-temperature values from 
21st day to end of month. 

These two cards 
are read with 
one read state-
ment. ISTOPM= 
last day of 
month. 

These two cards 
are read with 
one read state-
ment. ISTOPM= 
last day of 
month. 



	

		
	
	

	 		

	 	

	 		

	 	 	 

	 

	
	
	 
	

	

	

	

	
	

	
	

	

	

	 

	

	

	 
	 
	 

	 
	

	 
	 

	
	 	

	 	 

	

	 	 

TW:, 7.--POTEET program listing 

C *************************************a************************** POT 
POT 

C POT 3C POTEFT 
POT 4C 
POT 5C 
POT 6C THIS PROGRAM COMPUTES DAILY POTENTIAL EVAPOTRANSPIRATION, 

7C IN INCHES PER DAY. USING A METHOD DEVELOPED BY C. W. THORNTHWAITE.POT 
POT 8C PRIMARY INPUT IS DAILY MAXIMUM AN!) MINIMUM AND MONTHLY AVERAGE 
POT 9C TEMPERATURE DATA FROM WEATHER BUREAU STATIONS. 
POT 10C 

**************************************************************** POT 11 
POT 12 
POT 13COMMON/C2/IRD.IPT,IPCH 
POT 14REAL mINT(1850),MAXT(1850) 

DIMENSION AmT(12),PE(185(1) POT 15 
POT 16IPD=1 

IPCH=16 POT 17 
IPT=6 POT 18 

C POT 19 
gT 2()C NSTAS=NUMBER OF WEATHER BUREAU STATIONS FOP WHICH POT FT IS COMPUTi 

C 
READ (m.11) NSTAS 
DO S IJKLMN=1,NSTAS 

C 
C AMT=AVERAGE MONTHLY TEMPERATURE. IN DEGREES F 

READ (IPD.10) (AMT(J),J=1,12) 

C HTI=THORNTHWAITE HEAT INDEX 

HTI=o.n 
DO 3 J=1,12 
IF (AMT(J)-32.) 1.1.2 

1 HI=0.0 
GO TO 1 

2 HI=C(AMT(J)-32.)/4.)**1.514 
3 HTI=HTI.HI 

C 
C A=THORNTHWAITEIS EXPONENT 

T 2. 1 
POT ?2 
POT 23 
POT 24 
POT 25 
POT 26 
POT 27 
POT 28 

POT 39T 29 
POT 31 
POT 32 
POT 33 
POT 34 
POT 35 
POT 36 
POT 37 
POT 38 
POT 39 
POT 40 

T4 
PI=3.14160 

POT 43 
C STALAT=STATION LATITUDE, AS A DECIMAL NUMHE9. POT 44 

POT 45 
REAr) (IRD,9) STALAT POT 46 

POT 47 

A=(6.75E-07*(HTI*413.))-(7.71E-OS*(HTI**?.))+(1.79E-02*HTI)+4.9E-01r,gT 4?

C AMP=AMPLITUDE OF SINE-WAVE VARIATION IN DAYLIGHT FACTOR POT 48 
POT 49 

AMP=(1.86E-05*(STALAT*41 3.))-(2.087E-03*(STALAT**2.))*(8.517E-02*STPOT CO 
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Table 7.--POTEET program listing—Continued 

1ALAT) POT 51 
C POT 52 
C NYP=NULIREP OF YEARS OF STATION PECORD FOP THE GIVEN STATION TO RE POT 53 
C ANALY7FD POT 54 
C POT 55 

READ (IRD.11) NYR POT 56 
C POT 57 
C m0=TOTAL NUmRFP OF DAYS IN PERIOD TO RF PROCESSED. POT 58 
C POT 59 
C DSE=DAYS SINCE SPRING FOUINOX TO BEGINNING of RECORD TO RE ANALYZEPOT 60 
C (-80 OR-81 FOP JANUARY 1) 
C 

READ (IRD.8) MO.DSE 
C 
C IYEAR=CALENDAR YEAP FOR WHICH POTENTIAL FT IS COMPUTED 

READ (IRD.7) IYEAP 
CALL RFADSO(mAxT.m0,IRD) 
CALL READS0(mINT,m0.IRD) 
PFSUM=n. 
NO=M0-30 
DO 4 1=1010 
K=I+3n 
TSUm=mAXT(K)+MINT(K) 
TFmP=(TSUm/2.-32.1/1.8 
IF (TFMP.LT.0.) TFmP=0. 

C DLF=DAY LENGTH FACTOR. THE PATIO OF HOURS OF DAYLIGHT TO 12 
C 

DLF=1.n•HAmP-1.)*SIN(PI*(I•DSF)/1 83.)) 
UPE=.021*(((10.*TEmP)/HTI)**A) 
PE(I)=IIPE*DLF 

4 PESUM=PFSUm•PE(I) 
5 CONTINUE 

WRITE (IPCH.6) (PF(I),I=1040) 
WRITE (IPT.12) PESUm 
STOP 

C 
6 FORMAT (10F7.4.3X.'PE') 
7 FORMAT (I4) 
8 FORMAT (I4.F5.(1) 
9 FORMAT (F8.1) 

In FORMAT (12F6.2) 
11 FORMAT (I?) 
1? FORMAT (1XOPESUm=1.F8.4) 

END 

POT 61 
POT 62 
POT 63 
POT 64 
POT 65 
POT 66 
POT 67 
POT 68 
POT 69 
POT 70 
POT 71 
POT 72 
POT 73 
POT 74 
POT 75 
POT 76 
POT 77 
POT 78 
POT 79 
POT 80 
POT 81 
POT 82 
POT 83 
POT 84 
POT 85 
POT 86 
POT 87 
POT PR 
POT 89 
POT 90 
POT 91 
POT 9? 
POT 93 

POT t:4 
POT 96-
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Table 7.--POTEET rrogram listing—Continued 

PEA 1SUBROUTINE READSO(SO,ICNT,IPD) 
C **************************************************************** REA 2 

REA 3 

C 
C 

READS° INPUTS THE NUMBER OF DAYS IN EACH MONTH AND MAX. ANn mIN.REA 4 
REA 5C TEMPERATURES. 
REA 6C 

C **************************************************************** REA 7 
C PEA 8 

PEA 9DIMENSION SO(1850).mDAY(1?),TEmP(1850),IYR(1850),MON(1850), 
REA 101 IDAY(1850) 
REA 11C 

C MDAY(IQ) ARRAY CONTAINING THE NUMBER OF DAYS IN EACH CALENDAR REA 12 
PEA 13C MONTH. 

C REA 14 
REA 15READ (TPD,9) (MDAY(I0),I0=1,12)

1 =0 REA 16 
C REA 17 

PEA 18C IYPD CALENDAR YEAR 
C PEA 19 
C IMOND -- CALENDAR MONTH PEA 20 

REA 21 
C TEMP(J) -- TEMPERATURES FOR FIRST 10 DAYS OF MONTH. PEA 22 
C PEA 23 

PEA 241 READ (IRD97) IYRD'IMONDo(TEMP(J),J=1,1n) 
IF (IMOND-2) 49?t4 REA ?5 

2 IXY=IYPD/4 PEA 26 
IF (fIrY 41 4)—IYPD) 4,3,4 REA 27 

3 MDAY(?)=29 PEA 28 
4 ISTOPm=mDAY(ImOND) REA 29 

C REA 30 
C TEMP(J) -- TEMPERATURES FOR DAY 11 TO END OF MONTH. REA 31 
C REA 32 

READ (IPD,8) (TEMP(J),J=11,ISTOPm) PEA 33 
MOAY(2)=28 PEA 34 
DO 5 J=1,ISTOPm 
1=1.1 I:F AA 3365
IYR(I)=IYPD REA 37 
MON(I)=IMOND PFA 38 
IDAY(I)=J REA 39 
SO(I)=TEMP(j) REA 40 

S CONTINUE REA 41 
IF (I—ICNT) 196,6 PEA 42 
CONTINUE PEA 43 
RETURN REA 44 

C REA 45 
7 FORMAT (9X•212,1X,10F(1.?) REA 46 
R FORMAT (14X 1 10F6.2,/,14X,11F6.2) PEA 47 
Q FORMAT (12I?) REA 48 

ENO PEA 49-
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Table 8.--Input data for RIVCHANGE program 

Number 
Reference of Columns Format 

Program 

cards variable 

Beginning 1 1-2 12 MON 
date i 

3-4 12 IDAY 

5-6 12 IYEAR 

Control 1 1-5 15 ICNT 
data 

6-10 15 NDAYS 

11-15 15 NSTAGE 

Nodes and De- 1-80 8(14, IJ(I), 
river pends F6.1) RM(I), 
miles on I=1, 

NSTAGE NSTAGE 

Control 1 1-5 15 IUM 
data 

1 1-5 15 ISTART 

1 1-5 15 IBEGN 

Input item Remarks 

Beginning month. 

Beginning day. 

Beginning year. 

Number of days in period of 
record. 

Time increment, in days. 

Number of nodes to which river-
stage values will be assigned. 

IJ(I)--Array holding node lev-
els. RM(I)--Array holding 
river miles corresponding to 
nodes in IJ. 

Number of corresponding river 
miles and river stages for 
each time step in the input 
master-data set. 

Sequence number of day relative 
to input master-data set where 
computation is to begin. 

Sequence number of day in input 
master-data set where interpo-
lation is to begin. 



	

	

	

	
	

			

	

 	

	

	

	

 	 	

 	 		
		 	
		

		

r 
Control 1 

Idata--
Continued' 

1 

6-10 15 IEND Sequence number of day in input 
master-data set where interpo-
lation is to end. 

The following data will be read repetitively until DAY=IEND 

River-
stage 
data from 

None 20A4 

-

DUMMY Read date from input file as 
dummy data. 

input 
master-

None F10.3 
. 

DAY Sequence number on input data. 

data set None 8F10.3 GMM(I), 
EEL(I), 
I=1, 
IUM 

GMM(I)--Array holding river 
miles on input data set. 
EEL(I)--Array holding river 
stages corresponding to river 
miles in GMM. 

These data are 
read from a mag-
netic disk pack. 
When DAY=IBEGN, 
processing begirs; 
when DAY=IEND, 
processing ends. 



	
	
	 	 	

	 	
	 	
	 	
	

	 	

	
	 	  

	
	
	 	
	
	 	 
	 	 
	 	 
	
	
	 	
	 	
	 	
	
	

	 	
	
	 	
	 	

	 	
	
	

  	
	 	 
	
	 	

	

	
	 	

	

	
	 	

	
	 

	
	
	 	
	
	

Table 9.--RIVCHANGF vrev,man Zisting 

C ******************************************************************RTy 1 
C 
C -- RIvCHANGE -- Vi‘ 
C INTERPOLATION AND AVERAGING RIV 4 

C PIV 5 
C (FOP m: .= PIV 6 
C PTV 7 
C ******************************************************************Riy 

RIV 

C THIS PROGRAM IS DESIGNED TO PROVIDE THF GROUND-WATER FLOW RIV 10 

C SIMULATION MODEL. SUPEPmOCK. WITH in-pAy AVERAGE RIVER-STAGE DATA PIV 11 
C EVERY in DAYS FOR SPECIFIED CORRESPONDING NODE LEVELS AND RIVER V V 12 

C MILES. I \I 3 
C PRIMARY INPUT IS CORRESPONDING RIVER-STAGE AND RIVER MILE DATARIV 14 
C IN S-DAY INCREMENTS WHICH CAN BE READ FROM EITHER MAGNETIC TAPE RD/ 15 
C OP DISK FILES OR FROM CARDS. NODE LEVELS Akin THEIR APPROPRIATE PIVPIV 16 
C MILES APE READ FROM CARDS. RIV 17 
C THE PROGRAM INTERPOLATES FOP MOTH TIME AND RIVER MILES AND PIV IR 
C RIV 19COMPUTES 10-DAY AVERAGES FOP THE ENTIRE PERIOD OF RECORD. 
C THE FIRST PEcoRn IN THE OUTPUT DATA SET TELLS YOU HOr. MANY NODvi 210 
C LEVELS YOU HAVF RIVER STAGE FOR. HOW MANY GROUPS OF lo-nAy 

PIV 22C AVERAGES YOU HAVE. AND THE TIME INCPEmENT. IN DAYS.. 
C THE DATA ARE WRITTEN ONTO A MAGNETIC STORAGE DEVICE IN RIV P3 
C UNFORMATTED, VARIABLE-LENGTH RECORDS. PIV 24 
C RIV ?5 
C ******************************************************************p/v 26 

RIV ?7 
C *** INPUT DATA *** PTV ?8 
C PTV ?9 
C IMON - BEGINNING MONTH; PIV 30 
C IDAY - IDAY • 10 = DAY OF FIRST 10-nAY AVERAGE OUTPUT: RIV 31 
C IYEAR - BEGINNING YFAP RIV 1? 
C PIV 33 
C ICNT - NUMBER OF DAYS PERIOD OF RECORD COVERS. 
C PIV 35-1'3 
C NDAYS - TIME INCREMENT ply 16 
C RIV 37 
C NSTAGE - NUMBER OF NonF LEVELS PIV 3R 

PIV 39 
C IJ - ARRAY HOLDING NODE LEVELS PIV 40 

PIV 41 
C RM - ARRAY HOLDING RIVER MILES CORRESPONDING TO NODE LEVELS. PIV 4? 

RIV 43 
C IUM - NUMBER OF CORRESPONDING PIVEP MILFS AND RIVER STAGES FOP EACRIV 44 

TIME STEP IN THF INPUT DATA SET. RIV 45 
C P IV 

WHFRF RIVC !START - SEQUENCE NUMBER OF DAY RELATIVE TO INPUT DATA SET 47 
C COMPUTATION TO PEGTN. RIV 4R 
C RD/ 49 
C IBFGN - SEQUENCE NUMBER OF DAY IN INPUT DATA SET WHERF INTEPROLATIRIV c)0 
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Table 9.--RIYCHANGE program listing—Continued 

C TO PEGIN. PTV 51 
C PIV 
C TEND - SEQUENCE NUMBER OF DAY TN INPUT DATA SFT WHERE INTFRPOLATI 532 
C TO END. RIV 54 
C 
C VI VV Z65DUMMY - DATE ON INPUT DATA SET. 
C 57 
C DAY - SEOUENCE NUMBER ON INPUT DATA SFT (MULTIPLES OF FIVE). FPIVV 
C' RIV 59 
C GMM - ARRAY HOLDING RIVER MILES ON INPUT DATA SFT. 
C RIV 6? 
C EFL - ARRAY HOLDING RIVER STAGES CORRESPONDING TO PIVPR MILES ON HIV 62 
C INPUT DATA SET. PIV 63 
C Ply 64 
C •* OUTPUT DATA *** RIV 65 
C PIV 66 
C NSTAGE - NUmAER OF NOOF LEVELS. PIV 67 
C PIV 68 
C NQSFT - NUmPFR OF GROUPS OF 10-DAY AVERAGE'S (RECORDS) YOU RIV 
C HAVE IN OUTPUT DATA SFT. VV 790 
C RIV 71 
C NDAYS - TIME INCREMENT Ply 7? 
C PIV 73 
C IMON,IDAY.IYFAP - MONTH, DAY, AND YEAR. EACH OUTPUT PFCORD IS RIV 74 
C DATED. PIV 75 
C PIV 76 
C J - SEQUENCE NUm8FR OF EACH RECORD IN OUTPUT DATA SET. PIV 77 
C PIV 7R 
C IJ - ARRAY HOLDING NODE LEVELS IN OUTPUT DATA SFT. PIV 79 
C PD./ AO 
C H - ARRAY HOLDING PIVEP-STAGE VALUES CORPFsPONDING TO NODE LEVELS RIV 81 
C IN OUTPUT DATA SET. PIV R? 
C PIV A3 
C ******************************************************************RIV R4 

C RIV AS 
DIMENSION IJ(?0()).Rm(?no),H(200).6,4(co.2nn).Gm(sn).FL(,?) PIV R6 
DIMENSION JOAY(12),GMM(150).FEL(1C0.?).rnim m Y(?0) Ply R7 
DATA JnAY/110R931.30•31.10,31 01.30• 11 .10.31/ PIV A8 
DATA GH/10000*0./ 
IPD=5 PRI VV LP 0q
ITP=in P IV ql 
IDA=9 Ply 9? 
IPT=6 93 
READ (IRD.18) ImON,IDAY.IYEAP °IVVP 
IF (MOO(IYFAR,4).E.0.0) JDAY(?)=29 PIV 95 
READ (TRD•19) ICNT.NDAYS.NSTAGF NIV 96 
READ (TQD.2O) (IJ(I),RM(I),I=1.NSTA(;E) PIV 97 
READ (IPD,24) IUM PIV 9A 
NEM) (IPD.?4) TSTAPT P V 
READ (TRD.?4) IREGN.IEND RIV 1 94 
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Table 9.---RIVCHANGE program listing —Continued 

1 READ (ITP.21) DUMMY 
READ (ITP.25) DAY 
IlDAY=DAY 
READ (ITP,?f,) (GMM(I),EEL(I•1),I=1,IUM) 
IF (I1DAY.NE.IAEGN) GO TO 1 
J7=n 
IZ=0 
DO 2 J=1.IUm 
IF (GMM(J).GE.PM(1).AND.IZ.F0.0) IZ=J-1 
IF (GMm(J).GE.Pm(NSTAGE).AND.JZ.E0.0) JZ=J 

2 CONTINUE 
NUM=0 
DO 3 I=IZ.J7 
NUM=NUM.1 
GM(NUM)=GMM(I) 

3 EL(NUM,1)=EEL(I,1) 
CDAYS=ISTAPT-I1DAY 
IXIN=ISTAPT 
IS=ISTAPT/10 

4 READ (ITP,21) DUMMY 
C WRITE(IPT9201)DUMMY 

READ (ITP.2c) DAY 
C WRITE(IPT, 30)DAY 

READ (ITP.27) (EEL(192),I=1.IUm) 
N7=IZ 
DO C J=1,NUM 
EL(J.2)=EEL(N7.2) 

5 NZ=NZ*1 
WPITE(IPT, 30)(EL(I•2),I=1,NUM) 
I2DAY=DAY 
IX=I2DAY-IIDAY 
IN=Tinve.1 
IF (ID1.LT.ISTART) IDI=ISTART 
DO A J=ID1.I2DAY 
JJ=J-I1DAY 
JT+4=(J-ISTART)/10•IS 
DO 6 I=1,NUm 
DFL=CEL(I,2)-EL(I.1))/IX 

6 GH(I.JTM)=EL(I.1)+DEL*JJ•GH(I,JTH) 
DO 7 I=1,NUM 

7 EL(I,1)=EL(I.2) 
IlDAY=I2DAY 
IF (DAY-IEND) 4.8.8 

8 DO 9 7=1950 
DO 9 J=1,200 

o GH(T,J)=GH(I,J)/10. 
NQSFT=ICNT/NDAYS 
WRITE (IDA) N5TAGE.NOSET,NDAYS 
WRITE (IPT.28) NSTAGE,NOSET,NDAYS 
ISTATm=TSTAPT/10 

PIV 101 
RIV 102 
PTV 103 
RIV 104 
RIV 105 
PIV 106 
PIV 107 
RIV 108 
RIV 109 
RIV 110 
PIV 111 
RIV 112 
RIV 113 
RIV 114 
PTV 115 
RIV 116 
RIV 117 
RIV 118 
RIV 119 
RIV 120 

121 
PIV 122 
PIV 123 
PIV 124 
PIV 125 
PIV 126 
PIV 127 
PIV 128 
PIV 129 
PIV 130 
RIV 131 
PIV 132 
PIV 133 
PTV 134 
RIV 135 
PIV 136 
PIV 137 
RIV 138 
PIV 139 
PIV 140 
PIV 141 
PIV 142 
PIV 143 
PIV 144 
PIV 145 
PIV 146 

PPTI VV 1 4; 
RIV 149 
RIV 150 

-4 1 



	
		
	
	 		 	
	

		 		

	 			

	 			

	 	

		
		
		
		
		
		

	
	
	
	
	
	
	
	
	
	
	
	

Table 9.--RIVCHANGE program Zisting—•Continued 

DO 17 J=ISTATH ► JTH PIV 151 
DO 13 I=1,NSTAGE RIV 152 
DO 10 K=1•NUM RIV 153 
IF (RM(I).GE.GM(K)) GO TO 10 RIV 154 
GO TO 11 RIV 155 

10 CONTINUE RIV 156 
K=NUM RIV 157 
GO TO 12 RIV 158 

11 IF (K.F0.1) GO TO 12 RIV 159 
KS=K-1 RIV 160 
H(I)=(RM(I)—GM(KS))/(GM(KS4. 1) — GM(KS))*(GH(KS+1,J)—GH(KS,J))*GH(KS,RIV 161 

1J) RIV 162 
GO TO 13 RIV 163 

12 H(I)=GH(K,J) RIV 164 
13 CONTINUE RIV 165 

IDAY=IDAY•10 RIV 166 
IF (IOAY.LE.JDAY(IMON)) GO TO 16 RIV 167 
IDAY=IOAY—JOAY(IMON) RIV 168 
IMON=IMON•1 RIV 169 
IF (IMON.LE.12) GO TO 16 RIV 170 
IMON=1 RIV 171 
IYEAR=IYEAR.1 RIV 172 
IF (MOD(IYEAR•4)) 15,14,15 PTV 173 

14 JDAY(2)=29 PIV 174 
GO TO 16 RIV 175 

15 JDAY(2)=28 RIV 176 
16 WRITE (IDA) IMON,IDAY•IYEAR RIV 177 

WRITE (IPT•22) IMON,IDAY•IYEAR PIV 178 
WRITE (IDA) J RIV 179 
WRITE (IPT•?.9) J RIV 180 
WRITE (IDA) (IJ(I),H(I)•I=I,NSTAGE) RIV 181 
WRITE (IPT,23) (IJ(I),H(I)0=1,NSTAGE) PIV 182 

17 CONTINUE RIV 183 
STOP RIV 184 

RIV 185 
18 FORMAT (312) RIV 186 
1Q FORMAT (16151 RIV 187 
20 FORMAT (8(I4,F6.1)) RIV 188 
21 FORMAT (20A4) PIV 189 
22 FORMAT (1)(020/0 020/e02) RIV 190 
23 FORMAT (7(1)(040X,F6.?)) RIV 191 
24 FORMAT (215) RIV 192 
25 FORMAT (F10.3) RIV 193 
26 FORMAT (8F10.3) PTV 194 
27 FORMAT (4(1nX•F10.3)) RIV 195 
?A FORMAT (1X•5I5) RIV 196 
29 FORMAT (1X•I5) RIV 197 

END RIV 198-
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Table 10.--/nput data for TRIBCFANCE program 

Number 

Reference of 
cards 

Columns Format Program
variahle 

Heading 1 1-80 20A4 DUM 

Control 1-5 15 NSTRMS 
data 

6-10 15 NDATA 

1-5 15 NAVE 

6-10 15 NSTOT 

Input item Remarks 

Title heading for printed output. 

Number of tributary streams to be 
processed. 

Number of 10-day averages being en-
tered for each stream gage. 

Number of 10-day average records to 
be in output. 

Number of nodes to be assigned a 
tributary-stream stage. 

The following will be read repetitively for each stream: 

Stream 1 1-5 15 NGAGES Number of gages on the stream for 
data which data will be entered. 

6-10 15 NSTAGE Number of nodes applicable to this 
stream. 

The following will be read repetitively for each gage on each stream: 

1 1-5 F5.2 GEL(I) Array holding the datum elevation for 
each gage on the stream. 

6-10 F5.2 GM(1) Stream mile of gage. 

Depends 1-75 15F5.2 GH(I,J), Array holding input 10-day-average 

on J=1,NDATA, stream stages for each gage on the 

NDATA I=1,NGAGES stream. 



	 		
	

		
	

	 		

Output De-
1 

1-80 
I 

8(14, IJ(I), IJ(I)--Array holding nodes These arrays accu-

nodes pends F6.1) RM(I) for which tributary stream mulate all of the 

and on output is desired. corresponding out-

stream NSTAGE RM(I)--Corresponding river- put nodes and 

miles mile location of each node. river miles for all 
of the streams to 
be processed. 



	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
	

	

	
	

	
	

	

	

	

	

	

	

	

	

	

	
	

	

	
	

	

	

	

	
	

	

	
	

	

	

	

		

	

	

	

	 	

	

	

	

	 	

	

	
	

	

	

	

	

	

	

	

	

	

	

Table 11.--TRIBCHANGE program Zisting 

******************************************************************Td1 1 
TPI 2 

TRIRCHANGF -- TRI 3 
INTERPOLATION PROGRAM TPI 4 

(FOR TRIHUTAPY STREAMS) TRI 5 
TPI 6 

******************************************************************TqI 7 
TRI 

THIS PROGRAM DPOVIDES 10-DAY-AVERAGE STPFAM-STAGE DATA TPI 9 
CORRESPONDING TO SPECIFIC NODE LEVELs FOP TPIPUTAkY STwFA'Ac TPI 10 
IN THE AREA. TPI 11 

10-DAY-AVERAGE OAT A FOP DIFFEPENT GAGING SITES F0.4 EACH TPI 1? 
STREAM ARE READ . INTF PpoLATIPN FOP DISTANCE IS PFPFDPmEn TPI 13 
IN ORDER TO DETERMINE STAGES FOR PAPTICULAP NODES. TRI 14 

OUTPUT IS WRITTEN ON MAGNETIC DISK FILE TO RE REFERENCED PY TPI 15 
MODELING PROGRAM. TRI 16 

TPI 17 
******************************************************************TRI 1R 
***************4**************************************************TkI 19 

TRI 20 
*** INPUT DATA *** TP1 21 

TPI 2? 
DUM - TITLE HEADING FOP PAINTED OUTPUT. TN' 23 

TPI 24 
NSTPmS - NumRFP OF TPIPUTAPY STREAMS. TPI 25 

TRI ?6 
NDATA - NUMBER nF In-DAY AVFPAGES REING ENTFPFI) FOP FP+CH STREAM. TRI ?7 

TPI 
NAVE - NUMBER OF 10-DAY AVEPAGF RFC 0Pnc TO HF IN OUTPUT. TRI ?9 

TRI 30 
NSTOT - TOTAL NUMBER OF NODES TO Pr ASSIGNED A STPEAm STAGE. TRI 31 

TPI 32 
-- REPETITIVE FOR EACH STREAM -- TPI 33 

TkI 34 
NGAGE - NUmRER OF GAGES ON STREAM. TPI 15 

TRI 36 
NSTAGE - NUMBER OF NODES APPLICABLE TO THIS STPFAm. TRI 17 

TPI 
GFL - ELEVATION OF GAGE. T01 39 

TPI 40 
GM - STREAM MILE. OF GAGE. TRI 41 

TR' 42 
GH - APPAY HOLDING 10-1)AY-AVEPAGE STPEAm STAGES. TPI 43 

TPI 44 
IJ - APPAY HOLDING NODE LEVELC. TPI 45 

TRI 46 
Rm - ARRAY HOLDING STREAM MILES COPoFsPoNOING TO NODE LEVELS. TPI 47 

TRI 4P 
*** OUTPUT DATA *** TPI 49 

TPI 
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Table 11.--TRIBCHANGE program listing —Continued 

C DI1M - TITLE HEAnING (IN PRINT ONLY). TPI 51 
TkI 5? 

C NSTOT - TOTAL NUMHEP OF NODES. TPI 53 
C TRI 54 
C NAVF - NUmREP OF 10-DAY-AVERAGE RECOROC IN OUTPUT (PRTNT ONLY). TRI 55 
C 'NI 56 
C IJ - ARRAY HOLDING ALL NODES. TPI 57 
C TRI CP 
C K - SEQUENCE NUM4Fk FOR EACH RFCOPO WkITTEr'l. TPI 59 
C TRI 60 
C H - ARRAY HOLDING STRFAM-STAGE VALUES COPRFSPONDING T( SPECIFIED TPI 61 
C NODE LEVELS AND STREAM MILES. TPI 6? 
C TPI 63 

******************************************************************TRI 64 
TkI (15 

DIMENSION GH(7.300),IJ(100).Pm(100).H(70 1.1k2).GM(7).FL(7) TRI 66 
DIMENSION ni,m(po) TRI 67 
DATA H/3658?*0./ TPI 68 
DATA I00/5/.IDA/2/.IPT/6/ TRI 
READ (IPD,9) DUm 7 
READ (TRD.10) NSTRMS.NDATA TRI 7190 
READ (IP0+10) NAVE.NSTOT TRI 72 
ITT=0 TRI 73 
DO 7 IS=1,NSTRmS TRI 74 
READ (IRD.10) NGAAES.NSTAGF TRI 75 
DO 1 I=1.NGAGES TPI 76 
READ (TRD.11) GEL(I)+6M(I) TRI 77 
READ (TRD.11) (GH(I.J).J= 1.NDATA) TPI 78 

1 CONTINUE TRI 79 
IT=ITT*1 TPI 80 
ITT=ITT.NSTAGE TRI Al 
READ (IRD.12) (IJ(I)+Pm(I),I=IT.ITT) TRI P? 
DO A J=1,NAVE TPI (43 
DO S I=IT.ITT TRI $14 
DO ? K=1.NGAGES TRI 85 
IF (RM(I).GE.GM(K)) GO TO 2 TRI 86 
GO TO 1 TPI 87 

? CONTINUE TRI 8P 
K=NGAGFS TRI 89 
GO TO 4 TPI 90 

3 IF (K.E0.1) GO TO 5 TRI 91 
KS=K-1 TRI 9? 
H(I.J)=ARM(I)-Gm(KS))/(GM(KS*1)-(im(KS) )*(GH(KS+1.J)-G H(KS.d).GEL(KTRI 93 

IS•1)-GFL(KS))+GEL(KS).GH(KS.J ) TRI 94 
GO TO S TRI 95 

4 IF (PM(I).GT.GM(K)) GO TO S I 
H(I.J)=GH(K,J).GEL(K) TTRP I 9(7 

c CONTINUF TPI 9P 
A CONTINUE TRI 99 
7 CONTINUE TPI 1')O 

97 



		
		
		
		
		
		

		
		
		
		
		

	
	
	
	
	
	

 	
	

Table 11,--TRIBCHANGE program 'listing —Continued 

TRI 101WRITE (IPT,13) DUM 
WRITE (IPT,14) NSTOT•NAVE TRI 102 

WRITE (IDA) NSTOT TRI 103 
TRI 104WRITE (IDA) (IJ(I),I=1•NSTOT) 

WRITE (IPT,14) NSTOT TRI 105 
TRI 106WRITE (IPT,15) (I,J(I)•I=1•NSTOT) 

K=9 TPI 107 
TPI 108DO 9 J=1,NAVE 
TRI 109WRITE (IPT•14) K 
TRI 110WRITE (IDA) K 

WRITE (IPT,16) (IJ(I),H(I•J),I=1•NSTOT) TRI 111 
WRITE (IDA) (IJ(I),H(I,J),I=1•NSTOT) TRI 112 

TRI 113K=K+1 
8 CONTINUE TRI 114 

STOP TRI 115 
TRI 116 
TRI 117FORMAT (20A4) 

10 FORMAT (215) TRI 118 
11 FORMAT (15E5.2) TRI 119 

TRI 1201? FORMAT (8(149E6.1)) 
TRI 12113 FORMAT (1X,20A4) 
TRI 1?214 FORMAT (1X,2I5) 
TRI 1?31 5 FORMAT (20(1X•I4)) 
TPI 12416 FORMAT (10(1X.I4,lX•Fh.l)) 
TRI 125-END 
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Table 12.--Input data for DELETDELH program 

Reference 
Number 

of 
cards 

► Columns 
! Program 

Format ! variable 

4-

Input item Remarks 

Evapotran- 12 
spiration 
divided by 
saturated 
hydraulic 
conductiv-
ity 

Data for y 1-X 
individ- ' 

1 

1-70 

-4 

10F(7,6) ! ET 

--t 
A(4) ! WELLNO 

Values of evapotranspiration 
divided by saturated hydraulic These cards are 
conductivity for 1-30 ft above output from 
the water table for four ATMOFLUX. 

ranges in vertical hydraulic 
conductivity. 

Observation-well identifica-
tion number. 

ual ob-
servation 
wells 

21-30 

F(10) 

F(10) 

HCU 

E HCL 

(These areVertical hydraulic conductiv-
calibrat-ity from land surface to wa-
ed valuester table. 
from 
SUPER-

Vertical hydraulic conductivi-
MOCK.

ty from water table to top of 
aquifer. 

X=Number 
of 
obser-
vation 
wells. 

31-40 F(10) 1 THICK Thickness of material from lard 
surface to top of aquifer. 

41-50 F(10) 
r 
1 DTW Average depth to water. 



Table 13.--DELETDELH program Zisting 

**************************************************nELET:/* 

DFLTAET / OELTAH 

THIS PROGRAM COMPUTES DELTA FT / OFLTA H USING 
THE RIPPLE FUNCTIONAL. 

************************************************* 
*/ 

PROCEDURE OPTIONS(mAIN): 
DECLARE FT(2:00).nwET0(30).DET(30).wFLL'10 CHAP(4): 
ON ENOFILE(SYSIN) GO TO EN01: 

READ VALUES OF ET/SAT.HYD.CoND. FOR DEPTHs OF 1 TO 3n 
FEET ABOVE THE wATEP TARLF FoR FOUR 0AN6FC IN VERTICAL 
HYDPAULIC CONDUCTIVITY. 

GET FTLE(SYSIN) FOIT(ET)(COL(1) ,10 F(7,f,).x(1(► )): 

READ DATA FOR INDIVIDUAL ORSEPVATION wELLS - ID. NUmREP, 
VERTICAL HYDRAULIC CONDUCTIVITY FOP MATERIAL FROM LAND i;uRFACE 
TO THF WATER TABLE AND FROM THE WATI=R TABLE TO TOR OF THF 
AQUIFER. THICKNESS FROM LANs SURFACE TO TnP OF AQUIFER, 
AND AVERAGE DEPTH TO wATFP. 

*/ 

1N1 :GET FILE (SYSIN) EDIT(WELLNO,HCU,HCL,THICK,DTw) (COL(1).11(4).X(A)). 
4 F(10)): 
IF Hcu<.n4 THEN DO; 

IF HCU<.004 THEN IExP=7: 
ELSE IFxpt3; 
END: 

ELSE DO: 
IF HCU<.4 THFN IFXP=4: 
ELSE IExp=5; 
END: 

00 I=1 TO 3n; 
E,F=n,; 
X=x+1.: 
Y=X: 
J=T: 
IF J>30 THEN ET0=0.: 
ELSE ETO=HCU*ET(IExP,J); 
IF THICK>Y THEN nO: 

FLow=HCL*(Y-x)/(THIrK -Y): 
IF FTO>FLOW THFN 

Y=Y+1.: 
J=J+1: 
F=FTO: 
F=FLOw; 
(,O Tn Al: 
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Table 13.--DELETDELH program listing—Continued 

ENO; 
ELSE DO: 

G=E-F-ETO+FLOW; 
IF G>0. THEN GWETO(I)=E-(E-ETO)*(E-F)/G; 
ELSE GWETO(I)=0.; 
GO TO A?; 
END: 

END; 
ELSE DO; 

IF E>.0000005 THEN DO; 
EETO=E-ETO; 
EHYT=ETO•HCL.EETO*(Y-THICK); 
DY=(SORT(EHYT**2+4.*HCL*(THICK-X)*EET0)-FHYT) 
/(2.*EFT0); 
GWETO(I)=ETO.EFT0*(Y-THICK.Dy); 
END; 

ELSE GWETO(I)=ETO; 
END: 

A2: IF GWETO(I)>.008?2 THEN GWETO(I)=.00R22; 
ENO: 

J=DTW+.5; 
no I=1 TO 30; 
IF J<=1 THEN GWETOJ=GWET0(1); 
IF J>30 THEN GWETOJ=O.; 
IF J>1bJ<=30 THEN GWETOJ=GWETO(J); 
IF I-,=J THEN DET(I)=(GWFTO(I)-GWETOJ)/(J-I); 
ELSE DO; 

IF J=1 THEN DET(I)=GWET0(1)-GWET0(2); 
IF J>11W<30 THEN DET(I)=(GWETO(J-1)-GWETO(J+1))/?.; 
IF J=30 THEN DET(I)=GWETO(?9)-GWET0(30); 

END; 
ENDS 

PUT FILF(SYSPPINT) EDIT(WELLNOOHCU= I.HCUOHCL= ',HCL, 
'AVE, DTW = 1 9DTWOTHICKNESS= ',THICK, 
'DTW(FT) ET(FT/DAY) DFT/DH(1/DAY)1 , 
(TOWFTO(I),DET(I) DO I=1 TO 30)) 
(PAGE.A(4),4 (SKIP(1),A,F(1095)),SKIP(?),A , 
30 (COL(9),F(2),X(3),F(10.7),X(5),F(10,7))); 
GO TO IN1; 

FND1:END DELFT: 
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329 
HCU= 0.02000 
HCL= 0.00500 
AVE. DTW = 3.00000 
THICKNESS= 14.00000 

DTW(FT) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

ET(FT/DAY) 
0.0021079 
0.0017863 
0.0015119 
0.0012104 
0.0009873 
0.0007551 
0.0005939 
0.0004560 
0.0003467 
0.0002647 
0.0002044 
0.0001601 
0.0001266 
0.0001020 
0.0000832 
0.0000686 
0.0000572 
0.0000482 
0.0000410 
0.0000352 
0.0000304 
0.0000264 
0.0000232 
0.0000204 
0.0000180 
0.0000160 
0.0000144 
0.0000128 
0.0000116 
0.0000104 

DET/DH(1/DAY) 
0.0002980 
0.0002745 
0.0002880 
0.0003014 
0.0002623 
0.0002523 
0.0002295 
0.0002112 
0.0001942 
0.0001782 
0.0001634 
0.0001502 
0.0001385 
0.0001282 
0.0001191 
0.0001110 
0.0001039 
0.0000976 
0.0000919 
0.0000869 
0.0000823 
0.0000782 
0.0000744 
0.0000710 
0.0000679 
0.0000650 
0.0000624 
0.0000600 
0.0000577 
0.0000556 

Figure 29.--Example of output from DELETDELH program. 
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