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PIGITAL MODEL OF THE BEAYOU BARTHOLOMEW ALLUVIAL
AQUIFER-STREAM SYSTEM, ARKANSAS

By J. E. Reed and M. E. Broom

ABSTRACT

A digital model of the aquifer-stream system was calibrated for the
purpose of predicting hydrologic responses to stresses of water development.
The simulated-time span for model calibration was from 1953 to 1970, during
which time the system was stressed largely by ground- and surface-water
diversions for rice irrigation.

The model was calibrated by comparing ground-water-level and streamflow
data with model-derived ground-water levels and streamflow. In the calibrated
model, the ratio of model-derived to observed streamflows for 17 subbasins
averaged 1.1; the ratios among the subbasins ranged from 0.8 to 1.6. The
average deviation of the differences between model-derived and observed ground-
water levels at 47 nodes was 0.2; the average among the nodes ranged from 2.3
to 10.4. The average standard deviation of the differences between the model-
derived and observed ground-water levels was 3.5; the average among the nodes
ranged from 0.4 to 10.5.

The model will provide projections of changes in the potentiometric
surface resulting from (1) changes in the rate or distribution of ground-
water pumpage or (2) changes in the stage of streams and reservoirs. The

model will provide only approximate projections of the streamflow.



INTRODUCTION

The U.S. Geological Survey, in cooperation with the Arkansas Geological
Commission, began a study in 1971 of the Bayou Bartholomew alluvial aquifer-
stream system (fig. 1). The purpose of the study was to develop a water-
management model for predicting hydrologic responses in the system to stresses
of water development. Development to the present (1978) includes flood-control
Tevees along the Arkansas and Mississippi Rivers, nagivation pools in the
Arkansas River, cleared lands, drainage canals, and diversion of ground and
surface water for crop irrigation, fish farming, and the manufacture of paper.

Hydraulic connection between the alluvial aquifer and the streams provided
the basis for this system study. Although the aquifer-stream connection is
simply conceived, many water facts are reaquired to label the locations, times,
and quantities of water exchange between the aquifer and the streams. In addi-
tion, the accounting of inflow and outflow in any one of the several stream
basins in the study area is complicated to some extent by interbasin flows.

The surface water can move between the basins by way of flood-control and
irrigation canals; the ground water, mostly uninfluenced by the basin boundaries
in areas of heavy ground-water withdrawals, can move by way of the alluvial
aquifer from areas of recharge in some basins to areas of discharge in other
basins.

The study was completed in two phases. The first phase, the results of
which are contained in Broom and Reed (1973), dealt inclusively with defining
the characteristics and properties of the system and making an electrical-
analog analysis of the ground-water flow. The most significant results of the

analog analysis concerned the areas and the amounts of aguifer recharge. Of
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Figure 1.—Location of the study area.



an estimated total recharge of 161,000 acre-ft to the aquifer in 197C, the
analog analysis indicated that 70 percent of the recharge occurred along
aquifer-stream boundaries. This recharge was in the form of induced re-
charge or stream capture, resulting from heavy ground-water withdrawals.

This report contains the results of the second phase of the study which
dealt exclusively with the calibration of a digital model that would simu-
late both ground-water and surface-water segments of the system, and there-
by afford a more comprehensive water-management model. Data for defining
the aquifer properties and the hydrologic character of the streambed mate-
rial in the digital model consisted mostly of calibrated values from the
analog model.

The reader is referred to Broom and Reed (1973) for additional descrip-

tion of the physical features of the system.

DIGITAL MODEL OF THE SYSTEM

Ground-Water Segment

Natural Framework

The alluvial aquifer, composed of sand and gravel, occurs relatively
uniformly in the alluvial flood-plain and terrace deposits (fig. 2). The
aquifer is overlain by semiconfining clay and silt beds in the flood-plain
and terrace deposits, and the aquifer is underlain mostly by a thick confining
clay bed in the Jackson Group, undifferentiated in this area. The aquifer
wedges out against the Jackson Group along the Monticello Ridge in the area
mostly north of Ashley County (fig. 2). The contact between the Jackson
Group and the aquifer represents an impermeable boundary. South of the
Monticello Ridge, the aquifer extends westward into the Saline and COuachita

River basins. The average thickness of the aquifer is about 100 ft, and
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it underlies about 3,200 mi? of the study area. Practically all ground-
water pumpage in the area, largely for rice irrigation, is derived from
this aquifer.

The lateral boundaries for the modeled area of the aquifer are as
follows: The Arkansas and Mississippi Rivers, respectively, form the north
and east boundaries (fig. 2). The contact between the alluvial-terrace
deposits and the Jackson Group forms the west boundary to the southern edge
of the Monticello Ridge; south of the ridge, the west boundary is formed by
the Saline and Ouachita Rivers. The southern boundary was arbitrarily set

at 5 mi south of the Arkansas-Louisiana border.

Digital Simulation

The alluvial aquifer was treated as a two-dimensional planar model.

The orientation and numbering system of the model grid are also shown in
figure 2. The node spacing for the digital model, retained from the analog
model (Broom and Reed, 1973) equals 7,040 ft in the system. Location of a
node within the model grid is by the notation (I,J), where I and J are the
row number and column number, respectively.

Transmissivity values in the aquifer, ranging from 0 to 43,000 ft2/d,
are shown alphamerically in figure 3 (note that fig. 3, as well as all other
computer-printed maps in this report, must be rotated 90° clockwise to be
oriented in the same direction as fig. 2). The boundary of the aquifer at
the contact with the Jackson Group (fig. 2) was modeled by assigning zero
transmissivity values to the nodes that fell outside the area of the aquifer
(fig. 3). The distribution of the transmissivities in the digital model is
the same as used in the analog model (Broom and Reed, 1973), except that

the aquifer coverage was extended in the southwest in the digital model
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(fig. 2) to include a part of the Saline and Quachita River basins. The
purpose of extending the aquifer coverage in the digital model was to
determine the westward extent of pumping influence from the study area.
Transmissivity values of the aquifer in the area of extension were partly
estimated from an aquifer-thickness map from Boswell, Cushing, and Hosman
(1968, pl. 1).

The storage coefficient (ST@) and soil parameters (HCU, HCL, SMM, SMN,
and NEXP) are constants whose values are assigned to subareas of the system
defined by a two-dimensional array, termed JAREA. A subarea map of the
JAREA is shown in figure 4.

The initial storage coefficient was based on the analog-model calibra-
tion. Analog-model values for storage coefficient ranged from 0.03 to 0.24
(Broom and Reed, 1973, p. 50). For ease in calibration of the digital model,
storage coefficients were averaged throughout each subarea of the JAREA.
These smoothed values, which ranged from 0.03 to 0.21, were used as input
to the digital model. Calibration of the model required modification of
values to improve the fit between model-derived and observed data. The
final range of storage-coefficient values was from 0.06 to 0.21. Initial
and final storage coefficients for each subarea of the JAREA are shown in
table 1.

The parameters HCU, HCL, SMM, SMN, and NEXP reflect the characteristics
of the soil and the clayey and silty material that overlie the alluvial
aquifer. The overlying material controls aquifer accretion (vertical
recharge and discharge) from infiltration of precipitation and loss to
evapotranspiration. HCU is a factor determining infiltration and represents

the hydraulic conductivity of the soil. HCL is a factor in determining
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Figure 3.—Modeled transmissivity of the alluvial aquifer.
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Table 1.—Initial and final values for storage coefficient

Subarea Storage coefficient
number s .
Initial Final
T e e e 0.0500 0.1000
i e T T 1400 . 1400
K T 1200 .2000
L D L T T ——— 1200 .1200
D e e e e 1000 .1000
T e T 0900 .0900
F e T 1000 .1000
e L LT 1800 .1800
9 m e e e e 1000 .1000
L e T T . 1400 .1400
R T T e .0800 .0800
T B e e A A 0600 .0600
L et T TR 1100 .1100
L e T T T 0600 .0600
R ittt T A —— 1100 .1100
L ettt T 1000 .1000
17 e m e e e e e e 1200 .2000
LB T T TP .1800 .1800
e i .0800 .0800
S 1600 .1600
S 1900 .1900
2 o et e e 1500 .0800
3 s R 2000 .2000
Pl s R R 5 1200 .1200
2B mmm e e e 1500 .1500
. S U 0300 .1000
T ——— 1200 .1200
28— == e e e 0900 .0900
e e R S B R i SR 0600 .1000
Fm i 0600 .1000
J] st mrnsmnmtme dmmmm————————————— e 0400 .1000
T2 o et 2100 .2100
[ RS S ———— 1200 .1200
s B S 0900 .0900
i 5 e e 2000 .2000
S 0900 .0900
i T A ——— 0700 .0700
8 o s o o 1800 .1800
oo g e G 1600 .1600
P st I 0800 .0800
e 0600 .0600
1 T S —_ 0300 .1000
TS R .0300 .1000
] i e S .0600 .0600
BB O S A S s .2000 .2000
U ST —— .0300 .1000
2 0400 .1000




aquifer accretion and represents the hydraulic conductivity of the material
between the soil and the aquifer. SMM represents the maximum moisture

that can be stored in the unsaturated zone at a model node. SMN represents
the equilibrium soil-moisture content; moisture will drain to the aquifer
if the moisture content is greater than SMN, and moisture will be replen-
ished by upward flow from the aquifer if the moisture content is less than
SMN. NEXP is the exponent (n) in equation 10 by Ripple, Rubin, and van
Hylckama (1972) that postulates the relationship between the hydraulic con-

ductivity of unsaturated soil and soil-water suction,

K=K(S) =Ky 04/ ((S/Sy,,)M+1),
where
K=hydraulic conductivity for liquid flow, cm/d,
Ksat=hydrau11c conductivity of water-saturated soil, cm/d,
S=soil-water suction, defined as the negative of the soil-water
pressure head, cm of water,

51/2=a constant coefficient representing S at K=1/2K > cm of water, and

t
n=an inteaer soil coefficient that usually rarnges from 2 for clays

to 5 for sands.

A Timiting evapotranspiration rate at each model node was computed by multi-
plying a dimensionless value relative to NEXP and depth to water (table 2)
by HCL for the node. The derivation of the dimensionless values and a
FORTRAN program for computing the dimensionless values in table 2 are given

on pages 54-55 of Reed, Bedinger, and Terry (1976).
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Table 2.—Dimensionless values for computing

DEPTH

limiting evarotranspiration rates
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0.,037181
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0.021901
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1.802071
064980 |
0.30664]|
0163351
0094409 |
0.05847]
0.,038271I
0.026241
0.018701
0.013771
0.010411
0.00806 |
0.00636|
0.005101
0.004161
0.003431
0.002861
0.002411
0.,002051
0.,001761
0.001521
0.001321
Ne001161
0.001021
0.,000901
0.000801
N.000721
0.00064|
0,0005%81
0.000521
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1.520R61
DadT74T75]
018209
0076321
0035141
Ne017R3|
000985
0.005R4]|
000367
0.002421
0.00165]1
0.00117|
0.00085
0000631
0.00048H1
0.000371
0.00029|
0.000231
0.000191
0.000151
0.000121
0.000101
0.00009|
0.000071
0.000061|
0.00004)
0000041
0.,000031
0.000031

Ne38240
NeU3TES
N.00562
Nea00136
D.000&5
0,00018
0.00004
000004
0.00002
0.00001
0.00001
000000
N.00000
000000
000000
0.00000
0.00000
0,00000
0.00000
060000
0.00000
0.00000
0.00000

0.00000

000000
0.,00000
0.00000
000000
0.00000
0.,00000



The reason for the existence of a limiting flux is discussed on page
A of Ripple, Rubin, and van Hylckama (1972), and the 1imiting flux is
defined by equation 23 of their report.

Initial values for the five parameters representing characteristics
of the fine-grained material above the aquifer were constant for the entire
model and were HCU=0.03 ft/d, HCL=0.03 ft/d, SMM=1 ft, SMN=0.5 ft, and
NEXP=4. These values were adjusted during calibration to improve the fit
between the model and the observed data. The final values for the param-
eters are given in table 3.

Another parameter of the ground-water segment of the model is the APS
(streambed parameter), which reflects the degree of hydraulic connection
between the stream and the aquifer. Streambeds were modeled for the Missis-
sippi and Arkansas Rivers, Boeuf River, Bayous Macon and Bartholomew, and
the Quachita and Saline Rivers (fig. 5). The beds of streams that had no
signiticant hydraulic connection with the aquifer, based on head-stage
comparisons, were not modeled.

Except for the Saline and Ouachita Rivers, the values of APS at all
stream boundaries were inferred from the analog-model analysis. The data
from the analog model, converted into hydraulic terms, have units the same
as transmissivity (ft2/d) and represent the hydraulic conductivity of the
streambed material multiplied by the horizontal area of the streambed at a
node, divided by the thickness of the streambed material.

The APS final values in the digital model are the same as the initial
values except for part of the lTower reach of the Boeuf River where, in the
calibration of the digital model, the Boeuf River streambed was indicated
to have a lower APS than the initial value between column numbers 50-68

(fig. 5).
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Table 3.—Parameter values of the fine-grained materiale overlying the

SUBAREA
NUMBER

O ~NTTNFH W -~

DWW W WWMN NN NN NN N NN e b e et et bt bt bt
TN WS O DNITNPWNN—O 0DDNTTAEWN—~O

37
38
39
40
41
42
43
44
45
46
47

HCU
(FT/D)

2.0000
2.0000
2.0000
01200
01200
0,1200
N.110N
ND.1100
0.1100
01100
01100
0.2000
Ne2000
0.2000
0.,2000
N.07250
00250
N0e025N
N.0250
02500
02500
02500
Ne2500
2.0000
1.0000
0.0400
N.0900
N.090N
01000
Ne.1000
0.0500
Na0500
Ne 0500
0.0500
00300
00300
0.0300
0.,0300
0.0300
2.0000
0.1000
N.100n
N«1000
Na1009
Ne1000
N.1000

aquifer

HCL
(FT/D)

00015
00000
00030
0.0020
0.0001
0.0ND0P
Ns0010
Ne 0010
Ne0040
Ne003C
0.0002
0.0005
0.0010
0.0005
0.0010
0.,0005
0.0080
00040
00150
0,0005
0.0020
00,0005
00018
0.0020
0.0005
0.0400
0.0020
00010
0.0100
00020
0.0010
Ua0010
0.0030
N 00RO
Ne 0015
Ve0200
0.0100
0.0005
00003
00010
Ne00P0
Ne0ODS
00000
NeNOGT
NaNGAG
Mg (10 1
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SMM
(FT)

1,00
100
40N
1409
lion
1,00
1.00
llUn
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
l.On
1.00
1.00
1.00
1,00
l1.00
1.00
1.00
1.00
100
1.00
l1.00
1.00
1,09
1.00
1.00
1.00
1.00
1.00
1.00
l-nr}
1.00
1.00
1.00
1.00
1.00
1.00
l1.00

SMN
(FT)

0eTsS
Ne75H
Na75H
i.ot)
Neb0
0'5()
Ne50
Ne50
0450
Ne50
Ne50
0e50
0«50
NeS0
Ne50
Ne50
NeB0
0050
0«50
Na50
NeS0
Ne50
Neu0
0.75
N TS
1.00
0650
050
1.00
D50
1.00
.50
0650
Ne50
050
Ne50
0e50
Ne50
0.50
iebD
Ne50
NeS0
0«50
Ne50
N a5l
050

NEXP
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ROW NUMBER

COLUMN NUMBER

5 10 15 D 25 kY k3] 40 45 50 % &0 65 0 75 78
10000000000000000000000000000000000000000000000000oooooooooonononMaooooooooooa

n AAA AAA River Aa A AQ
0 AAAA A Mississippi a AAAA A A AQ
0 AAA A AA AA A A AAAAAAAAAD
50 AA A A AA A AR F
0 A A A A A quou F
0 AA AAA AAA 5o il e Macm, F
0 A C CcDD DDD F
0 A D 0L F
100 A oDD
0 A BBRBRRA F
0 A B R ABG Boeuf River E
0 . A B B 6666G6GGGGCCCCCCCEE F
0 <A R AAAA F
150 < A R a F
0 A BB A F
0 AAA BBRBRBAB GG AA F
0 A BBR HHH 6 6 F AA
0 A 8B HH H  GGGGGFFFF F F
200 A BR EHH HH F F F
0 A BB EE FF  FEEE F
0 A B E F F EE F F
0’ A B E F E FE EE F
0 AA B & FE EF F
250 A B S € F F
0 A B O 1IE FE F
0 A BB Pl FF
0 w A B & 11 FEF
0 a A B T111 F
300 & A BB BBRI F
0 £ A s B BI F
0 AA ,\0 B B F
0 A & B F
0 A BBB F
350 A B F
0 A ) F
0 AA 88 F
0 A 8 B F
0 AA RBBB - F
400 AA R g;\‘(\ JJ J’a}. F
0 AA RB JUJ J uS F
0 A B itk JJ F
0 A R il et F
0 AAA B g & o F
45 aa B J ac}(\’\ d dd
0 o JJ 0
0 JUdd 0
48000000000000000000000000000000000000000000000000000000000000000000000000000000
EXPLANATION
APS APS

Code (ft2/d) Code (ft2/d)

A 1.0X10° G 7.3X10°

B 8.4X102 H 5.0X10°

C 7.6X10% I 1.5x10"

D 6.4X102 J 1.0x10"

E 2.2x104 0 0.0
F 3.2x103 0.0

Figure 5.—Modeled values of APS



The Mississippi and Arkansas Rivers (fig. 5), forming specified head
boundaries in the conceptual mode] of the system, have a very high con-
stant value of APS (1X10° ft2/d). These rivers fully incise the fine-
grained material in the upper part of the flood-plain deposits, causing
minimal resistance to flow through the streambeds. A similarly low resis-
tance to flow occurs through the streambed of Boeuf River in its lowermost
reach.

The APS value (1.0X10% ft2/d) for the Ouachita and Saline Rivers
(fig. 5) was chosen only on the basis of stream size, believing that the
APS value was between the average APS value of Bayou Bartholomew and the
APS value of the Arkansas and Mississippi Rivers. In any case, the influ-
ence of pumping in the study area did not extend to this boundary, and,
therefore, the calibration of the model was not affected by the chosen APS
value for the Quachita and Saline Rivers. A better defined APS value for
the Saline and Ouachita Rivers would be desirable if the model should be
used to predict the effects of any future pumping in this part of the aquifer.

The southern boundary of the digital model (fig. 5) was represented by
a fictitious streambed with the APS value (3.2X103 ft2/d) equal to the
hydraulic resistance produced by eight model nodes in series. The average
transmissivity in this part of the aquifer was assumed to be 2.6X10% ft2/d.
The stage of the stream was assumed to be constant and was set equal to
73 ft above sea level. This head value was obtained by extrapolating the
potentiometric gradient at the southern boundary and averaging the poten-
tiometric surface at a distance of eight model nodes. Subsequent model
analysis indicated that the arbitrary location of the southern boundary

did not appreciably affect the calibration of the model.
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Surface-Water Segment

Natural Framework

The basin boundaries of the principal streams in the study area are
shown in figure 6. The Monticello Ridge and levees along the Arkansas and
Mississippi Rivers form the basin boundaries on the north, west, and east
for about 90 percent of the area. Thus, most of the water is derived
within the area and drains southward to the Quachita River in Louisiana.

The rest of the area (about 10 percent) drains to the Arkansas and Missis-
sippi Rivers.

The study is concerned with streamflow only in the basins lying fully
within the study area. These basins are drained by Bayou Bartholomew,

Boeuf River, and Bayou Macon. Basin and streamflow characteristics for
these basins are tabulated in Broom and Reed (1973).

The Bayou Bartholomew basin (fig. 6), the largest of the basins, has
a drainage area of 1,480 mi? and a channel length to the State boundary of
280 mi. The Boeuf River basin has a drainage area of 780 mi2 and a channel
length of 145 mi, as measured to the State boundary along Canal 19, the Boeuf
River Diversion Canal, and the Boeuf River. The RBayou Macon basin has a
drainage area of 500 mi? and a channel length of 101 mi, as measured to the
State boundary along Canal 43, Macon Lake, Lake Chicot, Ditch Bayou, and
Bayou Macon.

Precipitation, according to National Weather Service records, differs
little in distribution between the basins. The mean-annual precipitation is
about 51 in. and the mean-monthly precipitation ranges from 5.5 in. in January

to 2.8 in. in October.
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The combined mean-annual discharge from the basins--Bayou Bartholomew,
Boeuf River, and Bayou Macon--is about 3,000 ft3/s or 2,200,000 acre-ft.
This discharge is estimated largely from gaged flow along the State boundary

(fig. 6) but includes about 200 ft3/s that bypasses the gaging stations.

Digital Simulation

The surface-water segment of the digital model uses the array IAREA
in which subareas or "subbasins" within the basins are delineated (fig. 7).
At each node in the subbasins, precipitation excess, stream capture (aquifer
recharge), pumpage from streams, and return flow to streams from irrigation
are summed algebraically and totaled in each subbasin to obtain net increase
or decrease in streamflow for each subbasin. Return flow is assigned to the
node where the irrigation water is withdrawn. Actually, the irrigation
water is not always used or returned in the vicinity of its withdrawal from
the aquifer or stream. However, transport distances are usually less than
a mile, and the relatively coarse node spacing (7,040 ft) would minimize
the effects of the distances between the points of withdrawal, use, and

return flow.

Model Conditions and Stresses

The time period used for analyses with this model was 18 years, from 1953
through 1970. Because of this long time span, monthly time steps were used
in the model. Mass-balance calculations in the model indicate that the model
was not strained enough by these large time steps to create gross errors.

The initial condition for the model was the potentiometric surface for
the spring of 1953. This potentiometric surface was used as input to the

model as a symbolic map with values rounded to the nearest 5 ft. In addition,
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ROW NUMBER

COLUMN NUMBER

5 1 B 2 25 3 33 4 4 50 55 60 6 70 7B 78
1 pupoRPRKPRRRRRRRRRRRRARPRRRRPPRRARKRRRRRRRARRRARN DR ANIHIRRRIRPRVVVVR#RFKRRERRY

: uuv VvV VVVVVYV vV
Uuuyuvvy VVVVVVVY VVGGCOAVYY 'AY
uuuuuuuvvvvy A" VVVVVVVVVY  VVOGGRAVVVVNVVVVVVVY

UuoQuUOOOVYVVVY  VVVVY  VVVVVVVPPVVVRPRAOQGAVVVVYVOVVVVVYS
UuUU00NOOOVVVVVY VVVVVV  VVVVVVVPPPRPPPQARAAROQAVVVGEASVVVVS
UUUQOODO0000VVVVVVVPPPVVVVVVVVVPPPPPRPPPRARIGAGARANGASSSSYSS
UUUOO0000000VVVOOVPPPPPVPPPPVVFPPPPPPPPGRAANNQARARANANNAGSSSSS
UuoQo00000000000000PPPPFPPPPPPPPPPPPUQQGGMMMMMGSSSGASSS
UUOQONO0000D0ND00VQONNPPPPPPPPPPPPPPFFMMMMMMMMMMMMSSSS55SSS
UOOO0O0O0000D0VOONNGGGHHHHHPPPPPPMMMMMMMMMMM AMMM SSSSSSSS
UOOOONMNNNNNNOONGNGHHKKKKHHHPPMMMMMMAMMMMMMMYMMMMMSSS5SSS
UVOOQOONKNNNNNNNGHGHHHKKKKIITITIITIII I IMMMMMMMMMMUMMMMMSSSS
UNOOONNNNNNNNNNGHHHHKKKKKKITIIIITII I IMMMMMMMMMMMMMMMMMSSSS
UUNNNNNNNNNNNNNNGHHHJJKKKKKITITIIT I LMMMMMMMMMMMMMMMMMMMSSS S
UUUNNNNNNGGGGNNGGHHJUJKKKKKLLLLLLLLLLLLMMMMMMMMMMMMMMMMSSSS
UUUUNNNNNNNNGGGGGGHHHJJDDEKKKELLLLLLLLLMMMMMMMMMMMMMMMMMMMM S S
UUNNNNNFFFFGGGGGGGHHDDDDEEEKEEELEEELLLL MMMMMMMMMMMMMMMMMMMS S S
UUNNNFFFFFFGGGGGGGDDOEEDEEEEEEEEEEEEL EMMMMMMMMMMMMMSSSSMSSSSS

—_—
o

el
(84

VYDV IOV IOUOVIVDVIVDVIUIUTONDVIOUVIYDUVD DDV IOYIVOODDODOLNDOUDULULDUDDUDUOLULU

20 UUNNFFFFFFFGGGGGDDDDDDEFEEEEEEEEEEEEFEEMMME EEMMMMMSSSSSSSS5SSS
UUNFFFFFFFGGGGDDDDDDDDDEEEFEEEEEEEEEEEEEEEEEFEEEMMMESSSSSSS5SSS
UUFFFFFFFGGGGDDDDDDDDDFEEFEEEEEEEEEEEEEEEEFEEEEEEEEEESSSSSSSSS
UUFFFFFFGGGGGNDDNDDDDNDEEEEEEEEEEFFEEFEEEEEEESSSSEEEEEEEESSSSSSS

UUFFFFFFGGGGGGDDDDDDDEEEEFEEFFEFEEFEFFEFEEFFFSSSSSSSSSSERSSSSSS

25 UFFFFGFGGRGGGGGDDDDDDDEFEEEEEFEFFEFEEEFEEFFFEEESSSSSSSSSSSEFRSSSS

UFFFGGGGGGGDGDDDDNDDDDEEEEEEEEEFFEEEEEEEEFEEEEAASSSSSSSSSSSSEESSS
UFFFFGGGGDDDDDDDDDDDDDEFFEEEFEFEEEEEFEFEEEFFEEAAAASSSSSSSS5555555S
UUFFFFGGDDDDDODDDODDDDDEEEEEEEEEFEEFEEEEEEEEEEEEEAAAAAAAAAAASSSSSSSS
UFFFFGGGDDDODDDDDDDDNDDEEEEEEEEEEEFEEFEEEEEEFEEAAAAAAAAAAAAAAAASSSS
30 UFFFGGGCCRBRDNODODDDDEEEFEEEEEEEEEFFEEEFFFEFAAAAAAAAAAAAAAAAAAASSS
UFCCCCCCBRRDODDDDODDDDEEEEEEEEEEEEEE EEEAAAAAAAAAAAAAAAAAAAAASS
UUCCCCCCCCRBRDUDDODDNDEEEEEEEE TAAAAAAAAAAAAAAAAAAAAS
UUUCCCCCCCBRRRDDDODDODDEEEEEEE TTAAAAAAAAAAAAAAAAAAAS
UUUCCCCCRBBRBRBBRDDDDDD T T TTTTAAAAAAAAAAAAAAAALAS
35 UUCCCCCCBBBEBRBDDN D TTTTTTTTTTTTTAAAAAAAAAAAAAAAAAS
UUUCCCCBRBBBARBR TTTTTTTTTTTTTTAAATAAAAAAAAAAAAS
UUCCCCCCBRBBEBEBABA TTTTTTTITTTTITTITTITTTTAAAAAAATTITTS
UUUCCCCCBRBBBBBBA TTTITTTTITTTITITTITTITTTITAAAAATTITITTS
UUUCCRRBBBBBBBRBABA TTTTTTTITTITTITTIITTITITTITTITITITTITTS
40 UUBBRBBBBREBBR TTETTFRTTTRCTITTISTTIT T TITITITTS
UUUUURBBBBRBAR ‘ TTITTTTIT T TTTTTITTITTITTITITITINTS
UUUUUUBRBBRBBHE TTLT S 1
UuuuuUBBRBBAAB TTTTTTTITITTTTITITITITITTS
R UUUUUUUUUBRBBRBB TTTTTITTTITITTITTTTS
45UUJUUUUUUUURBRBRR TITTTITTITTTITIT TTT
UUUUUUUURBRBBBR TTTTTTITTITTIT R
UUuuUuUuUuUBBBBBB TTTTTTITT R
48 UUUUUUBBBBBRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
EXPLANATION
Code Subbasin Code Subbasin Code Subbasin Code Subbasin Code Subbasin
A 1 F 6 K 11 p 16 v 21
B 2 G 7 L 12 Q 17 R 0
G 3 H 8 M 13 S 18 0
D 4 I g N 14 T 19
E 5 J 10 0 15 U 20

Figure 7.—Subbasins of the TAREA.
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potentiometric-surface altitudes (rounded to the nearest foot) were read

in for 47 nodes representing observation-well locations. Hydrographs
displaying computed and observed data were printed for these locations.
Data for the 1953 map were based on spring water-level measurements made in
65 wells scattered throughout the study area.

Stress applied to the ground-water segment of the model consisted of
ground-water pumpage, fluctuations in stream stage, and vertical flow (re-
charge and evapotranspiration) between the aquifer and the land surface.

A field inventory was made of pumpage from the system in 1970. The
ground-water pumpage for agricultural use, largely for rice irrigation, was
assigned to 276 model nodes (table 4) and totaled about 173,000 acre-ft.

The ground-water pumpage for nonagricultural use, largely for one industry,
was assigned to two nodes (table 4) and totaled 12,000 acre-ft. The areal
distribution of pumpage for agricultural use was kept the same in the model
for the years 1953-69 as in 1970 because the effects of any changes in the
distribution of wells would be minimized by the coarse node spacing of the
model grid. The annual pumpage assigned to each node for 1953-70 was based
on the crop acreage for the year and the 1970 application rate of water per
acre. The monthly and annual distribution of the ground water (as well as
surface water) for agricultural use for the years 1953-70 was assigned to
the nodes in the ratios shown in table 5. The monthly pumpage was assigned
as a percentage of the annual pumpage. May and September were each assigned
10 percent; June was assigned 2C percent; July and August were each assigned
3C percent; and all other months were assigned zero percent.

The monthly pumpage of ground water for nonagricultural use was assigned
as a share of the annual pumpage (table 6), based on the number of days in
the month.
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Changes in stream stage, at places where the streambed material is
sufficiently permeable, constitute an important stress upon the aquifer.
Stream stages were modeled as monthly averages, based on records for the
period 1953-70, at 16 gaging stations (fig. 6) and were supplemented with
partial records at eight others. At the node where the gaging station is
located, stream stage in the model was specified equal to the sum of the
average gage height for the month, plus the altitude at which gage height
is equal to zero. For other nodes along a stream, interpolations or extrapo-
lations were made from average-monthly altitudes at the nearest gaging
stations. The interpolations and extrapolations were based on the number
of model nodes between the points, not on the river distance between them.

Vertical flow between the aquifer and the land surface occurs as a
response of the unsaturated zone above the aquifer to the climatic stresses
of precipitation and potential evapotranspiration. Precipitation data were
collected for the period 1953-70 at 13 weather stations scattered throughout
the modeled area. A monthly precipitation was computed for each subbasin
(defined by the IAREA) by averaging the monthly data from the weather stations
within the subbasin. If the subbasin contained no weather station, a monthly
precipitation was computed as a weighted average of all 13 weather stations,
each weighted average being inversely proportional to the distance from the
subbasin to the weather station. Of the 2,423 data items for monthly pre-
cipitation, %9 were 10 in. or greater, 154 were less than 1 in., and 15 were
less than 0.01 in. The greatest monthly precipitation for the period of
record was 20.27 in. for April 1958, recorded at Hamburg in Ashley County
(fig. 6). Of the stations, 10 recorded less than 0.01 in. for October 1963.

Estimates of potential evapotranspiration were made by applying a coef-

efficient of 0.8 to monthly pan-evaporation data collected near Stuttgart,
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Ark., about 30 mi northeast of the study area. Yearly totals of evapo-
transpiration using this estimate ranged from 31.19 in. for 1957 to 50.94
in. for 1963 ard averaged 42.88 in. for 1953-70. The smallest monthly esti-
mate was 0.68 in. for January 1957, and the largest was 8.04 in. for May
1862,

The stresses applied to the surface-water segment of the model included
precipitation, interflow between surface and ground water, diversion of sur-
face water for irrigation, and return flow of unconsumed irrigation water.
The interaction of the climatic stresses with the representation of the
unsaturated zone in the model determines the relative amounts of runoff
and infiltration. Interflow between surface and ground water in the model
is a function of input data on stream stage, APS (streambed parameter), and
model-derived potentiometric head.

Surface-water diversion, or pumpage for agricultural use, totaled about
52,000 acre-ft in 1970 and was assigned to 61 notes in the model (table 4).
The monthly and annual distribution of the surface-water pumpage for agri-
culture for the years 1953-70 was assigned to nodes in the ratios shown in
table 5. There was no significant surface-water pumpage for nonagricultural
use in the stream basins 1ying wholly within the study area.

Return flow in the study area was estimated to be 25 percent of the
applied water for rice irrigation (Broom and Reed, 1973, p. 49), the pre-
dominant use of water from the system. Largely through periodic draining
of the flooded ricefields during the growing season, the return flow becomes
part of the surface runoff. The model handled the return flow by first
taking the 25 percent of the applied water in a given month and adding
this amount to the runoff for the succeeding month. Then the model examined

the total water available for runoff in the given month and reduced this
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quantity by the amounts of infiltration and evaporation (runoff=precipi-
tation+75 percent of the applied water minus the infiltration minus the
evaporation). The runoff was then compared with the precipitation and

any excess over the precipitation was added to the return flow for the month.

Model Calibration

Parameter Adjustments

Initial values of 0.03 ft/d for HCU and HCL, 4 for NEXP, 1 ft for SMM,
and 0.5 ft for SMN were used for all the subareas in the JAREA (fig. 4).
These values produced a 1.44 average ratio of model streamflow to measured
streamflow for the 17 subbasins of the IAREA (fig. 7), which lie within the
Bayou Bartholomew, Boeuf River, and Bayou Macon basins (fig. 6). The indi-
vidual subbasins had streamflow ratios ranging from 0.80 to 2.19. Also,
ground-water levels calculated by the model in the first run were higher
than observed water levels. For the second run, HCU was changed to 0.1.
This change produced an average streamflow ratio of 0.90 and individual sub-
basin-streamflow ratios of 0.39 to 1.12; however, ground-water levels were
even higher than for the first run. HCL was changed to 0.001 ft/d and HCU
was not changed for the third run. The change produced an average streamflow
ratio of 1.08 and individual streamflow ratios of 0.52 to 1.68. The average
of model-derived ground-water levels after the third run was nearly the
average of the observed levels, although the standard deviation of the dif-
ference between the two was high. In succeeding runs, values of HCU, HCL,
NEXP, and SMN were not kept uniform but were modified in the different sub-
areas. The nonuniform initial values for storage coefficient were also
modified. The calibrated values of HCU, HCL, NEXP, SMN, and storage coef-
ficient are shown in tatle 3. The average ratio of model-derived streamflow
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to observed streamflow in the calibrated model was 1.14, and the individual
subbasin ratios ranged from 0.84 to 1.57, as shown in table 7. The average
and standard deviation of the differences between model-derived ground-
water levels and observed ground-water levels are shown in table 8.

Values of APS were adjusted in the calibration of the model only along
the lower reach of Boeuf River (fig. 5) in order to improve the match be-
tween computed and observed ground-water levels. The APS values were changed
from 1X109 ft2/d to 7.3X10% ft2/d at row 13, columns 50-58 and from 1X10°

ft2/d to 7.6X10% ft2/d at row 13, columns 59-68.

System Responses to Parameter Adjustments

Because of the interaction between surface-water and ground-water seg-
ments of the model, adjustments to model parameters generally affected both
computed streamflow and ground-water Tevels but not necessarily to the same
extent. Adjustments made to improve computed streamflow sometimes adversely
affected computed ground-water levels, and, conversely, adjustments made to
improve computed ground-water levels sometimes adversely affected computed
streamflow. Practically all the streamflow in the study area is runoff
caused by precipitation. Other stresses on streamflow, such as diversion
for irrigation, return flow from irrigation water, and seepage into or from
the aquifer, are only a small part of the average flow, probably less than
5 percent. The significant parameters in the model that control the com-
puted streamflow are those that are involved in the model's computation of
infiltration. The parameters involved in the model computation of infiltra-
tion are hydraulic conductivity of the soil (HCU), the amount that unsaturated-

zone moisture is below the maximum 1imit (SMM), and the amount of rainfall
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Table 7 .—Ratios of model-derived streamflow to observed streamflow
for the entire model run, 1953-70

Subbasin Gaging-station .
number number Ratio
1 07364300 1.41
2 07364120 .84
3 07364128 1.08
4 07364150 .91
5 07364200 1.02
6 07367656 L 87
7 07367659 1.30
8 07367660 1.57
9 07367661 1.42

10 07367662 .96

11 07367663 1.06

12 07367664 1.11

13 07367700 1.18

14 07369660 1.06

il 07369650 .96

16 07369670 1.1

17 07369700 1.46

A1l subbasins--=eeememmcccm e e mccccmmeeee e 1.14
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Table 8.—Average and standcrd deviatior of the differences Letween model-
el J 53
derived ground-water levels and observed ground-water levels

Standard Number of

RO:nde1 28%Smn Well number Average deviation  comparisons
28 66 17S06W35CAB1 -1.11 1 .51 16
34 62 17S07W10CAAT 159 .82 16
36 66 18S08WOTDBAT -.59 1.69 18
37 18 07S08W32AAAT 2.16 2.15 10
40 14 06S09W26DDB1 .83 1.75 13
40 15 07S09W0ZBCAT -1.59 2..25 10
34 14 06507W32CCC -1.21 1.54 13
34 16 07S07W18ADA1 -2.08 2. 13 13
35 13 06S08W24DCCT -.45 2.48 16
38 13 06S08W30DAB1 -1.91 2.22 12
28 24 09S06W0O3BADT -.56 1.78 5]
20 47 13S04W22ABA1 .61 1.45 16
24 37 11S05W28ADB1 -1.14 1.04 12
26 50 14S05W20BAA1 -1.80 1.54 i ]i72
28 38 11S06W34DACT .06 2.95 2
28 59 16S06W23BCC1 -.24 1.34 10
20 23 08S04W31CBAT -1.11 2.05 16
21 25 09S04W06DAAT -.20 2,30 18
24 20 08S05W08BDA1 -.61 1.96 18
28 18 07S06W28CBB1 -. 14 2.05 12
18 34 11S04W02ADCT .04 1.14 7
21 28 09S04W30BAA1 -.08 345 13
24 24 09S05W04AAD1T .20 1.14 9
29 19 08S06WO6AAAT -2.24 3.93 13
17 3 11S04W25ADA1 T:15 2.91 18
13 55 15S03W24AAAT 321 1.20 16
15 42 12S03W27AACT -.23 1.94 16
16 47 13503W32DDD1 -2.27 2.91 15
17 52 14S03W32BCD1 .92 2.06 11
13 63 17S502WT10AAAT -1.23 1,27 16
15 59 16S03W15DACT 1.58 3.43 12
13 33 10S03W26DACT .67 1.81 18
15 33 10S03W28BBB1 -.26 1.54 11
15 25 08S03W33DCC1 .16 .42 14
16 27 09S03W18DDD1 1.10 . b5 15
7 2 09S0TW17ACCT 1.05 3.16 8

8 38 11SOTW30CBAT -1.26 2.30 18

10 32 10S02W21BCAT .52 2.28 10
10 34 11S02W03BCAT 1.39 2.48 9
13 26 09S03W11CDD1 -.29 2.45 15
7 69 18S0TW19CAB1 1.20 1:.52 13

1 74 19S01W29DCD1 1.89 3.88 15

22 71 19S04W06BAB1 -1.60 2.2 4
26 62 17S05W07BAAT 1.17 1.30 16
39 69 18S08W29BCD1 10.36 10.46 18
41 9 05S09W20DRAT -1.€8 .36 12
6 43 12S0TW33BAAT -1.53 2.11 1:#

AT mm e e 16 3.46 628




during the month. An increase in HCU decreases runoff by increasing
infiltration. An increase in HCL also increases infiltration because the
unsaturated zone drains more rapidly.

Adjustments were made to model-derived ground-water levels by changing
the parameters that affected the rate and direction of vertical flow above
the aquifer. One such change was increasing or decreasing the rate of re-
charge by varying APS at stream nodes. Increasing APS caused ground-water
levels in wells near the stream to approach the stream stage, and decreasing
APS permitted ground-water levels in wells near the stream to differ from
the stream stage. Vertical discharge by evapotranspiration from ground
water can be increased by using a smaller number for the integer soil
coefficient (NEXP). Where water levels in the model were at shallow depths,
the preceding change Towered them.

Fluctutations in water level are a function of the storage coefficient,
as well as other factors. Decreasing or increasing the storage coefficient
increases or decreases, respectively, the amplitude of water-level fluctua-
tions. The water-level data used to calibrate the model were measurements
made in the spring. These measurements showed 1ittle information about
water-level fluctuations throughout any one year. Consequently, water-level
fluctuations that were used in calibration were for periods greater than

1 year.

Utility of the Model

Assessment

The surface-water segment of the model only approximates the
natural-flow system. This judgment is supported by the ratios of model-
derived streamflow to observed streamflow (table 7). One facet of the

surface-water segment that is neglected is the routing of streamflow caused
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by storage of water in the stream channel and other factors. The model
calculates streamflow as if all precipitation excess produced during a

month actually leaves the basin during the month and that there is no carry-
over that affects runoff during the succeeding month. This lack of channel
storage in the model also causes a poor match of model data to measured

data during the Tow-flow months.

Use of monthly rainfall data for computing infiltration is also unre-
alistic. Monthly rainfall totals are poor measures of rainfall intensity,
which is the most important factor in determining precipitation excess and
infiltration. A better procedure might be to use daily precipitation and
compute a daily infiltration, which would be constant for groups of nodes,
for instance the subbasins. However, it might be difficult to preserve the
node-by-node interaction between unsaturated-zone moisture and ground water.

The surface-water segment of the model, however rough it may be, serves
as a check on the recharge rate to ground water. Without such a check, it
is commonly necessary to specify a 1imit on the recharge rate to the aquifer.
This 1imit, which is some fraction of the rainfall, serves as an upper
plausibility 1imit for recharge.

The average and standard deviation of the differences between model-
derived and measured ground-water levels indicate that the medel-derived
water levels are only an approximation to measured water levels. However,
the standard deviation of 3.46 ft for all 628 comparisons (table 8) should
be interpreted in terms of the coarse node spacing of 7,040 ft. Model studies
in the alluvial aquifer along the Red River in Louisiana generally have a
standard deviation of 1 to 2 ft, corresponding to a node spacing of 2,640

ft (A. H. Ludwig, oral commun., 197€).
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Table 8 indicates that the poorest match between observation-well
records and model output was at node (39, 69), corresponding to observa-
tion well 18S08W29BCD1. The pumpage specified for this node is shown in
table 6. The model-derived water levels shown in figure 8 reflect this
applied stress. Differences between model-derived and measured water
levels at this location might be explained in two ways; either as a differ-
ence between the modeled and the real value of some hydrologic parameter
or a difference between the modeled stress and the real stress. The model-
derived water level was rising for the period 1953-55 in response to a con-
stant stress in the model. This rise suggested that the modeled transmis-
sivity in the vicinity of this node was too high. However, there was a
closer correspondence between model-derived and measured water levels in
the period 1956-63, when a greater pumping stress was applied to the model.
If modeled transmissivity in the vicinity of this node had been decreased
to produce a match for the period 1953-55, the model-derived water level
would have been too low in the period 1956-63. The natural system did not
show the sharp change in water level in 1956 that the model did in response
to a more than doubling of model stress. Similarly, the sharp rise in model-
derived water level in 1964, caused by reduction of pumping by 97 percent,
was not reflected in the water levels in the observation well. The water
Tevel in the well showed some recovery during 1963-67, but the greatest
rate of recovery in the observation well was for 1967-70. Obviously, either
the model stress was not the same as the stress on the real system or the
observation well was responding to local conditions and did not reflect the
effects of the total pumpage. To have improved the match of model output
to measured water Tevels in the vicinity of node (39, 69) would probably have

required that this area be modeled on a larger scale with pumpage distributed
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over several nodes, instead of being Tumped at one node as it was in the
present model.

In the analog model of the aquifer, the Arkansas and Mississippi Rivers
were represented by direct connection of stream nodes to the voltage genera-
tor simulating the stream hydrograph. This direct connection eliminated
any drop in potential between the stream node in the model and the function
generator. The same effect could have been achieved in the digital model
by making the APS very large relative to the transmissivity. The largest
transmissivity along the Arkansas and Mississippi Rivers was modeled as
27,000 ft2/d. APS was then arbitrarily chosen as 1X10°% ft2/d in order to
make a small head difference between stream stage and aquifer head at stream
nodes. This choice of transmissivity insured that the vertical head change
between aquifer and stream was small compared with the head change between
nodes, and thus a near-perfect connection between the streams and the aquifer
was simulated. Stream nodes in the analog model had no capacitors, repre-
senting storage of water in the aquifer, connected to them. The logic in the
digital program required that a storage coefficient greater than zero be
assigned to stream nodes within the areal extent of the alluvial aquifer.
Therefore, in the digital model, large changes in aquifer storage and large
interflows occurred at stream nodes as a result of stage fluctuations in the
Arkansas and Mississippi Rivers. These large changes in storage and interflow
average themselves with time, but the interflow and change in storage for any
given month are probably not correct. APS should be reduced for these two
streams if realistic values for monthly changes in storage and interflow are

desired.
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Application

The model, calibrated but not verified, is most applicable to projec-
tion of response to changes in stress in the ground-water regimen of the
system. For example, projection of changes in the potentiometric surface
of the aquifer resulting from changes in the rate or areal distribution of
pumping can be easily made, requiring only the data cards specifying the
changes in the rate and location of pumping. Projection of changes in the
potentiometric surface near stream boundaries resulting from dam construc-
tion can be made with similar ease, requiring only the input change of
stream or reservoir stage.

Projection of changes in the ground-water regimen can also be made for
changes in the basic framework of the system, such as the construction of
canals, dredging or straightening of streams, land clearing, and urbaniza-
tion. These projections, however, would usually require additional data
from test boring and hydraulic conductivity tests to arrive at the new values

of streambed and soil parameters.
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Mathematical Techniques

Finite-Difference Equation

The partial differential equation for ground-water flow in two dimensions

in an isotropic nonhomogeneous confined aquifer may be written as

3(Tah/ax)/ax + a(Tah/ay)/ay = Sah/at + W(x,y,t), (1)
where T is transmissivity (ft?/d), h is hydraulic head (ft), S is the storage
coefficient (dimensionless), and W is the volume of recharge or discharge per
unit area (ft/d). This is a simplified form, allowed by the condition that the
aquifer is isotropic, of the differential equation developed by Pinder and
Bredehoeft (1968). The reader is referred to that source for development and
discussion of the eguation.

The preceding equation, which allows continuous variation in x, y, and t,
can be converted into an equation that contains only discrete variables by replac-
ing the derivatives with finite differences expressed for the point x=j, y=i,
t=k-%. Equation 1 then becomes

2 . =T . -h. .
(17220075 sa (g 5a1 ke =Mkt ™ T, 5 ko™ M1 ket

. . (h. : C i [ 1 oA R =il <
¥ T1+1/2:J(h'|+.| sJ :k-l/z h1 N ak"l/z) T1"1/2:J(h1 N sk"1/2 h1_1 sJ ’k-l/z

)

= (S/at)(h (2)

1,35k T Mg Y gy

In this equation, the continuous variables y, x, t have become the discrete
variables i, j, k and the notation is in subscript form. In equation 2, a repre-
sents the node spacing which is the common value of a=Ax=Ay. Equation 2 is not
completely discretized, as some of the subscripts indicate values between the
integral values desired. The transmissivities in equation 2 are expressed in

terms of transmissivities at the nodal locations. For example

Tigts = 2 T4 574,561/ (T 54 Ty 50) (3)

A-2



Changing the time indices k-% to k for nodes lying along a row (j subscript
changing) and to k-1 for nodes lying along a column (i subscript changing) , and
multiplying both sides of the equation by a2, equation 2 then becomes

RTINS R IR RALIRIPRL R

* Tt 5k 70 g ) T g 05 5= e
= a2((S/at)(h. . , -h +W . (4)
(/) by <h ) )
- 2 _ - | | 2y _ . .
where wi,j,k Qi,j,k/a (Hi,j,k hi,j,k)(k /b )(AS/a ) Ri,j,k’ Q is the

pumping rate at node (i,j) from times k-1 to k, ft3/d; H is the stream stage at
node (i,j) from k-1 to k, ft; k'/b' is the hydraulic conductivity divided by the
thickness of streambed material at (i,j); ft/d; Ag is the area of streambed at
(i,3), ft2; and R is the recharge rate at (i,3) from k-1 to k, ft/d.

Another way to change equation 2 would be to let k-L go to k in the column
directions and to k-1 in the row directions. Then the equivalent of equation 4

would be

ERIALE T RS R RS DR IR U] R

FTinng Mg, " Tiog (95,00 Mo 3,00
= 32 -

Alternating-Direction Implicit Procedure

The alternating-direction-implicit procedure (Peaceman and Rachford, 1955,
p. 33) applies equations 4 and 5 alternately. That is, for a given time step,
At, equation 4 is first used with a time step At/2 to compute head. This head

is then used in equation 5 also with time step At/2 to compute head at t+at.
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The method of solving either equation 4 or 5 is a special case of Gaussian
elimination that is commonly called the Thomas algorithm (Trescott and others,
1976, p. 16). Both equations 4 and 5 have only three unknown heads; that is, heads
with a k subscript. MWriting equation 4 with the unknown heads on the left side

of the equation and the known elements on the right gives

¥ . # A + .. = .9
AJ Xi,J*],k Bj X1,J,k Cj X1,J+1,k DJ (6)
where

A =T, .
3 Vwd ™25,
By = =74, 30 ¥ T4,y + K'AS/DT +a25/t)
Cj = Ti,j+%? and

= - + . ] : - B2 o
05 = Timeg Min,goke1 ™ Tiogg Pictgoken * T3 Tao,g = 258/08) 0y 5 g

- 1 ] - 2
Hi,j,k KAg/DT+Q; &5 (= a% Ry 5 yo

Two dummy arrays, E and F, are computed by forward substitution, as follows
§j= Dj-AjEj_1/(Aij_1+-Bj), (7)
Fj = -Cj/(Aij_]+ Bj) . (8)

Let the subscript 1 represent the first node in the row, and n represent the last

node in the row. Then, since A1 and Cn= (58

El = DI/BI’ (9)
arid Fl = -Cl/Bl’ (10)
Fo=0
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The unknown head can be expressed in terms of the dummy arrays and the

head at the adjacent node as

X, . = E +F.X . 11
1.5 yk J 413k Hi
Since F =20,

n
then Xi,n,k= E, - (12)

The procedure used to solve equation 4 is to start with the first element
of the first row and calculate the first members of the E and F arrays by equa-
tions 9 and 10. Then, proceeding along the first row, the other members of the
E and F arrays are calculated by equations 7 and 8. When the end of the row is
reached, the head at the last node in the row is calculated by equation 12.
Moving backward on the row, all the heads are then calculated by equation 11.
After the head is calculated for the first node, then the procedure moves to the
next row and the preceding process is repeated until all the rows in the model

have been used in this procedure. Then, starting with the first node in the first

column , equation 5 would be applied to the model in a columnwise calculation
analogous to the row calculations. If i were exchanged for j and j for i 1in
equations 6 through 12 and the subscripts permutated so that the i subscript comes
before the j, the resulting equations would also define the column calculations.
Head calculations are then made on a column-by-column sweep of the model based

on equation 5. Completion of one row calculation and one column calculation con-

stitutes a single time step for the model.
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Description of Program

Data Manipulation

The program does 1ittle data manipulation. Most of the data are used
in the form in which they are read. The program uses the IAREA and JAREA
arrays to count the number of model nodes, in statement 218, and aquifer
nodes, in statement 222 of the program 1isting (attachment C), within each
subbasin., These two counts are used in conversion of units within the pro-
gram. Ground-water withdrawals are converted to cubic feet per day in the
Q array for use in the ground-water model, and water used for irrigation
is converted to feet per node in the SAVE array for use in computing infil-
tration and runoff. Precipitation and potential evapotranspiration are

converted from inches to feet in statement 296.

Unsaturated-Zone Model

The part of the model that computes runoff and accretion to the aquifer
at a node is contained in lines 306-378 of the program listing (attachment C).
In lines 306 and 307, the unsaturated-zone moisture and precipitation that
apply to the node are determined from the node's location. The total water
(feet) available at the node is determined in line 308 by adding precipitation
and irrigation application. Lines 309 through 323 select the values of HCU,
HCL, SMN, and NEXP to be used at the node. A point infiltration (feet) is
computed in line 324 and used to compute runoff for a month for the node using
either the functions in 1ine 325 or 326, dependfng on whether the total water
available is greater than point infiltration. The functional relationships
in Tines 325 and 326 are similar to relationships used by Dawdy, Lichty, and
Bergmann (1972, p. B7) for rainfall-runoff models using time increments of
a fraction of a day. The reason for using such a relationship in a model of
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monthly-precipitation excess was to enable the model to produce runoff during
summer months when point infiltration might be greater than rainfall. In
line 327, unsaturated-zone moisture is incremented by the amount of water
left over after runoff is subtracted. In lines 328 to 330, monthly evapo-
transpiration is subtracted from moisture; the full potential evapotranspir-
ation is deducted if the moisture is equal to or greater than the 1imit, and
a fraction of the potential evapotranspiration is subtracted if moisture is
less than the 1imit, the fraction depending on the relative dryness of the
unsaturated zone. In line 331, the moisture is checked to see if it is nega-
tive. If so, it is set to zero. Lines 332 to 335 compare moisture with the
maximum amount and add the excess, if any, to runoff. Lines 336 through 344
compare runoff to precipitation. If runoff is less than precipitation,
runoff is identified as precipitation excess and return-flow increment is

set to zero. If runoff exceeds precipitation, rainfall excess is set equal
to precipitation and the return-flow increment is assigned the excess that
runoff exceeds precipitation. Lines 346 and 347 truncate the depth to water
to a whole number. Lines 345 and 348 compare unsaturated-zone moisture

with the equilibrium moisture content. If moisture is less than equilibrium,
lines 349 to 359, which model discharge from the aquifer, are executed;
otherwise, lines 360 to 370, which model recharge to the aquifer, are exe-
cuted. Vertical-flow rates computed here are in feet per day. In line 349,
if depth to water is greater than 30 ft (9.1 m), the vertical discharge rate
is set to zero. This means that the ET functional is truncated at 30 ft

(9.1 m). If depth to water is less than 1 ft (0.3 m), it is set equal to 1
ft (0.3 m). In line 353, unsaturated-zone moisture is increased by the
amount of upward movement from the aquifer during the month. After the
increase, in lines 354-357, moisture is compared with the equilibrium moisture
content, and if moisture is greater, the vertical flux is adjusted to the amount
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needed to bring moisture to the equilibrium moisture content. Vertical dis-
charge is therefore l1imited by either the ability of the material to transmit
water or by the capacity of the material to store it. Lines 360 to 370 model
recharge to the aquifer. If the water level is above land surface, no recharge
occurs as specified by Tine 361. A maximum drainage rate is computed by the
expression in line 363. This expression is a linear function of HCL and the
amount that moisture is in excess of the equilibrium moisture content. Re-
charge is limited either by this expression or, in lines 365-368, by the amount
that moisture is in excess of the equilibrium moisture content. Finally, in
lines 371-378 the results of the computations for a node are included in other

arrays.
Ground-Water Model

The ground-water model analyzes the interaction of the aquifer with the
applied stress of pumpage, accretion, and interflow with surface water. The
computed response of the ground-water model to the stress is given by equations
4 and 5. The program computes the E and F arrays for the Thomas algorithm in
Tines 396-399 for the row operations to solve equation 4 and in lines 442-445
for the column operations to solve equation 5. The back substitution to com-
pute head is in 1ines 406 and 413 for the rows and in lines 453 and 464 for the
columns. The program uses the input values of APS to compute the interflow
between the stream and the aquifer unless there was a flow deficit, in the model,
for the subbasin for the previous month. If there was a flow deficit for the
previous month, no interflow is computed for the current month. The determina-
tion of the coefficient involving interflow is in statements 379-387 for the
rows and statements 424-433 for the columns. The computation of the amount of

interflow is in statements 407-410 for the rows and 457-462 for the columns.
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KS, KJ, and KK are variables that indicate the position of the stream head in
the array of monthly data. The array containing the pumping rate, Q, is
calculated by applying monthly and yearly use factors to the input data for
1970 and adding the monthly industrial use calculated from the yearly data.
The sign of the pumping rate is changed to negative in the program. The
monthly accretion for each node is converted into cubic feet per day and added
algebraically to the monthly pumping rate. The resulting sum is contained in

the Q array.

Mass Balance

The mass~-balance calculations are in lines 477-480 and 499-506. The
monthly sums of change in storage, pumpage, interflow between aquifer and
streams, and accretion are computed in Tines 477-480. These monthly sums
are added to sums for the entire model run in lines 499-502. The flux in
the model for the month is computed in 1ines 503 and is one-half of the abso-
lute values of the monthly sums. This is equivalent to stating that if flow
into the model is equal to flow out of the model, flux in the model should
equal one-half of inflow plus outflow. Storage in the aquifer is treated as
a source of water in the mass-balance computation. The balance for the month
is computed in 1ine 504 by dividing the algebraic sum of inflow and outflow
by the flux. A similar balance for the entire model run is computed in line
506. The monthly and run balances are compared with the input value of BALERR
in 1ine 507. 1If either of the two balances exceeds BALERR, the month, year,

and values of the two balances are printed.

Surface-Water Model

The surface-water model combines precipitation excess, surface-water pump-
age, interflow with ground water, and return flow from irrigation. There is no
flow routing in the surface-water model. Precipitation excess and other components
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affecting the streamflow are computed for the present montk with no carryover

to succeeding months except for return flow and a runoff deficit. The runoff
computed for a given node is added to the total for the subbasin in 1ine 374.
The ground-water interflow, surface-water pumpage, and return flow from irriga-
tion for the subbasin are algebraically added to precipition excess and the
total runoff is converted into cubic feet per second in lines 473 to 474. 1In
Tine 486, the variable SUQ is set equal to the runoff deficit, a negative num-
ber, for the particular subbasin. If there was no runoff deficit in this sub-
basin for the previous month, the value of SUO will be zero. The runoff from
the subbasin, plues runoff from tributary subbasins, is added to SUO in line 488.
If SUO is less than zero and the drainage area for the station is wholly within
the model, the runoff deficit for the month is assigned the value for SUO, and
runoff for this station and this month is assigned zero flow in lines 490-492.
If SUO is greater than zero or the station is on a stream with drainage area
outside the model, runoff deficit is set equal to zero and the runoff (or
change in runoff for stations with drainage area outside the model) is set
equal to SUOQ in lines 495 and 496. The runoff deficit is included to prevent
negative streamflow, a physical impossibility. The runoff deficit is also

used as a check on possible recharge from the stream to the aquifer in lines
382-384, 409-410, 428-430, and 461-462. 1If a runoff deficit occurred for a
given subbasin for the previous month (RODEF<0), the factor (APST) representing
hydraulic connection between the stream and the aquifer is set to zero at the

specified node.

Calibration Aids

The model creates such a great number of computational results that it is
desirable to condense the information produced. The standard for judging the
model output is the observed data, which consist of field measurements. It
is desirable tHen to have a comparison between model results and field data

in a compact form. One method is to have statistical measures of correspondence
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between the two items; the other method is to have hydrographs for comparing
model output with data input.
The program computes the ratio of model flow to observed flow for each

of the subbasins that are wholly within the model (subbasin numbers 1-17) for
each month, each year, and for the entire model run. The program also com-
putes the average and standard deviation of the monthly ratios for each year,
and the average and standard deviation of the ratios, for the same month, for
different years. The program code for computing streamflow ratios during
each monthly time step is in lines 557-576. The monthly ratio is computed
and stored by station number and month as a character string in array AC in
line 566. The character representation makes it possible to print a blank for
missing data. The conversion between numeric and character data is made in
the program by three statements of the form 1isted below.

RESULT = numeric variable + RUP;

C8 = RESULT;

character variable = C5.
RESULT is a decimal number of five digits; three before, and two after, the
decimal point. RUP is a roundoff factor that is defined equal to 0.005 in line
26. (8 is a string of eight characters and C5 is a string of five characters
defined as the fourth through eighth characters of C8. This three-step con-
version results in the numeric data being in the form 'DD.DD', where D repre-
sents a decimal digit. If the numeric data are larger than 99.99, there will
be a loss of digits by truncation on the left. The sums, and sums of squares,
of monthly ratios are saved for yearly and model-run statistics in lines 567-
570. The sum of modeled- and observed-flow volumes are computed for the year
in Tines 571 and 572, respectively. The number of items is counted by month

and by station in lines 573 and 574. 1In line 599, a test is made for the
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first month of a year of the last month of a model run. If the test is met,
the program performs a series of operations through 1ine 656. The ratio of
the modeled flow to observed flow for the station and year is computed and
converted to characters in 1ines 601-606. In Tines 607-627, the average and
the standard deviations for the monthly ratios for the station and year are
computed. In lines 629-635, the sum of the modeled flow for all stations for
the year is divided by the sum of the observed flow. Lines 636-642 compute
the year and the month for the output. Lines 643-652 are the print state-
ments for this group of output, an example of which is shown in table Al. The
modeled- and observed-flow volumes for the year are added to the totals for
the run in lines 654 and €655. The arrays containing information for the year
are set to zero in lines 656 in preparation for the computations for the next
year. Lines 713-735 are statements that compute the average and standard devia-
tion of the monthly ratios for each month and each station. Lines 736-741 com-
pute the ratio of modeled to observed flow for the entire model run for each
station. Lines 743-749 compute the same ratio for the combined flow of all the
stations. Lines 750-766 are the print statements for these data, an example
of which is shown in table AZ2.

Plots of model-derived and observed monthly flow for each station are
printed out as an option of the program. An example of these plots is shown
in figure Al. The flows are plotted on a logarithmic scale from C.1 to 10,000
ft3/s (2.8X10-3 to 2.8X103 m3/s). The model-derived flows are plotted as zero,
the measured flows are plotted as M, and if both flows fall on the same posi-
tion, a B is plotted. Lines 512-526 of the program convert the data to a
logarithmic scale and store the model output in array IHYD and the measured
flow in array JHD. The option for printing the graph is in lines 893-935 of
the program. Lines 896-904 establish the 1ines of the grid. Lines 905-%19
position the symbols for the data according to the scaled IHYD and JHYD arrays.

Lines 920-933 are print statements for the graph.
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Table A2.—Average and standard deviations of momthly-flow and total [low-volume

ratios
SUB-

BASIN JANUARY FERRUARY MARCH APRIL MAY JUNE
ND- AVe Sale AV e S.D- AV, goﬂo AV S.Do AVe Sole AV. Sala
il 249 2452 2416 0BT 121 072 1623 109 140 2.79 2.84 367
2 1215 1415 1leléd 048 086 0650 102 078 1,05 211 1604 1438
2 1601 1404 5.7918.02 1476 1461 173 1o882 10N 1425 107 1le4?2
4 1o40 1447 1415 0648 0.84 0,48 1,68 3,05 0463 0,53 0.7 0465
8 098 0463 1669 130 0691 0,48 148 2,13 051 0.41 061 055
6 0e4B 0635 0691 0048 0481 025 092 0659 1409 0489 1lals 0.76
i 126 1629 118 0623 175 1698 1652 101 159 1417 198 1.33
8 9642579 164 086 2.16 2:.58 6941804 2,49 2.0812.6731.63
9 1695 2440 1648 0661 170 157 2616 1A 2424 275 328 3.99
10 0683 0457 0690 0630 1647 1454 252 4.4410.6232:48 9,121,775
11 0692 0665 1609 0634 132 0.B0 186 1466 177 1lad7 2.60 2,05
12 1656 1677 1459 0474 1465 0480 2.08 1488 1437 0.82 1.17 1.22
13 100 0651 137 0041 1629 0450 176 1e24 1639 0694 192 144
14 1elD 0071 133 077 143 1623 199 1671 2671 606 5.9711.827
15 1e18 105 0699 037 102 0645 151 119 120 0064 083 0.69
16 1564100649 133 0668 100 076 1634 1602 109 105 078 074
17 1a21 0671 1689 0698 1.20 0N0e63 2627 1694 117 0,82 131 1la61

JuLy AUGUST SEPTEMBER  OCTOBER NOVEMHER DECE~RER

AVe SeDo AVe SeDs AVe SaDo AVae SeDs AVe SeDe AV, S.Ue.
1 252 244 1449 103 1412 0447 476 4469 9,1618,46 3.71 4.84
2 256879067146.951840941017020193661499:8022.6K80.28 160 1.95
3 189 1470 182 124 18] 1434104503368 149 1448 0eH4 0457
4 2480 3467124323796 1697 1402 165 155 1476 1403 1441 1400
5 188 1426 1491 2421 1490 1412 1623 Na76 1499 1.10 2.03 186
6 2.2R 2412 140 0663 1400 0449 1.93 2.66 1.9 1.R0 0.81 0,24
T 20795382 94572064167e8590,10 3421 4428 7.9413.13 2.01 3.87
8 13.0004all 8e74 9.0T711.3421.0582.503441764,7TR42,3412.9244.32
9 233569464 Te9R81243511.1721:47723:759T7e508721696.67 367 B.52
10 302 3¢16 3610 4669 3495 Te39 1671 1663 T7.9625.49 1.08 0,78
11 3663 2.36 2694 2.06 248 2,01 Be841T7.0214.1034.58 1.27 0eH4
12 2664 1489 214 1620 2666 144913:0328.15 660 9.64 175 2a16
13 2648 1.19 2462 1632 218 089 2.02 094 2.32 1lel2 1le36 N52
14 Bo5812.9610.0720.87 4,05 6.0817.,173R.7347,3220.21 2.31 1.79
15 445412.6324:4093:29 240 5643 1404 106 1426 1208 1.1A 0,73
16 B9.6253.5782.192340731.1715.2833,719R.7492.7530.5341.,40N024,58
17 2428 118 1497 123 2630 1235 185 173 2.69 2,73 2,29 2,07

FATIO OF MODEL FLOW VOLUME TO ORSEKVEL FLOW VOLUME =

leld

VOL .

loal
e84
l.OH
0.91
l.02
0.RT
1.30
1.57
lo42
0.96
1.06
lell
1.18
1.06
0,96
lall
le46
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The program compares model-derived and observed water levels and com-
putes the average and standard deviation of the difference between them. The
basic computations are in lines 237-242 and 591-596. In these lines, the
variable X is the difference between model-derived and observed water levels,
WLSUM is the sum of the differences for a particular well, WLSQ is the sum of
the squares of the differences, and WLNUM is the number of comparisons between
model-derived and observed data. The averages and standard deviations are com-
puted and converted to characters in lines 767-810; and are then printed accord-
ing to the statements of lines 811-826. An example of this output is shown in
table A3.

Graphs showing model-derived and observed water levels are prepared by
the program as visual aids to model calibration. An example showing these
graphs for two sites is shown in figure A2. The output from the model is
plotted as the symbol 0 and the measured water levels are plotted as M on this
graph. The vertical scale of the graphs has a 20-ft (6.1-m) span and is posi-
tioned so that the initial water level is near the center of the graph (line
234). Model-derived water levels for even-numbered months are stored in the
array KHYD (lines 235-236, 589-590). Lines 828-892 are the program steps that
construct and print the graphs. The grid for the graphs is constructed in
lines 829-835. The horizontal position on the graph, JKO, for model data is
calculated in Tine 842. The vertical position, IKO, is calculated in lines
843-854, as well as an off-scale number, II. The variable II indicates the
number of multiples of 20 that would have to be added to the graph scale to

have a true scale for the point. Positive numbers for II mean that the true

value for the point is greater than that shown by the scale and negative
values for Il means that the true value is less than that shown by the graph
scale. Zero, or SYMBOL (27), is plotted for points that are on scale. Off-

scale points are indicated by printing a character whose position in the

A-16



ROW

28
34
3A
3T
40
40
34
34
35
38
2R
20
24

28
2R
20
21
24
28
1g

24
29
&
13
15
16
17
13
15
13
15
15
16

10
10
13

Z2
26
39
41

35
36
40

Table A3.—Average and standard deviations of model-derived and measured water-level altitudes

COL WELL NUMBER

66
62
66
18
14
1S
14
16
13
13
24
47

69

17S06wW35CAB1
17507wW10CAA]
18508W01DRA1
075S08W32AAA1
06509W26DDB1
07S09W02BCA1l
06S07wW32CCC1
07507wW18ADAL
06508w24DCCI
06S08wW30DAB1
09S06W03BAD1
13S04wW33ABAl
11S05wW28ADR1
14S05W20BAA1
11506wW34DAC1
16506W23BCC1
08S504W31CBAl
09S04W06DAAL
08505W08BDA1

. 07506W28CBR1

11S04wW02ADCI
09S504W30BAA1
09S05W04AAD1
08S06W06AAAL
11504W25ADA1
15503w24aAA1
12503W27AAC1
13503W32D0D1
14503wW32BCD1
17S02W10AAAL
16503W15DAC1
10503w26DAC1
10S03w28BRB1
08S03wW33DCC1

 09S03W18D0D1

09S01wWl7ACC]
11S01w30CBAl
10S02W21BCA1
11502wp3BCA1l
09503wW11CDD1
18501w19DAB1
19501W290DCD1
19S504W06BAB1
17S05W0TBAAL
18508W29BCD1

G 05509wW200BA1
43(112501W33BAA1

701 ROW 35,

coL 7o

711 ROW 36.COL 71

69| ROW 40,

ALL

CoL 69

SUBBASIN NO.
(JAREA MAP)

VO NNANNTERCOVAN NUU S WWWWMNMNN ———

-1-11
1.59
=0.59
2416

0.83'

-1-59
=1.21
-2.08
-0+45
"1-91
-0'56
061
-1-14
-1080
0.06
=0.24%
'1.11
=020
=061
=N.14
0.04
-0.08
020
-2-2#
l1.15
3.21
=0.23
-2-27
0.92
"ll23
1.5R
0s67
=026
0.16
1.10
1.05
-1l.26
0.52
1.39
=029
1.20
1.89
=1.60
1-17
10.36
=1.68
"1-53

STANDARD
AVERAGE DEVIATION COMPARISONS

1.51
N.82
1.69
2.15
1.75
2.25
1.54
2413
2448
2.22
1.78
l1.45
1.04
1.54
2.95
ll34
2.05
230
1.96
2.05
lelé
3.45
le14
3.93
2.91
1.20
1.94
2.91
2.06
1.27
3.43
1.81
1.54
2042
2.+55
3.16
2.30
2.28
2448
2645
1.52
3.88
2021
1.30
10.46
0.36
2-11

NO. OF

16
16
18
10
13
10
13
)
16
12
11
16
12
17

528
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SUBAREA NO.
(JAREA MAP)

DN N B W~

HCL

Ne00150
0.00000
0.00300
0.00200

0.00010:

0.00020
0.00100
Ne00100
Ne00400
0.00300
0.00020
0,00050
0.00100
000050
N.00100

- 0.00050

0.00800
0.00400
N.01500
0.00050
G.00200
N.00050
Ns00180
Na00200
0.00050
Ne04000
N 00200
0.00100
0.01000
0.00200
n.00100
0.00100
0.00300
0.00800
0.00150
0.02000
0,01000
000050
0.00030
N.00100
0.00100
0,00200
0.,00050
000000
0.00000
0.00200
Ne00400
e00300
0.00300
0.00000

STO NEXP

0.10000
0.14000
0.20000
0.12000
0.10000"
0.09000
0.10000
0.18000
0.10000
0.14000
0.08000
0.06000
0.11000
0.06000
0.11000
0.10000
0.20000
0.18000
0.08000
0.16000
0.1%000
0.0R8000
0.20000
0.12000
0.15000
0.10000
0.12000
0.05000
0.10000
0.10000
0.10000
0.21000
0.12000
0.09000
0.20000
0.09000
0.07000
0.18000
0.16000
0.08000
0.06000
010000
0.10000
0.06000
0.20000
0.10000
0.10000
0.20000
0.20000
0.20000
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SYMBOL array is greater or less than 27, depending on the value of II. The
36 characters in the SYMBOL array are shown in lines 68-71. The horizontal
position for the measured water levels is computed in line 860. The vertical
position and the off-scale indication are computed in lines 861-872. SYMBOL
(13) or M is printed for on-scale measured data. Differing characters from
the SYMBOL array are picked for off-scale data, as explained above. Lines

876-891 are print statements for the graphs.

Input Data

The program reads input data from two sources; a card file (file name
SYSIN) and a magnetic disk file (file name IN1). The disk file IN1 has the
PL/1 attributes RECORD and SEQUENTIAL. Specifications of the DD card
referring to IN1 will depend upon the manner in which IN1 is written.

Table A4 contains a description of data for SYSIN and table A5 outlines the
data for INT.



Table Ad4.—Input data read rom SYSIN

“ile

e of Variables Format 2 Remarks
cards! g
1 XS,SMSI,RFC,BALERR, Col(1),10F(5) XS--node spacinag, ft.
SMDEF ,SNDEF ,HCUDEF, SMSI--initial unsaturated zone moisture (uniform), ft.
HCLDEF ,NEXPDEF, RFC--relative amount, between 0 and 1, o“ irrication water that
IDEP becomes return flow to streams, dimensionless.
BALERR--1imit on mass-balance error.
SMDEF--value of SMAX assianed to nodes outside the aquifer, ft.
SNDEF--value of SMIN assiqned to nodes outside the aguifer, ft.
HCUEEF~-vaTue of HCU assioned to noces outside the aquifer,
fiisfd;
HCLDEF--value of HCL assigned to nodes outside the aguifer,
ft2/d.
MEXPDEF--value of NEXP assigned to nodes outside the aauifer,
ft2/d.
IDEP--value of depth to water assianed to nodes outside the
aquifer, ft.
1 TITLE Co1(1),A(80) TITLE--80 character jdentifications printed on computer output.
(NMAPS+1,10) | NMAPS, (MAPMBN(I), Col(1),F(3), NMAPS--number of alphameric potentiometric maps orinted.
MAPYR(1),I=1 to X(5), (NMAPS) MAPM@N(I) ,MAPYR(I)--the month and year for the Ith map, must be
NMAPS) (F2)  X(TY, in increasing sequence.
F(4),x(1)
1 OPTIPN(I),I=1 to 6 Col(1).6(x(9), PPTIAN(1)=1, prints monthly model-derived flow for each subbasin.
F(1))) @PTIPN(2)=1, prints statistic comparison between computed anc
measured streamflow and water Tlevels.
@PTION(3)=1, prints water level table for selected nodes.
@PPTIAN(4)=1, prints hydrograph showina comouted and measured
water Tevel.
PPTIPN(5)=1, brints inout card data.
@PTIPN(6)=1, prints hydroaraph showina computed and measured
streamflow.
NRYD* (NYEARS, | (MWL(I,J),WL(I,Jd), (NHYD) (co1(1), MWL(I,J)--month water level was measured in year J for WELLNP(I).
10) J=NSTART to IYEND), | (NYEARS)(F(2), | WL(I, J)—-measured water level in year J for WELLNB(I), ft above
I=1 to NHYD X(1),F(4,1), datum.
X(1)))
1 XMU(I),I=1 to 12 Col{1),12F(5) XMU(I)--relative water use for irrigation during Ith month.
(NYEARS,16) GU(I},I=1 to NYEARS |Col(1),(NYEARS) | GU(I)--rultiplier for GPUMP in the Ith year since beginning.
F(5)
(NWELLS,8) 1G(1),J6(1), Col(1),(NWELLS) | GPUMP(I) is the yearly ground-water pumpage, in acre-ft, for
GPUMP(1),I=1 to (2F(2),F(6)) irrigation at node (IG(1) JG(I)). The monthly oumpace (acre-ft)
NWELLS for irrigation during month I of year J for node (R,C) “s niven
by XMU(I)*GU{J- NSTART+1)*GDLMP( ) and R=IG(K), C=JG(X).
(NYEARS,16) SU(I), I=1 to NYEARS | Col(1),(NYEARS) | SU(I)--multiplier for SPUMP in the Ith year since beainnina.
F(B)
(NLIFTS,8) 1S(1),J5(1), Col1(1),(NLIFTS) | SPUMP(I) is the yearly surface-water diversion, in acre-ft, for
SPUMP(I), I=1 to (2F(2),F(6)) irrigation at node (IS(I),JS(I)). The monthly diversion (acre-
NLIFTS ft) for irrigation during month I of year J for node (R,C) is
given by XMU(I)*SU(J NSTART+1)*SPUMP(K) and R=IS(K), C= JS(K).
NIND* ID( ),dD(1), (NIND) (col(1), DPUMP(I,J) 1is the yearly industrial and municipal pumpage, acre-
(NYEARS+1, (DPUMP(I,d),0=1 2F(2),%(1), ft, from ground water during the Jth year since the beginning at
16) to NYEARS), I=1 (NYEARS)F(5)) node (ID(I),JD(I)).
to NIND




Table A 4. —Input data read from SYSIN file—Continued

Number ?f Variables Format 2 Remarks
cards
(NHYD,4) WELLN@(J),IHY(I), CoT(1),(NHYD) A water-level table (if @PTI@N(3)=1) and (or) water-level hydro-
JHY(I),I=1 to NHYD [ (A(15),%X(1), graph (if PPTIPN(4)=1) will be printed for WELLNP(I) located at
2F(2)) . node (IHY(I),JHY(I)). WELLN@(I) is a 15-character identifica-
tion for the Ith well.
(NSTATION* UPSTREAM(I), I=1 to | Col(1),(NSTATION*| Code UPSTREAM (I,J)=1 if subbasin J is part of the drainage area
NSTATION,80) NSTATION*NSTATION NSTATION)F(1) of subbasin I (UPSTREAM(I,I)=1 always). Code UPSTREAM(I,J)=0
otherwise.
(NSTATION,10) STATION_NUMBER(I), |Col(1),(NSTATION)| STATION_MUMBER(I) is the 8-character identification for sub-
I=1 to NSTATION A(8) basin I.
(NC,16) HCU(I),I=1 to NC Col(1),(NC)F(5) HCU(I) is the vertical hydraulic conductivity of the s0i1 for all
nodes whose JAREA=I, ftZ/d.
(NC,16 HCL(I),I=1 to NC Co1(1),(NC)F(5) HCL(I) is the vertical hydraulic conductivity of the unsaturated
zone between the soil and the aquifer for all nodes whose
JAREA=I, ft2/d.
12 (ET(I,J),J=1 to Col(1), ET(I,d) is (rate of upward flow from the aauifer in response to
30), I=2 to & 12(10F(7), evapotranspiration from the soil)/(hydraulic conductivity of the
X(10)) unsaturated zone) for I=NEXP(JAREA) and J=depth to water (trun-
cated to whole number of feet). The rate of upward movement at
the node is computed as ET({I,J)*HCL(JAREA).
(NC,40) NEXP(I),I=1 to Col(1),(NCYF(2) NEXP(I) is the integer soil exponent used as an index for the ET
NC array and applies to all nodes whose JAREA=I. Permissible
values for NEXP are 2, 3, 4, or 5.
(NC,16) SMM(I), I=1 to Col(1),(NC)F(5) SMM(I) is the upper 1imit on unsaturated zone moisture for all
NC nodes whose JAREA=I, ft.
(NC,16) SMN(I), I=1 to Col(1),(NC)F(5) SMN(I) is the drainable 1imit of unsaturated zone moisture for
NC all nodes whose JAREA=I, ft.
(NC,16) STR(I),I=1 to CoT(T)(NC)F(5,5) | STP(I) is the storage coefficient for the aquifer for all nodes
NC whose JAREA=I, dimensionless.
(NST,20) JI(I), I=1 to Col(1),(NST)F(4) 1 JI(I) is the row sequence number for the Ith nonzero value, in

NST

column sequence, in the APS array. Column sequence means
(APS(T1,d),1=1 to M), J=1 to N, and row sequence means
(APS(I,J),J=1 to N),_I=1 to M. JI(I)=K means that the Ith non-
zero value for APS, in column sequence, is also the Kth nonzero
value for APS in row sequence. Stream head is read in only

for nodes with APS>0. Stream head is read in by row sequence
as part of array DATAIN. JI is used as a pointer to the oroper
member of DATAIN when the ground-water model is solving by
columns.

1(A,B) represents the number n, where n is the least integer such that n2 A,

2Readers unfamiliar with PL/1 formats should consult a PL/1 language manua

B
1.



Table A 5.—Input

data read from IN1 f7le

Bytes Variables Remarks
4*M*(N+1) (R(1,J), Jd=1 to | R(I,J) is the harmonic-mean transmissivity
N+1), I=1 to M between nodes (I,J) and (I,J-1), ft2/d.
4% (M+1)*N (C(I,J), J=1 to |C(I,J) is the harmonic-mean transmissivity
N), I=1 to M+1) | between nodes (I,J) and (I-1,J), ft2/d.
2*M*N (JAREA(I,J), JAREA(I,J)=K indicates that the Kth member
J=1 to N), of HCU,HCL,NEXP,SMM,SMN, and ST@ arrays
I=1 to M is to be used at node (I,J).
A*M*N (APS(1,d), J=1 APS(1,d) is (area of streambed)*(hydraulic
to N), I=1 to M| conductivity of streambed material)/
(thickness of streambed material) at node
(1,d), ft2/d.
4*M*N (ELEV(I,Jd), J=1 | ELEV(I,J) is the averaae elevation of land
to N), I=1 to M| surface for node (1,J), feet above datum.
4*(M+2)*(N+2) (H1(1,d), J=0 to | H1(I,d) is the initial elevation of the
N+1), I=0 to potentiometric surface at node (I1,J),
M+1 feet above datum.
2*M*N (IAREA(I,J), J=1 | IAREA(I,J)=K indicates that node (I,J) is
to N), I=1 to M| in subbasin K.
4*(NSTATIONS DATAIN(I), I=1 DATAIN(1) is monthly evaporation, in.
+NST+MSTA+] to NSTATIONS DATAIN(1+K), K=1 to NSTATIONS, is monthly

+NST+MSTA+1)

precipitation for subbasin K, in.

DATAIN(1+NSTATIONS+K), K=1 to NST, is the
average monthly stream elevation corre-
sponding to the Kth nonzero member, in
row sequence, of the APS array, feet
above datum.

DATAIMN(T+NSTATIONSH+NST+K), K=1 to MSTA is
the mean monthly flow for subbasin K,
ft3/s.

The DATAIN array is read once for each
month or a total of 12*NYEARS times.




ATTACHMENT B

DEFINITIONS OF PROGRAM VARIABLES

No definitions are given here for PL/1 syntax or built-in functions,

DO variables, procedure names, or label names.
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BEFINITIONS OF PROGRAM VARIABLES

A--Array representing character map of the potentiometric surface. Indices

are nodal position.

AC--Array containing character representation of numeric data that compare

model-derived and observed data.

ACCR--Accretion at a node, feet.

ACCRETION--Array containing accretion, cubic feet before line 471 and acre-

feet thereafter. Index refers to subbasin number.

ACFT--Conversion for feet per node to acre-feet.

ACX2--Accretion at a node, cubic feet per day.

AFS--Conversion for acre-feet per month to cubic feet per second.

APS--Array containing hydraulic conductivity of streambed material multiplied
by area of streambed within a node divided by thickness of streambed
material (K'/b'* area), square feet per day. Indices are nodal positions.

APST--APS at a node, square feet per day.

AS--Array containing storage coefficient multiplied by area of a node, square

feet per day. Indices refer to nodal location.

AST--AS at a node, square feet per day.

AVM--Model-derived flow volume for a year, cubic feet per second days.

AVO--Observed flow volume for a year, cubic feet per second days.

B--Parameter in the forward substitution part of the Thomas algorithm.

BAL--Precipitation plus the part of irrigation water not returned to streams,
feet.

BALANCE--Mass balance for a month, dimensionless.

BALERR--Limit on mass-balance error.

C--Array containing harmonic-mean transmissivity in the column direction, square

feet per day. Indices are nodal locations.
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CA--Cumulative accretion, acre-feet.

CB--Cumulative mass balance, dimensionless.

CF--Cumulative volume of flow for model, acre-feet.

CFAD--Conversion for cubic feet per day to acre-feet per month.

CHYD--Array containing character representation of hydrograph data. First

index refers to line number, second index refers to position on a line.

ClJ--C for a node, square feet per day.

CIP--C for the next node in the column increasing direction, square feet per

day.

CP--Cumulative pumpage, acre-feet.

CR--Cumulative stream recharge, acre-feet.

CRFC--The proportion of applied irrigation water that is not return flow to

streams, dimensionless.

CS--Cumulative change in aquifer storage, acre-feet.

C5--Intermediate result in conversion of numeric data to character.

C8--Intermediate result in conversion of numeric data to character, used to

prevent truncation of data.

D--Parameter in the forward-substitution part of the Thomas algorithm.

DATAIN--Array containing block of monthly data read from disk.

DATUM--Observed monthly discharge for a station, cubic feet per second.

DELTA-STORAGE--Array containing monthly changes in storage, cubic feet before

line 470 and acre-feet thereafter. Index refers to subbasin
number.

DPUMP--Array containing yearly industrial ground-water pumpage, acre-feet.
First index refers to sequence number of industrial pumpage, second
index refers to year.

DSAV--Array containing part of the change in aquifer storage, cubic feet. Index

refers to subbasin number.

B-3



E--Array computed by forward substitution in the Thomas alaorithm. Index

refers to position in a row (column).

ELEV--Array containing altitude of land surface, feet. Indices refer to nodal
locations.

ET--Array containing 1imiting dimensionless evapotranspiration from the water
table. First index represents Gardner's exponent; second index represents
depth to water, feet.

EVAP--Monthly potential evapotranspiration, feet.

F--Array computed by forward substitution in the Thomas algorithm. Index

refers to position in a row (column).

FLUX--Monthly volume of flow, acre-feet.

FRT--Potential infiltration, feet.

GPUMP--Array containing yearly agricultural ground-water pumpage for the reference
year, acre-feet. Index is the sequence number for agricultural ground-
water pumpage.

GU--Array containing yearly agricultural ground-water use expressed as a ratio

to the reference year, dimensionless. Index refers to year.

GW-PUMPAGE--Array containing monthly ground-water pumpage, acre-feet. Index

is the subbasin number.

HCL--Array containing vertical hydraulic conductivity of the unsaturated zone
between the soil and the aquifer, square feet per day. Index refers to
subarea number.

HCLDEF--Value of HCL assigned to nodes outside the extent of the aquifer.

HCLJA--HCL for a node.

HCU--Array containing vertical hydraulic conductivity of the soil, square feet
per day. Index refers to subarea number.

HCUDEF--Value of HCU assigned to nodes outside the extent of the aquifer.
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HCUJA--HCU for a node.

HDAS--Part of the monthly change in aquifer storage for a node, cubic feet.

HDZ--Computed head at the end of a computational step.

HIJ--Potentiometric head at a node.

HPLUS--Potentiometric head at the next node, in the increasing row (column)

direction.
HS--Component of D representing flow between aquifer and stream.
HYD--Array containing water-level altitudes for a year, feet. First index is
sequence for well number, second index represents month.

H1--Array containing potentiometric head at beginning of computational step,
feet. Indices are nodal location.

H2--Array containing potentiometric heads computed for end of a computational
step, feet. Indices are nodal location.

[A--Subbasin number for a node, dimensionless.

IAREA--Array containing subbasin numbers, dimensionless. Indices indicate

nodal location.

ID--Array containing row locations for industrial ground-water pumpage. Index
represents sequence number for industrial pumpage.

IDEP--Value of depth to water assigned to nodes outside the extent of the

aquifer, feet.

IDEPTH--Depth to water as truncated to whole number, feet.

IDYR--Year, for water-level table output.

IG--Array containing row location for agricultural ground-water pumpage. Index
represents sequence number for agricultural ground-water pumpage.

IH--Ordinate for surface-water hydrographs.

IHI--Lowest multiple of 5 ft that exceeds the highest potentiometric-surface

altitude for a month.
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IHY--Array containing row locations for points included in water-level table.
Index is sequence number for well numbers.

IHYD--Array containing model-determined stream-discharge hydrographs. First
index is subbasin number, second index is year, third index is month.

II--0ff-scale indicator for water-level hydrographs.

IKO--Ordinate for water-level hydrographs.

IK1--Ordinate for model-derived discharge for surface-water hydrographs.

IK2--Ordinate for measured discharge for surface-water hydrographs.

ILIM1--Number indicating (O=nc, 1=yes) whether any subbasin has all of its
drainage area included in the model.

ILIM2--Number indicating (0=no, l=yes) whether any subbasin has part of its
drainage area outside the area of the model.

ILO--Greatest multiple of 5 ft that is less than the lowest potentiometric-

surface altitude for a month.
ILS--The greatest integer that is less than or equal to NLIFTS divided by KX.
IM--Abscissa for hydrographs, represents every month for water-level hydro-
graphs, every month for surface-water hydrographs.

IMEND--Ending month of model run.

IMF--Ending month for hydrographs.

IMON--Month number.

IMS--Beginning month for hydrographs.

INT--Name of input disk-data set.

IR--The number of 5-ft intervals required for a map of the potentiometric

surface.
[S--Array containing row locations for surface-water pumpage.
[SKIP--Number of blocks of monthly input data on disk file to be skipped at

beginning of model run.
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ISTART--Beginning year for surface-water hydrographs.

IW--Index representing a particular well or station

IWG--The greatest integer that is less than or equal to NWELLS divided by KY.

IY--Year for hydrographs.

IYEND--Ending year of model run.

IYP--Greatest integer that is less than or equal to NYEARS divided by KP.

[YR--Year.

IYY--Greatest integer that is less than or equal to NYEARS divided by KY.

JA--Subarea number at a node.

JAREA--Array defining the subareas to which HCU, HCL, NEXP, SMM, SMN, and STO

values apply. Indices indicate nodal location.

JD--Array containing column location for industrial ground-water pumpage.
Index is sequence number of industrial ground-water pumpage.

JG--Array containing column locations for agricultural ground-water pumpage.

JHY--Array containing column locations for points included in water-level
tables. Index is sequence number for well numbers.

JHYD--Array containing measured stream-discharge hydrographs. First index is

subbasin number, second index is year, third index is month.

JH1--Beginning month for water-level tables.

JH2--Ending month for water-level tables.

JI--Array containing row sequence numbers for stream nodes. Index is column
sequence number for stream nodes.

JKO--Abscissa for hydrographs.

JLS--Remainder when NLIFTS is divided by KX.

JS--Array containing row locations for surface-water pumpage. Index is
sequence number for surface-water pumpage.

JWG--Remainder when NWELLS is divided by KG.
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JYP--Remainder when NYEARS is divided by KP.

JYY--Remainder when NYEARS is divided by KY.

KC--The number indicating the member of the SYMBOL array that represents a

given 5-ft interval of the potentiometric-surface map.

KG--The smaller of 8 and NWELLS.

KHY--Month for water-level tables.

KHYD--Array containing water-level tables. First index is sequence number
for well numbers, second index is the year, third index is the bimonthly
position within the year.

KH1--Beginning month for water-level tables.

KH2--Ending month for water-level tables.

KI--Column sequence number for a node where there is interflow between aquifer

and stream.

KJ--Number indicating position of stream head in the array of monthly data;

used when interflow between the stream node and the aquifer is computed.

KK--Number indicating position of stream head in the array of monthly data;

used when computing the D parameter along a column of the model.

KMAP--Sequential index for MAPMON, MAPYR arrays.

KP--The smaller of 8 and NYEARS.

KS--Number indicating position of stream head in the array of monthly data;

used when computina the D parameter along a row of the model.

KSTA--The number of subbasins whose drainage areas lie, at least partly, out-
side the model area.

KX--The smaller of 8 and NLIFTS.

KY--The smaller of 9 and NYEARS.

KYR--Index to GU, SU, DPUMP arrays, refers to year.

L--Number of months in model run.
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LINE 1, LINE 2, LINE 3--Arrays containing one line of the hydrograph grid.
Index is position in the line.
M--The number of rows in the model.
MAPMON--Array containing months for which an output map will be printed. Index
is sequential number in printing order.
MAPYR--Array containing years for which an output map will be printed. Index
is sequential number in printing order.
MNX--The larger of M and N.
MONTH--Month for which next potentiometric surface map will be printed.
MSTA--The number of subbasins whose drainage areas lie wholly within the model
boundaries.
MWL--Array containing month of water-level measurement. First index is sequence
number for well numbers, second index is the year.
MYEAR--Year for which next potentiometric-surface map will be printed.
M1--M plus 1.
N--The number of columns in the model.
NC--Number of subareas, defines the extent of several arrays.
NDATA--Number of items of data in one monthly block read from disk.
NEXP--Array contains reference number to ET function. Index is subarea number.
NEXPDEF --Value of NEXP assigned to nodes outside the extent of the aquifer.
NHYD--Number of nodel locations for water-level tables or hydrographs.
NIND--Number of nodes where industrial ground-water use occurs.
NLIFTS--Number of nodes where irrigation water is pumped from streams.
NMAPS--Number of potentiometric-surface maps that will be printed.
NMON--Beginning month of model run.
NST--Number of stream nodes in the ground-water model.
NSTART--Beginning year of model run.
NSTATIONS--Number of subbasins.
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NS1--Number of subbasins plus one.
NUM--Value of NEXP at a node.
NWELLS--Number of nodes where irrigation water is pumped from the aquifer.
NYEARS--Number of years in model run.
N1--N plus 1.
OPTION--Array containing switches for optional output.
PAC--Monthly pumpage per area of node, feet.
PPT--Monthly precipitation at a node, feet.
PRECIP-EXCESS--Array containing monthly rainfall excess in feet before line
483 and in inches thereafter. Index is subbasin number.
PUMP--Monthly pumpage at a node, acre-feet.
Q--Array containing the algebraic sum of accretion to, and pumpage from, the
aquifer in a given month, cubic feet per day. Indices are nodal location.
R--Array containing harmonic-mean transmissivity in the row direction, square
feet per day. Indices are nodal location.
RATIO--Relative moisture content of unsaturated zone.
RE--Rainfall excess for a node, feet.
RESULT--Intermediate result in converting numeric data to character.
RETURN-FLOW--Array containing return flows in feet per node before line 475 and
in acre-feet thereafter. Index is subbasin number.
RF--Runoff in excess of precipitation for a node, feet.
RFC--Relative amount of irrigation water that becomes return flow to streams.
RJP--R for the next node in the row increasing direction, square feet per day.
RN--Array containing number of measured monthly discharges. First index is sub-
basin number, second index is month.
RODEF--Array containing runoff deficits (excess of seepage to ground water

over streamflow), cubic feet per second. Index is subbasin number.
RSUM--Array containing model-derived monthly discharge, cubic feet per second.

Index is subbasin number.
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RSUMI--Value of RSUM for a subbasin.

RTFS--Array containing applied irrigation water for a month in feet per node
multiplied by RFC and added in succeeding month to return flow. Index
is subbasin number.

RUP--Number used (for rounding) in conversion from numeric data to character.

RUPSQ--Value of RUP squared.

RVM--Array containing volume of model-derived streamflow for a complete model

run, cubic feet per second days. Index is subbasin number.

RVO--Array containing volume of measured streamflow for a complete model run,

cubic feet per second days. Index is subbasin number.

RX--Runoff for a node, feet per node.

RY--Runoff in excess of precipitation for a node, feet per node.

S--Value of SMD for a subbasin.

SAVE--Array containing monthly applied irrigation water, feet per node. Indices
are nodal location.

SM--Unsaturated-zone moisture for a node, feet.

SMAX--Upper 1imit on unsaturated-zone moisture for a node, feet.

SMD--Array containing sum of squares of ratios of model-derived to measured

streamflow. First index is subbasin number, second index is month.

SMDEF--Value of SMAX assigned to nodes outside the extent of the aquifer, feet.

SMIN--Equilibrium (no vertical flow) moisture content of unsaturated zone for
a node, feet.

SMM--Array containing upper limit on unsaturated-zone moisture content, feet.
Index is subarea number.

SMN--Array containing drainable 1imit on unsaturated-zone moisture content,

feet. Index is subarea number.

SMO--Array containing sum of ratios of model-derived to measured streamflow.

Index is subbasin number.
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SMR--Array containing sum of ratios of model-derived to measured-monthly

streamflow. First index is subbasin number, second index is month.

SMRIJ--Value of SMR for a subbasin and month.

SMS--Array containing unsaturated-zone moisture, feet. Indices are nodal

locations.

SMSI--Initial unsaturated-zone moisture, feet.

SNDEF--Value of SMIN assigned to nodes outside the extent of the aquifer, feet.

SPACE--Amount that unsaturated-zone moisture differs from the equilibrium

content, feet.

SPUMP--Array containing yearly surface-water pumpage for the reference year,

acre-feet. Index is the seauential number for surface-water pumpage.

SSQ--Array containing sum of squares of ratios of model-derived to measured

streamflow. Index is subbasin number.

STATION-NUMBER--Array containing station numbers or stream names for subbasins.

Index is subbasin number.

STO--Array containing storage coefficient. Index is subarea number.

STOR--Array containing change in storage between dates of potentiometric sur-

face maps, acre-feet.

STREAM-RECHARGE--Array containing monthly interflow between streams and the
aquifer, in cubic feet before line 469 and in acre-feet
thereafter. Index is subbasin number.

SU--Array containing yearly surface-water use expressed as a ratio to the refer-

ence year. Index refers to year.

SUMA--Monthly accretion for the model, acre-feet.

SUMP--Monthly pumpage for the model, acre-feet.

SUMR--Monthly stream-aquifer interflow for the model, acre-feet.

SUMS--Monthly change in aquifer storage for the model, acre-feet.
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SUO--Sum of runoff deficit plus runoff for the current month for a node,

cubic feet per second.

SW-PUMPAGE--Array containing monthly surface-water pumpage, acre-feet. Index

is the subbasin number.

SWL--Sum of model-derived water levels minus measured water levels for a well,

feet.

SYMBOL--Array containing 36 characters used for printing maps of the potentio-

metric surfaces and hydrographs.

SYSIN--Name of input card data set.

TITLE--String of 80 characters (card image) used for identification for model

output.

TOP--Array containing altitude corresponding to top line of hydrograph grid,

feet. Index is sequence number for well numbers.

TOTAL-RUNOFF--Array containing monthly streamflow within a subbasin, in feet
per node per month before line 473 and in cubic feet per second
thereafter. Index is subbasin number.

T2--Number of days in the month.

UPSTREAM--Array containing numbers that indicate (0=no, 1=yes) the subbasins
that are included in the drainage area for a given station. First
index is the subbasin number of the station, second index is the
subbasin number for other subbasins. UPSTREAM (I,J)=1 if sub-
basin J is included in the drainage area of subbasin I.

W--Sum of model-derived water levels minus measured water levels for all wells.

WC--Array containing character representation of numeric data for comparison

of model-derived, and measured, streamflow (WC(1,1) only) and water Tlevels.
For ground-water data the first index is the sequence number, the second

index represents the mean (1) or the standard deviation (2).
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WELLNO--Array containing well numbers for points of comparison between model-
derived water levels and measured water levels. Index is the sequence

number for well numbers.

WL--Array containing the measured water-level data, feet above mean sea level.
First index is the sequence number for well numbers, second index is the
year.

WLNUM--Array containing the number of measured water levels for a well. Index

is sequence number for well numbers.

WLSQ--Array containing sum of squares of model-derived water levels minus
measured water levels, square feet. Index is sequence number for well
numbers.

WLSUM--Array containing sum of model-derived water levels minus measured water

levels, feet. Index is sequence number for well numbers.

X--Dummy variable representing a specific member of an array or an intermediate

step in a computation.

XDAY--Array containing the number of days in all 12 months in a year. Index
is the month.

XMN--Minimum altitude of the model-derived potentiometric surface for a given

date, feet.

XMRI--Ratio of model-derived streamflow to measured streamflow for the station
and the month.

XMU--Array containing monthly use of water, as ratio of yearly use, for irriga-

tion. The index is the month.

XMUN--Value of XMU for the month.

XMX--Maximum altitude of the model-derived potentiometric surface for a given

date, feet.



XNM--Array containing number of comparisons, in a year, of model-derived stream-
flow to measured streamflow. Index is subbasin number.

XNODES--Array containing number of nodes in a subbasin. Index is the subbasin

number.

XS--Node spacing of the model, feet.

XSEC--Conversion for feet per month per node to cubic feet per second.

XYX--Relative water use for irrigation for a given month.

X2--Area of a node, square feet.

Y--Dummy variable representing a specific member of an array or an intermediate

result in a computation.

YNODES--Array containing the number of aquifer nodes in a subbasin. Index

is the subbasin number.

Z--Time step in the model and equal to the number of days in the month divided

by 2.
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LINE

149 F(4)aCOL(1)edaF(4al)aade?2 (COLILI)eAaF(2))) 3

150 PUT FILE(SYSPRINT) EDIT -
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152 (SKIP(2)4A)3 '

153 N I=1 TO NSTATIuMSS

154 PUT FILE(SYSFERINT) ENIT

155 (STATION_NUMRER(I)«I)

156 (COL(1) eX(3)sA(R)eX(R)4F(P)) 3

157 PO J=1 TO NSTATIONS;S

158 IF I=J THEN GO TO S13

159 IF UPSTREAM(I«J)<le THFMN GO TO S13

160 PUT FILE(SYSPRINT) FDIT ’

1A1] (STATTON_NUMBER (J))

162 (X(2)eA(R))}

163| |S1: Enp s :

164| END S

165| PUT FILE(SYSPRINT) ENIT

166 ('"RaTIO OF MONTHLY AGRI PUMPAGE TO TOTAL aG=I PUMPAGF FNOR YFawi,
167 TMOMTH  JAN  FER  MAR  APR  MAY  guUN  JUL  aUG  SEP 0OCT  NOV UeCre
168 PRATIO e XMU

169| '"RUTION OF AGRI Gw PUMPAGE FUR YEAR TO L0xI Gw PUMPAGE FU< 13701,
170 (*YEAR RATIN YN0 I=1 TO KY) e

171 (IYR+I=1+GU(T) 00 I=1 TO NYEARS) .

172 "RATIO OF AGRI Sw PUMPAGFE FOR Yrar TO AGRT Sw PUMNBAGE FO& 19704
174! (IYR+I=1eSU(CT) 0N I=1 T NYERARS)

175! PLOCATION AND AMOUNT OF AGe1 (n PUMPAGE FOr 1CTNE,

176
177
178
174
180
1R1
1R2]
183
184
185,
1RA
1R7
188,
1RrG|
190
191
192
193
194
195
196
197
168

(v ROW COL ACFTY DO I=1 TO «GR).
(IGCL) «dG(I) e GPRUMP(TI) D0 I=1 T NWELLS))
(PAGE a A« SKIP(P) ¢a84CUL (1) e8e]1” F(%a2) o="KIP(3)aAaSkIP(2)a(Y) ",
CTYY)(COL (L) o (KXY ) (F(a) eXx(l)aF(Ta&)ak(1)))a
COL(1) s (JYY) (R (4)eX (1) aF (794)aX{1))e
SKIP(3) oA 9aSKIP(2)e(KY) A :
(IYY)(COL (L) o (KY)(F(4) aX(1)aF(Tos)eX(1)))s
COL(1) ; (YY) (F(4)aX(1)eF(794)aX(1))e
PAGE s A9 SKIP(7) e (KG) A4
(TWGI(COL(1) «(KG) (2 F(4)aF(A)))aCOL(1) 9 (JWR)
(7 F(4)4F(6)))3
PUT FILF(SYSERINT) EDIT :
("LOCATION AND AMOUNT OF AGRI S» PUYPAGF FO= 197nt,
(" ROY COL ACFT® DO I=1 T KA
(ISCI) «JS(T)eSPUMP(T) N3 I=1 T KLIFTS)
'YEARLY NON=AGR]I GW PU'IPAGE (ACRE=FT) 1,
(VRNW= 14IN(T)atsCOL= *adD(I)e('YEAR PUMPAGE ' DO K=] TO APR).
(IYR+U=14DPUMP (Tod) NO J=1 TO MYE4KS) DO I=1 TOU MTIn0)
OTwW | POTeETe/HYNaCOND S o
PIFTY!D NEXP=2 | NEXP=3 | NEXP=4 | NEXxP=Ht,

(Ja (V[0 FT(TIeJd) M I=2 TO =) i) J=1 T 39))

|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
172 | (*YEAR RATIQ v NO I=1 TO KY),
|
|
!
|
|
|
|
|
[
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
I (PAGE aN e TKIR(2) o (% X%) i1y (ILS)(COLCL) e (x)
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CINE

199 | (2 Fl4)sF(A)))aCCL(L) (L) (2 Fla)aF (=) )

2645 | PAGF e8¢ (MINDY(COL(LI) 4?2 (2aF(2))aC L (1) e (") 2y (TYE)

20%] - | (COL (Y1) o (XP)Y(F(4)aX (1) e (7)ex(1)))«COL (1) (UYP)

202 | (F(4) e X(1)eaF(T)eXx{(1)))s

203 | PAGE«A«2 (COL(1)aA) 30 (CﬂL(?)-F(R)-Iili-a (fat (Ge=))) )3

204 IND1:PUT FILE(SYSPRINT) EVIT(TITLE . ’ 1

205 | tHC= HYDRAULIC CONDUCTIVITY OF FIME=-GRAI™MFET MATERJAL GVEwLYIrG Tk
20a| | ot AQUIFERe FT/DLY ", )

207 1 FSMM= MAXTMIIM AMOUNT (FFET) OF wATER STORED A4580VE TrHE waTkr Taalrte.
208& |1 PSMN= REFTENTION(FEET) OF «#aTF& TO DRAINAGE ABQVE TrE waTerm TaslZta
209 | 15= STORAGE COEFFICIFE~T'.

210 | v AREA HC (UPPER) HC(LOwEFR) NEXF Seitd SN St

211] | (TeHCU(T) «HCL(TI) oNEXP(I) aSMM(T) aSMN(T) e STR(I) N0 I=1 TO W€
12| (PAGE¢A(RN) «CNL(]1)eBoAsa (COL(T)en) a (MCIICHAL(L) oF (=) ax(4)ar (Sea)s
213 | ¥(4)aF (Qod) oX(4)oF(4)aF(Se7)eF(542) F(7aa))) 3

214 | DN I=1 TO M3

215} | Nno J=1 TO N3

216 | IA=TAREA(TaJ) 3

217! | IF Ia<] THEWN 60 TD F1i

218| | XNORES(IA)=sNODES(Ta)+1.5

219| | AST=STO(Ja=KA(T=J) ) *XZ:

220! | IF AST=0n, THEN GO TH E13

221i | AS(TseJ)=AST:

oot | YMODES(IA)=YNODES(Ia)+]1e3

223 | DSAV(IA)==H1(TeJ)#AST+DSAV(IA)S

224{ I1E1: Ennt

225| | Frng

2261 | KH1=TMOMN3

227! | KH2=TMOM+L §

228 | IF KHP2>12 ThHFEiN KHP2=123

2291 | KHY=K%]:

230 | NO KOzl TO RHEYDS

2311 | I=IRY (KQ) S

232! L J=JdY (KN) 3

233 | HYND (KO KHY ) =H1 ([ eJ) d

234 | TOP(KO)= Se#FLONIA(R)Y([+J)/5e +aB5)+1044

235 | IF #0D(IMONG2) =0 THEN SHYQ(KO«[YRaIMOr/2)=FLOCR(TOP(RU)

2364 | =H1(IeJ)+1.5)3

237 | IF MWL (KQe«IYR)=I40% THEM 0%

23R | X=H1(Ted) ==L (KNaIYR) 5

239 | WL SUM(KOQ) =ul S (K0) +%3

2a0) | WL SR (KQ) = S0 (0) +X#X3

241! | WLNLM (RO) =@ Lnitis (KOQ) + 13

242 | Ereds

243 | ENDG .

244 | IF IMON>1 THEN DOS

245 | ISKIP=IMON=13

246 | READ FILF(INL) IGMORE(ISKIPR) S

247 | FND 3

244 | CaLl oHws
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LENE
249 |GWIPROCERDURE REORNDERS

250 | N K=l TO L3 :

251 | HEAD FILFE(IMY) INTO(DaTaTN) S

252 | XAUM=XxMU( Tw0N) §

253 | T2=x(FAY (ITmOn) 2

254 | XSEC=X2/(RA4N(*T2) 3 .
255 | AFS=ACFT#XSECS .
256 | CFAND=43C6N./TP:

257 | I=T2/Ze5

258 | SAVFE «Q=0n,%

259 | NELTA_STNRAGE=USAV:

260 | NSAV=0, 3 x

261 | GW_PUMPAGE ¢ SW_PUMPAGF s STRE Gmi_RECHAKGE o
267 | ACCRETIONGPRECIP_EXCESSsRTFSeTOTAL _SUNIFF=1,4
263 | KYR=IYR=NSTART+1}

264 | XYX=XMUMBEGU(KYR) §

25 | 00 KT=1 TO NWELLSS

265 | I=TG(KT)s

267 | J=JG (K1) ¢

268 | TA=TAREA(aJ)

2hA9 | PHMP=GPRLIMP (KT) #XY X3

270 | Q(Ted)==PUMP#CF A0

271 | PAC=PUi+P#aCF T4

272 | SAVE (Te J)=SAVE (TeJ)+=als

273 | RTFS(IA)=FTFSI(IA)+FacCe

274 | GY_PUYPAGE (IA)=2PUvP+Gi_PUMPAGE (IA) 3
275 | AN

276 | XYXz=gxMmijrase S (<Y =) 3

2riv | N0 KT=1 TO WLIFT=:

278 | I=15(<T) 4

279 | J=JS (T3

280 | [4=TAREA(Teu)s

281 | . PUIAP=SPlitE (KT} #xY 41

2Rz | PAC=PUvPs#ACFT;

283 i SAVE (Tald) =SAVF (Te)+PaC:

2R4 | ETFS(TA)=RTFS(TA)+PACS

285 | Sw_FUvPAGE (T4) =2umk+Se_PUMBAGF (14) 3
286 | EnD3

287 | DO KT=] TN wIhDs

2RR | I=I0(XT) s

289 - | J=JdD(KT) ¢

290 | IA=TAREA(Lad) 3

291 | PUMP=NRUIMP (KT KYR)#T2/ 365, 3

292 | G(Tead)==rUvPECFAD+O(Ted) 3

293 | GW _PUADPAGE (TA) =PUMP+Gw_PUMPAGE (IA) 3§
294 | Emns

295 | N0 I=1 TO NS¢

296 | DATAIN(TI)=NATAIM(T} /1743

297 | Enn e

29R | FVAP=DATATI® (1) 3
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k I'\‘ﬁ
2450 | KS=nS]3
300 | NO I=1 TO «3
301 | DO J=1 TOu v
3ny | Tp=larFA{Ll«d)?
302 | IF Ia=3 T=88 60 70 G1W&
304 | Jazsgae i (Ted) s
305 | asT=as(Ted) /7 os
3n6 | Sr=Sas(Ied) s g
307 | PPT=LATAI(Ta+1)3
30Rr | Pal =rPT +CHFCHSAVE (TedJ) 3
309 | IF AST>0. THENM DQOS
310 | Swiaz<Sisi(Ja) s
311 | SmIw=SMN(Ja) S
312 | HCLJa==CL (Ja) &
3r3 | HCUJo=HC U (JA) 3
314 | Nittashe= x 2 (JA) 3
315 | HIJ==1(1«)3%
314 | R
317 | FLSE 5013
318 | CUAX=S3FEF
319 | SMT=SrIJEF S
320 | HCUJA=RCUNEF &
321 | HCLJA=HCLNEF
322 | NUM=nE XENEF §
373 | FaDod
324 | FRT=rCUJa HTPH (] g=SM/S+AX) 5
325 | IF SALCFET THEN 2X=3aL#=Aal/(2,#%F2T) 3
374 | FLSY &X¥=RaAL=r=T/2,.3
327 | SwaSHeRAL==X3
375 | RATIO=S " /S+axt
329 | IF #aTI0O>1,. THEN RATIO=1 .3
330 | SHzSu=FuAPHEATTNS
331 1 I[F Sa<h, THEN Sw=i43
Az | JF S«>SupY THENM 903
333 | . RX=RX4SM=SwAKS
334, | Sm=SMAXE
335 | Fao s
336 | RBY=GA=RPPT
AL | IF RY>0D, THE™ DO
338 | HFzRY S
339 | RE=PPT
34” ' F-_:r\,‘lf.:
341 | FILSFE D03
347 | FE=04
343 | HE=KHX]
344 | Fans
345 | SPACE=S™M=-SMINS ‘
34/ | IF ASY>0, THEM IDFPTH=FLEV(T«J)=rnIJd3
347 | ELSE INEDCTH=[0Fe;
348 | IF SPACE<n, THEW NO3
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INE

349 | IF IDFPTH>30 THEN ACCH=0,¢8

350 | ELSE N03

351 | IF INEPTH<] THEN INEPTH=1:
is2 | ACCR==rACLJA - #¥ET(NUMGIDFPTw) .
353 | R SMzSu=pCORST 23

354 | [F Sw>SuInN ThEN D03

355 | ACCHR=ACCH+ (SM=SMInN)Y/TZ1
356 | SH=CMING

357 | ENG S

358 | EMD S

359 | FND S

360 | ELSE DOGs .

361 | IF IDEPTR<G THEN ACCR=04%

362 | ELSE D03

353 | ACCH=HCLJG #SPACE/(SMAY=SMIN]
364 | SM=SM=ACCR#T2:

365 | IF SM<SHIN THEN 003

366 | ACCA=ACCH+ (SM=S¥Iv) /T23
367 | S=SHIA;

368 | Enpe -

369 | NN 3

370 | FND 3§

371 | SMS(TeJ)=5M3

372 | PRECIP_EXCESS(TA)=PRECIP_EXCESS(I2)+wF;
373 | RETURN_FLOw(IA)=RFETURN_FLOw (o) +-F?
374 | TOTAL_RUNOFF(IA)=TOTAL_RUNCFF (Ta)+~nrt
375 | IF AST=9, THEN GO TO G138

376 | ACXP=ACC~#x22

377 | W(Tad)=(Tad)+4Cr23

378 | ACCHETION(TA)=ACCHETIOM(IA) ¢aCXP#T 23
379 | APST=APS(TeJ) s

3an | IF APST>0, THEWN DO

3R] | KszhS+]3

342 | “ IF RONEF(IAa)<ty ThE:D NO3

383 | APST=0, 8

34 | Sz,

385 | Faeys

386 | ELSE HS=DATATM(XS)#aPSTs

387 | e

38R | FLSE HS=n,18

3R9 | CIJEC(Ied) 3

390 | RIJ=H(TeJ) s

391 | S CIP=C(I+1e4)s

392 | RIP=R (TeJ+1) 3

393 | D==CIJ#HI(I=1aJ)~CIP#=1(T+1le 1) =R(TIed)=RTJnF(J=-1)
394 | +(CIJ+CIP=AST) #ATJ-1SE

395 | PR== (RIJ+XJP+4APST+AST) +RTJ*F (J=1) 3%

396 | IF F=ne THEN E(J)«F(J) =043

397 | FLSE 003

398! | F(d)=D/<3
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INF

359 | Fld)=mmJF/ms

ann | FNO S

4l |Gl Fais

ang | KJ=KS3

403 | no Js=« TG 1 sy =13

404: | IF A5(Ileu)=0. THEM GO TO (23

40S | TASTAPEA(TWJ)§ .
hﬂﬁ\l HOP=E (J) +F (J) #52PLUS S -
407 | APST=APS (T ed) s

408 | IF APST>0, THEN D03

409 | IF SONEF(Ia)>=N. THFN STREAM_RECHA~GE (1A) =
410 | (GATATN(RJ)==02) #APST#Z+STREAM_RECHAPGE (L2) 3
411 | Kd=KJ=11 ’

412 | E NS

4132 | H2(I+J)==23

4141 | HELUS==073

als| IG2: Emng

416 | END S '

417 | H1=H25

418 | KS=03%

419 | Do J=1 TO N3

420| | DO I=1 TO 3

4211 | Ia=TAREA(TJ) 3

472z | AST=aS(I«J) /23

423 1| IF AST=0. THEN GO TO (33

474l | APST=APS(I«d) 3

4725 | IF aPST>1, T=EN D03

42A]| | KS=nS+14

427 | KR=JI (KS)+NS1a

4R IF SQUEF(Ta)<n, ThEs D03

apal | APST=Nn,

430 I “a=0 g s

431 | A B

432 1 . FLLSFE ~S=DATAIN(KK)*aPST:

433 | ENT g

434 | FLSE HS=iq1

435 | CIJ=C(TleJ) s

436 | RIJ=R(LeJ) 3

437 | CIP=C(I+1eJ)3

438 | RIP=R (Led+]) s .

439 | De=rId®*r]l ([eJ=1)=2dP#n] (TeJ+1)=0(laJ)~CId*(T=1)
440 | +(RIJ+EJr=2ST) ¥R (Tad) =HS3

4411 | B==(CIJ+CI2+APST+aST)+CIunE(T=-1) 3
a4l | IF B=0e TrHEN E(I)eF(I)=043

443 | ELSE D3

444 | F(I)=D/"3

445\ | F(I)==-CIP/H;

a46| | Eals

44T |63 END§

4LB| | KI=KS3




INF

449 | 00 I=+ TCe 1 4y =13

450 | AST=290.1 «d) -3

451 | IF AsT=0e TR:D GO TO G43

452 | TA=Ta2FA(Ied) -

453 | HOP=C (1) +F (1) #~PLULSS

454 | AP AS=4T PR ANT $

455 | CELTP_iTnaAGF(IA)=CELTA_STHQAGE(IA?+~“2§3
456 | DSAV([A)=DSAV(TA)=+DAS;

487 | APST=APS(Ted) s

458 | IF aPST>0, THE 303

459 | K&E=JI(w])+NS]3

460 | KI=KI=13 .

4Ar1 | IF RODEF(Ta)>=0, THERN STREAM _RPECHARGE(IA) =
462 | (DATAIN(KK)'HDE)*QPST*Z*STHEAM_RECﬁARGE(IJ)i
463 | EnD 3

464 | H2 (IeJ)=HD?23

465 | HAELUS=RD28

466 |G4: EnD S

467 | Enne

a6l | Hl=HZ3

46/9 | STQFAM_QECHAPGE=STHEAquECHﬂﬁGE/43560.=

470 | DELTA_STOPAGE=UELTA_STJQAGE/4356”.1

471 | ACCRETIONZACCRETION/425AN . %

472 | RETURN_FLOW=RETIURN_FLOw/4CFT

473 | TOTQL_PUNOFF=TOTAL_QUNOF:*\S;C"(STPEﬁ“;PECHﬂPGF+SH_DUMPAGE
474 | ~RETURN_FLOw) #3FS3

475 | SUMS s SUMP o SU~R o« SHivA=0 3

476 | DO I=1 TO MSTAaTIUNS?E

477 | SUNQ:QUMS+GFLT&_STﬂuaGF(I)?

478 | SUMP=SU AP+ Gy _PiUwPAaGFE ()3

479 | SUMﬁ=SuuR+STREAH_~€CHqﬂHE(I)5

4R¢90 | SUMA=SUMA+LACCETION(I) §

4K1 | RTFS(I)=FFC®FTFS(]) 3

4az | - STOQ(I}=STDP(I)+HELTA_STOQﬁhE(IJ;

4123 | PDFCID_FXCESS{I)=1?.*PDFCID_EICES<([)/?NUDES([}:
4R4 | Fnin s

4rns | N T=1 TN NSTATIONS:

486 | SUO=RODEF (1) 3

487 | DO J=1 TO MSTATIOSS:

488 | SUO=SU0+UPSTHEAN1T-J)*TQTLL_4UN0F?(J):
439 | Eang

490, | IF SUNK=(4AI<=wSTA THEN D03

491, | RODEF (T)=%103%

4920 | RSUM(1)=i;,.4

493 | DE

494 | ELSE D03

495 | RODEF(T)=0,3

496 | BSUM(T)=5003%

497 | Fnne

498 | Erng



L InF

499 | CS=CS+8y 78z

5040 | CPR=CR+SIIMP:

501 | CR=C&H+SiJ~R1

502 | CO=CA+SiIMAL

503 | FLUX=aBR{AASISUMS) #2238 (SUwF) ¢ A8S(30L-2)+axS (8 a)) s

504| | SALANCF = (SUMS+SUMB=SIMR=S1imA ) /FLJX 3

505 | CF=CF+FLiIX3 3

506 | C3=(CS+CP=CR=CA) /CF 3

507 | IF ARS(RALANCE) ><AILERR 255 (C3)>HALERR THEN

508 | PUT FILFE(SYSPRIMT) ENIT(TVYOMe? /1 gIYRgte MO TH RALANCE =t

509 | BALANCE 9%y HUN QALANCE =1t.C%)

510 | (COL (1) sF(2)aeF(4)e2 (AaF(10ean))) s

511 | IF OPTIOM(BR)==1 ThEy GO TO =75

512 | N0 I=1 TC »STaj

513 | RSUMI=RSUM(T) 3

514/ | IF PSUMI<eNS TrEN TH=233

515 | ELSE Th=1Ra9=4¢#LO0G1G(~SUMT) S

516 | IF IH<] TAF. IA=1:

S17 | THYD (T aTlYRe i) =Irg

51~ | DATUM=DATAL:i(atiqa+T) 3

519 | IF DATUM<.NG THEM D03

520 | IF NATURkCN, THEN [r=241

521 | FLSE Td=F312

522 | Enn

5231 | ELSE IH=]=e5=a,,%L0GI0(12ATU) 3

524 | IF IH<} THE® IH=):

525 | JHYND (T e IYRe I 20N) =T 3

526 | ENDYS

S27T 172 IF OPTINN(1)==1 TH&N Gy T 243

528| | PUT FILFEA(SYSPRINMNTY EOIT

529 | (I0Ne " /¥ e Yrety MOuwThH =HALaMCE =VadalACCetba =linv ~ALAINTE =Vt allrse

530 | CVATAREBY PG PUPAGE (ACeFTa) VatSy PP uGE (ACFTL) te

531 | ASTREAM RECHAROGF (ACFTa) et STRRAGE CHA GH(ACerTa) te

5az | PACCRETION(AC«FTa) ¥

533 | (TeHu_PUMPAGE (1) «Sw_RPURPAGF (1) «STwEAYM_RBFCRARGE ()

534 | NELTA_STORAGE(T) «8CC<eTIop(I) DG I=1 To «STATLIOMS)

535 | (*TAREAVPYACCHETIG G (INCHES) Y« ' PRECI2 ([ :CHES) v .

536 | 1PRECIP EXCESS(INCHES) t o tRFTURN FLOW(AZ FTa) by

537 | 'STREAMFILOW(CFS) Y 00 I=1 TO ILI41)a

536 | (T22CCRETIOMN(IY#ACFT® 1 2,/yv ODES(]) «3ATATM(T+1) %] 240

539 | PRECIP_FXCESS(I) areTURN_FLOW (T)exSUM(T)

540 | DO I=1 T WSTAa).

541 | ("TARFAT QP ACCRFTI i (TwCHES) 1o vERECIP(IHCHES) 1,

547 | YPRECIP EXCESSI(ICHES) tatRETURN FLOS (AT FTa) s

543 | YCHANGE TN FLOY(ZFS) Y 00 I=1 TO 1L.[%2).

544 | (TsACCRETION(I) #aCFT# 12/ YQUES(T) oeNATATN(T+]) %] 260

545 | PRECTP_FXCESS(T) e RETUR_FLOW(I) «2SUM(T)

546 | NO I=MSTa+1 TO NMITaTTuss))

547 | (PAGF «F () s A afF {4) 67 (DeF (e?)) SEIRP(7) e QaCOL(R) aAsCUL(2=) gA0
|

548 COL(48)a84COLIT73) edaCH_(wr) oo (MSTATTOHS) (COLIR) or (2) « S (13) 0



549 | FOIP) oaCOL33 b (10) «COL(SE) aF (12) aCOL(<2) aF (10) 2 CoL(L1Cl) oF (10)
560 | !(ILIM].)(SI‘\'I?(E)!‘-\1(:-“)(_(-“*)-:-\.(,‘1'_“"_(;'7)!d!CGL(#B)¢1-1.-C'()L(‘:.h)ﬂﬂ-
551 | COL(BT) oA) « (MST2) (CUL(3) aF(2)eCOLILIL1) o (10e2) oaCOL(ZT) wF (1592) s
552 | COL(4B) aF (1042)aCOL(AD) aF (10) 4COL(R9) «F (10)) o (ILI®R) (S<T&(2)
553 | 8eCOLAA) adaCOL(27) «1eC_(43) e A¢ChL(%A) a g CUL(H7) «3) o (#ST4)
554 | (COLA3) oF(2)eCOLILL) oF (LteZ)aCOLIPT)sr (10e2) «COL(44) 9F (1082) o
555 | COL(AT) «F(19)aCOL(~3)eF (Tu))) 3 %

556 [GR: IF OPTION(2)=~=1 THZw G TO G743

557 | DO I=1 TCQ MSTa;

558 | DATUM=DATATN (4G4+T)#T23%

559 | IF DATU“<0, TREN AC(I«INON)=1t V3

560 | ELSE RO .

561 | IF DATUM<] 44 THEN DATUM=Z] .43

562 | RSUMT=RSUM(T)#T23

563 | XMRI=RSUMI/DATUNMS

S64. | RESULT=XMR T +RUP

565 | CR=RESULT:

566! | AC(T+IMON)=C5;

567 | SMR(T«IMON) =SMR (T« TMON) + K4RT 3

S68 | SMO (T «IMON) =SHMD (T o T4ON) +XMRT® AT 3

569! | SMO(I)=SMO(I)+XwmRIS

570/ | SSQ(I)=SSQ([)+XMRI®XMR[3

571 | AVM(T)=BYM(T)+RSUMT S

572| | AVO(T)=AVO(T)+DaTums

ST73| | RN(TeTMON)=PN(TeIMOM)+]1 .34

S74| | XNM(L)=XNM(T)+]1,.3

S75| | END 3

‘376 ' Ef’\zr):

577| 167 [AON=TMON+ §

578 | IF IMON>12 THEN DOS

579 | IMON=13

580 | IYR=IYR+1:

581) 1 IF MOD(IYred4)=0 THEN XDAY(2)=29,:

5R2( | - ELSE XOAY(P)=24,.3

583 | END S

584/ | KHY=KHY+13

585 | DO KO=1 TO NHYD3

586 | I=THY (KO) ¢

587 | J=JHY (K0) 3

SRR | HYN (KOgKKRY)=n2(TaJ) 3 .

589 | IF MOD(IMONG2) =0 THEM <HYD(¥DelYee [80M/2)=FLOOR (TOP (50)
590, | S =H2(Ted)l+145) %

591 | IF ML (8QsIYR)=I710N THEN DO

592 | X=H42 (TyJd) =2l (s0eIYR);

593 | WLSUM(KO) SULSUM(KD) +X 3

564 | WLSO(K0) =l SQ(KO) + X5 x3

595 | WLNUM(K0) =L NGM(KO) +] 43

596 | Eridg

597 | Enp e

598 | IF OPTION(2)a=]1 Thin GO TO Gut

C-13



IRE

sga | IF(IMOMaz=1)& (Ko=) THE™N 40 TO GG3

~00 | DO I=1 TO “8Tas

AGY1 IF AVO(1)<le THFN AC(Te15) =1 L

~ng | ELSE nO3 A

503 | RESULT=Av4( D) /3va (L) +~UPS

S04 | Cr=RESILT:

505 | AC(Ie15)=Chs 5

s06 | Ewnl s ’

AOT | Y=xMM(T) 3

608 | IF Y<ob% THEM D03

509 | AC(Ie13)=¢ L

610 | AC(Ie1d) =0 '3

411 | Frins

Al | ELSE nQos

613 | S=SmO (T) 4

514 | RESULT=S/Y+RUP;

415 | CR=RFESULT:

51A | AC(I+13)=C5%

A1T | IF Y<1.5 THE~ AC(Ia14)=" '3

~1R | ELSE D3 -

419 | X=(SSG(I)=-S#S5/Y)/(Y=1,)3

520, | IF X<RUPSG THeNM aC(Iel4g)=v 0,005

q21: | FLSE NOs

22 | . RESULT=SQRT(X) +RUFS

A23 | CB=rFSULTS

£24 | AC(Isla)=CS3

525 | FnD s

526 | FnD s

¢27 | Frfs

A2R, | En 3

429 | X=SUv(avn)

530 | LF X<le5 THEM wC(lel)=¢ L

531 | FLSE DO

537 | - RESULT=SUM(aVm) /X+R1LIPS

533 | Ca=HESULT:

234 | WC(lel)=CHE

538 | EniT; S

364 | IF Is0n=1 THFN INYR=IYr=13%

637 | ELSE IDYR=IYR: -

3R IF IDYR=SNSTACT THEN JH1=NAOYE

536 | FLSE Jk1=13

540 | CIF K=L THEN JHZ=Iw0n=11

541 | ELSE J=2=123

442 | IF JHZ2=0 THENM JHZ=172:

f43 | PUT FILF(SYSPRINT) €EDIT

64431 (TITLE«t2ATIO OF MODFEL FLOW TO OSSERVED FLOW FOR 14T0Y <
545, | YMONTH  JaN FES  @daiR  APR  mMAY  JUN  JUL  AUG  SER CCT w0Vt
aAah | t DEC 2V, Sele YEARELPAREAY S (T4 (0 v DN IJd=1 TO JHl=1) e
547 | (AC(Tad) ND J=Jk1l T JH2«413 TO 15) 00 1=1 TO ™MSTA) .
568 | TRATIO OF MODEL FLGsS VOLUME TO O=RSERVED FLOGOW VOLUME = T

(il



WC(1e1))

(PAGE 9A(RD) aCOL (1) eAF (4) 9COL(1) sAsBaC L (1) Ay

(MSTA) (COL (1) eF(R) s (JFE1=1)Aa (JH2=JF1+1)A4(5) 4

(12=JHZ2) X(5) «3 &(5))-SKIP(2)qﬂ9Q{5))§
SM0+SSQA=N, 3

RVM=RVM+AVA;

RVO=RVO+AVD;

XNM-AVM-AVO=H.=

IF OPTION(3)=-=]1 THEN GO TO F23

IF KHY<KHZ THEM G0 TO F23

PUT FILE(SYSFRIAMT) EODIT

(TITLE s

YALTITUDE GOF WwaATER LEVEL IM SELECTFI -“ELLS FOR v+IYQs

tRWeCL WELL NUMBER JAN 1 FEB 1 a2 1 4PR 1 MaY 1 Jun 1 ¢
s'JUL 1 AUG 1 SEP 1 OCT 1 ~OV 1 DEC 1.

(IHY(I) o "ot eJrdY (1) s xELLNG(I) o (? ' 00 IJ=1 TO KHl=1)+

(HYD(IsJ) DO J=KH] TO KH?2) 0O I=]1 TO REEYH § )
(PAGEsA(RD) 4SKIP(2)
AoF(A)-SKIP{E)gﬂqﬁ-(NHYD)(COL(]]-F(Z);A'F(2)9X(l);5(15)q
(KH1=1)8e (XHP2=KH1+1)F(=~e1))) 3
IF KH2=12 THEN DO
KH]1=13
KHY=03
KHZ2=L=K 3
IF KH2>12 THEM KHP2=123
END S
I[F (IMONS=MONTH) | (IYRa=xYFaR) THEN GO To F1i
KMAP=KMAP+] ¢ .
MONTH=MAPMON (KMaP) §
MYEAR=SMAPYR (KMAP) 5
XMX==],E+501
XM= ] ,F+303
TG Isl YO Mg
DO J=1 TO N
IF AS(IsJ)=0e THEN A(IeJ)=t o:
FLSE nns
HIJ=r2(Ted) 3
IF AT J>AMX THEN Xix=HI13
IF HIJ<uMN THEN xMmM=HTJ:
KC=HIJ/ ma+]l s
KC=KC=FLOOR((XC=1)/3R)# <42
AlTeJ)=SYMBOL (XZ) 3
Epns
FnD s
EMD 3
ILO=XMN/S, 3
IHI=XMX/5,41,.%
IR=IHI-TILOs
PUT FILE(SYSPRINT) ENIT
(TITLE.



| - VAP OF PNTe SURFACE FO® VeImMONeY/ 1/0elv=a
700 | TMAXT Vg XMY g tailh= taxvhigie
701 | (SYMSOL (T=FLOOR((I )/38)#3A+]) 5% T4 TO 1.5 (1+])
Te? | D0 I=ILO TO THI=1)«tIAREAN1STORAGE CHINGE (ACLFTa) b,
703 | (I-STOR(I) GO I=1 TO NMSTATIANS)) :
704 | (PAGE s A(2N) 4 SKIP(2)
705 | AsF (2) el eF(4)e7 (SHETF(2) eaaF(3eal)) «SKTP(2)a (M) (CaL(]) e
706 | (NYAC(1)) oSKIP(2) e (I2)(COLIL) (1) aX(3)«F(3)aRsF(3))aPABESA,
707 | COL(10) et (NSTATIONS) (COL(1)«F(2)eCOLILIY)eF{10))]) 5
708 | STOR=(, $
709 IF1: RETURN_FLOW=RBTFS;
710 | END 3
711 | END Go3
712 | IF OPTION(2)==1 THEN GO TO Fas
713 | DO I=1 TO MSTA:
714 | 00 J=1 TO 123
715 | X=RrM(TLad) s
716 | IF X<,5 THFN D03
r i [ A aC(Ie2%y=1)=" '3
712 | AC(LeP®) =0 T
719 | EnDs
720 | ELSE D03
721 | SMRIJ=SMP (TaJ)$
T2z, | IF X<1.5 THEM Y=i,3
723 | FLSE
724l | Y= (SMD(TaJ) =SMRIJESVRIJZA) /(A=]14) 3
725 | IF Y<RUFSO TrEN AC(IeR®J)=t 2,00°3
726 | FLSE NG
7”7 | EESULT=SRRT(Y) #2000
728 | CH=wESULT:S
7729 | AC(IeP#d)=C51
730 | Emihe
731 | RESULT=SMRTIJ/X+RPLF3
732 | - CA=RFESULT:
733 | AC(I+2%d=1)=CR3
734 | Enb s
735 | END G :
736‘! IF RVO(I)<le THEM AC(I+P5)=¢ '3
737 | ELSE D0t
738 | RESULT=RVM (L) /RVO(T) +Ruyr3
739 | CS=RESULT?S
Tan: | AC(TIe25)=C53s
741 | EUAE
742 1| . END3
743 | X=SUM (BV0) 3
Tag: | IF X<1e& THEM wC(lel)=t '
745 | ELSE DO3s
Tahr | RESULT=SUM (VM) Fx+RUPS
747, | CA=CESILT
748 | wC(1e1)=CR3



INE
749

750
751
752

752
754
755
756
757
758
759
760!
761
762
763
764
765,
766|
767
768
769
770
771!
772
773
774
775!
776/
777
778
779
780
781
7R2
783
784
785
786
787

788
749
790
791
792,
7931
T94|
T95|
796;
797:
798

PUT FILE(SYSPRINT)

END S

ENIT

( TITLE.'AVERAGE AND STANCARD DEVIATIONW
TMODEL FLOY TO ORSERVED FLOW?Y ¢ *MONTHY .
*JANUARY FEBRIIARY

(L
(Ist

'MODEL FLOW

MARCH

Avc S.Dn' CO J:I Tl-'l A

AC(Ied) N0 J=1 TO

YJULY AUGUST
AVe. S.Dat DO J=1 TO A
AC(I.J) DO J=13 TQ 25)
'RATIO OF MODEL FLOW VOLUME TO ORSERVED FLOwW VOLUME = v,

(0
(Ief

WC(1

(PAGE+A(Q0) «CCL (1) eA0A,

+1))

12)

SFRPTE

APRTL

OF 2ATIONS AF MAONTRLY ¢

MAY ‘ JUNF '

) o YAQEATY,.
DO I=1 TO ~STA)y
TITLE.'AVERAGE AnD STANDASZD DEVIATION OF FATIOS OF MONTHLY !

TO OSSERVED FLOW' s "MONTHT .

MAER OCTOBER

NOVEwRER DECERRER ¥

Yot VOL'"sTAREAT,
PO I=1 TQ M4STA).

(MSTA) (COL(L1) sF(5)e12 A(S))

PAGEsA(80)+COL(1)9sAsAs

COL(Y)s2 AsCCL(B) s & 4(10)e COL(L) A

COL(1)e2 ACOL(B)e A A(10)eRsCOL(L) oA

(MSTA) (COL(1)aF(5)e13 A(S)) «SKIP(2)eAaA(5)) 3

Do I

=1 TO NHYD?S
X=wLNUM(I) 3

IF X<.5 THEN DO3

WC(Iel)=1
WC(Te2)=1
END S

ELSE nhos

-
2 ae

SwbL=wlLSUM(I)}
RESULT=SWNL/X+rLIPS

Ca=rRESULT:

WC(1sel)=CS3
IF '\<1|:- THEE" ‘C

FLSE DO

(La2)=t¢ L

Y= (LS (l)=Sul#SulL/X)/(X=1e)13
IF Y<iURrSD THEN WC(TaZ2) =0

ElEE

FND s
EnNDG
END S

=SUM (Wi MUM) §
IF X<¢5 THEwn [O3

ELSE

ACtlal) ="
AC(1l42) ="
END S

D03
W=SUM (1) SUM) 3§
RESULT=uw/X+=UBL:
CR=FESULT:S

- -

i~
2

03

RESULT=SGRT(Y) +RUP S
C8=RFESULTS
WC(ILe2)=C53%

Epilr s

OeNOT 3

(]

9

L]

: |



AC(1e])=Cn:
Rf0O0 IF X<la® TrEN AC(laZ)=t L
ANl ELSF Dos )
RO2 Y= (SUM(wLSO) =wis®w/X)/(X=1a.)3
203 IF Y<HUPSY THEY aC(lez)=t 0,003
804 ELSE 003 ‘
A0S, RESULT=SQRT(Y)+RUPS s
804 CR=RESULTS
807 AC(1le2)=CR2
808 ENnD S
809 EnDs
810 EnDS
B11| PUT FILE(SYSPRINT) EDIT
R}? (TITLE«*AVERAGE AnND STanDar) DEVIATION OF (HODFEL = OXSERVED'
213 ' WATER LEVEL ALTITUDE) 'et'hweCLIWELL NUMRER |aREA| v
/14| TAVERAGE ISTAMD«DEV S | MUMHER | IMDEX | HCL | S [ Nt
B15 (IAY (D) o Ve Vg URY (T)a® | 0w LLoD(I) e [ FaTAmFA(IHY(T)aUHY (1))
81+ V] vauwC(Tal)a? | 9e9uC(IaP)gt ]|ty 4
R17 ALNUMOT ) ¢t [V e JARFA(ISNY (I) adHY(I)) | a
B1R8 MCL(JAREA(TIRY (I) adrmY(I))) gt |1y
Blgi STO(JAREA(THY (L) adrY (1)) )t |0,
520 MEXPUJARFA(TIAY (L) odHAY (L))) DN I=1 TO mHYD) 4
RZ21 VALY eLAC(Llel) eAC(]1a2) a¥)
R2?2 (PAGE ¢ A(RD) «SKIP(2) 0AsaaSHKIF(2) aAabg (N=YD) (COL(1) aF(2)ans
274 AeX(2)aA(5)shaX(5)eA(S5)adeX(3)aF(3)s
825 BeF(5) eAeF (7eS) s sF(Tom)osAaF(2)) s )
8276 COL(3) «AsCOAL(30)4a(5)eCOL(&]1)9A(R)COL(ST)F(3))3
R2T7 I|F4: IF OPTIOM(&)==] THFy GO TO F3s

NG ITu=1 TO NHYDS
DO I=1 TGO 16 =2y &3
CHYD(Te#) =L ImF Y (%)3
No Jd=1 T 4%
- CHY O (I+Je®)=LINER (%) 2
Enfs
CENDS
CHYD (2l ast)=_IMFET (5+) 3
DO TY=nSTART T IYRS
IF IY=NSTART THEN IMSznMON/2:
FLSE I4S=]; ‘
IF IY=IYR THFN T8F=ImGi/238
ELSE IMF=A3
D0 IM=IMS TO IMF:
JKO= (TY=-NSTART) #4443
IKO=KHY I (TwalYsIt)s
IT=n%
G52 IF IKO<] ThEN DO3
[I=11+13
[kI=TKO+203

I
|
|
|
!
|
|
|
|
!
|
|
|
|
|
|
|
|
|
!
i
|
!
|
8”23 | F(P)eAgA(1S)aBeF (3)aX(1)e
!
!
|
|
|
|
|
!
|
|
|
I
I
!
I
|
|
|
|
|
|
|
I
!
| 0 TO GRS
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L INF

R4G | R

REN IGA: IF I<0>21 THeEWw ND0g

RGY | TI=11-1:

RS2 | IKO=Ie€=207% .

853 | ‘ ) GG T pat

RS4 | Mg

RGS | CHYD (IXGaIRQ)=SYSMROL(27+1T) 5~

856 | EaDg

857 | EnD

B&R | 00 J=NSTART TO IY+3

859 | IF MulL (Iwed) =0 THEN 203

8A0, | JKO= (J=NSTRART) #A+mul (14deJ) /2+13

ﬂel;l IKO=FLOCR(TOP (Tw) =Wl (Tvag)+]1.5)3

Re2 | IT=053%

863 |HS: IF IK0<] THEM DO

864l | II=IT+1%

ABS| | [KI=IKQ+P03

A6A| | GO TN HE3:

86T | END

BReR |HAE: IF IKO>21 THEN DO

869 | II=1T-):

R70| 1| IKO=IKO=20%

871 | GO TO He:

872 | FND S

873 | CRYD(IKOJKO) =SY440L (13+11) 3

R74 | Enp

B75| | Fns

R7a| | IF “0ND(I+e?)=1 THEM OO

R77 1 PUT FILE(SYSPRTANT) EDIT(TITLS) (FAREaA(=A)) ¢

878 | Fiogln g

A7G, | PUT FILE(SYSFRINT) EDIT

gen| | (WELLNMO(I ) ats R0 VaIrY(Iv)eta CoOL VadHY (L i) e

31" | Yo ARFL CQI2REA(IAY(Tw) ed=Y (In))

RRP| | Aot INOEX= G JOAEACIHY (Tw) 9J=Y ([®) ) o

aail | Ta HCL=14HCL (JARFLA(THY (I9) e JRY (I1n)))

RR4L | Yo S=te STO(JAREA(IHY (IW) aJHY (T <)) ) o

RBS | TCP(I=) e (CHYD(To®) Nix I=1 TO 10)a

R2E | TOP(IA)=10aa (CHYD(I4%) DO I=11 TO 20) «TOP(IAN) =200

B87 | CHYD(219%) o (J DO J=NSTART TO IYF))

RAR. | (SKIP(Z2Y9COL(1) a2 (15) a4 (A4F(P)) a7 (BeF(T795))e

RAR9 | 2 ACOLCL) T (&) 10 (COLCS)

890 | 109 A(1))) .

91 | COL(L) 9F (4)aCOL(5) 9109 A(1)aCOL(R) o (IYH=NSTarT+]1)F(A)) S

Ro? | ENDS

893 |F3: IF OPTION(A)==1 THFN GO TO F53

894, | NO IW=1 TO MSTA3

895 | DO K=0 TO 13

896 | DO I=2 TO 1% 3Y 4z

B97 | CHYD (T es) = LINE] (%) 3 .
| no J=1 Ta 33

B9A8



RQQi! CrYO(I+Jas)=LINE2 (%) 3

apo | NS

90l | ST

opz2 | CHYD(PZ2e%)=LIvEL (*) 3

983, 1 CHYD(239#) =L INEF (%) 3

904 | CHYD( Je®)=LINEI(#)3

908 | ISTART=HSTART+K®*4 3 "
Sna; | NO IY=SISTART To ISTART+a: .
Sa7T | no I[4=1 TO 123

ana: | JKO=([Y=-TISTART)#]2+IM+]3
9na, | IK1=I~YD(IwelYeI*) 3

910 | IK2=JHYD (IWeIY oIt 5~

911 | [F(IK1<24)R(IKZ<24) THEN 003
9120 | IF IK1=IK2 THSN

913" | ELSE D03

914 | CHYD(IK1JKQ)=vie3
915 | CHYD (IXK24JxK0Q) =003
914 | Fini e

917 | Ernis

918 | FAaN g

919 | END §

9zo! | IF k=0 THEN PUT FILE(SYSPrI~NT) EOIT
9721 | (TITLESSTATION_NUMRER(Iw) eve AREA T4
9zz2. | (PAGE o A(AD) o SKIP(2) sA(H) eAaF (7)) 3

923 | PuT FILE(SYSPRINT) EDIT

024 | (CHEYD(le¥#)at10a0(D ' (CHYD(Ta®) DO
925! | t 14009 Yo (THYD(TIe®) DO I= & TO 3I),
97&! | ' 100 1. (CRYD(Te#) DO I=10 TG 13)
927 | ' 10 o (CHYD(Ta%) DO I=la TO 17).
923 | ' 1 ' (CHYD(Te%) DO I=15 TO 21)e
Qz9| | ' o 1P aCAYD (22 a%) s CHYD (P Agit)

93n| | (J DO J=ISTART TU ISTa~T+x))

931 | | (SKIP(2)eCOL(3)e]108 A(1)aS (COL(L1)edaed
9372 | - 109 A(1)))CNL(L1)e2e?2 (COL(9)el0G Aa(1))
933 | COL(6) 9 (X(3)eF(a)))s

934 | ENOS

G35 | ENDS

936, IFS5:CLOSE FILE(InNY)S

937 | EMD RR S

' PREPROCESSOR DIAGNOSTIC MESSAGES PRODUCED

C-20

CAYD(IK1 9 dRO) =AY

I=2 TC 1Y)

(CCL(3) s

-
[



