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BASIN SIMULATION ASSESSMENT MODEL, BSAM,
DOCUMENTATION AND USER MANUAL

Introduction

The river basin hydrologic simulation model is
an evolutionary version of the model orginally devel-
oped by the UWRL for simulating the streamflow of the
Bear River basin in Utah. Variations of the same
basic model have been used to simulate many watersheds
and river basins in the Western United States, Mexico,
and South American. The underlying concept of the
model is that of conmservation of mass for a monthly
time interval. This is represented by the equation
of continuity,

Inflow - Outflow = Change in storage.
A mathematical description of the various hydrologic
components of the continuity equation and the routing
processes utilized in the model is included in Appen-
dix A. The computer implementation of the model also

incorporates a modified pattern search algorithm to

aid in the calibration phase of the modeling process.
A description of this algorithm as applied to a river
basin model is given in the paper, "A Self-Verifying
Hybrid Computer Model of River-Basin Hydrology," by
R. W. Hill, E. K. Israelsen, A. L. Huber, and J. P.
Riley at the Seventh American Water Resources Confer-
ence, Washington, D. C., October 24-28, 1971.
Figure 1 shows the structure and interrelation—

ship between the main program, BSAM, and the major

subprograms. Detailed instructions for using the pro-

gram and preparing the input data are given in the
following sections. A card listing of the input data
for a typical run and the resulting output is given

in Appendix B. The FORTRAN computer program is listed
in Appendix C.

BSAM
Main Control & Pat-

Subroutine

BAPLOT
XY Plotting
Subroutine

Figure 1. Structure and Interrelationship between BSAM and major
subprograms.



General control and I/0 structure

After the computer model has been compiled and
stored in an executable form, operational control and
1/0 options are determined by the four variables, ITY,
IPL, IPRT, and ICOL punched in the first card of the
input data deck. Execution control options are shown

schematically in Figure 2 and a deck setup for a typ-

ical calibration run is shown in Figure 3. Table 1
gives instructions for preparing the input data. Table
2 describes all of the model parameters and Table 3

identifies each line of the output tables. Figure 4
shows keypunch coding sheets prepared for a typical

simulation run.

DATPR
TPL, IPRT, ICOL.

A

RETURN
To

300

A 2
CALL Eater search steps CALL
HYDSM &nd bounds lterate HYDSM
OBJ, OBA s specified IPRT, ICOL

Figure 2. Schematic Diagram of the Execution Control Options for BSAM

BSAM Option Control
(Table 1-A)

(Blank Card)

Pattern Search Specification Cards

105 00111

Parameter Specification Card deck

'60-100151.56 1E$

‘Izocn

Subbasin dats card deck

Pattern Search
Specification
(Table 1-F)

Model fcats
Cards
(Table I-E)

Sub-basin data cards
(Table 1-C)

Basin Basic data cards
(Table 1-B)

Figure 3. Card Deck Setup for a Typical Simulation Run
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Table 1. Input data preparation.

A. Option control card in FORMAT (4I3)

Col. Name FORMAT Description ;
1-3 ITY 13 Program control option (1-6) ’
4-6 IPL 13 Specification option subordinate to ITY (0-5)
7-9 IPRT 13 Printing option subordinate to ITY, (0-2)

10-12 ICOL I3 Line printer column length specification

1
2

80 column printer
132 column printer

B. Basic data (Called with ITY = 1, IPL = 1)

Card Column Name FORMAT Description
1 1-3 NCROP 13 Number of crops
4-6 NPHRT I3 Number of phreatophytes
2 1-60 HDG{ 15A4 Headings for the column of the output tables
3-8 1-8 LABL{ 10A8 60 element vector of labels, each 8 characters long, for up to 60
lines of output from the model
9 3-10 DLAB A8 Label for M & I consumptive use coefficients card
11-15... PKCMI 12F5.3 12 element vector of monthly M & I consumptive use coefficients
10 3-10 DLAB A8 Label for proportion of daylight hours card
11-15... PDL4 12F5.3 12 element vector of monthly proportion of daylight hours for the
modified Blaney-Criddle Crop CU method
11 3-10 DLAB A8 Label for SCS modified B-C crop consumptive use coefficients
11-15... CPl(CQ,i 12F5.3 12 element vector of BC monthly CU coefficients for crop or
phreatophyte

2
C. Subbasin data cards (Called with ITY =1, IPL = 2 or 5)

Card Column Name FORMAT Description
1 1-2 ISB 12 Subbasin number (-9, 99)
3-7 IYRB 15 Beginning year of simulation
8-12 NYR I5 Number of years of simulation
21-80 BASID 15A4 Descriptive name of basin (< 60 columns)
2... 11-13 114 (13,F7.0) Crop number and area in acre for crop i. Can put up to 7 sets/
DCAj card and requires a set for each crop and phreatophyte
— 3 11-20 URLND F10.0 Urban land area
21-30 UNDLND F10.0 Undeveloped land area
Return if IPL = 5
4 1-3 Ni 1513 15 element vector of number of stations for each of 15 types
of hydrologic data
5 1-40 FMT) 10A4 Format for temperature data which follows
6 e T, FMT Monthly temperature data in °F format specified by FMT;.
7 e FMT2 10A. Format for precipitation data in inches which follows
8 PPT, FMT Monthly precipitation data in format specified by FMT2
9 e FMTy 10A4 Format for kth data (k = 3 to 15)
10 e IX FMT, Power of 10 by which all data on this card are multiplied
e DATy FMTy Monthly values of kth hydrologic data in acre-feet. Do not
. include a format and data card if Ny = 0
11 Continue with format and data pairs for all data necessary. The data is specified by k as

follows: if N = O that format and data pair should not be included.
k = 3 is River inflow, RIV
4 is Tributary inflow, TRIB
5 is Ungaged correlation inflow, QCOR
6 is Canal division, CNL
7 is Groundwater inflow, QGI
8 is Gaged outflow, GAG
9 is Pumped water from the shallow acquifer, QPUM
10 is M & I diversion, IMIDIV
11 is Reservoir inflow, RIN
12 is Required minimum reservoir releases to stream, REL
13 is Inbasin release, ARD
14 is Reservoir exports from the basin, REXP
15 is Basin export from the stream channel, BEXP



Table 1. continued.

D. Reservoir parameter cards (Called with ITY = 1, IPL = 3 or 4). These cards are not included if IRES=0,
which indicates that there is no reservoir in the subbasin.

Card Column Name FORMAT Description
1-2 11-20 RES§ (10X7F10.0) 14 element vector of reservoir parameters
Reservoir parameters are indexed as follows:
i =1 STI Initial storage in acre-feet i=9 A, Reservoir area at zero storage for equation
2 CSTI not used above BPS
3 STMN Minimum useable storage =10 C, Coefficient in area vs. storage equation

4 STMX Maximum allowable storage

5 A1 Reservoir area at zero storage =11 C4 Exponent in area vs. storage equation

6 C1 Coefficient in area vs. storage equation =12 DSPD Change in gaged storage for the calibration
7 Co Exponent in area vs. storage equation period
8 BES Break point storage value between equation =13-14 Not used

defined by Al’ C1 and C2 and the one
defined by AZ’ C3 and C4

E. Parameter specification cards (Called when ITY=2%)

Card Column Name FORMAT Description
1 1-3 NPR I3 Number of parameters (60)
4-6 MANG I3 Management option specification for canal diversions
- MANG = -1 Calibration mode - use QCNL recorded but limit

to water available for diversion, WAD
0 Calibration mode - Use QCNL as recorded
1 Management mode - Calculate QCNL and use without
limit to satisfy PET
2 Management mode - Calculate QCNL but limit to
WAD
= 3 Management mode - Calculate QCNL but put leaching
water to zero and limit QCNL to WAD
7-0 IRES I3 Reservoir option specification
IRES = 0 No reservoir
1 Tributary or upstream reservoir and requires re-
servoir inflow, RIN, to be read as input data
2 Downstream reservoir - sets the reservoir inflow
to the computed simulated surface runoff
10-12 IQGO I3 Groundwatei outflow limiting option:
IQG0 = 0 Limit routed groundwater outflow, QGO, to be
non negative
= 1 Allow QGO to take on any value

13-15 ITMX I3 Iteration limit for calculating canal seepage
16-25 TOLF E10.3 Error criteria for indicating convergence in calculating canal
seepage
26-35 WH E10.3 Multiplier for weighting the objective function calculations
2 3-10 DLAB A8 Label for canal diversion option vector
11-34 IDTM; 1212 Vector of diversion option controls - one for each month.

If IDTM = O Do not allow diversion
=1 Allow diversion

3 3-10 DLAB, = A8 Label for allowable soil moisture storage card
11-70 CMS{i 12F5.3 Vector of soil moisture level, CMS, that must be maintained
in calculating QCNL when in the management mode
: 4-9 1-80 PRi (10F8.3) The 60 element vector of model parameters (see Table 2)

If ITY = 5, enter here and read only the 6 parameter cards.

F. Pattern Search Specification Cards (Called when ITY = 6)

Card Column Name FORMAT Description
1 1-3 NPS 13 Number of parameters to be searched or if NPS = 300 print the
entire output table
4-6 NPH I3 Number of phases for pattern search (1-5)
7-21 NOP4 513 Vector of options for resetting the initial parameter vector

at the completion of each phase.

If NOPi = 0 Reset to the original initial parameter vector
= 1 Reset to the best local minimized objective
function parameter vector
2 1-4 L 14 Parameter number to be searched
(NPS+1) 4-8 NLL 14 Number of steps in the search
9-18 PLL E10.5 Lower boundary for parameter L
19-28 PHL E10.5 Upper boundary for parameter L

Note: If NPS = 1 then will only read one type 2 card and return to read another type 1 card. If NPH is
outside the range of (1-5) then will return to read a program option control card.




Table 2. Glossary of parameters used in BSAM.

Par Name
1 SNI
2 SNK
3 TSM
4 TPR
5 COR
6 CsM
7 CRN
8 RTH
9 CTP

10 PTH
11 SMI
12 CsM
13 SMC
14 DTA
15 DPI
16 DPK
17 CDP
18 PSP
19 ECV
20 EAP
21 CNI
22 CNK
23 CRT
24 cl1
25 c2
26 c3
27 GWI
28 GWK
29 CGO
30 TAJ
31 PAJ
32 CNA
33 GWA
34 DMIA
35 CUMIA
36 CUA
37 CGW
38 CUPGW
39 CUUR
40 CUUN
41 PURGW
42 SCNR
43 STH
44 PBST
45-48
49-60 AGW

Description

Initial snow storage

Snow melt rate coefficient

Threshold temperature above which snow melts
Threshold temperature above which precipitation is rain
Ungaged flow correlation with correlating stream
Ungaged flow correlation with snow melt

Ungaged flow correlation with precipitation as rain
Runoff threshold for ungaged flow from rain

Ungaged flow correlation with total precipitation
Runoff threshold for ungaged flow from total precipitation
Initial soil moisture level

Critical soil moisture to limit evapotranspiration
Soil moisture holding capacity

Delay time for routing DP

Initial DP rate for routing DP

DP routing rate coefficient

Proportion of soil moisture above CSM that goes to DP
Proportion of spills from canal diversions

Canal conveyance efficiency

Irrigation application efficiency

Initial rate for routing canal seepage to GW

Canal seepage rate routing coefficient

Proportion of canal seepage that returns to stream
Influent flow coefficient for QRIV = 1.

Influent flow coefficient

Influent flow limiting value of €] - Cy Logjg (QRIV)
Initial rate of groundwater outflow

Groundwater routing rate coefficient

Proportion of GW outflow from basin

Adjusting coefficient on temperature

Adjusting coefficient on precipitation

Adjusting coefficient on canal diversions

Adjusting coefficient on groundwater inflow
Adjusting coefficient for M & I diversion

Adjusting coefficient for M & I CU

Adjusting coefficient for irrigated land CU

Change in GW storage during the calibration period
Proportion of CU for phreatophytes from GW
Coefficient for CU on urban land

Coefficient for CU on undeveloped land

Proportion of urban undeveloped land runoff to GW
Ratio of actual inbasin reservoir releases to canals
Snowmelt threshold for ungaged flow from snowmelt
Proportion of bank storage for reservoir operation
Not used currently

Values of delayed DP - one for each month of delay up to 12

(driving function for routed DP (ARF))

Units

Inches

Deg F

Deg F
Ac-ft/ac-ft
Ac-ft/inch
Ac-ft/inch
Inches
Ac-ft/inch
Inches
Inches
Inches
Inches
Months
Inches

Ac-ft/month

Ac-ft/month

Ac-ft/month

Inches

Inches/month
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Table 3. Information printed in the output array

Variable name

Line used in program Description
1 T Temperature
2 PPT Precipitation .
3 SNMT Snowmelt
4 SNW1 End of month snow storage
5 PHET Phreatophyte evapotranspiration
6 ETP Potential crop evapotramspiration
7 AET Actual crop evapotranspiration
8 SM1 End of month soil moisture storage
9 RIV River inflow
10 TRB Tributary inflow
11 QUNG Ungaged inflow
12 RMPH Phreatophyte rain plus snow melt
13 URSF Urban and undeveloped land surface runoff
14 QPUM Pumped water from the shallow acquifier
15 STGW Influent water from the stream channels
16 PHSF Phreatophyte use from the surface supply
17 WAD Surface water available for diversion
18 EMIDIV Municipal and industrial diversion
19 EMIRF Municipal and industrial return flows
20 CNL Canal diversion
21 GWCNSV Canal seepage
22 GWCN Proportion of the routed camnal seepage that goes
to groundwater
23 SEEP Canal seepage return flow that can be rediverted
24 SPILL Canal conveyance and operating spills
25 Qcv Water delivered to the farm laterals by the canal
system
26 TWTR Surface runoff from the farms (tailwater return
flow)
27 WAPP Total water applied to the irrigated area including
rain plus snow melt
28 AETT Actual crop evapotranspiration
29 XSM End of month soil moisture storage
30 DP Deep percolation from soil moisture storage
31 ARF Routed deep percolation
32 GWIN Groundwater inflow
33 URGW Groundwater inflow from the urban and undeveloped
land area
34 PHGW Phreatophyte consumptive use from the groundwater
35 QGO Routed groundwater
36 GEF Effluent groundwater
37 CHGW Change in groundwater storage
38 GWO Groundwater outflow
39 BEXP Basin surface export
40 SRF Surface runoff which is also reservoir inflow if
modeling a downstream reservoir (IRES = 2)
41 QSO or ST Computed surface outflow or the end of month reservor
storage if modeling a downstream reservoir
(IRES = 2)
42 GAG Gaged or measured surface outflow or measured end
of month reservoir storage if modeling a down-
stream reservoir (IRES = 2)
43 DIFF Difference between computed and gaged values
————————— (Lines 44-53 are printed only if IRES > 0)
44 EVP Reservoir evaporation
45 RIN Reservoir surface inflow
46 AV Average area of the reservoir water surface during
the month
47 RQRL Required releases to be met if possible
48 REL Actual release to channel
49 ARD Canal diversion from reservoir for in basin irrigation
50 REXP Reservoir export for trans basin use
51 RSR Total reservoir releases
52 ST End of month reservoir storage
53 DS Monthly change in reservoir storage

Units

Deg F
Inches
Inches
Inches
Inches
Inches
Inches
Inches
Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feect
Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feet

Acre-feet
Acre-feet
Acre-feet

Acre-feet
Acre-feet

Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feet

Acre-feet
Acre-feet
Acre-feet

Acre-feet
Acre-feet
Acre-feet
Acre-feet

Acre-feet

Acre-feet

Acre-feet
Acre-feet

Inches
Acre-feet

Acres

Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feet
Acre-feet
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Appendix A. Formulation of the Hydrologic Model

Model Requirements

The fundamental requirements of a computer model
of a hydrologic system are:

1. It simulates on a continuous basis all im-
portant processes and relationships within the system
it represents.

2. It is non-unique with respect to space. This
implies that it can be easily applied to different
geographic areas with existing hydrologic data.

3. It is capable of answering questions con-
cerning perturbations in the system or of accurately
predicting outputs resulting from varying input and

process parameters.

The Conceptual Model

The basis of the hydrologic model is a funda-
mental and logical mathematical representation of the
various hydrologic processes and routing functions.
These physical processes are not specific to any par-
ticular geography, but rather are applicable to any
hydrologic unit. Experimental and analytical results
can be used to assist in testing and establishing some
of the mathematical relationships included within the
model. Under a model verification procedure, equa-
tion constants are established which calibrate or fit
the model for a particular drainage area. Average
values of hydrologic quantities needed for model veri-
fication were estimated in oné of three ways: (1)
From available data, (2) by statistical correlation
techniques, and (3) through verification of the model.

A flow diagram of the hydrologic system is shown
by Figure A-1. As this flow chart indicates, the
total input to a subbasin is the combination of sur-
face and subsurface inflows of water obtained by sum—
ming river and tributary inflows, precipitation,
groundwater inflows, and imports from other basins.
Depletions from the subbasins occur through evap-
otranspiration, municipal and industrial consumption,
and exports. The residual quantity is a combination
of surface and subsurface outflow of water from the
area. Subsurface flows may undergo various time

delays as they move through the system.
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Figure A-1. Flow Diagram of the Hydrologic System

The Hydrologic Balance

A dynamic system consists of three basic compon-
ents, namely the medium or media acted upon, a set
of constraints, and an energy supply or driving force.
In a hydrologic system, water in any one of its physi-
cal states is the medium of interest. The constraints
are applied by the physical nature of the hydrologic
basin, and the driving forces are supplied by direct
solar energy, gravity, and capillary potential fields.
The various functions and operations of the different
parts of the system are interrelated by the concepts
of continuity of mass and momentum. Unless relative-
ly high velocities are encountered, such as in chan-
nel flow, the effects of momentum are negligible, and
the continuity of mass becomes the only link between
the various processes within the system.

Continuity of mass is expressed by the general
equation:

Input - Output = Change in Storage

A hydrologic balance is the application of this equa-
tion to achieve an accounting of physical, hydrologic
measurements ywithin a particular unit. Through this
means and the application of appropriate translation
or routing functions, it is possible to predict the
movement of water within a system in terms of its

occurrence in space and time.



The concept of the hydrologic balance is pic-
tured by the block diagram in Figure A-1. The inputs
to the system are precipitation and surface and ground-
water inflow, while the output quantity is divided
among surface outflow, groundwater outflow and evapo-
transpiration. As water passes through this system,
storage changes occur on the land surface, in the soil
moisture zone, in the groundwater zone, and in the
stream channels. These changes occur rapidly in sur-
face locations and more slowly in the subsurface
zones.

In the course of model development, each of the
system processes must be described mathematically as
completely as possible. The flow chart of Figure
A-1 is a schematic representation of the system pro-
cesses and storage locations and their relationship
to each other. In the model each box and cornecting

line is represented by a mathematical expression.

Time and Space Increments

Practical data limitations and problem constraints
require that increments of time and space be consid-
ered during model design. Data, such as temperature
and precipitation readings, are usually available as
point measurements in terms of time and space; and
integration in both dimensions is usually accomplished
by the method of finite increments.

The complexity of a model designed to represent
a hydrologic system largely depends upon the magni-
tude of the time and spatial increments utilized in
the model. 1In particular, when large increments are
applied, the scale magnitude is such that the effect
of phenomena which change over relatively small incre-
ments of space and time is insignificant. For in-
stance, on a monthly time increment, interception rates
and changing snowpack temperatures are neglected. In
addition, the time increment chosen might coincide

with the period of cyclic changes in certain hydrologic
phenomena. 1In this event net changes in these phe-

nomena during the time interval are usually negli-
gible. For example, on an annual btasis, storage
changes within a hydrologic system are often in-
significant, whereas on a monthly basis, the magnitude
of these changes are frequently appreciable and need
to be considered. As time and spatial increments de-
crease, improved definition of the hydrologic pro-
cesses is required. No longer can short-term tran-
sient effects or appreciable variations in space be
neglected, and the mathematical model, therefore,
becomes increasingly more complex with an accompany-
ing increase in the requirements of data, computer

capacity, and computer capability.

For this report, a monthly time increment and
large space units (subbasins) were adopted. Selec-
tion of the subbasins was based on hydrologic bound-
aries and points of data collection. It was felt
that the selection of the subbasins and the monthly
time increment would satisfy the requirements of a

general planning-management model for the basin.

System Processes

Surface Inflows

The basic inflow or input of water into any hydro-
logic system originates as a form of precipitation.
However, for simulation models of valley floor areas,
direct precipitation input to the system is greatly
overshadowed by river and tributary inflows.

Streamflow is defined as that portion of the pre-
cipitation which appears in streams and rivers as the
net or residual flow collected from all or a portion
of a watershed. When unaffected by the activities of
man, such runoff is referred to as 'natural or virgin"
flow. Artificial diversions and regulatory action in
lakes and reservoirs affect the regimes of nearly

every stream within the basin.
The surface water inflow component consists of

flow traveling over the ground surface and through
channels to enter a.stream. At the stream surface
runoff usually combines with other flow components
to form the total surface runoff hydrograph. Within
the runoff cycle surface runoff begins to occur when
the capacities of vegetative interception, infiltra-
tion, and surface retention are reached. Continued
precipitation beyond this point serves as a source
for surface runoff. Small basins have different run-
off characteristics than do large watersheds, and
the characteristics peculiar to each basin must be
evaluated on an individual basis.

For each subbasin a limiting rate of surface
runoff exists for any particular time period. Sur-
face runoff is assumed to occur when the threshold
or limiting rate of surface water supply, consisting
of snowmelt, rainfall, canal diversions, or any com-
bination of these, is exceeded.

This concept of surface runoff is particularly
important when precipitation is considered as the
initial water input to the watershed. Riley and
Chadwick (1966) indicate that for particular condi-
tions there exists a limiting or threshold rate of
surface supply, Rtr’ at which surface runoff, Sr’
begins to occur. This relationship can be written:

Swr = wgr - Rtr’ (Swr 20) . . . . (1)



in which
Swr = rate of surface runoff during a parti-
cular time
wgr = rate at which water is available at the
soil surface
Rtr = 1limiting or threshold rate of surface

water supply at which surface runoff
begins to occur
When considered for a model time increment of
one month, an average value of the threshold sur-

face runoff rate, Rtr’ is probabilistic in nature,

depending essentially upon soil surface conditions,
soil moisture, storm characteristics, and rate of
available water, wgr

In this study only the valley bottom lands are
considered in the model, and it is assumed that no
surface runoff from precipitation occurs from these
relatively flat areas. Under this assumption, the
rate at which precipitation is available at the soil
surface at no time exceeds the threshold rate for
surface runoff to occur. Thus,

Swr =0, (Wgr < Rtr) . (2)

The model does provide for surface runoff from agri-
cultural lands due to irrigation application rates
which exceed soil infiltration rates. The runoff
quantity constitutes a portion of the irrigation
return flow.

Surface runoff from the surrounding watershed
areas is concentrated in stream channels, and there-
fore, enters the model (valley bottom) as tributary
flow.
sured or gaged is designated as Qis(m)'

That part of the inflow rate which is mea-

Ummeasured surface inflows to the model are
estimated by a correlation technique which considers
three hydrologic parameters, namely a gaged tribu-

tary inflow rate, precipitation rate, and snowmelt

rate. Thus, in functional form:
Q (v = [{qis(m), P ). . . (3)
in which
Qis(u) = estimated rate of unmeasured surface
inflow
qis(m) = measured rate of surface inflow from
a particular tributary area
Pr = gaged precipitation rate in the form
of rain on the valley floor
wsr = estimated snowmelt rate in terms of

water equivalent
If empirical correlation factors are included in the

preceding equation, the expression becomes:
Qg = kq; (m) + kP + LN ()

in which ku’ ka, and kb are correlation factors re-
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lating ungaged surface inflow rateto, respectively, a
gaged surface inflow rate, precipitation rate, and
snowmelt rate. Each of these factors is established
through the model verification process for a parti-
cular subbasin.

With reference to the measured tributary inflow
rate, qis(m), used in Equation 4, this quantity might
refer to either the total measured tributary inflow
or a specific stream within the area. The main criter-
ion for selecting the gaged area is that the watershed
exhibit the same general runoff characteristics as that
of the ungaged area.

The second independent term in Equation 4 refers
to the rates of precipitation occurring on the valley
floor in the form of rain. Because it is assumed that
the influence of snow upon the surface runoff is re-
stricted to the melt period, only rainfall is consid-
ered by the equation. Generally, a direct plot of
rainfall against runoff for individual storms yields
a low correlation because of the variable nature of
the factors affecting runoff (Chow, 1964). However,
when mean monthly values of precipitation and runoff
are considered, many of the transient processes are
smoothed and reasonably good correlation of runoff with
precipitation is achieved.

The third independent term of Equation 4 consid-
ers the influence of snowmelt upon surface runoff.
Snowmelt rates on the valley floor are predicted in
the model by Equation 8. This process is discussed
in further deatil later in this chapter.

The total surface inflow rate to the model (val-
ley floor) is estimated by summing the measured rate
and estimated ungaged rate from Equation 4. Thus,

Qo =0+ (w . . . . . . (5

in which Qis refers to the total surface inflow rate,
and the two independent quantities are as previously
defined.

Interflow

Interflow is defined as the lateral movement of
moisture through the plant root zone. The process is
discussed in further detail at a later point in this
chapter. Interflow rate, Nr’ is not treated as a sep-
arate identity in the hydrologic model of the valley
bottoms, but is considered as being a part of the sur-
face runoff from irrigation. In most cases, small
interflow rates are encountered in flat lands. Further-
more, for a model time increment of one month, inter-
flow usually produces an insufficient delay time to
enable this quantity to be distinguished from surface

runoff.



Groundwater Inflow

Groundwater or subsurface inflow refers to those
waters which enter the model area or valley floor
beneath the ground surface. Much of this water is
subsequently discharged as effluent flow into the
main channel of the valley, and thus provides a "base
flow" for the stream. Discharge from the groundwater
basin of the valley floor also occurs by way of spring
flows, pumped waters, and consumptive use by phreato-
phytes.

Essentially, all groundwater is constantly in
motion though velocities may range from several feet
per day to only a few inches per year. This ground-
water movement is basically confined to permeable geo-
logic formations called aquifers which serve as trans-
mission conduits. Movement and volume of groundwater
runoff may be calculated through application of Darcy's
Law, providing adequate data are available. However,
if subsurface flow data are sparse, time and spatial
distribution of groundwater flows can be estimated by
an empirical approach through the model verification
procedure. For the steep watersheds near the head-
waters of major drainage divisions, groundwater in-
flows to the valley floors were usually sufficiently
small to be neglected. At downstream subbasins it
may become apparent through the time distribution of
the water inputs to the model in relation to the re-
corded outflow that groundwater inflow rates are appre-
ciable. Correlation procedures and transport delays
can be used to estimate and simulate groundwater move-
ment -into the subbasin. This water is then distributed
with time through use of long transport delay networks
on the computer. The required delay setting of these
networks is established during the model verifica-
tion process. Hence, the rate df groundwater inflow
is described as follows:

Qig(u) = kcqis R ()]

in which
Qig(u) = rate of gbtal unmeasured. inflow to the
groundwater system
k = coefficient relating the rate of un-
measured groundwater inflow to a mea-
sured surface runoff rate
9 = rate of surface runoff (either total
measured tributary inflow or measured
inflow from a representative tributary)
For some subbasins a subsurface groundwater move-
ment under the outflow gage in the streambed alluvium
occurs. The time and spatial distribution of this out-
flow forms a component of the groundwater inflow or in-

put to the adjacent downstream subbasin.
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Total Inflow

Total inflow rate to thé valley bottoms consists
of the summation of the surface and groundwater in-
flow rates. The surface inflows for the most part
have already been summed and are concentrated in
stream channels as they enter the valley floor or
agricultural areas. Gaged surface inflow rates
are available from surface water records published
by the U. S. Geological Survey.

The remaining two components of total inflow,
namely ungaged surface inflow and groundwater in-
flow, are estimated from Equation 4 and 6, respec-
tively. Therefore, the total inflow, Qi’ to a given
subbasin is given by the following expression:

Q = Qg+ Qqy - - - - oo o (D

in which the terms QiS and Qig are given by Equations

5 and 6, respectively.

Precipitation

The ultimate source of water input to any hydro-
logic unit is precipitation in one form or another.
Precipitation is considered to be any moisture which
emanates from the atmosphere and falls to the earth.

Precipitation input to the hydrologic system
varies with respect to both time and space and it is
therefore, necessary to convert point measurements
from climatological stations into an integrated or
averaged monthly value over a finite area. Some pre-
cipitation data are available for all subbasins used
in this study.

Two forms of precipitation, rain and snow, are
considered in this study. Air temperature is used
as the criterion for establishing the occurrence
of these two forms. This criterion is not an ideal
index for determining the form of precipitation since
no one temperature exists below which it always snows
and above which it always rains. However, the surface
air temperature appears to be the most suitable single
index of precipitation form now available.

Based on investigations by the U. S. Army (1956)
at a surface air temperature of 35°F, there is a 50
percent chance that precipitation will be as snow,
whereas at 32°F the probability is 95 percent of pre-
cipitation falling as snow. In this study a double
standard was used because average monthly temperatures
provided the criteria. Snow was assumed to fall be-
low a threshold temperature, and snowmelt was assumed
to occur above another threshold temperature. This
assumption provided for the occurrence of snowfall and
snowmelt during the same month. These threshold

temperatures varied in the different subbasins.



Temperature

Air temperature is an important parameter in a
hydrologic system because it can be utilized as a
criterion for establishing the form of precipitation,
and as an index of the energy available for the snow-
melt and evapotranspiration processes. Temperature
varies according to both time and space. To obtain
average temperature values for the valley floor, or
a portion thereof, within a particular subbasin,
requires that point measurements be utilized for esti-
mating an effective or average temperature value for
an area. In this study average temperatures for a
particular area and a given time period (one month)
are estimated by an arithmetic average of temperature

measurements taken in the subbasin.
Snowmelt

Although rational formulas which include the
various factors involved in the snowmelt process have
been developed, data limitations often prohibit a
strictly analytical approach to the process. Rational
models include fundamental processes, such as those
which relate to energy transfer, and requirements for
input data are high. An additional restriction to
the analytical approach for snowmelt computation is a
large modeling time increment such as a month. Many
of the short-term, transient phenomeon which occur
within a snowpack cannot be represented in a macro-
scopic model of this scale. An empirical relation-
ship was, therefore, adopted for this study model.
Riley et al. (1966) proposed a relationship which
states that the rate of melt is proportional to the a-
vailable energy and the quantity of precipitation
stored as snow. As a differential equation the rela-

tionship is written:

d Ws(t)

5 = -k (1) Ms W) .. (8)

RIh
in which the undefined terms are:

kS = a constant

]
(]

surface air temperature in degrees F

RI_ = the radiation index on a surface possess-
ing a known degree and aspect of slope

RI, = the radiation index for a horizontal sur-
face at the same latitude as the particu-
lar watershed under study

= snow storage in terms of water equivalent
Tb = assumed base temperature in degrees F at

which melt begins to occur.
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Riley et al. (1966) report reasonable agreement
between predicted snowmelt rates from Equation 8 and
observed values. They used a value of kS equal to
0.10 based on studies using data from several snow
courses in the Rocky Mountain area where average snow
depths are high. It has been found, however, that the
value of ks is somewhat inversely dependent upon snow-
pack depth. 1In other words, as the snow depth de-
creases pack melt rates increase for a given energy
input. Thus, kS is relatively larger for areas of
shallow snowpack depth and relatively smaller for
areas where depths tend to be large. The radiation
index paramater allows adjustment to be made for

variation of the total insolation with land surface
slope and aspect. However, since only the valley

floors are included in the modeling area, it is
assumed that the topographic surface of the area is
essentially horizontal. This assumption simplifie
Equation 8 in that RIs becomes equal to RIh and their
ratio goes to unity.

The independent variables on the right side of
Equation 8 can be expressed as either continuous
functions of time or as step functions consisting of
mean constant values for a given time increment. For
this study a time increment was utilized and intégra-
tion was performed in steps over each successive time
period. Hence, the final values of ws(t) at the end
of a particular time period became the initial value
for the integration process over the following period.
On this basis, and setting the ratio RIs/RIh equal
to unity (assuming the agricultural area is flat),

the differential form of Equation 8 becomes:

ws(l) dw

1
T _ dt . . (9)
f v, T ks(Ta_Tb)J;
w_(0)
Ws(l) = WS(O) exp {-k (Ta—Tb)}~ ... (10

Canal Diversions

Canal diversions profoundly affect the time and
spatial distribution of water within an irrigated area.
A portion of this diverted water is returned directly

to the stream as spill and portion is evaporated direct-

ly to the atmosphere. Another portion enters the soil
profile through canal seepage and the infiltration on
the irrigated lands, and the remainder returns to the
source as overland flow or evaporates. Some of the
water which enters the soil profile is lost through

plant consumptive use. The remainder either percol-



*

ates downward to the groundwater basin or is inter-
cepted by drainage systems. Irrigation practices,
therefore, alter the distribution characteristics of
a hydrologic system. The irrigation efficiency fac-
tors used in this study include both the conveyance
and application efficiencies. A composite irriga-

tion efficiency factor is given by the following

expression:
Eff = (Wtr-wsp) EcEa N ¢ 8D

in which

Eff = water conveyance and application effi-

ciency in percent

wsp = the spills

Ec = the conveyance efficiency

Ea = application efficiency

wtr = total rate at which water is diverted

from the stream or reservoir

Records of water diversion to the agriculture
lands within each subbasin were found to be lacking.
Adjustment of these records was necessary in many
cases to get a realistic application rate for the
irrigated acreage.

As already indicated, a portion of the water
diverted for irrigation returns to the streams as
overland flow and interflow. Although the large
time increment allows this water to be treated in
the model as a single identity, it is important to
distinguish between the two components. Overland
flow (often termed tailwater) is surface return
flow or runoff from the end of the field resulting
from the application of water to the irrigated
land at rates exceeding the infiltration capacity of
the soil. Interflow is defined as that part of the
soil water which does not enter the groundwater
basin, hut rather which moves }argely in a lateral
direction through the upper and more porous portion
of the soil profile until it enters a surface or
subsurface drainage channel. Both the overland flow
and the interflow return to the stream channels in
short distances and times coﬁsisting of usually only

a few days.

Available Soil Moisture

The usual definition of available soil moisture
capacity is the difference between the field capacity
and the wilting point of the soil. Water within this
range is available for plant use, and is termed avail-
able soil moisture. The field capacity is defined as
the soil moisture content after gravity drainage has
occurred. Most of the gravity water drains rapidly
from the soil thus affording plants little opportunity
for its use. The wilting point represents the soil
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moisture content when plants are no longer able to ab-
stract water in sufficient quantities to meet their
needs, and permanent wilting occurs. Available soil
moisture can be expressed in several units but in this
report it carries the unit of depth in inches.

Sources of available water. Basically, moisture

in the soil is derived from infiltration, which is the
passage of water through the soil surface into the

soil profile. The water available for infiltration at
the soil surface is derived from three sources, namely,
precipitation in the form of rain, Pr’ snowmelt, wsr’
and irrigation water, wdr' As springtime temperatures
rise to the point at which melting occurs, all snow
cover on the land is assumed to melt and enter the
soil mantle through the infiltration process. In the
case of irrigated crops, the most important source of
available soil moisture is water which is diverted to
the agriculture lands. Thus, the total water avail-
able for infiltration into the soil, wgr’ can be writ-
ten as:

W =W

+P_+W_ . . . . . . .12
gr dr r sr

in which all quantities are as previously defined.

Available soil moisture quantities. The maxi-

mum quantity of water in a soil available for use by
plants is a function of the moisture holding capcity
of the soil and the average rooting depth or extrac-
tion pattern of the plant.

The basic forces involved in the absorption of
water by plants are osmotic, imbibitional, metabolic,
and transpiration pull (Thorne and Peterson, 1954).
These forces basically define the soil moisture ten-
sion or "pull" that must be exerted by the plant to
remove water from the soil. Of these forces the prin-
cipal one is the osmotic pressure created within plant
root cells. Opposing these forces are those exerted
on the moisture by the soil particles. The forces
exerted by the plants vary with different plants,
soils, and climates, but the average maximum force
which plants can exert in obtaining sufficient water
for growth is approximately 15 atmospheres of pres-
sure. At field capacity where water is readily avail-
able for plant use, the average soil moisture tension
is only about 0.1 atmosphere. However, the soil mois-
ture tension or "pull" plants exert in their quest
for water is in itself no indication of the amount of
available water contained by the soil. The actual
amount of water held by the soil at any given tension
value is a function of the soil type.

Determination of the soil depth effectively uti-
lized by a plant is based on the average rooting depth
or the average moisture extraction pattern. The soil

moisture available for extraction depends on the mois-



ture holding capacity of the soil and the extraction

pattern. The tvpical agricultural crop extracts 70
percent of its moisture from the upper 50 percent of
the soil penetrated by the plant roots. Average or
typical rooting depths for various plants are reported
by McCullock et al. (1967).
clude 4 to 6 feet for alfalfa, 4 feet for grains and

Illustrative depths in-

corn, and 2 to 3 feet for pasture. The average a-
vailable soil moisture capacity of the irrigated
lands was estimated for each subbasin.

Under normal circumstances, additions to avail-
able soil moisture storage occur through the infiltra-
tion process, Fr' Abstractions or depletions from
available soil moisture storage occur through evapo-
transpirational losses, ETr’ and deep percolation, Gr'
Thus, the soil moisture storage existing at any time,
t, can be stated:

Ms(t) = (Fr - ETr - Gr) at . . . . (13)

Each of the three terms on the right side of this

equation is discussed in the following sections.
Infiltration

As already indicated, additions to available soil
moisture occur through the process of infiltration,
Fr' Factors which influence the infiltration rate in-
clude various soil properties and surface character-
istics. A moisture gradient induced by the adhesive
properties of the soil particles also influence in-
filtration rate.

In this study, the rate of infiltration into the
soil is given by the following equations

. (14)

FomWa G SR o

and

F
r

Rtr’ (Wgr > Rtr) P 0 )

for which all terms were previously defined. The

quantity wgr in Equation 14 is given by Equation 12.

Evapotranspiration

The second term on the right side of Equation 13
represents depletion from the soil moisture storage
through the evapotranspiration process, ETr' Comsump-
tive use, or evapotranspiration is the sum of all
water used and lost by growing vegetation due to trans-
piration through plant foliage and evaporation from
the plant and surrounding environment such as adjacent
soil surfaces. Potential evapotranspiration is de-
fined as that rate of consumptive use by actively grow-
ing plants which occurs under conditions of complete

crop cover and non-limiting soil moisture supply.
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The evapotranspiration process depends upon many
interrelated factors whose individual effects are
difficult to determine. Included among these factors
are type and density of crop, soil moisture supply,
fertilizer, soil salinity, and climate. Climatological
parameters usually considered to influence evapotrans—
piration rates are precipitation, temperature, daylight
hours, solar radiation, humidity, wind velocity, cloud
cover, and length of growing season. Numerous rela-
tionships have been developed for estimating the po-
tential evapotranspiration rate.

Perhaps one of the most universally applied evapo-
transpiration equations is that proposed by Blaney and

Criddle (1950). This equation is written as follows:

U=%kf . . . . . . < . < < . (l6)
in which
U = monthly crop potential consumptive use in
inches
k = monthly coefficient which varies with type
of crop and
F = monthly consumptive use factor and is given
by the following equation:
A P ¢ )
in which
t = mean monthly temperature in degrees F
p = monthly percentage of daylight hours of
the year

A modification of the Blaney-Criddle formula was pro-
posed by Phelan et al. (1962), wherein the monthly
coefficient, k, is subdivided into two parts, a crop
coefficient, kc, and a temperature coefficient, kt'
The relationship describing kt is an empirical one,
depending upon only temperature, and is expressed as:
kt = (0.0173Ta -0.314) . . . . . (18)

where Ta is the mean monthly temperature in degrees F.
The crop coefficiernt, kc, is basically a function of
the physiology and stage of growth of the crop. Curves
of kc are available for many agriculture crops (Soil
Conservation Service, 1964).

Thus, the modified Blaney-Criddle equation for

estimating potential evapotranspiration rates is writ-

ten as follows:

Tap
ETcr = kckt 00 - v - -

(19)
Because of its simplicity, low data requirements
(only surface air temperature is needed), and applic-
ability to the irrigated areas of the Western United
States, Equation 19 was adopted for this study model.
Since the time increment selected for use was one
month, the variables on the right of Equation 19 repre-~

sent mean monthly values although these parameters could



be expressaed as continuous functions instead of the
indicated step functions. Thus, Equation 19 estimates
the mean potential evapotranspiration rate during each
month.

Evapotranspiration losses from the agriculture
area during the non-cropping season were estimated
from Equation’'l9. For many crops it was necessary to
extend the kC curves to include the non-growing season
(West, 1959). Because the kc curve for grass pasture
seems to represent a reasonable set of values for na-
tive vegetation (Riley et sl., 1967), this curve was
used as a guide in the development of a similar kc
curve for phreatophytes.

Effects of soil moisture on evapotranspiration.

As was discussed earlier, as the moisture content of
a soil is reduced by evapotranspiration, the moisture
tension which plants must overcome to obtain suffi-
cient water for growth is increased. It is generally
conceded that some reduction in the evapotranspira-
tion rate occurs as the available quantity of water
decreases in the plant root zone. Studies by the
U. S. Salinity Laboratory in California (Gardner and
Ehlig, 1963) indicate that transpiration occurs at the
full potential rate through approximately the first
one-third of the available soil moisture range, and
that thereafter the actual evapotranspiration rate
lags the potential rate. When this critical point
in the available moisture range is reached, the plants
begin to wilt because soil moisture becomes a limiting
factor.

The actual evapotranspiration rate is approxi-
mated by the two following equations which take the

above phenomenon into account:

ETr = ETcr' {Mes < Ms(t)} P ¢10)]
and .
ET_ = ET (—Mc—s—:&s—),(osM(t)sM}
r cr Mcs s es
(21)
in which
ETr = actual evapotranspiration rate
ETcr = potential evapotranspiration rate
MeS = limiting or threshold content of avail-
able water within the root zone below
which the actual becomes less than the
potential evapotranspiration rate
Ms(t) = quantity of water available for plant
consumption which is stored in the root
zone at any instant of time
Mcs = root zone storage capacity of water

available to plants
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Deep Percolation
G

The final independent term, Gr’ of Equation 13
represents the rate of deep percolation. Percolation
is simply the movement of water through the soil.

Deep percolation is defined as water movement through
the soil from the plant root zone to the underlying
groundwater basin. The dominant potential forces
causing water to percolate downward from the plant root
zone are gravity and capillary forces. Water is removed
quickly by gravity from a saturated soil under normal
drainage conditions. Thus, the rate of deep percola-
tion, Gr’ is most rapid immediately after irrigation
when the gravity force dominates, and decreases con-
stantly, continuing at slower rates through the un—
saturated conditions. Because the capillary poten—
tial applies through all moisture regimes, deep per-
colation continues, though at low rates, even when

the moisture content of the soil is less than field
capacity (Willardson and Pope, 1963).

Because of a lack of data in the study area re-
garding deep percolation rates in the unsaturated
state, and in order to simplify the model, the assump-

tion was made that deep percolation occurs at a con-
tinual small percent, kp, of soil moisture storage

between saturation and the limiting threshold stor-
age. Thus, for this model, the deep percolation
rate is expressed as:

G =F_ - ET
r c

- » {Ms(t) = Mcs} e (22)

r

G k M {Mes < Ms(t) < Mcs }o.o. (23)

r p sg

G
r

0, { Ms(t) <M. oo .. (26)

in which all terms are as previously defined.

River Outflow

Using the continuity of mass principle the hydro-
logic balance is maintained by properly accounting for
the quantities of flow at various points within the
system. The appropriate translation or routing of in-
flow water through the system in relationship to the
chronological abstraction and additions occurring in
space and time concentrates the water at the outlet
point as both surface and subsurface outflow. As men-
tioned earlier, active network delays on the computer
simulate the long transport time necessary for ground-
water inflows and deep percolating waters to be routed
to the outflow gaging station.

Thus, the total rate of water outflow from a sub-
basin is obtained through the summation of various
quantities as follows:

Q°=Q15‘wcr+°Fr+Qob'Qe N ¢5))



in which

Qo = total rate of outflow from the system

Qis = rate of total surface inflow to the
subbasin including both measured and
unmeasured flows

wtr = total rate at which water is diverted
from the stream or reservoir

OFr = total of overland flow and interflow
rates

QOb = rate of outflow from the groundwater ba-
sin of routed deep percolating waters
and subsurface inflows to the subbasin

Qe = rate of water diversions from surface

sources for use outside the boundaries
of the subbasin. Exports to other drain-
age basins fall within this category

If subbasins are selected such that there exists
no flow of subsurface water past the gaged outflow
point, the hydrograph of surface outflow, Qso’ is
given by Equation 25. This situation is assumed to
exist at reservoir sites within the basin because of
construction measures taken to eliminate subsurface
flows under the dams which create the reservoir. For
this reason, whenever possible, subbasins were term-—
inated at the outfall of a reservoir. These sites
thus enabled a check to be made on groundwater inflow
rates to the subbasin as predicted from verification
studies involving models for one or more upstream
subbasins.

For many subbasins the termination or outlet
point was taken at a Geological Survey gaging station,
and in several of these cases groundwater flow oc-
curs in the streambed alluvium beneath the surface
channel. For these basins, the total system out-

flow can be written as:

Qo = Qo * Oy - e . (26)
in which 3
Qso = rate of surface outflow from the sub-
basin
ng = rate of subsurface or groundwater out-

flow from the subbasin
Surface outflow rates, Qso’ can be compared to the
recorded values, but subsurface outflow rates, ng
are unmeasured and must be predicted or estimated.

»

In the model described in this report, the
groundwater outflow is estimated as a proportion of
the total groundwater flux. The groundwater flux
is computed by keeping track of all inflows and ef-
fluent flows that interface with the shallow ground-
water acquifer. These include influent river chan-
nel flow, canal seepage, deep percolation, pumped

water and groundwater inflow. The net effect of

16

these variables provides the driving function for a
linear reservoir routing subroutine. Flow routing
through a linear reservoir is derived as follows

from the continuity and linear storage equations:

it - I-0 . (@2n
and
S = kSO . (28)
where
ds ;
Fri change in storage
I = inflow i
(0] = outflow
S = storage
ks = the linear routing rate coefficient

By substituting equation 28 into 27 and assuming I

is constant %go = %— dt is obtained which may then
s

be integrated to give

0, 1
f do 1 J'
o _ L at
o 07 K Jo
o
or 0, 1
In (I-0) l =L +(29)
K
0 s
[o] o

By evaluating at the limits of integration, expon-
entiating both sides and solving for 01 the final

routing equation is obtained:

o~ I) e s e . . . (30

The routed value of groundwater flux Qob’ is
then separated into an effluent portion, Qef’ which
makes up part of the surface outflow and the ground-

water outflow, ng, by the equation:

Qg°= kngob e e e e .(31)
and

Qef = QOb - ng e e e e . (32
where k_ is the proportion of groundwater flux that

remains as groundwater flow.
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Appendix B. Inpdt to and Output from a Typical Simulation Run
Listing of Input Data Cards

1 { 0 1
8 5
VAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANN

FHR TEMP PRECIPSNOW MLTSNOW STR PHR ETCROP PETCROP AET 8M STRRIVER IN TRIB IN
RET CNL DIV

UNG INPHR RPSM URB SRF PUMP INRIVER GW PHR SUR WTR AVL Ma&l DIV M&l

CNL SEEP CNL GWSEEP RTN SPILLFARM DELTAIL WTR TOT APLCROP AET SM STR
EXPSUR RNOF

RELRES EXPT

ROUT DP  GW INURBGW IN PHR GW ROUT GW EFF| GWCH GWSTR GW OUTCHNL
COMP OUTGAGE OUTY DIFFRES EVAP RES INRES AREA REQ REL ACT REL CNL
TOT RELEOM STRGCHG STRG
PKCMI 2,1 0,4 9,1 B,1 ©@,1 0,1 B.1 0.1 0,1 0,1 2.1 0.1
PDL 0783, 060! 0674 0692,0682,0834,0887,0085, 0980 1005 0944,08
1ALFALFA 91 78 64 83 73 86 99 1P8 113 111 106
2PAS+0HAY 85 73 60 56 63 82 92 99 103 102 99 9
38PR GRN 28 23 25 25 23 25 25 52 105 28 57 2
4CORN+SOR 88 25 25 28 25 23 25 36 58 92 1o 10
SDORY BEAN 25 28 25 28 28 25 28 1] 64 106 100 4
6POTATOES 25 25 25 25 2% 25 25 31 55 108 136 13
7TR CROPS 25 25 25 28 28 23 25 3 64 84 80 5
8COV ORCH 9@ 78 66 63 73 L1} 98 109 113 111 106 9
C4 HWMC § 185 185 185 185 185 185 183 185 185 185 185 18
C2 HwGw 2 128 @2 78 65 80 113 136 143 142 142 141 13
C3 MWGT 3 8% 76 96 56 53 53 55 61 68 77 82 8
C4 LWGT 4 50 47 42 35 33 33 34 38 42 48 L S

37

3
L)
[
8
i
9
9
]
[}
3
)

BY OPWT 8 {00 100 1090 1900 100 {08 100 100 100 100 129 100
1 2 o0
7 1972 1 SAN JUAN ABOVE BLUFF
8UB? CROPS { 204020, 2 25200, 3 7000, 4 B600, 5 788, 6 0, 7
CROP? CONT 8 400, 9 2, 10 2., 11 2. 12 2, 13 2818,
UR=UN LAND 2, 2,
2 2 ¢+ 4 ¢ {1 Y 4 0 2 2 @ 0 O O
(2ex,12r5,0)
72 CORTEZ, cOLO, 48,5 35,9 25,9 29,8 35,0 44,7 48,3 56,0 66,8 72,8 69,3
72 BLUFF, UTANW 51,4 38,3 25,9 30,8 38,3 49,7 54,6 61.1 72.8 78,08 75,7
(20%x12F5,0)
72 CORTEZ 2,12 9,84 1,74 0,00 2,00 9,15 0,13 2,14 0,67 0,33 0,435
72 BLUPF, UTAH 1,39 1,22 1,66 0,00 9,00 0,00 9,00 0,00 0,35 2,50 0,09
(6x,12,12F6,0)
723680 3 61,29 44,29 95,81116,30104,70126,10 62,39 83,20 99,63 13,64 26,21
(6x,12,12r6,0)
723685 @ 878, 863, 447, 353, 345, 2169, 1800, 270, 2822, 670, 390,
723690 2 170, 185, 150, 1120, 140, 1200, 490, 720, 390, 98, 53,
723695 ¢ 52, 82, 82, a8, 40, 620, 280, 280, 110, 52, 11,
72 IMP 8800, 88eo,. 5500, 7400,17000,29700,24400,10600, 6400,
(6x,12,12r6,0)
7237140 2120 1590 2062 1010 1482 1090 94 79 287 ] 76
(6x,12,12F6,0)
72 CD7 2 g7000 L1.1) 810 760 760 87302 35935 77375 65170 44140 24233
(6x,12,12F6,0)
72GW6 4311, 296, 166, 136, 113, 60, 1417, 52906, 3739, 3222, 3944,
(6x,12,12F6,0)
723798 3 99,83 59 2 110,2 119,2 109,55 119,85 64,61 81,10188,1 17.08 30,60
2 0 @ 1
60 =y B 75 1, 1,E=06
IDTM 1111114814188
CMS 8. 2. 2. 2. Q. 2, a, Q. 2. 2, 2, Q.
2, 40 28, 30, 3. Se00, 20000, 1.2 Q.
4,0 3.0 8, 1, 2. v 0. .25 2, ]
.s 1.9 1' 0. Bo 0l ao 0. 0.
i, i, 1, 1. 1. 1. a, o3 0.
0, 2, 2, 0, Oe de 2, 2, 1.
a, 2, 2. 2, Q. 2, Q. 2, @,
6 «f 9 1|
3 2 o0 0
5 1o 0.0 5,0
6 20 2,0 jo0000,

7 29 15000, 25g00,
BLANK CARD

18

DP

700,

62,8
87,2

1.9
2.60

46,08
570,
{03,
28,
5pQ0,
328
20695

4571,

56.33



VAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANN
{1 FHR TEMP 2 PRECIP 3 SNOW MLT 4 SNOW STR 5 PHR ET 6 CROP PET
7 CROP AET -} SM STR 9 RIVER IN (@ TRIB IN 1} UNG IN 12 PHR RPSM
13 URB SRF 14 PUMP IN 15 RIVER GW 16 PHR SUR 17 WTR AVL 18 M&I DIV
19 M&I RET 20 CNL DIV 21 CNL SEEP 22 CNL GW 23 SEEP RTN 24 SPILL
25 FARM DEL 26 TAIL WTR 27 TOT APL 28 CROP AET 29 SM STR 39 DP
31 ROUT DP 32 GW IN 33 URBGW IN 34 PHR GW 35 ROUT GW 38 EFFL GW
37 CH GWSTR 38 GW OUT 39 CHNL EXP 40 SUR RNOF 4y COMP QUT 42 GAGE OUuT
a3 DIFF 44 RES EVAP 45 RES IN 46 RES AREA 47 REQ REL 48 ACT REL
49 CNL REL 50 RES EXPT 51 TOY REL 52 EOM STRG 53 CHG STRG 54
55 s6 57 58 59 ]}
KCMI .100 ,103 ,100 ,i00 L1020 ,100 L1020 ,100 ,120 L1220 ,100 ,100@
PDL .278 ,068 087 ,0689 ,068 ,083 ,088 ,@98 ,@998 ,100 ,094 ,083
{ALFALF .910 ,780 ,.640 ,63¢ ,73@ ,869 ,997 1,080 1,130 1,110 1,060 ,990
2PAS+0H .8%0 ,732 .60 ,56e¢ ,650 ,800 ,920 ,990 {,.,230 1,020 ,990 ,93@
38PR GR ,2%0 ,250 ,250 .25 .25 ,2%58 ,2%0 ,520 1,000 3,280 ,570 ,250
4CORN+S ,580 ,258 .25 .2% .25 ,250 ,250 ,360 ,%88 ,920 1,100 1,000
SDRY BE ,250 ,2%0 ,25%0 ,.2%5¢ ,250 ,2%59 ,250 .2%¢ ,640 1,060 1,000 .480
6POTATO ,25%¢ ,250 ,2% ,250 .250 ,2%¢ ,252 .31¢ 550 1,060 1,360 1,310
7TR CRO ,2%0 .2%0 ,2%5¢ .25%2¢ ,250 .2%2 .25 ,3190 ,640 ,818 ,800 ,590
8COV OR L,900 ,782 ,66¢ ,632 ,730 ,8%60 ,98¢ 1,090 1,130 1,110 §,060 ,9090
9 HWMC 1,850 1,852 1,850 1,850 1.850 1,850 {,850 1.850 1,850 1,830 1,850 1,850
10 HWGW 1,250 1.,m20 .75 ,650 ,800 1,130 1,360 1,410 1,420 1,420 1,410 1,360
{1 MWGT ,810 ,780 ,960 ,560 332 ,.S5%0 ,5% ,.,6i0 ,.680 ,770 ,820 ,830
12 LWGT ,%00 ,470 ,420 ,3%0 ,330 L3320 ,342 ,380 ,420 ,480 ,5i0 ,510
13 OPWT §,000 1,000 1,000 1,000 1,000 1.000 {,002 1,000 1,000 1,000 {,000 1,000
SUB 7 1972 TO 1972 SAN JUAN ABPOVE BLUFF
LAND AREAS
CROP LAND PHR LAND URB LAND UND LAND TOTAL LAND
70000, 2818, e, 2, 72818,
INCH TO AC=FT CONVERSION FACTORS
5833,333007 234,833312 200000 000000 6068,166045
CROP AND PHREATOPHYTE ACRES
1 29400, 2 25200, 3 7000, 4 L1118 -] 700. 6 2.
7 700, 8 1400, 9 . 10 e, 11 2. 12 2.
13 2818,
PROP CROP AND PHR
1 2419999 2 359999 3 ,099999 4 ,079999 § 010000 6 002000
7 .010000 8 020000
-] 200000 {0 000000 11 .020000 12 .000000 13 1,000000
WEIGHTED CROP AND PHR COEFFICIENTS
.782 ,656 ,548 ,528 605 ,716 ,816 ,948 1,832 1,075 ,985 886
1,000 1,000 1,00Q {.000 1,007 1,000 1,000 1,000 1,000 {,000 1,000 1,000
HYDROLOGIC DATA
1 1972 49,95 37.10 25,902 30,30 36,65 47,20
51,48 58,88 69,40 75,40 72,60 65,00
619,49
2 1972 1,75 1,03 1,70 «00 00 07
7.53 .27 51 41 27 1.25
ol
3 1972 61289,99 44289,99 95509,98 116299,.98 104699,98 126099,98
62388,.99 83199,98 99629,98 13639,99 20209,99 46079,99
879330,00
4 1972 osan,ad 9930,00 6159,00 519,00 525,00 113802,00
20370,00 33949,00 27720,00 11420,00 6854,00 5703,00
144420,00
S5 1972 2120,00 1590,00 2060,00 1010,00 1480,00 1090,.00
94,00 79,00 287,00 .00 76,00 328,00
10214,00
6 1972 17000,00 850,00 810,00 760,00 760,00 8730,00
35935,00 77375,00 65170,00 44140,00 24253,00 20695,00
296478,00
7 1972 4311,00 296,00 166,00 136,00 113,00 60,00
1417,00 5296,00 3739,00 J222,00 3944,00 4571,00
27271,00
8 1972 §93520,98 59199,99 110199,98 119199,98 109500,00 119500,00
9::822'92 81099,98 118099,98 17079,99 30599,99 56329.99
ol

Qutput Produced from the Foregoing Input Data
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SAN JUAN ABOVE BLUFF

Output (Continued)

60 <1 0 0 75 ,1@0E+d1 ,1Q0E-05
PAR 1 2 3 4 5 6 7 8
000 «420 28,000 30,000 3,A003000,000$20000.0 1,200
4,000 3,002 6.P00 1,000 000 .000 250 220
o300 1,900 1.000 000 «n20 +00 000 200
1,000 1,000 1,000 1,000 1.000 1,000 +200 . 320
N.LI 000 «000 000 .000 000 200 000
+000 .080 000 000 .200 <000 200 200
10TH (S N SR S U N U S |
cMS .00¢ ,P00 .000 ,000 ,000 .00 ,000 ,000 ,200 ,200 ,000
SAN JUAN ABOVE BLUPP YEAR 1978
WATER
var Nov JAN res MAR APR MAY JUN Jui
1 PHR TENP 30,300 36,049 47,490 80,840 60,309 78,300
e _ PRECIP <000 00 70 810 o418
3 SNOW MLT 1.002 1696 <800 000 800
4 ONOW QTR 877 i <000 008 .000
8 PHR ET 029 790 . 4,030 6,008 7,008
8 CROP PETY 332 o404 1,417 .70 6,281 8,074
7 CROP AEY 332 404 1,417 3,701 6,284 6,030
o 8 aTR 8,072 8,027 8,138 6,000 8,147 1,064
O RIVER IN 116200, 104600, 126000, 03100, 90620, 13639,
10 TRIB IN 819, sas, 11300, 33040, e77%0, 11420,
11 UNG 8142, 7728, 3376, ey7, 86y, .
12 PHR RPSM e, 240, 184, 18, 119, 97,
13 URS SRF s, e, L0 ] s, e, 8.
14 PUNP IN ., e, ., e, ., e,
18 RIVER Gu L0 ., o, 0. o, 0,
16 PHR SUR 4, e, 23, Je9, 68y, 916, 1168,
17 WTIR AVL 100048, 128079, 113834, 142337, 133494, 43104,
18 W8I DIV . .. e, e, . . ] e,
19 MAD REY [0 0. 8. 8. . e,
28 CNL DIV sie, 760, 760, 730, 77378, 43184,
21 CNL seeP 324, 304, 304, d402, 30980, 17244,
22  CNL GwW 8, e, [ ., L}
23 SEEP RTN 1106, aas, 611, 1790, 10768, 19209,
24 sPILL [} e, ° e, e
28 FARN DEL 488, 456, 480, 5238, 48424, 2seee,
26 TAIL WTR 9 o1 130 1047, oges, s172,
27 70T APL 388, 6329, 4192, 47582, 37848, asjte,
20 CROP ALY 1674, 1940, 2024, eae7, 21800, 40470,
20 oM TR 30834, 34250, 34579, 29972, 34999, 10878,
3 0 790, 984, 1047, 1094, 14831, 1784,
31 ROUY DP 98e, 708, 084, 1047, 1308, 29887,
3 Gw 1 96, 166, 136, 113, o8, 8298, 3222,
33 URBGH IN 0. e, ., e, 0, e, e
34 PHR Gw 0, 36, 8, ie, 132, 279, 499,
35 ROUT GW 1807, 1109, 926, 1087, 974, 6822 9310,
36 EPFL OW 1807, 1109, o2e, 1087, 074, 6622, sste,
37 CH GHETR [N e, 8. e, 0. e, 0.
3 Gw our 8, o, e, e, 0. e, 2.
39 CHNL EXP o, 0. e, e, e, 0. 9, 2,
48 SUR RNOF 8824, 61878, 109348, 126137, 113082, 136038, 71083, 10482,
44 COMP OUY 06824, 61878, 180348, 120137, 113952, 138638, 71983, 10402,
42 0ASE OUY 99529, 89199, 110199, 119199, 1a0000, 110500, 81890, 17079,
43 orrr 13008, 2370, =084, 6937, 4482, 16130, -Pi7e, -0807,
08y s 731,97 OAH ® ~16021,8
PAR  NL L PH
s 1 00000 S.00000
s 2 10000 L4
7 2
PHASE | PMINe 761,972
PAR { 2 3 4 5 ] 7 8
+000 .420 28,000 38,000 3,p005200,000820000.0 1,200
4,000 3,000 6,000 1,000 000 000 .850 «000
3500 1,900 1,000 000 000 000 .000 .00
1.000 1,020 1,000 1,000 1,800 1,000 000 . 300
000 .20 «000 000 020 .00 .000 .000
000 . 000 000 000 +000 000 .000 .200
IP LV PAR 0BJ 0AH GRAD
5 ! 000 902,194 =47563,882 <200
5 2 500 858,979 -42456,882 -86,429
5 3 1,000 823,702 -37349,882 =708,554
5 4 1.500 796,363 -32242,878 -54,677
5 5 2,000 776,962 -27135,878 =38,802
5 6 2,500 765,498 =-22028,886 -22,927
5e 7 3,000 761,972 -16921,886 =7.052
5 8 3,500 766,384 -11814,886 8,823
5 9 4,000 778,733 ~6707,886 24,698
5 10 4,509 799,020 -1600,886 42,574
6 ! 000 695,304 -25421,855 000
6 2 500,000 698,649 -24571,855 006
6 3 tpo@,p00 702,731 -23721,888 . 228
8 4 1500,000 707,552 -22871,855 009
7 1 15000,000 844,173 -19971,878 200
7 2 15500,000 835,253 ~19666,886 -, 017
7 3 16000,000 826,489 =19361,886 -.017
7 4 16500,000 817,880 ~19056,886 -.017
7 5 17700.000 809.426 ~18751.886 -.016

20

9
000
600
000
000

1,000
000

600
«000
000
1,000
000

10
.200
.800
1,000
«000
.200
«000
sep ANN
84,999 51,624
1,255 7144
+000 1.700
.00 NIt
40409 38,035
3,907 38,220
2.182 20,643
1,194 4,454
40079, 879339,
5703, 144420
2084, 51341,
294, 1677,
o, 2.
a, o,
a. e,
sis, 5174,
65785, 1170287,
o, o,
e, 8.
20898, 293442,
8278, 118176,
' o,
12437, 100222,
o, 0.
12418, 177268,
2483, 38483,
17254, 183491,
12262, 172020,
6978, 6970,
91, 20933,
329, 32078,
871, 27271,
2 2,
222, 2217,
878, 37729,
478, 57729,
o, 2.
o, e,
0, °.
sae32,  9ese27,
s22%e, 968027,
56320, 984949,
-a077, 18921,
10
.000
.800
1.002
200
000
.000



SAN JUAN ABOVE BLUFP
WATER

= 0n 0o 0o 0n 0o 0n
Y YIS L T Y Y NOT

e
NesoeN

41
42
43

VAR

FHR TEMP

PRECIP
SNOW MLT
SNOW STR

GAGE oUT
oirr

NNNNNNNNNNNNNNNN
-

*
-

.
10230,

PAR
4

1

-

NNNNNOIARARODPPAAAPAARAARAN T

1

«000
«000
500
«000
«000
<2089

-
<

-
OAGRN - DRLUNOOONOUL GN -

6 17500,000
7 18e0n,000
8 18500,000
9 i9p00,000
2 1950@,000
1 2p00@,000
2 20%500,000
3 2ip00,000
4 21500,000
22000,000
6 22500,000
7 23mp0,000
23500,000
24000,000
24500,000
{1 25p00,000

NOV oec IAN
37,000 25,000 30,300
1,830 1.708 008
,000 208 1.822
000 1.708 677
L8368 523 629
.8a8 286 332
L840 288 332
5,048 8,28 5,872
M 95589, 116299,
093¢ 6130, 519,
78, s18e, se3e,
241, e 240,
0. e, 8,
'® e, e,
e, ° 9.
0. (T8 e,
sps18. 188948, 120766,
. 2. .
'R 8, 8,
sse, sie, 788,
348, 324, 304,
0. e, e.
1783, 1188, s2s,
e, 8. s,
sie, ass, 438,
102, 97, 91,
8416, 388, 6320,
3202, 1674, 1940,
32038, 30854, 34280,
oee, 790, b4,
1211, 988, 798,
206, 166, 136,
[ [N 8,
e, 38, 2.
1807, 1100, 928,
1887, 1100, 9026,
.. 0. .
. e, 8.
2, 8. .
61578, 189343, 121824,
61578, 180345, 121824,
89199, 118199, 119199,
2378, -834, 1824,
PHASE
2 -3
«400 28,000
3,000 6.0200
1,909 1.000
1,000 1.000
.000 «000
000 . 200
PAR
200
500
1,000
1,500
2,000
2,500
3,000
3,500
4,000
4,500
000
509,000
{000,000
1500,000
15000,000
155¢0,000
16000,000
16500,000
17000.000

Output (Continued)

80y,128 =18446,886 =,016
792,986 =18141,886 =,016
784,999 =17836,886 =,015
777.168 -17531,886 -,015
769,452 -17226,886 -,013
761,972 =-16924,886 -,015
754,607 =16616,886 -,014
747,398 =16311,886 -,814
740,344 =16006,886 =, 014
733,446 =-15701,886 -,013
726,704 =15396,886 =-,013
720,118 =15091,886 -,013
713,685 =14786,886 =,012
707,409 =14481,886 -,012
701,288 =14176,886 =012
695,323 =13871,886 -,011
YEAR 1972
res MAR APR nAY JUN JuL
36,649 47,199 68,549 69,309 75,399
000 078 «078 510 o418
886 821 000 .00
g o cio03  7.308
o404 1,417 6,281 8,074
484 1.417 6,201 6,939
iy 5.138 8,147 1,864
104699, 120000, 99620 13639,
528, 11300, 27728, 11428,
44an, 3270, 86y, e,
154, 2. 119, 97,
Q. e, [ (B
Q. 0. e, 8.
e, s, 0. e.
23, 300, 916, 1168,
110283, 142231, 147066, 43104,
(B . e ]
700, 0730, 63178, 43104,
304, 3402, 26808, 17241,
01:: 1790 :asvg 19200,
B 9. 0
ase, 5238, 300, 25862,
01, 1047, 7820, s172,
402, 4782, 34256, adtie,
2024 8207, 36641, 40479,
34879, 29972, 30027, 1e876,
1047, 10901, 2587, 1784,
904, 1047, 14831, 2807,
113, (I 3739, 3222,
e, .. e, 0.
18, 132, 392, 499,
1087, 974, 17877, 5310,
1087, 974, 17877, 3340,
[B e. e, 0.
(B 8. e, 2.
[ . e. 2.
110071, 138823 108394, 18482,
110671, 138523, 108394 19482,
199508, 110508, 118009 17079,
174, 16023, 4344, 9176, 9788 8597,
2 PMINes 695,304
4 5 8 7 8
30,000 3,000 «000825000,0 1,200
1,000 009 <000 .050 .2020
.000 «000 000 000 000
1.000 1,000 1,000 000 «300
000 000 000 .000 000
.000 000 000 .000 000
0BJ 0AH GRAD
793,854 «53043,851 .200
746,474 «47906,851 -94,753
707,035 =42799,851 -78,878
675,533 =37692,859 =63,002
651,970 =32585,855 =47,127
636,344 =27478,855 31,251
628,655 =22371,855 -15,376
628,908 ={7264,855 498
637,092 -12157,855 16,374
653,217 -7025Q,855 32,2350
628,655 «22371,885 000
632,000 =21521,855 0208
636,083 -20671,858 .008
640,904 «19821,855 .009
777,505 =28471,847 ,000
768,585 =28166,855 -,017
759,821 «27861,855% -,017
751,212 =27556,855 -,017
742.758 «27251,.855 -,0186

21

2000
«600
«0090
000
1.000
«000

seP

64,999
1.258
«000

=3802,

10
«800
800

1.0800
«200
<208
«000

ANN

81,624

5174,
1164837,
2.

e.
295442,
118176,

Q.
100322,

Q.

=22371%,



NN NNNNNNNNNNNNNN

17502,000
18008,000
18500,000
19000,000
19500,000
11 2p000,000
20500,000
2i000,000
21500,000
15 22000,000
16 22%500,000
17 2300@,000
18 23300,000
19 24000,000
24500,000
25000,000

-
SOX NG

13
14

* 21

SAN JUAN ABOVE BLUPF
WATER

VAR

FHR TEMP

PRECIP
SNOW MLY
SNOW STR

-
SOBNAGL WD —
o
»

o
-

.
~
-

-

UNG IN
12 PHR RPSM

42 GAGE OUY
L) orrr

oec

25,009
1,700

a8,
1880408,
Lh

e,

e,
324,

9.
1186,

100348,
110199,
884,

=10238,

PHASE 1
0BJ 764,972
PAR

«200

400
28,000
38,000
3,000
Sp0e,000
20000,000
1,200
+000

.000

14 4,000
3,000
8,000
1,000
000
000
050
000
.600
.800

O®NAREGAEN -

Output (Continued)

734,460 -26946,855
726,318 =26641,855
718,334 =26336,855
710,500 -26034,855
702,824 =25726,855
695,304 -25421,855
687,939 -25116,855
680,730 «24811,855
673,676 =24506,855
666,778 =24201,855
660,036 =23806,855
653,448 «23594,855
647,017 «23286,855
640,74} =22981,855
634,620 -22676,855
628,655 =22371,855
YEAR 1972
JAN FEB MAR APR
30,388 30,640 470199 51,440
t08e “o00 078 ‘068
1,092 1636 o2t
077 921 1]
1629 799 12978
332 404 1.417
«332 o484 1,437
5,872 8,087 313
11620, 104809, 126800,
819, ses,  113es,
30, aaan, a27e,
240, 154, o2,
o o .
[ N 0. [ B
. . H
. 23, 389
120766, 110283, 142831,
'R . "
o . .
ye0. y60. 0738,
sea. aee. 3eva.
e, [ 0,
028, 011, 1700,
. o ..
ass. asé. s,
o 9 1847,
6329, as02. s,
1048, 2004, 0207,
3aga9. M7, 20972,
YN 1047, 1094,
790, 084, 1047,
136, 113, o,
o .. ..
o 10, 132,
9es. 1007, 974,
HIN 1007, o74.
.. 'S .
. . "
101040 110671, 13883,
aiee4, 1106710 138822,
119490, 10989, 110808,
1024, 171, 1eeed,
INITIAL VECTORS
2 3
628,655 628,655
«000 .200
<400 2400
28,000 28,000
30,000 3o, 000
3,000 3,000
000 000
2%5000,000 250900,000
1,200 1,200
000 200
.000 .000
4,000 4,000
3,000 3,000
5,000 6,000
1,000 1,000
000 220
000 000
«250 .250
000 000
800 600
800 800

22

MAY
88,549
870

65y,
133408,
Q.

8,
7378,
3008,

e,
16768,

01099,
«ht7e,

-,016
-,016
=01 -]
-,015
=-,015
-,015
~,044
-,014
-,d14
-,013
=013
-,01 3
-,812
=,012
-,a12
e,011

JUN
69,399

916,
147866,
.

[ B
[13% B
26068,

e,
20872,
L]

=3802,

5174,
1164837,
@,

2.
295442,
118476,

Q.
100222,

22371,



500
1,900
1,000

000

000

000

000

«000

000
1.,m00
1,000
1,000
1,000
1,000
1,000
1,000
008
300
o0
200
000
«200
.00
.00
202
000
.000
2000
000
200
«200
000
.000
.000
.008
000
.000
.00

-

000
000

500
1,900
1,000

.000

000

000

000

000

.000
1,000
1,000
1,000
1.000
1,000
1.000
1,000
.000
300
000
020
+000
000
000
000
000
000
000
000
.000
000
200
«000
000
000
000
000
000
000

-

Output (Continued)

500
1.920
1,000

200

000

.000

000

.200

000
1.000
1,000
1,000
1.000
1.000
1.000
1,000
.N00
.300
200
000
«0920
.000
,000
.000
.000
000
<200
.000
200
200
.00
.020
.000
.000
0002
.000
.000
.000

Py

23
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Appendix C. FORTRAN Listing of the Computer Program BSAM

GENERAL HYDROLOGY MODEL +BSAMw» 7/16/78

COMMON/BLK Y /LABL (80) ,AGW(24),EMS(12),PKCMI(12),IDTH(12),BASI0(13), 39
IRES(14),PR(120),PDL(12),CKC(12),PKC(L12),CPKC(25,12),4DG(20), c
20UT(68,13) /BLK2/MANG,NCRPH,13B,NSB, IYRB,NYR, IYRN,KR,IRES,1QG0,wH,

IKMN, KMY , JMN, JMX, SMAX, SMIN,CONV,CONPV,CONUR,CONUN, TOLF,DUM(13), ITHX 102

5/BLK3/HD(15,12/+1)

DOUBLE PRECISION LABL,DLAB1,DLAB2

DIMENSION XIN(S,128),XMN(100),XPM(10@),DF (100),081(6),NOP(6),

1PL(180),PH(1082) ,NL(100),NP(100) 1083
KRu§ 33
READ (KR,20@)1TY,IPL,IPRT,ICOL

-

200 FORMAT(513,2E10,3)

IFCITY, LE,M,OR.ITY,GT,6)GO0 TO 99
G0v0(¢,5,8,15,6,25),1TY
EXPLANATION OF OPTIONS

“

ITYs{READ DATA WITH DATPR 106
IPLs) BASIC ONLY IPRT=Q ECHO PRINT INPUT
%2 SUBASIN ONLY IPRTs{ SUPPRESS PRINT
s3e=4 RESERVOIR DATA I1COL®y 8@ COL PRINTER
83 SUBASIN WO HYDROLOGY ICOL®2 132 COL PRINTER

ITvs2 READ INITIAL SET UP-OPERATE AND PRINT
IPL NOT USED
1PRTs@ PRINT WATER SHOWING DIFF  ICOLs1 82 COL PRINTER
=y SUPPRESS DIFF PRINTING ®2 132 COL PRINTER
=2 SUPPRESS ALL PRINT
ITys3 REPEAT WITH SAME DATA
IPRT AND ICOL SAME AS UNDER ITYs2
I1TYsd4 INTERACTIVE SEARCH MODE
IPL s MANG OPTION
IPRT AND ICOL SAME AS ITY 32
ITYaS READ PARAMETERS ONLY=OPERATE AND PRINT
IPL NOT USED 36
IPRT AND ICOL SAME aS ITYs2 3
ITve8 PATTERN SEARCH MODE 187
IPLEMANG OPTION
IPRT AND 1COL SAME A8 ITYs2
READ DATA WITH DATPR 3
CALL DATPR(IPL,IPRT,ICOL)
G0 10 1 ¢
READ SUBASIN DATA«PARAMETERS==OPERATE AND PRINT 3
READ (KR, 200)NPR,MANG, IRES, IQGO, ITMX, TOLF , wH ¢
WRITE(6,227) (BASID(I),Is1,15)

LX)

-
@®

227 FORMAT(1H1284A4) 104

20
20

29
22
29

1
1

2

20
27
19

2

WRITE (6,208) NPR,MANG,IRES,IQGO,ITMX, TOLF,#H

READ(KR,2@1)DLABY, (IDTM(I),I81,12) 105
1 FORMAT(2XAR,1212)

READ (KR,202)DLAB2, (CMS(1),181,12) ¢
2 FORMAT(2XAB,12F5,3)
READ PARAMETERS ONLY OPTION ITYs}
READ (KR,283) (PR(L),L®1,NPR)
3 FORMAT(10F8,3)
WRITE(6,226)(I,1%1,10)
FORMAT (1X3HPARI4,918)
WRITE(6,204) (PR(I),Ie1,NPR) ¢
FORMAT (1X18F8,3)
WRITE(6,201)DLABL, (IDTM(1),1I®1,12)
WRITE(6,202)DLAB2, (CMS(I),181,12)
00 10 I=i,NPR
XINC1,1)ePR(1)
CONTINUE
CALL HYDSM(IPRT,ICOL,0BJ,0AH)
IF (MANGJLE,Q)WRITE(6,206)08J,04H 4
60 TO 1

INTERACTIVE SEARCH MODE
S MANG®=IPL
6 CALL INTACT(NPR,NL,IPRT,ICOL,PR) 41
G0 TO 1 42
PATTERN SEARCH MODE 4
MANGSIPL 49
CALL HYDSM(4,1,0BJ,0AH)
0BJ1s0BJ
NLMs@
INITIALIZE PH, PL, AND Ni -
DO 26 I=§,NPR
PL(I)mp,
PH(I . 48
NL(I) ey 4
6 CONTINUE
7 READ(KR,1@@INPS,NPH, (NOP(L),L81,NPH) L}
© FORMAT(2513)
1F (NPH,LE,8,0R.NPH,6T,5) GO TO 1

NPS IS NO OF PARAMETERS TO BE SEARCHED

NPH I8 NO OF PHASES = NOP IS RESETTING OPTION FOR EACH PHASE

IF NOP = ©® RESET TO INITIAL, IF = § RESET TO BEST LOCAL

1F (NPS NE,3080) GO TO 277
CALL HYDSM(IPRT,ICOL,08J,04H) 63
WRITE(6,206) 0BJ,0AH 64
FORMAT (6H@OBJ ®F15,2,5X5H0AH sF15,1) 108
G0 T0 27 L]
7 DO 28 Is1,NPS [

READ (KR, 181) L/NLL,PLL,PHL
1 FORMAT(214,2E10,5)
IF(L,LE.B,0R,L.GT,62) GO TO 27
NP (1)L 4
NL(L)sNLL
PLCL)=PLL 67
PH (L) =PHL 50
CONTINUE
0BI(1)=0BJ 51
AH = OAH 52
INITIALIZE MINIMUM CONDITIONS
PHMNSOBJ 53
PRMNS0BJ 4
D0 30 L=i,NPR
RLSNL (L)

S

@

24

XMN(LYesXINCY, L)

XPM(L)sXINCL,L)

DF (L) s (PH{L)=PL(L))/RL

CONTINUE

WRITE NUT HEADINGS FQOR PaAR N PL PH AND DF
WRITE(6,102)

FORMAT (1HD 4X,3MPAR,3X2nNL1OX2HPLI3IX2HPH]IX2HDF)
DO 3% LL®y,NPS

LeNP(LL)

WRITE(6,183) L,NL(L),PLCL),PH(L),DF (L)
FORMAT( 1x17,15,3F15,5)

CONTINUE

IF(NPS,GT,1) GO TO 39

JaNP (1)

NLUSNL (J)*y

IF(NLOLLE,1) GO TO 27

WRITE(6,106)

FORMAT (3X2HIPIX2HLVAXIHPAR]2XIH0BJ12XIHOAH] 1X4HGRAD)
0O 38 Isi,NLO

Xlsle=y

1F(DF(J),E0,2,)G0 YO 27

PR(J)sPL (J)*DF(J)ex]

08J1=0BJ

CALL HYDSM(4,1,08J,04H)

GRADsEQ,

1F(I1.,EQ,1)60 TO 37

IF(DF(J).EC.2,) GO TO 37

GRAD® (DBJ=0BJ1)/DF(J)

CHECK FOR CONSECUTIVE IMPROVEMENT AND IF NOT IMPROVED FOR 3 TIMES

THEN TERMINATE SEARCH

1P (GRAD,LT,2,)G0 TO 36
NLMaNLMe{

G0 T0 W7

IF(NLM,GT,a)NLMeg

WRITE(8,107) J,1,PR(J),0BJ,0AH,GRAD
FORMAT (2X13,2X13,F10,3,3F15,3)
IF(NLO.EQ,2) GO TO 27
IF(NLM,GT,3)60 TO 27

CONTINUE

GO0 TO0 27

BEGIN PHASE [OOP

009@ Kuy,NPH

TAKE NEW PAGE WRITE PHASE ONE INITIAL VECTOR
WRITE(6,104)K,PHMN, (1,181,10)
FORMAT (1H120xSHPHASELY, 2XxSHPMIN®F{5,3/{XIHPARL2,918)
WRITE(6,105) (XIN(K,L),Lsy,NPR)
PORMAT (1X10F8,3)

WRITE(6,106)

BEGIN PAR LOOP

DO 88 JJs={,NPS

JeNP (JJ)

NLOSNL (J) ¢t

IP(NLO,LE,2) GO TO 80
DisXIN(K,J)e,0005
D2sXIN(K,J)=,0003

BEGIN INCR LOOP

NLMeQ

00 7% Isi,NLO

IF(1.67,1) GO YO 42

0BJ1=0BJ

GRADsQ,

DSsDF (J)

IF(DS,EG,0,)G0 TO 68

XIn(lel)

PR(J)sPL(J)+DS*X]

D3sPR(J)

IF(D3=D2)49,41,41
IF(D3=D1)42,42,49
IF(NOP(K))49,60,49

OPERATE MODELS AND DETERMINE OBJECTIVE FUNCTION

CALL HYDSM(4,1,0BJ,0AH)
GRAD=®,

IF(I1.EQ,1)60 TO 47

GRAD= (0BJ=0BJ1) /DS
IF(GRAD,LT,2,)G0 TO 46

NLMeNLMey

GO TO 47

IF(NLM,GT,B)NLM=D
WRITE(8,107)J,I,PR(J),0BJ,0AH,GRAD
GO TO 65

OBJ=0BI(K)

GRAD=D,

IF(1.,E0,1)G0 TO 64

GRAD= (0BJ=0BJS) /DS
IF(GRAD,LY,0,)G0 TO 63

NLMaNLMe1

GO 70 64

IF(NLM,GT,BINLMeD
WRITE(6,108),1,XINCK,J),0BJ,AH,GRAD
FORMAT(2XI3,2H «13,F10,3,3F15,3)
0BJ1=0BJ

IF NEw PAR, INITIALIZE LOCAL MIN
IF(1.GT.1) GO TO 67

PRMNSOBJ

XMN(J)SPR(J)

CK LOCAL AND PHASE MINS

GO 7O 8§

IF(0BJ=PRMN)50,51,51

PRMNROBJ

XMN(J)=PR(])

IF(0BJ=PHMN)S2,55,55

PHMNEOBJ

DOS3Le1,NPR

XPH(L)sPR(L)

IF NO IMPROVEMENT IN OBJ FOR 3 CONSECUTIVE TIMES, GO TO NEXT



LX)

Program Listing (Continued)

PANAME TER IF(L.LE,®,OR,LsGT,NPRL) GO TO 60
S5 IF(NL™,GE,3)60 TO 68 IF(N.LE.B) 6O TO |
7@ CONTINLE ENsN
RESEY PR(J) YO FIXEC LEVEL FOR NEXT PaR, NFaNey
68 IF(NNP(K)=1)71,72,72 DXw (P2=P1)/EN
71 PR(JYEXIN(X, ) ¢ IF 88k E ON SUPPRESS PRINT
G0 TC 8@ ocT 23412
72 PR{JYsXMN(]) J .85
80 CONTINUE J .70
NCQPIAOP (k) 65 WRITE(6,105)
IF(NCEPLEQ, 1) GN Y0 83 105 FORMAT(OM PAR STEPSXIWVALI4XIHOBJ17XIHOAN)
81 DO82Ls1,NPR 7@ TYPE 105
82 PR(LISXMN(L) DO BA Isi,NF
CALL hYDSM(4,1,08],04n) Eljel=y
PRMNSCRJ PR(LISPI*EI1eDX
SELECT BEST VECYNAR FNR LEXT PwASE CALL »YDSM(4,1,0BJ,0AH)
83 IF (PRMNePHMN)84,86,86 4 IF SSw E ON SUPPRESS PRINT
84 DOBSLE],NPR OCT 23410
XINCKeg,L)sxXMNIL) J W74
85 PR(LISYMN(L) J %4 ]
60 T0 88 74 WRITE(S,106)L,1,PR(L),08J,0AH
86 DOB7Ls1,NPR 7S TYPE 106,L,1,PR(L),08J,04AH
XIN(Ket,L)sxPM(L) 186 FORMAT(214,F9,3,2F20,3)
87 PR(L)sXPM(L) 1P (N,LE,1) GO TO 1
88 CALL HYOSM(IPRT,ICOL,08J,CAN) 80 CONTINUE
081 (ke1)s0BJ GO Y0
ANSOAM c IF SSW D ON CONTINUE IN INTERACTIVE MOOE
98 CONTINUE 90 ocT 23420
WRITE QUT INITIAL VECTOR TABLE E 1)
NHPONPHe J 3
WRITE(6,109) (L,L%1,6),(0BI(L),Lo1,NHP) 99 RETURN
189 :onn;’runannsnxnnxu VECTORS/1x5HPHASEI8, S113/1X3N0BJSF13,Y, END
1r12,
WRITE(S,11P)

110 FORMAT({2X3HPAR/)

0091 L=y, ,NPR
91 WRITE(S,111)L, (XIN(M,L),M81,NHP)
111 FORMAT(IXI3,6F12,))

G0 70 1
99 Srop ¢ INPUT OF BASIC DATA ¢«DATPRew
END SUBROUTINE DATPR(IPL,IPRT,ICOL)
COMMON/BLK S /LABL (60),AGW(24),CMS(12) PKCMI(12),IDTM(12),BASID(15),
{RES(14),Pk(120),PDL(12),CKC(12),PKC(12),CPKC(25,12),HDG(15),
20UT(60,13) /BLK2/MANG,NCRPH,18B,NSB, IYRB,NYR, IYRN, KR, IRES, 1GG0, WH,
IKMN, KMX , JMN, JMX, SMAX , SMIN, CONV, CONPV, CONUR, CONUN, TOLF,DUM(13) , ITMX
S/BLKI/HD(15,12/1)
INTERACTIVE CALIBRATION SUBROUTINE DOUBLE PRECISION LABL, DL
SUBROUTINE INTACT(NPR,NL,IPRT,ICOL,PR) DIMENSION N(l!)vCAC(ZS).!l(25J:DCA(25)'PCAP(25),FHT(ID),DD(12)
DIMENSION NL(1),PR(1) C e+ IPLsi BASIC DATA ONLY
CALL HYDSM(4,1,08J,0AK) C ev IPLa2 SUBBASIN DATA ONLY
3 NPRISNPR C ee IPL®3 OR 4 RESERVOIR DATA ONLY
1Le0 € s IPLES ACREAGE AND PARAMETERS ONLY
$8W OPTIONS 1F (1COL,LE,0,OR,ICOL,GT,2) ICOL®)
D ON STAY IN INTERACTIVE MODE 1 GoTO(18,30,200,200,30),IPL
IF 88w E ON SUPPRESS PRINT 10 READ (KR, 5@@)NCROP,NPHRT
ocT 23430 S00 PORMAT(2513)
J .2 NCRPHaNCROP+NPHRT
3 1S READ(KR,501) (HDG(I),I01,15)
2 unxre(a,x:;:(x,xux.la),r!RKX).X-l.Nﬁl! 501 FORMAT (20A4)
111 ronnAr(/xxsupAnxa,pr/(xxlara 3) 1F(IPRT,EQ,0) WRITE(6,502) (HDG(I),Is1,15)
WRITE(S,112)08J,0AK 502 FORMAT (1H120A4)
112 PonnAvts« 0BJeF15,5, 10X4H0AHSF15,1) READ (KR, 3083) (LABL(I),Is1,60)
1 TYPE 1@ 563 FORMAT(1048)
100 ruwnAr(aunznyzﬂ PARAMETER NO AND VALUE/) IF(IPRY,EQ,@)WRITE(6,504) (I,LABL (1), a1,60)
ACCEPT 181,L,0 S04 FORMAT((1X6(14,1XA8)))
101 FORMAT(IS,F15,5) READ (KR,S5@5)DLAB, (PKCMI(1),1%1,12)
1F(L.LE,®,0R,L.GT,NPR{)GO TO 15 505 FORMAT(2XA8,12F5,3)
IF SSW E ON SUPPRESS PRINT 1P (IPRT,EQ,Q)WRITE (6,506)DLAB, (PKCMI(I),101,12)
0CT 23442 508 FORMAT(1XA8,12F6,3)
J .s CeeeeeREAD IN PROPORTION DAYLIGHT uouas AND USE COEFFICIENTS
J READ (KR,508) DLAB, (PDL(1),Is1,
[] unxr:ta 107)L,PR(L),D 1F (1PRT,EQ, n)uRITEtS.SBﬁ)DLAB,(PDL(X) Iey,12)
107 ronun(un CHANGE nns SH FROMF15,5,3H TOF15.5) DO 20 L=1,NCRPH
10 TYPE 182,L,PR(L),D READ (KR, 505) DLAB, (CPKE (L, 1) ,In,12)
102 FORMAT (1BHCHANGE PARIY,SH FRONF13,5,3 TOF15,5) 1F(IPRT,EQ,@)WRITE(6,507)L,DLAB, (CPKC(L,I),In1,12)
PR(L)eD 507 FORMAT(1XI2,A6,12F6,3)
ILsILet 20 CONTINUE
NL(IL)-L C e#e WRITE INITIAL DATA
60 10 GO 1O 300
18 !r(L.Eo 200) GO TO 6@ € wes READ SUB=BASIN DATA
1P (L. NE,30@)GO_TO 20 30 READ(KR,508)18B,IYRB,NYR, (BASID(2),I%¢,15)
CALL HYDSM(IPRT,ICOL,08J,0AH) 508 FORMAT(12,2185,8X1544)
IF L = 300 PRINT ALL TABLES WWEN RUNNING HYDSM 1YRNSIYRBeNYRe!
GO TO 90 IF(IPRT,EQ.1) GO TO 38
20 IF(IL,LE.B) 50 TO 1 WRITE (6,507)
1F SSW E CN SUPPRESS PRINT WRITE (S, saoaxss,!vns.lvnu,(aAa!ncx),x-;,xs)
ocT 23410 505 FORMAT ({XIHSUBI2,IS,3H TOIS,2x15A4)
1 .25 Cee  READ CROP AND PHREATOPHYTE ACREAGES
J .35 35 DO 4P 1=t,25
25 WRITE(6,110) (NL(I),1e1,1IL) CAC(1)e0,0
110 FORMAT (1XBHPAR CHNG2413) 40 CONTINUE
35 TYPE 112,0BJ,0AM SPAC=0,0
43 CALL HYDSM(4,1,08J,04H) SCACSD, R
L0 READ(KR,106) (I1(1),DCA(I),I81,NCRPK)
46 TYPE 112,08J,04H 106 PORMAT((10X7(13,F7,08)))
IF S8k E ON SUPRESS PRINTING DO S0 Isi,NCRPH
ocT 23430 LeIt(1)
J .50 IF(L.LE,8) GO TO 50
J ol CAC(L)=DCA(I)
S0 WRITE(6,112) 0BJ,04K IF(L.GT,NCROP) GO TO 45
GO T0 ¢ SCACRSCAC+CAC(L)
Cee  ITERATION MODE 60 TO Se
60 TYPE 103 45 SPACRSPACeCAC(L)
103 FORMAT (47HENTER PAR, NO STEPS, INIT VALUE AND FINAL VALUEY) 50 CONTINUE

ACCEPT 184,L,N,P1,P2
104 FORMAT(215,2F15,5)
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Program Listing (Continued)

READ (KR, FMT)IX, (DD (K),K®1,12)

4 REAC URBAN LAND AREA AN[ UNDEVEL"PEU LA%U ARED
READ (KR,510) URLAD,UNDLAD DO 145 K®1,12
S10 FORMAT(1AX2F12,7) HD (I, K,J)SHD (I K, J)oDD(K)w1D e vIX
TOTASURLND#UNOLND#SCAC#SPAC 145 CONTINUE
C eee COMPUTE PROPORTIONS 158 CONTINUE
00 60 Is1,NCRPX 170 CONTINUE
1F(1,6T,NCROP) GO TO 5% C ees WRITE DATA BY TYPE AND YEAR
PCAP(1)sCAC (1) /SCAC C e+ HYDKROLOGIC ¢+
G0 10 60 1P (IPRT,E0,1) GO TO 300
55 PCAP(1)8CAC(1)/SPAC WRITE(6,523)
60 :guutsxu)m € 523 PORMAT (1X1SHHYDROLOGIC DATA)
C ewe COMPUTE SCALE FACTORS 00 198 181,18
CONVESCAC/12,0 NNSN (1)
CONPVESPAC/12,0 1P (NN,LE.2)GO TO 190
CONURSURLND/12. DO 185 Jei,NYR
CONUNSUNDLND /12, $Ssa,
CONTOTETOTA/12, D0 180 K®1,12
C e¢ COMPUTE WEIGHTED USE COEF, $88SSeHD (I ,K,J)
DO AN Iei,12 180 CONTINUE
SPKCeD,@ LYRPSIYRB+J=y
sckcup, 0 IF(ICOL.GE,2) GO TO 183
D0 78 Lsi,NCRPH WRITE(6,524)1,LYRP, (HD(I,K,J),Ku1,12),88
SCPCPKC(L,1)#PCAP(L) 824 FORMAT(1XI3,15,6F12,2/(9X6F12,2))
IF(L.GT,NCROP) GO TC 7¢ G0 T0 185
SCKCOSCKC+SCP 183 1F(1,67,2) GO TO 184
GO Y0 75 WRITE(6,529)1,LYRP, (HD(1,K,J),Ke1,12),88
78 SPKCESPKC+SCP 520 FORMAT(1X13,15,12F9,3,F12,3)
75 CONTINUE 60 T0 185
CKC(1)m8CKC 184 WRITE(S,328)1,LYRP, (HD(I,K,J),Ke1,12),88
PKC (1) m8PKC 528 FORMAT(1XI3,15,12F9,0,F12,0)
80 CONTINUE 185 CONTINUE
C e¢e WRITE OUT DATA UP TO THIS POINT 198 CONTINUE
IYRN sIYRB oNYRe} G0 10 Je@
1F(IPRT,EQ,1) GO TO 100 c READ RESERVOIR PARAMETERS
WRITE(6,511) 200 READ(KR,525) (RES(I),1s,14)
811 PORMAT({X{QHLAND AREAS) 525 FORMAT(10X,7F10,0)
WRITE(6,512) xvu::;.ggag) GO0 TOo 30
512 FORMAT (BXQHCROP LANDSXSHPHR LANDSXBHURB LANDBXBHUND LAND WRITE (6,
' laxuuvénf uno)L g - 526 PORMAT ({X20HRESERVOIR PARAMETERS)
WRITE(6,313)8CAC, SPAC,URLND,UNDLND,TOTA WRITE(6,527) (1,RES(1),1s1,14)
513 FORMAT(1X5F16,2) 527 FORMATC(1X5(I5,F108.2)))
WRITE(6,514) 300 RETURN
814 PORMAT({X32HINCH TO AC=FT CONVERSION FACTORS) END
WRITE(6,518)CONV,CONPV,CONUR,CONUN,CONTOT
S13 PORMAT({XS5F16,6)
WRITE(6,517)
817 FORMAT ({X27HCROP AND PHREATOPHYTE ACRES)
WRITE(6,518) (1,CAC(I), ey, NCRPH)
818 FORMAT((1X6(15,F8,0)))
WRITE(6,519) c PRINT SUBROUTINE
819 FORMAT(1X17HPROP CROP AND PHR) SUBROUTINE PRNT(J,IDF,1C0L)
WRITE(8,520) (1,PCAP(I),Ia1,NCROP) COMMON/BLK Y /LABL (60) , AGW (24) ,CM8 (12),PKCMI(12),I0TH(12),BASIO(15),
520 FPORMAT((IX8(I3,F10.6))) SRES(14),PR(120),POL (12),CKC(12),PKC(12),CPKC(25,12),HDG(15),
KaNCROP+1 20UT (82, 13) /BLK2/MANG ,NCRPH, 188,NSB, IYRB,NYR, IYRN,KR, IRES, IQGO, WH,
WRITE (6,520) (1,PCAP(1),1aK,NCRPH) IKMN, KMX, JUN, JMX, SMAX , SMIN, CONV, CONPV,CONUR,CONUN, TOLF,DUM(13) , ITMX
WRITE(6,521) 5/BLKI/HD(15,12+1)
821 FORMAT(1X34HWEIGHTED CROP AND PHR COEFFICIENTS) DOUBLE PRECISION LABL
WRITE(6,522) (CKC(X),101,12) LYRPSIYRBeJey
822 FORMAT(1X12F6,3) c IF I0Fs@ PRINT GAGED ¢ DIFF
WRITE(6,522) (PKC(1),181,12) c sy SUPPRESS PRINTING GAGED + DIFF
180 IF(IPL.EQ,3)RETURN 4 a2 OR GREATER SUPPRESS PRINTING = GO TO BAPLOT
€ ess INPUT HYDROLOGIC DATA ¢ 1F 1COL *i 87 COLUMN PRINTER
c DATA I8 READ IN THE FOLLOWING ORDER AND STORED IN HD(I,K,J) 3 #2 132 COLUMN PRINTER
4 I s {18 TEMP, T 4 SET UP FOR WATER OR WATER ¢ RESERVOIR
¢ 2 18 PRECIP, PPT 1F (10F,GE,2) GOTO 199
c 3 I8 RIVER INFLOW, RIV c INITIALIZE ON FIRST CALL
c 4 18 TRIBUTARY INFLOW, TRIB 1F(J.GT.1) GOTO 5
c S I8 UNGAGED CORRELATION INFLOW, 9COR NTsy
3 6 IS CANAL DIVERSIONS, CNL NTi=8
[ 7 18 GROUNDWATER INFLCW, QGI NT209
[ 8 1S GAGED OUTFLOW, GAG NT3243
c 9 1S PUMPED WATER FROM THE SHALLOW ACQUIFER, QPUM NT4sd4
c 10 IS M AND I DIVERSION, EMIDIV NTS=4S
c 11 IS RESERVOIR INFLOW, RIN NT6eSY
[ 12 18 REQUIRED MINIMUM-RESERVOIR RELEASES TO STREAM, REL NOFeNT3=1
c 13 1S RESERVOIR IN BASIN RELEASE FOR CANAL, ARD IF(ICOL,LT,1,0R,ICOL,GT,2) ICOLeY
c 14 1S RESERVOIR EXPORTS FROM THE BASIN, REXP 5 WRITE(S,180) (BASID(I),Is1,15),LYRP
4 15 18 BASIN EXPORTS FROM THE STREAM CHANNEL, BEXP WRITE(6,101)
READ (KR, 500) (N(1),181,15) 100 FORMAT (1H115A4,5X4HYEAR]S)
DO 120 I%1,18 101 FORMAT ({XSHWATER/)
DO 120 Kei,12 G0 TO (1@,150), ICOL
DO 120 J®i,NYR 4 80 COL PRINT LINE
HD(I,K,J)s0, ¢ IPG@ FOR FIRST PAGE AND 1 FOR 2ND PAGE
120 CONTINUE 10 1PGs0
DO 170 181,18 WRITE(8,118) (HDG(I),1s1,7)
NNaN (1) “ 115 FORMAT(6XA4,8%A4,5(7XA4)/)
1F (NN, LE.0)60T0170 60 T0 21
IF(1,67,2)60T0 147 20 WRITE(6,116) (HDG(I),188,15)
€ e+ INPUT TEMP AND PPT 116 FORMAT(//1XA4,4XA4,6(7XA4)/)
XCuNN 21 DO 25 IsNT,NTY
COLs1,2/XC 1F(IPG.EG,1) GO TO 23
READ (KR, 501) (FMT(L),L=1,10) WRITE(8,118)1,LABL (1), (OUTCI,L),Le1,6)
00 130 L=i, NN 118 FORMAT(1XI3,1XA8,6F11,3)
DO 125 Js§,NYR 60 T0 25
READ (KR, FMT) (DD K),Ks1,12) 23 WRITE(6,119)1,(0UT(I,L),Le7,13)
00125 Kai,12 119 FORMAT(1XI3,7F11,3)
WD (I,K,JI®HD (1sK,J)¢DD(K)*CDL 25 CONTINUE
125 CONTINUE DO 30 TeNT2,NT3
130 CONTINUE IF(1,GE,NOF,AND,IDF,GT,0) GOTO 35
o ro 170 IF (IPG,EQ,1) GOTO 33
€ e¢ INPUT STREAMFLOW DATA WRITE(6,12M)T,LABL(I), (OUT(I,L),L®t,6)
140 READ(KR,501) (FMT(L),L%1,17) 120 FORMAT(1XI3,1XA8,6F11,0)
DO 150 Lwi,NN G070 30
00145 Jsi,NYR 33 WRITE(6,121)1,(0UT(I,L),L*7,13)

121 FORMAT(1XI3,7F11,8)
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Program Listing (Continued)

30 CONTINUE 4 1F IPRT ® @ PRINT ALL LINES
35 IF(IRES,GE,1) GOTO 38 4 1 SUPPRESS PRINTING OF GAGED AND DIFF
IF(1PG,GE,1) GOTO 199 3 2 OR GT SUPPRESS ALL PRINT
GOTO 6% 4 IF 1COL ® 1 80 COLUMN LINE PRINTER
c ouTPUT R:s:nvo!n DATA t 2 132 COLUMN LINE PRINTER
38 WRITE(S,1p8) c INITIALIZE OBJECTIVE FUNCTIONS

188 vounA?tilxenn:s:nvnzn) CHGWS#D,

IsNT4 0BHED, 0

IF(IPG,EQ,1) GOTO 40 0ANSD,0

WRITE(E,118)1,LABLCI), (OUT(L,L),Ls1,6) SCHGWeD,

GOTO 48 SMSTRCu (SMC=CSM) /SMC

40 wnxT!(e.l:o)!,(ouYtl.L),L-7.13) (4 INITTALIZE SNOW, GROUND WATER, SALT IC'S
45 DO 5P TaNTS,NTE SNWi s8N

1F(1PG,EQ,1) GOTO 4 GWiaGW}

HRXTE(C,I:O)!'LABL(I)'(DUY(I:LJ'Lll.G) SMiaSMI

G0TO S0 ARF{8DP]

a8 kaTE(l.l?l)l;(0UT(I:L),LI7»18) PTuni,=EAP
5@ CONTINU GWCNICHENT
6@ IF(IPG, Gl.l) GOTo 1653 00 12 Lsi,12
65 1PGsy Kl-LOAO

WRITE(6,122) LYRP Kape12

122 FORMAT(1H{14) AGntK)-PRtlla
G0TO 20 10 CONTIN

c 132 COLUMN PRINTER XF(DYA.GE.!!.! OTA®=11,99999

150 WRITE(6,1@5) (HDG(1),1s1,7),(HOG(I),189,18) IDTASDTA

105 FORMAT(6XAM,6XA4,11(5XAd),7XA4/) RIDTASIDTA
DO {55 ISNT,NTI IF(IDTA,LE,D) GO TO 15
WRITE (6,186)I,LABL(I), (OUT(I,L),L®1,13) P{sAMOD(DTA,RIDTA)

106 FORMAT(31XI3,1%XA8,12F9,3,F11,3) GO TO 20

153 CONTINUE 15 P1eDTA
DO 156 IaNT2,NT3 20 POsy, =P}

IF(1,GE,NOF ,AND,IDF,GT,2) GOTO 157 € DO FOR EACH YEAR

WRITE(6,107)1%,LABL(I), (OUTCI,L),L01,13) DO 200 J®i,NYR

107 FORMAT({X13,1XA8,12F9,0,F11,0) c INTTIALIZE ANNUAL VALUES

156 CONTINUE DO 25 Lsi, 60

187 IF(IRES,EQ,8) GOTO 199 OUT(L,13)e0,

c QUTPUT RESERVOIR DATA 2% CONTINUE

WRITE(6,108) 00 3@ Lsi,12

TsNT4 AGW (L) BAGW(L*12)

WRITE(6,106)1,LABLCI), (OUTCI,L),Le1,13) AGW(L+12)00,0

DO 160 ISNT5,NTS 30 CONTINUE

WRITE(6,107)1,LABL(I), (OUTC(I,L),)Lo1,13) [4 DO FOR EACH MONTH

160 CONTINUE 00 198 K®y,12

168 IF (JLNE,NYR) GOTO 199 KCim0

[ WRITE RESERVOIR EXTREMES 42 CALL HSP(T ,J,K,1)

IKMNe Y CALL HSP(PPT,J,X,2)

IKMXs CALL HSP(RIV,J/K,3)

IF(KMN,GT,6) IKMN#2 CALL HSP(TRB,J/X,4)

IF (KMX,GT,6) IKMX®2 CALL HSP(QCOR,J,K,5)

WRITE(6,100) CALL HSP(CNL,J/K,8)

109 FORMAT(/iX{8HRESERVOIR EXTREMES) CALL HSP(GGI,J/K,?)

KIBKMX®IKMY CALL HSP(GAG,J, K,8)

WRITE(6,110) SMAX,HDG(KI),JMX CALL HSPCQPUM,J,K,9)

110 PORMAT({XF15,0,)7H AC=FT 44,16) CALL HSPLEMIDIV,J,K,10)
KInKMN+IKMN CALL WSP(BEXP,J,K,18)
WRITE(6,110)SMIN,HDG(KI) ,IJMN

199 CALL BAPLOT(J,NYR,0UT)

RETURN .

END RELe0,0

€ e++ SUBROUTINE DOUT wes IF(IRES,E0,8) GO TO 45

SUBROUTINE DOUT(K,L,XD,kTYPE) CALL HSP(ARD,J/K,13)

COMMON/BLK /L ABL(68),AGW (24),CM8(12) ,PKCMI(12),10TM(12),BASID(15), SCNReg@,
IRES(14),PR(120),PDL(12),CKC(12),PKC(12),CPKC(25,12),HDG(15), IF(CNL,LE,D,) GO TO 44
20UT(60,13) /BLK2/MANG,NCRPH, 188 ,NSB, IYRB,NYR, IYRN,KR, IRES, 1GGO, WH, SCNRe®ARD/CNL
SKMN KMX ) JMN ) JMX ) SMAX ) SMIN, CONV,CONPV,CONUR,CONUN, TOLF,DUM(13),ITMX 44 IF(SCNR,LE,®,) SCNRsPR(42)
5/BLK3/HD(15,12/1) 43 TEMPETeTAJ

DOUBLE PRECISION LABL GWINSQGI*GWA

¢ KTYPE 8@ RETURN CNL®CNL#CNA

c 1 SuM EMIDIVMEMIDIV#DMIA

c 2 AVERAGE N CFEMI8PKCMI (K)*CUMIA

c 3 LAST MONTH c COMPUTE POTENTIAL EVAPTRANS

TF(KTYPE,LE,0,0R,KTYPE,GT,3) GOTO 99 CALL BCCUCTEMP,PDL(K),CKC(K),EKT,ETF,PET)

OUT(L,K)®XD ETPaPETeCUA

GOTO (80,85,98) ,KTYPE PHET®PKC (K) vETF

80 OUT(L,13)80UT(L,13)exD c CALCULATE EVP FOR OPEN WATER FOR USE IN RESRV
GOTO 99 EVPeCPKC (NCRPH/K) vETF

85 OUT(L,13)0UT(L,13)exD/12, c DETERMINE RAIN,SNOW AND SNOWMELT
60T0 99 50 RAIN®G,

9@ OUT(L,13)80UT(L,K) SNMTs2,0

99 RETURN IF(TEMP,GE,TPR) GO TO 55
END SNW{aSNWi+PPY

GOTO 60

55 RAINSPPT

68 DTMRTEMP=TSM
IF(DTM,LE,0,) GO TO 75
1F(SNW1,LE,8,) GO TO 75
XMTKSSNK#DTH

c INITIALIZE SNOW, GROUND WATER, SALT IC'S
Cowee HYDROLOGIC SIMULATION e¢¢HYDSMeve 1F (XMTK,GE,85,) GO TO 65

SUBROUTINE HYDSM(IPRT,ICOL,08J,0AH) SNW28SNW1eEXP (=XNTK)
cnnnoN/aLxszABL:aa),Acu(zaa.cna(n:).nxcn!(x:).xovn(xaa,s‘sxotls), 60T0 70
1RES(14),PR(120),PDL(12),CKC(12),PKC(12),CPKC(25,12),HDG(1S), 65 SNw2wp,

20UT(60,13)/BLK2/MANG,NCRPH, I88,NSB, IYRB,NYR, IYRN,KR, IRES,1GG0, wWH, 70 SNMTeSNWi=SNW2
SKHN,Knx,JMN,JMK,SHA!,!MIN,tONV'EONFV,CONUR,CONUN.YOL',DUN(13):IVHI IF(SNWL.LT.SNMT)SNMTSNW]
S/BLKI/HD(15,12,1) 75 RPSMSRAINeSNMT
OOUBLE PRECISION LABL SNWLaSNWieSNMT

EQUIVALENCE (PR(1),8NI), (PR(2),8NK), (PR(3),TSM),(PR(4),TPR), RMPHERPSM#»CONPY

1 (PR(5),COR), (PR(6),CSN), (PR(7),CRN), (PR(8) ,RTH), (PR(9),CTP), c CALCULATE PHREATOPHYTE EY NEEDED FROM INFLOWS
2(PR(18),PTH), (PR(11),8M1), (PR(12),C8M), (PR(13),8MC), (PR(14),0TA), PNET® (PHET=RPSM) ¢CONPY

J(PR(1S), DPI).(Pl(le),DPK),(PR(!?J,CDP)¢(PR(1!),PSF),tPﬂ(ls),ECVJ, IF(PNET,LT,8.,0)PNETSR,0
4(PR(2.),EAF).(PR(Zl):CNI’,(Pl(22):CNK)a(PR(ZSJ:CRT).(PR(ZJ),C!), 4 CALCULATE UNGAGED FLOWS

S(PR(25),C2), (PR(26), C3),(PR(27),GWI), (PR(28),6WK), (PR(29),CG0), UNSMBCSN® (SNMT=STH)

6(PR(30),TAJ), (PR(31),PAJ), (PR(32),CNA), (PR(33),GHA), (PR(34),DMIA), IF(UNSM,LY,B,) UNSMeQ,

7 (PR(35),CUMIA)  (PR(36),CUA), (PR(C37),CGW), (PR(3IB),CUPGH), (PR(39), UNRNSCRN® (RAIN=RTH)

8CUUR), (PR(4@) ,CUUN), (PR(41),PURGH) , (PR(43),8TH), (PR(44),PBST) IF (UNRN,LT,2,) UNRN®Q,
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UNTPECYPe (PPTaPTH)
TF(UNTP,LT,P,) UNTPsR,
AUNGECARCQCNRSUNSMEUNRN L TP
CALCULATE INFLUENT GW
QRIVERIVTRBSAUNG
IF(ARIV,GT,1,) GO TC 8@
STGwee,

50 TC 8%
CINFSCi~C2eAL0GI2(ARIV)
IF(CINF,LT,C3) CINFeCY
STGWSCINFeQRIV

CALCULATE RUNOFF ANC CONSUMPTIVE USE FROM LAND AREA NF URBAN AND

UNDEVELOPED LAND AND PRCPCRTION TO Gw
PCPURLUMRPSMe (CONURSCONIN)
URUNCUSRPSMs (CONUR®CUURCONUNSCUUN)
URSFePCPURU=URUNCU

URGWELURSF¢PURGHW

URSFRURSF=URGHW
QINSARIVOGPUMSURSF=STGH

CALCULATE PHREATOPMYTE USE
PHSFaPHET «CONPV=RMPH

1F (PHSF ,GT,0,) GO TO 9@
OINSOIN=PHSF

PHSFsQ,

PHGWEO,

GOTO 100

PHGWSPHSFeCUPGW

PHSFSPHSF=PHGW

IF(QIN,GE,PHSF) GO YO 100

PHSFaQIN

IF(PHSF,LT,8,) PHSFsD,

QINSQIN=PHSF

CALCULATE CANAL DIVERSIONS FOR MANAGEMENT MODE
IF (MANG,LE,®) GO TO 118

CALL CANALCCNL/MANG,IDTM(K) ETP,EAP,ECV,PSP,8M1,CHS(K) /RPSH,CONV)

KC2e0

SEEP{aGWCNICZCRT

SEEP®SEEP]

CNL{WCNL

RESERVOIR OPERATION

1P (IRES,NE,1) GO 7O 120

IF IRES & @ NO RESERVOIR
a { THEN TRIBUTARY OR UPSTREAM RESERVOIR
s 2 THEN DOWNSTREAM RESERVOIR

ARDRCNL ¢SCNR

CNLSCNL=ARD

CALL RESRV(J,K,IRES,OUT,HD,RES,PR,EVP,PPT,RIN,ARD,REL,ST/KMN,

1KMX, JMN, JMX, SMIN, SMAX, 1YRB)
CNLSCNL¢ARD
ITERATE HERE TO ABOUT 132 FOR SEEPAGE IN MANAGEMENT MODE
WADROIN®SEEP+REL*ARD=RIN
IF(WAD,LT,@,) WADsD,
CALL URBEMI(WAD,EMIDIV,CFEMI,EMICU,EMIRF)
IF MANGmey LIMIT CNL TO WAD
IF MANGs @ OR 1 USE A8 RECORDED
IF MANG & 2 OR 3 LIMIT TO WAD
1F (MANG,E0,Q,0R,MANG,EQ,1) GO TO 123
IP(CNL,GT WAD) CNL®WAD
GWCNSCNL# (1,~ECV)
GWCNSVaGWEN
ROUTE SEEPAGE WATER FROM CANALS
CALL GWROUT(GWCN,GWCNIC,CNK,GWCN)
SEEPSGWCNeCRT
IF (ABS(SEEP-SEEP1) ,LE,TOLF) GOTO 132
CNL®CNL Y
KC2wKC2+1
SEEP{sSEEP
IF(KC2,LE,ITMX) GOTO 120
WRITE(8,300) J,K,SEEP),SEEP
FORMAT (1X1DHSEEP ITMAX FOR YEARI3,2XSHMONTHI3,2F10,.1)
SPILLSCNL*PSP
QCVe CNL=GWCNSVeSPILL
GWCNeGWCN=SEEP
TWTReQCVPTH
WAGSsQCV=TWTR N
QIGSSRPSMeWAGS/CONV
STRaWAD=CNL+TWTReSPILL
WAPPeQIGSCONV
WAGS 18 DELIVERED WATER BY IRRIGATION CANALS IN ACRE«FT
QIGS IS TOTAL WATER APPLIED TO SOIL IN INCHES
WAPP 18 TOTAL WATER THROUGH THE SOIL IN ACRE«FT
COMPUTE SOIL MOISTURE LEVEL
pPose,
SMiWnSMI+0IGS
IF(SMIW,GT,CSM) DPOm(SMiW=CSM)»COP
SMIWDPuSMiIN=DPO
SM2sSMIWDP=ETP
IP(SM2,LT,0.) SM2sp,
DPaSM2=SMC
1P (DP,LT.8,) GO TO 140
SM2a8MC
GOTOD 3145
DPs0,
IF(SM2,GE,C8M) GO TO 145
ET I8 LESS THAN POTENTIAL
ETTaSM{NDP=CSM
IF(ETY,LT.0,) ETTen,
ETBRETP=ETY
ETb IS AMY OF ETP THAT MUST COME FROM BELOW CRITICAL
AETSETTeETB+SMSTRC
SM28SMIWDP=AET
1F(8M2,67,0,) GO TO 150
SM2s0,
AETaSM{WDP
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6070 150
145 AETSETP
150 DPaDP+DPO
Cees CROPLAND DP ROUTED TO GW
KIDTASK+IDTA
AGW(KIDTA) sDPePOSAGW (KIDTA)
AGWCKIDTA®1)wAGW(KIDTA+1) +DPeP
CALL GWROUT(ARF2,ARF1,DPK,AGK (K))
ARFRARF2eCONV
Cees CALCULATION OF SPRING FLOW AND RETURN FLOW DIVERTED TO CANALS
DUMSPSGWCN+ ARF+STGWsURGH
ARF{wARF2
SMAVE (SM1+8SM2) 0,5
SM1s8M2
GWCNICOGWCNSEEP
Cese ROUTING OF GW THROUGH BASIN
GGWRGWINSDUMSP=0PUM=PHGH
CALL GWROUT(GOZ,GW1,GWK,GGHW)
Cevs LIMIT Q02 TO BE GE @
1F (10GO(NE,@) GO TO 160
1F(Q02,LT.0,)002s0,
160 GG0s002
GW1eG02
CHGWaGGW=QG0
GWOs0GO*CGO
GEFsQGO=GND
¢ PROPORTION OF GAGED SURFACE RUNOFF SRF
SRFuSTR¢GEF=BEXP
IF DOWNSTREAM RESERVOIR THEN SRF BECOMES INFLOW TO RESERVOIR
AND OBH AND OAM ARE BASED ON DS, THE CHANGE IN RESERVOIR STORAGE
1P (IRES,LE,1) GOTO 168
CALL RESRV(J,K,IRES,OUT, HD,RES,PR,EVP,PPT,SRF,ARD,REL,ST/KMN,
IKMX, JMN , JMX , SMIN,SMAX, IYRB)
QSQesY
G070 170
163 Q80=SRF
178 DIFFs QS0=GAG
OBHeOBH+DIFFeDIFF
AETTRAETCONV
XSMaSM{e¢CONV
DPsDPeCONV
c CALL DOUT
21 CALL DOUTC Kk, 1, T,2)
CALL DOUTC K, 2, PPT,1)
CALL DOUTC K, 3, SNMT,1)
CALL DOUT( K, 4, SNWi1,3)
CALL DOUT( K, S, PHET,1)
CALL DOUTC kK, 6, ETP,1)
836 CALL DOUT( K, 7, AET,1)
CALL DOUT( K, 8, SM1,2)
CALL DOUTC K, 9,RIV,1)
CALL DOUT( K,10,TRB,1)
CALL DOUTC K,11,QUNG, 1)
CALL DOUT( K,12, RMPH,1)
CALL OOUT( X,13, URSF,1)
CALL OOUT( K,14, GPUM,1)
CALL DOUT( K,15, STGW,1)
CALL DOUT( K,18, PHSF,1)
CALL DOUT( K,17,  WAD,1)
CALL DOUT( K,18,EMIDIV,1)
CALL DOUT( K,19, EMIRF,{)
CALL DOUT( k,28, CNL,1)
CALL DOUT( K,21,GWCNSV,1)
CALL DOUT( K,22, GWCN,1)
CALL DOUT( K,23, SEEP,1)
CALL DOUT( K,24, SPILL,1)
CALL DOUT( K,25, OCV,1)
CALL DOUT( K,26, TWTR,!)
CALL DOUT( K,27, WAPP,1)
CALL DOUT( K,28, AETT,1)
CALL DOUT( k,20,  X8M,3)
CALL DOUT( K,30, DP, 1)
CALL DOUT( K,31,  ARF,1)
CALL DOUT( K,32, GWIN,1)
CALL DOUTC K,33, URGW,1)
CALL DOUT( K,34, PHGH,1)
CALL DOUT( K,35, 0GO,1)
CALL DOUT( K,38, GEF,1)
CALL DOUT( K,37, CHGW,1)
CALL DOUT( K,38, GWO,1)
CALL DOUT( K,39, BEXP,1)
CALL DOUT( K,48,  SRF,{)
IF (IRES,LT,2) GOTO 180
CALL DOUT(K,41, ST,3)
CALL DOUT(K,42, GAG,3)
G070 185
CALL DOUT( K,41, 0S0,1)
CALL DOUT( k,42, GAG,!)
185 CALL DOUT( k,43, DIFF,1)
190 CONTINUE
COMPUYE OBJECTIVE FUNCTION
OAHSOAH#OUT (43,13)
CHGWSRCHGWS+OUT (37,13)
195 CALL PRNT(J,IPRT,ICOL)
200 CONTINUE
DXBCHGWS=CGW
OBHs (OBH#DX#DX) wWH
0BJ=0BH
RETURN
END

oo
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Program Listing (Continued) ‘

CoewesSUBROUTINE HSP weuw

Cwen

cooon

1

SUBROUTINE H8P(D,J,K,1)

COMMON/BLK]/LABL (60),AGW(24),CM8(12),PKCHMI(12),10TM(12),BASIC(1S),
1RES(14),PR(120@),POL(12),CKC(12),PKC(12),CPKC(25,12),HDG(13),
20UT(6@,13) /BLK2/MANG,NCRPH,188,NSB, IYRB,NYR, IYRN,KR, IRES, 1060, wH,
IKMN, KMX , JMN, JMX , SMAX , SMIN,CONV,CONPV,CONUR,CONUN, TOLF,DUM(13),]1TMX
8/BLK3/HD(15,12+1)

DOUBLE PRECISION LABL

DsHD(I,K,J)

RETURN

END

BLANEY CRIDDLE CU CALCULATION

SUBROUTINE BCCU(T,PDL,CKC,EKT,ETF,PET)

EKTn0,0173¢Ta0.314

IF(EKT,LT,?,3)EKTE0,3

ETFeEKTeTePDL

PETSCKCETF

RETURN

END

CANAL DIVERSIONS FOR MANAGEMENT

SUBROUTINE CANAL (CNL,MANG,IDTM,ETP,EAP,ECV,PSP,EMS,CMS,RPSHM,CONV)

IF MANGse} LIMIT QCNL YO WAD BUT UES GAGED RECORDS

® USE OCNL AS RECORDED

1 CALC OCNL AND USE WITHOUT LIMIT TO SATISFY 7ET
2 CALC QCNL BUT LIMIT TO WAD

3 PUT LEACHING WATER TO ZERD AND LIMIT TQ wWaD

1F (MANG,GE,3) CNLwO,

IF(IDTH,GT,@) GO TO 10

CNLeD,

GO TO %@

EYN-ETP-(RFSMotEMS-CMS))

IF(ETN,LT,0,) ETNRO

CNL-CNLot[rn-:nnv)/(EAV'(ECV-PSF))

58 RETURN

END

SUBROUTINE FOR M3l CU

SUBROUTINE URBEMI(WAD,DIV,CF,CU,RF)
IF(DIV,GT,WAD) DIVEWAD

CusDIVeCF

RFsDIVeCU

WADSWAD=CU

20 RETURN

"N

END

GROUND WATER ROUTING SUBROUTINE
SUBROUTINE GWROUT(QD2,001,XKG,01)
1P (XKG,LE,,@12) GO TO 1
G02=Q1+(Q01=Q1) *EXP (=1, /XKG)

GO0 Y0 2

Q02801

RETURN

END

Cve RESERVOIR SIMULATION ¢ RESRVeewe

0OCOONONNO000NO0NONAON

1

e

SUBROUTINE RESRV(J,K,10P,0UT,H0,RES,PR,EVP,PPT,RIN,ARD,REL,ST,KMN,

1KMX, JMN, JMX, SMIN, 8MAX, IYRE)

DIMENSION OUT(68,1),HD(15,12,1),RES(1),PR(1)

10PsIRESs | IS FOR TRIBUTARY OR UPSTREAM RESERVOIR AND
RIN AND ARD ARE READ INTO WD BY DATPR

2 IS FOR DOWNSTREAM RESERVOIR AND RIN IS

PASSED FROM HYDSM

JeYR, ,KsMNTH,ETFaMOD BC TEMP FACTOR

ARDSACTUAL CANAL RELEASE (WATER OR SALT)

RSReTOTAL RELEASES (WATER OR SALT)

REXPsRES EXPORT

RESERVOIR PARAMETERS, RES, ARE AS FOLLOWS

RES(1) ® INITIAL STORAGE (AC=FT)
2 ® NOT USED (WAS INITIAL SALT CONCENTRATION (PPM))
3 = MINIMUM USEABLE STORAGE (AC=FT)
4 = MAXIMUM ALLOWABLE STORAGE (AC=FT)
5 @ RESERVOIR AREA AT ZERO STORAGE INTERCEPT (ACRES)
6 s C{ COEFFICIENY IN AREA VS STORAGE EQUATION
7 = C2 EXPONENT 1IN AREA VS STORAGE EQUATION
8 = STORAGE LEVEL SEPARATING TWO AREA VS STORAGE EGUATIONS
9 = RESERVOIR AREA AT ZERO STORAGE « INTERCEPT FOR UPPER EQ
18 s C3 COEFFICIENT POR UPPER EQUATION
11 = Ca EXPONENT FOR UPPER EQUATION

12=14 = NOT USED

@ JKeJek

IF (JK,NE,2)GOTO 13

XNI'!ALIIE FIRST MNTH, FIRST YEAR

CBST=y,=PR(44)

STIsRES(1)

CSTIsRES(2)

SMAXSSTI B

SMINsSSTI

JMNalYRB=y

JMXaIMN

KMNa12

KMX®12

SET UP MONTHLY DATA
CALL HSP(REL,J/K,12)
CALL HSP(REXP,J,K,14)
IF(10P,GE,2) GOTO 14
CALL HSP(RIN,J,K,11)
CALL HSPCARD,J/K,13)
BEFORE OPERATIONS
RIN I8 RESERVOIR INFLOW
REL I8 MINIMUM REQUIRED RESERVOIR RELEASE TO THE STREAM SHANNEL
ARD IS IN BASIN CANAL RELEASE
REXP 18 RESERVOIR EXPORT DESIRED

“

29

XX K XaXaXa]

1

2
3

3

3

“

3
35

s

3

~

3

4

41

-

-

10
12

AFTER DPERATIONS

RURL 18 REQUIRED MINIMUM RELFASE

REL 18 ACTUAL RELEASE
REXP 18 ACTUAL EXPORT
ARD IS ACTUAL CANAL RELEASE
DS IS CHWANGE IN STORAGE
ST IS EOM STORAGE
RORL®REL
DSEPSPPT«EVP
CALL AREA(STI,AI,RES)
OPERATE RESERVOIR
DSPDSs (RES(4)=ST1)/CBSTY
DSNEGs (RES(3)=ST1)/CBST
EXRSen,
RSREREL¢ARDREXP
DSTeRINeRSReDSEPeAl/12,
IF(DST,GT,8,) GOTO 20
CASE WHEN DST IS NEGATIVE
IF(DST,GT,DSNEG) GOTO 17
1F (DSNEG.GT,2,) GOTO 30
DSTsDSNEGCBST
GOTD 3@
DSTsDSTeCBST
GOTO 30
CASE WHEN DST 1S POSITIVE
IF(DST,LT,DSPOS) GOTO 17
DSTeDSPOSCBST
STaSTI+DST
IF(ST,LT.1,)8781,
CALL AREA(ST,AE,RES)
AVE(AI+AE)e,S
DSTeRIN=RSR+DSEPeAV/12,

CHECK EOM STORAGE AGAINST MAX AND MIN

IF(DSY,GT,08PO0S) GOTO 33
STeSTI+DSTeCBST
IF(ST,LT.RES(3)) GOTO 34
GOTO 40

CASE OF EXCESS WATER « SPILLS FROM RES

EXRSsDST=DSPOS
RSReRSR+EXRS
RELSREL+EXRS

STeRES (4)

GOTO 40
STCKeST+RSR=RES ()
IF(STCK)35,38,37
$TuSTeRSR

RSRe0, R

RELe2,0

ARDs®,0

REXPm@,0
Ir(ST,LT7,0,0)8Te0,0
GOTO 4@

RSReSTCK

STaRES(3)
IF(STCK,GT.RELIGO TO 38
REL®STCK

ARDs2,0

REXPRQ,D

GO TO 40

RSRX=STCK=REL
IF(RSRX,GT,ARD)GO TO 39
ARDSRSRYX

REXPuD, 8

GO T0 40

REXPSRSRX=ARD
INITIALIZE NEXT MONTHS STORAGE
DSasT=8TI

aTTeSTI

STIaST

CALL DOUT(K,44, EVP,1)
CALL DOUT(K,43, RIN,1)
CALL DOUT(K,46, AV,2)
CALL DOUT(K,47,RQRL,1)
CALL DOUT(K,48, REL,1)
CALL DOUT(K,49, ARD,t)
CALL DOUT(K,52,REXP,1)
CALL DOUT(K,51, RSR,1)
CALL DOUT(k,52, 8T,3)
CALL DOUT(K,53, DS,1)
CHECK EXTREMES
EMX8ST=SMAYX

IF(EMX L!.l 2)G0To 51
SHAXe

JHXIIVRDOJ-l

KMXsK

GOTO 52

EMNBSMINeSY

IF (EMN,LE,8,0)G0 TO 52
SMINEST

JMNa1YRBeJey

KMNeK

RETURN

END

RESERVOIR AREA SUB #eAREAws
SUBROUTINE AREA(S,A,RES)
DIMENSION RES(14)
IF(S,LT,8,0) GO TO 10
IF(S,LT,RES(A)) GO 70 1
C4sRES(11)
AaRES(QJORES(lﬂ)ts'-CO
GoTo

ca-nzstr:
A-RES(SJ‘EES(O)ts'-cz
GoTO0

A-RES(5)

RETURN

END



Program Listing (Continued)

C ee¢ BASIN PLOT SUBROUTINE e¢ BAPLOT
SUBROUTINE BAPLOT(J,NYR,0UT)
DIMENSION 0UY(60,1)

DATA 1PX/8/

Cees PLOT INSERT
CoeennSSW A ON PLOT DATA eever

999 OCT 823600

J .81
IF(IPX,EQ,1) GO TO 2%
998 CALL QSHYIN(IERR,580)
CALL 0SC(3,IERR)
Ces  SET ALL DAC'S TO ZERO AND RAISE PEN
CALL OWLBB('30200,IE)
00 20 lei,8
KKaley
CALL QWJDAR(®, KK, IE)
20 CONTINUE
IPxsy
21 TYPE 204
201 PORMAT(32HSET B ON TO READ PLOT PARAMETERS/29WTURN B OFF TO GO TC
INEXT YEAR/)
[4 #e IF 88W B IS ON READ PLOT PARMETERS w+¢
¢ #e IF SSW B I8 OFF GN TO NEXT YEAR w¢
0CT 025000
0CT 223582
J .80
[4 RAISE PEN
CALL QWLBB('a3@0eR,!E)
READ(6,283) IPLT,IDASH,8C,NXPYR,ID,L0,ILF,ILw, KX, KY
Cee KX AND KY ARE THE DAC CHANNELS FOR PLOTTING
203 FORMAT(I2,13,F10,0,101%)
Cee IPLT IS VAR NO TO BE PLOTTED, IDASH IS NO OF DASHES TO BE DRAWN
Ces PER TIME PERIOD, SC IS SCALE FACTOR IN UNITS/VOLT, NXPYR IS NO,
Cee OF TIME PERIODS PER YEAR, ID AND LO ARE DELAY TIMES TC ALLOW FOR
Cwe USING DIFFERENT ANALOG PLOTTERS, ILF IS DELAY TIME FOR RAISING
Cee  THE PEN AND ILW IS DELAY TIME FNR LOWERING THE PEN,
TYPE 202, IPLT
FORMAT (12HPLDT VAR NO,13/
SCssCei0,
XXCONYR
XXDsJel
XDIs=(XXD/XXC)
XNYRaNXPYR
XD®1,/ (XXCeXNYR)
XDseXD
POX1®0,0
XPaXD1
CALL QWJDAR(XP,KX,IE)
CALL OWJDAR(PDX1,KY,IE)
LADSID#LD
CALL 0SDLY(LAD)
c LOWER PEN
CALL OWLBB('n20000,IE)
CALL GSDLY(ILW)
IF(IDASH.LE,1) GOTO23
ISPACRIDASH=1
I0SsISPACSIDASH
LDD=LD/IDS
XDASHu3#IDASH=1
XDASHeXDASH/2,0
XLeXD/XDASH
X8eXL/2,0
23 DO 38 Isi,NXPYR
PDX®OUT(IPLT,I)/SC
PDXs=PDX
CALL OWJDAR(PDX,KY,1E)
CALL QSDLY(ID)
IF(IDASH.LE,1) GO TO 26
XPaXPeXL
CALL OWJDAR(XP,KX,IE)
CALL GSDLY(LDD)
c DASH LINE LOOP
DO 25 L=y, ISPAC
CALL OWLBB('!a308000,IE) -
CALL GSDLY(ILF)
XPuxPeX$
CALL QWJDAR(XP,KX,IE)
CALL QSDLY(LDD)
CALL QWLBB('p20000,IE)
CALL OSDLY(ILW)
XPaXPeXL
IF(XP,LE,=1,) XPs=,099999
CALL QWJDAR(XP/KX,IE)
CALL Q8DLY(LDD)
CONTINUE
J .28
26 XPaXP+XD
IF(XP,LE,=1,) XP==,999999
CALL QWJDAR(XP/KX,IE)
CALL QSDLY(LD)
28 CONTINUE
38 CONTINUE
4 RETURN PEN TO INITIAL LOCATION
CALL QWJDAR(POX1,KY,IE)
CALL QSDLY(ID)
CALL GWLBB('n30000,IE)
CALL GSDLY(ILF)
CALL QWJDAR(XDI,KX,IE)
CALL OSDLY(ID)

J 21
88 IF(J.NE,NYR) GOTOB!
CALL GWJDAR(PDX1,KX,IE)
Cev END OF PLOT INSERT
84 RETURN
END

2
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