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STREAMFLOW SIMULATION STUDIES OF THE HILLSBOROUGH, 

ALAFIA, AND ANCLOTE RIVERS, WEST-CENTRAL FLORIDA 

By 

J. F. Turner, Jr. 

ABSTRACT 

A modified version of the Georgia Tech Watershed Model was applied 
for the purpose of flow simulation in three large river basins of west-
central Florida. The model was calibrated for six streamflow stations 
located in these basins using 4 years of historical and current rainfall, 
runoff, and estimated evapotranspiration data. Watersheds modeled range 
in size from about 70 to 650 square miles. 

Calibrations were evaluated by comparing the following synthesized 
and observed data: annual hydrographs for the 1959, 1960, 1973 and 1974 
water years, flood hydrographs (maximum daily discharge and flood volume), 
and long-term annual flood-peak discharges (1950-72). 

Annual hydrographs, excluding the 1973 water year, were compared using 
average absolute error in annual runoff and daily flows and correlation 
coefficients of monthly and daily flows. For stations used in the study, 
average absolute errors in simulated runoff range from 9 to 21 percent and 
errors in daily flows range from 48 to 71 percent. Correlation coefficients 
for monthly flows range from 0.81 to 0.95 and correlation coefficients for 
daily flows range from 0.68 to 0.87. 

Correlation coefficients for simulated and observed maximum daily 
discharges and flood volumes used for calibration range from 0.91 to 0.98 
and average standard errors of estimate range from 18 to 45 percent. Cor-
relation coefficients for simulated and observed annual flood-peak dis-
charges range from 0.60 to 0.74 and average standard errors of estimate 
range from 33 to 44 percent. The number of flood events used for calibra-
tion varies for each streamflow station, but range from 6 to 18. The 
number of annual flood-peak discharges used also vary but average about 20 
for each station. 

On the basis of these results, it is concluded that flood calibrations 
have been achieved for stations used in this study; however, because of 
data limitations, calibrations and prediction errors cannot be completely 
verified until additional rainfall, runoff, and evapotranspiration data 
become available. 
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INTRODUCTION 

Serious water-management problems are being caused by flood-plain 
development in the Tampa Bay area of west-central Florida. Urban develop-
ment has encroached into flood-prone areas in recent years to the extent 
that costly flood-control structures are being considered at key points 
in major river basins to protect these developments. 

Large-scale flooding in coastal areas of west-central Florida has 
not occurred since 1960. Consequently, construction of waterfront homes 
on the flood plain has become commonplace along the lower reaches of 
major streams in the Tampa Bay area, particularly along the Hillsborough 
River which traverses large urban areas of northeast Tampa and Temple 
Terrace. Large-scale urban complexes, agricultural developments, and 
small residential subdivisions and trailer parks are also appearing in 
increasing numbers in adjacent suburban areas. Residents of these and 
other urban developments that have encroached on the flood plain are 
subject to increased risk of inundation from small and moderate size 
floods, as well as to the risk of infrequent large-scale floods. 

The U.S. Army Corps of Engineers (1961) proposed flood-control mea-
sures for several west-central Florida streams, including the Hillsborough 
River. These measures involve construction of flood-detention areas and 
diversion channels, including the Tampa By-Pass Canal currently under con-
struction in the lower Hillsborough River basin. When completed, the canal 
will be used to divert a large part of Hillsborough River flood water to 
the east of highly urbanized areas in northeast Tampa and Temple Terrace 
(fig. 1). Until proposed flood-control measures are implemented, residents 
of these and other high-risk flood-prone areas need advance warning of im-
pending flooding. Following construction, effective water-management pro-
cedures will be required to operate flood-control structures, particularly 
in the Hillsborough River basin. Efficient operational schemes will re-
quire use of flow models having intrabasin flood-prediction and flood-
routing capability. 

Recognizing these needs, SWFWMD (Southwest Florida Water Management 
District), local sponsor of the proposed flood-control measures, entered 
into a first-phase cooperative study with the U.S. Geological Survey in 
1968 to develop a predictive flood-hydrograph model for the lower Hills-
borough River. In 1970, the Alafia River was incorporated into the study 
and similar models were developed for the lower Alafia River and a prin-
cipal upstream tributary. Models developed as part of the first-phase 
study are based on unit hydrograph and rainfall-runoff procedures and are 
described by Turner (1972). Daily rainfall measured by the National 
Weather Service at three sites located on the periphery of the Hillsborough 
and Alafia River basins is used as input to the models. These models have 
limited water-management capability because they have no provision for 
intrabasin flood prediction and routing and because they do not simulate 
with acceptable accuracy floods associated with small storms. 



The second-phase study was begun in 1971 to improve and expand flow-
simulation capability. Model development and evaluation studies were 
continued to obtain a digital streamflow model having intrabasin flow-
simulation and routing capability for use in the study area. The study 
area was extended to include the Anclote River basin which lies about 
25 mi northeast of Tampa (fig. 1). The extent of probable flooding along 
the Hillsborough River in northeast Tampa and Temple Terrace area was also 
evaluated as part of the second-phase study. Recurrence-interval flood 
profiles for a 10-mile reach of Hillsborough River between Tampa Dam and 
Fletcher Avenue are described by Turner (1974). 

A comprehensive rainfall data collection network was established. 
Digital recorders were installed at 11 rainfall stations in the study 
area, including two in the Anclote, six in the Hillsborough, and three in 
the Alafia River basins. A streamflow station was established on the 
Hillsborough River at Morris Bridge Road (site 28, fig. 1) near the con-
fluence of the proposed Tampa By-Pass Canal (fig. 1). 

Collection of streamflow records on the Hillsborough River at Fowler 
Avenue (site 24, fig. 1) was also begun. Two ground-water monitoring sta-
tions were also established in Hillsborough River State Park (fig. 1). 

The Georgia Tech Watershed Simulation Model (GTWS) was selected for 
use in the second-phase study because the model is based on soil-moisture 
accounting procedures and has intrabasin flood-simulation and flood-
routing capability. Modifications to GTWS include expansion of the model 
to accomodate broad-crested long-duration flood hydrographs that typify 
west-central Florida streams, addition of subprograms providing for reser-
voir routing, and reprogramming required in adapting the model to the 
Geological Survey computer system. Additional changes were also made in 
the original model to modify input formats, and to revise statistical and 
channel routing subprograms. However, the original GTWS soil-moisture 
accounting procedure was not modified for use in this study. Many model 
options were deleted. 

Calibration data used as input to the model include hourly rainfall 
(from network stations) and daily evapotranspiration and streamflow. The 
procedure used in estimating evapotranspiration data is described in 
Supplement I. Model input data (card format and sequence) are described 
in Supplement II, and a complete listing of the FORTRAN source programs 
are given in Supplement III. 

Predictive models developed as part of this second-phase study of 
the Hillsborough, Alafia, and Anclote Rivers broaden and enhance water-
management capabilities in the study area. Initially, they may be used 
by Southwest Florida Water Management District as an aid in flood warning 
and surveillance activities. Later, improved models may also be used to 
simulate hydrologic information for use in evaluating alternative flood-
control and abatement plans under natural and developing conditions. 

3 



TA AI PA 

BAY 

O 

/41\  

5 10 MILES 

1 

29•15' 

trap' 

tr45.  

$2.45' Or 15' • 

    

LE CO. 

 

SULF 

OF 

MEXICO 

    

PITHLACHASCOTEE 
RIVER BASIN 

ST LEO 

0,Nolocooch••• 
Rivor 	 

SAN 
AN TON 10 

  

SUMTER CQ 

     

        

ELFE RS 
River  

MIc k" 
	

00E SSA 
S 

PASCO 

EHREN • 
• 4. 

4k. 
°DREXEL 

• 
LAND 0 LAKES 
WORTHINGTON 

GARDENS 

RICHLAND 
• 

Z EPHY RH ILLS 

PENILE CREEK Ve 
GOLF AND 
COUNTRY CLUE, 

CRYSTAL 

IN•satwetor CnNiA-1 

	WI THL ACOOCHEE - HILLSBOROUGH 
OVERFLOW CHANNEL 

•• 
26 

TAMPA ' 
RESERVOI 
TAMPA 

HI LL S90 • UGH 
RIVER STATE PARK 

S 
Flint Cr,*y Flint Cr,*y 

• 
Lrth• 

I I 
Lrth• 
	

KNIGHTS 
honolusesso honolusesso 

C- Caw  Caw  
1110,  1110,  

• 
m  DOVER PLANT 

CITY 
MAIM BY-AISS CANAL 

(APPROXIMATE" LOCATION) 

Masson, Grano • 
Noservioir 

40: 

CIRCLE - X 
AIRPORT 

.*. 	NICHOLS 

••. 

• 
LAKELAND 

PEACE 
RIVER 
BASIN 

o*• 
Torpon §1 

EI 
TAMPA 
INTERNATIONAL 
AIRPORT 

VREW 
FIELD 

4 

Q.‘ 

CLEARWAT R 

TURES • 

:1 

• MULBERRY 

PORT 
RICHEY 

TARPON 
WIGS 

Turkey Creek 

BUCKHORN 
O. 

Aloft° Rr  w.-,- 

LITTLE MANATEE 
RIVER BASIN 

• BARTOW 
EXPLANATION 

13  S3iIte numbers (see tables 2 and 

_A  Stage meosurerrent station 

BRADLEY 	(Recording) 

'JUNCTION A Strearriflove station (Reccrcing) 
• Rainfall station (see tables 2 
"W and 3 for additional infor 

-4) Unused spring 

R Recorder 
Denotes station pipped with 
telephone telemeter 

• Spring used tor public-water 
supply 
Spring used for industrial- 

' 	solar supply 

• • 

PI°r°  • 
LITHIA 	KEY SV ILLE 

ING% 

LITHIA 

PICNIC 

• 

e• 

Figure 1.--Study area showing location of rainfall and streamflow stations. 



Original GTWS soil-moisture accounting procedure used as part of this 
study is undergoing further testing. A complete technical evaluation of 
the accounting procedure is currently underway; however, results are incom-
plete at this writing. Modified GTWS soil-moisture accounting procedure, 
resulting from this evaluation, is being considered along with similar pro-
cedures from other watershed models, for development of an improved model 
more consistent with Florida hydrology. 

For readers who may prefer to use metric units rather than U.S. inch-
pound units, the conversion factors for the terms used in this report are 
listed below: 

U.S. inch-pound unit 	 Multiply by 	To obtain metric unit  

acre-ft (acre-foot) 	 1.233 x 10
-3 

hm
3 
(cubic hectometer) 

ftIs (cubic foot per 	2.832 x 10
-2 

m
3
/s (cubic meter per 

second) 	 second) 

ft (foot) 	 3.048 x 10-1 	m (meter) 

in. (inch) 	 2.540 x 10+1 	mm (millimeter) 

mi (mile) 	 1.609 	 km (kilometer) 

mi/h (mile per hour) 	 1.609 	 km/h (kilometer per 
hour) 

mi
2 
(square mile) 	 2.590 	 km

2 
(square kilometer) 

in/h (inch per hour) 	 2.540 	 cm/h (centimeter per 
hour) 

ft/mi (foot per mile) 	0.1895 	 m/km (meter per 
kilometer) 

Purpose and Scope  

The purpose of this report is to provide results of the second-
phase study including: 

(1) Evaluation of the Georgia Tech Watershed Simulation Model 
(modified version) for use in simulating flood hydrographs 
for large west-central Florida basins; and 

(2) Model documentation and user manual. 

The watershed model is evaluated for three large rural basins using 
results of calibration studies for six streamflow stations located in the 
Anclote, Hillsborough, and Alafia River basins. Unfortunately, rainfall 
data required to fully test calibrations developed as part of this study 
are not available. Model evaluation is based on comparison of simulated 
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and observed annual hydrographs for the 1959, 1960, 1973 and 1974 water 
years with emphasis on flood hydrographs (maximum daily discharge and 
flood volumes). Observed long-term annual flood-peak discharges and dis-
charges synthesized from historical rainfall records, available for two 
sites outside the study area, are also compared, including flood-frequency 
distributions. 

Suggestions for improving model accuracy and potential use of the 
model in future studies are also presented. 
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Study Area  

The study area is located in the Tampa Bay region of west-central 
Florida and includes the Anclote, Hillsborough, and Alafia River basins 
(fig. 1). The area extends north from Tampa to the Withlachoochee River, 
east to Lakeland and the Peace River, south to the Little Manatee River, 
and north from Hillsborough Bay to the

2
Pithlachascotee River. The basins 

have a combined area of about 1,200 mi and lie in parts of Hillsborough, 
Pasco, Hernando, and Polk Counties. 

The upper parts of these basins are generally rural and consist of 
open and wooded upland areas and numerous low-lying swamp areas covered 
with dense cypress heads and undergrowth. Agricultural development in 
these areas consists chiefly of pasture and small row crops. Large 
urban developments have encroached on the flood plains in the lower parts 
of each basin. 
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Climate 

The study area has distinct wet and dry seasons. The wet or rainy 
season usually begins in early June and lasts about through September. 
Normal wet-season rainfall occurs as the result of late afternoon and 
evening thunderstorms and accounts for more than half the annual rain-
fall. Rainfall during the normally dry season (October through May) is 
principally due to frontal systems and is more general than wet-season 
rainfall. Areal variability and intensity of rainfall during the wet 
season is much higher than during the dry season. 

A hurricane is expected to occur in the study area about once every 
5 years. A large tropical storm is expected to occur about once every 
2 years (U.S. Army Corps of Engineers, 1961). 

Normal annual temperature over the study area is about 72°F (22°C). 
Daily temperatures range approximately between 72°F to 92°F (22°C to 33°C) 
during the summer and 55°F to 76°F (13°C to 24°C) during the winter. 

Annual evapotranspiration in the study area is estimated to vary 
from 30 to 50 in. and monthly evapotranspiration is greatest during May, 
June, and July. 

Physiography  

Selected basin parameters of the study area are summarized in table 
1 for points on streams where flow records are collected. These parameters 
include average annual runoff, drainage area, mean channel length and 
slope, surface storage (lakes and swamps), forest cover, mean annual pre-
cipitation, rainfall intensity and soils index. Soils index values rep-
resent maximum potential infiltration capacity for each basin under average 
soil-moisture conditions. These data were summarized from Rabon (1971) and 
annual records published as part of the Water Resources Data for Florida 
(U.S. Geological Survey, 1974). Approximate range in variation of selected 
basin parameters were summarized from table 1 and are listed below as 
follows: 

Basin parameter  

Mean annual runoff (inches) 

Mean channel slope (feet/mile) 

Surface storage, lakes and swamps 
(area in percent) 

Forest cover (percent) 

Soils index (inches) 

Approximate range  
in variation  

9 to 18 in. 

2 to 5 ft/mi 

1 to 18 percent 

12 to 56 percent 

2 to 4 in. 
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Table 1.--Selected basin parameters for selected streamflow stations in the study area  

Streamflow 
station 

Mean 
annual 

1 
runoff 
(in) 

Drainage 
arel 
(mi ) 

Mean 
chan- 
nel 

slope 
(ft/mi) 

Main 
channel 
length 

Surface 
storage 
(area in 
percent) 

Forest 
cover 

(percent) 

Mean 
annual 
precipi- 
tation 
(in) 

2-year 
24-hour 
rainfall 
(in) 

 
(in) 

 

Soils 
index 

(mi) 
Lakes Swamps 

Alafia River 17.6 
North Prong (10-50 
at Keysville to 

9-74) 135 5.0 19.6 3.1 7.5 22.3 52.8 4.2 2.7 

Alafia River 15.3 
at Lithia (10-32 

to 
9-74) 335 3.4 32.2 1.2 7.4 12.5 54.1 4.1 2.1 

Blackwater 11.2 
Creek near (10-51 
Knights to 

9-74) 110 3.5 19.4 2.6 13.8 19.1 52.6 4.6 2.7 

Hillsborough 17.0 
River near (10-39 
Zephyrhills to 

9-74) 220 3.9 26.7 1.8 15.1 15.6 53.6 4.6 2.8 

Cypress Creek 9.0 
near Sulphur (10-64 
Springs to 

9-74) 160 2.4 28.4 2.6 18.3 25.0
2 

54.3 4.6 3.9 



Table 1.--Selected basin parameters for selected streamflow stations in the study area - continued 

Streamflow 
station 

Mean 
annual 

1 
runoff 
(in) 

Drainage 
arel 
(mi ) 

ean 
than- 

 

nel 
slope 

(ft/mi) 

Main 
channel 
length 
(mi) 

Surface 
storage 
(area in 
percent) 

Forest 
cover 

(percent) 

2-Year 
 

Mean 
annual 
precipi- 
tation 
(in) 

24-hour 
rainfall 
(in) 

 
(in) 

 

Soils 
index 

Lakes Swamps 

Hillsborough 13.0 
River near (10-38 
Tampa to 

9-74) 650 2.0 57.0 2.7 15.2 16.4 55.0 4.6 2.8 

Anclote 14.8 
River near (10-46 
Elfers to 

9-74) 72.5 3.5 19.1 3.2 16.7 55.8 56.2 4.9 2.4 

1 Runoff values are computed from available streamflow records (as indicated in table 3); period of 
record is shown in parenthesis. 

2 Estimated. 



Soils in the study area are highly permeable and rainfall infiltrates 
rapidly. The study area is underlain by a regional artesian system which 
receives recharge from numerous sinks and depressions, and swamp areas. 
Base flow of streams in the study area is sustained by the shallow water-
table aquifer system and discharge (springflow) from the deeper artesian 
system. Large springs include Crystal and Sulphur Springs located in the 
upper and lower Hillsborough River basin respectively, and Lithia and 
Buckhorn Springs in the upper Alafia River basin (fig. 1). 

Basins in the study area have mild stream-channel slopes and con-
siderable surface storage in areas of depression. Flood hydrographs are 
therefore broad crested and frequently extend over periods of several 
weeks. Flood hydrographs for the Hillsborough River near Tampa streamflow 
station (site 23, fig. 1) frequently cover periods longer than a month; 
flood hydrographs of 3-weeks duration are not uncommon for the Alafia River 
at Lithia streamflow station (site 33, fig. 1). Flood hydrographs for the 
Anclote River are much sharper crested and are generally less than 2 weeks 
in duration. 

Data Available 

Model development, calibration, and testing requires streamflow, 
rainfall, and evapotranspiration data. Precipitation data used include 
rainfall records collected by the U.S. Geological Survey and the National 
Weather Service. Locations of these and other data collection sites re-
lated to the study are shown in figure 1. Specific locations and site 
numbers and other pertinent information regarding available rainfall rec-
ords are summarized in table 2. 

U.S. Geological Survey streamflow records used as part of this inves-
tigation are listed by river basin in table 3 and gage locations are shown 
in figure 1. Accuracy of these records is generally rated as fair (errors 
in streamflow data do not exceed 15 percent). 

Evapotranspiration data are required by the model for simulation. 
Normally, daily evaporation from a Class A land pan is used as a measure 
of potential evapotranspiration. Acceptable land-pan evaporation data 
are not available for the study area, and therefore daily evapotrans-
piration values computed from available meteorological records were used 
in this study. 

The method used to compute daily evapotranspiration is based on the 
Penman equations described by Veihmeyer (1964) and Gray (1970). A compu-
ter program developed to calculate daily evapotranspiration values is des-
cribed in Supplement I. Observed daily values for the following variables 
are used as input to the cuter program: 
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(1) air temperature, in degrees Fahrenheit; 

(2) dew point temperature, in degrees Fahrenheit, or relative 
humidity (decimal fraction); 

(3) duration of bright sunshine to maximum possible (decimal 
fraction); 

(4) wind speed, in miles per hour. 

A reflectivity coefficient of 0.15, calibrated for the model, was 
obtained by adjusting reflectivity coefficient values until computed 
evapotranspiration values agreed with basin evapotranspiration estimates 
derived from long-term rainfall and streamflow records. 

Meteorological data for Tampa International Airport and Drew Field 
(fig. 1) used in making these computations are available in publications 
and other records of the National Weather Service. 

Statistical Procedures 

Multiple and simple linear regression analyses are used in the study 
to develop functional relations and to evaluate results of the model study. 
Regression analyses refers to the determination of the relationship be-
tween two or more variables by use of standard statistical methods (Bryant, 
1960; and Davies, 1961). As part of regression analyses, a regression 
equation, correlation coefficient (or multiple correlation coefficient), 
and standard error of estimate are obtained. The regression equation ex-
presses the relationship between the variables and may be used for predic-
tive purposes. In this report, regression data points are displayed on 
logarithmic graph paper with the independent variable plotted on the hori-
zontal scale and dependent variable on the vertical scale. The correlation 
coefficient expresses the degree of relation. For example, a value of 1.0 
indicates perfect positive correlation and a value of -1.0 indicates per-
fect inverse correlation; a value of 0.0 indicates no correlation. The 
standard error of estimate expresses reliability of the regression equa-
tion. In this report, standard errors of estimate are given as average 
percent values and represent the average range that includes about 68 per-
cent of all data points defining the regression. 

Correlation coefficients are tested for significance (to determine 
if they are significantly different from zero). The probability at which 
the test indicates chance occurrence of the correlation coefficient (the 

correlation coefficient is not significantly different from zero) is re-
ferred to as the level of significance. Regression constant and coeffi-
cient are tested in a similar manner to evaluate possible bias in simulated 

data. 
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Table 2.--Rainfall records used in model studies  

[Observation period is 15 minutes at stations 1-11, hourly at stations 12-14, and daily at 
stations 15-22.] 

Site 
number 

Station name Location Operator  
Period of 

 
record 

1 Dover, Florida Lat 28°01'08", 	long 82°14'17", near in- 
tersection of U.S. 92 and Gallagher Road, 
6 miles west of Plant City, Hillsborough 
County. 

USGS June 1972 
to 

present 

2 Land O'Lakes, 
Florida 

Lat 28°15'01", 	long 82°29'51", at S. 	C. 
Baxley ranch, 2-1/2 miles northwest of 
Land O'Lakes, Pasco County. 

do. June 1972 
to 

present 

3 Nature's Class- 
room, Florida 

Lat 28°05'10", long 82°20'00", at 
Nature's Classroom, 11 miles northeast 
of Tampa, Hillsborough County. 

do. June 1972 
to 

present 

4 Nichols, Florida Lat 27°53'28", 	long 82°01'59", at 
Mobile Chemical Plant, Nichols, Polk 
County. 

do. June 1972 
to 

present 

5 Odessa, Florida Lat 28°12'04", 	long 82°36'07", 	at J. 	B. 
Starkey Ranch, 1 mile northwest at 
Odessa, Pasco County. 

do. May 1972 
to 

present 

6 Picnic, Florida Lat 27°45'34", 	long 82°08'48", at A. T. 
Carter residence, 0.2 miles south of 
Picnic, Hillsborough County. 

do. June 1972 
to 

present 

Footnotes appear at end of table. 



Table 2.--Rainfall records used in model studies - continued 

Site 
number 

Station name Location 
op

erator
1 Period of 

record 

7 Plant City, 
Florida 

Lat 28°05'18", 	long 82°06'41", at C. 	S. 
Bailey residence, 0.55 mile north of 
Knights Griffin Road and 1.8 miles east 
of State Road 39, Hillsborough County. 

USGS June 1972 
to 

present 

8 Pleasant Grove 
Reservoir, 
Florida 

Lat 27°54'37", long 82°10'08", at 
Pleasant Grove Reservoir Dam, Hills- 
borough County. 

do. June 1972
2
-

July 1975 , 
Aug. 1975 -
present 

9 San Antonio, 
Florida 

Lat 28°19'05", long 82°21'28", 0.4 mile 
south of intersection of State Roads 52 
and 581, Pasco County. 

do. June 1972 
to 

present 

10 Worthington Gar- 
dens, Florida 

Lat 28°10'41", long 82°23'59", at S. D. 
Marvil residence, 1/2 mile south of 
Worthington Gardens, Pasco County. 

do. June 1972 
to 

present 

11 Zephyrhills, 
Florida 

Lat 28°13'14", long 82°09'36", at 
Zephyrhills Sewage Treatment Plant, 
Pasco County. 

do. June 1972 
to 

present 

12 

. 

Tampa WSMO, 
Florida 

_ 

Lat 27°58', long 82°32', at Tampa 
International Airport, Hillsborough 
County. 

NOAA June 1948 -
Aug. 1952, 
July 1958 - 
present 



Table 2.--Rainfall records used in model studies - continued 

Site 
number 

Station name Location Operator 
Period of 
record record 

13 St. 	Leo, Florida Lat 28°21', 	long 82°16', 	at St. 	Leo 
Abby, Pasco County. 

NOAA Aug. 	1944 
to 

present 

14 Lakeland WSO, 
Florida 

Lat 28°02", 	long 81°57', at Lakeland 
City Hall, Polk County. 

NOAA Mar. 	1943 
to 

present 

15 Hillsborough 
River State Park, 
Florida 

Lat 28°09', 	long 82°14', at Hillsborough 
River State Park, Hillsborough County. 

FPS Sept. 	1943 
to 

present 

16 Knights, Florida Lat 28°08', 	long 82°09', 4.4 miles north- 
west of Knights, Hillsborough County. 

USGS June 1970 
to 

present 

17 Peeble Creek, 
Golf and Country 
Club, Florida 

Lat 28°09', 	long 82°21', approximately 
15 miles northeast of Tampa, Hills- 
borough County. 

do. June 1970 
to 

present 

18 Ehren, Florida Lat 28°16'45", 	long 82°26'19", 	1 mile 
northeast of Land O'Lakes, Hillsborough 
County. 

do. June 1970 
to 

present 

19 Plant City, 
Florida 

Lat 28°05'18", 	long 82°06'41", 	at Plant 
City, Hillsborough County. 

NOAA Oct. 	1892 
to 

present 



Table 2.--Rainfall records used in model studies - continued 

number 
Station name 

Site Period 
Location Operator 

 of 
record 

20 Circle-X Airport, 
Florida 

Lat. 	27°56', 	long 82°02', 	at Circle-X 
Airport, 5 miles northeast of Mulberry, 
Polk County. 

USGS June 1970 
to 

present 

21 Bradley Junction, 
Florida 

Lat 27°45'30", 	long 82°01'45", 	3.8 miles 
southwest of Bradley Junction, Polk 
County. 

do. Aug. 	1970 
to 

Dec. 	1974 

22 Bartow, Florida At Bartow, Polk County. NOAA Aug. 	1895 
to 

present 

1 USGS, U.S. Geological Survey, Tampa, Florida; NOAA, National Oceanic and Atmospheric Administra-
tion (Environmental Data Service); FPS, Florida Park Service. 

2 Gage located at L. L. Watkins residence, 2 miles west of intersection of State Roads 39 and 60, 
Hillsborough County. 



Table 3.--Streamflow records used in model studies  

Site 
number 

Station name Location 
Type of 
record 

Period of 
record 

23 Hillsborough River near 
Tampa, Florida. 

At Tampa Reservoir Dam, 
Hillsborough County. 

Stage and dis- 
charge 

Oct. 1938-present 

24 Hillsborough River at 
Fowler Avenue Rear 
Tampa, Florida . 

At Fowler Avenue, Hills- 
borough County. 

Stage (read 
once daily) 	1  
and discharge 

Oct. 	1933-Dec. 	1939, 
Jan. 1961-present 

25 Cypress Creek near 
Sulphur Springs, 
Florida. 

At State Road 581, 
Hillsborough County. 

Stage and dis- 
charge 

Feb. 1964-present 

26 Cypress Creek at Worth- A  
ington Gardens, Florida A. 

At State Road 54, Pasco 
County. 

(2) May 1964-Oct. 	1971, 
Nov. 1971-May 1974, 
June 1974-present 

27 Cypress Creek near San 
Antonio, Florida. 

At State Road 52, Pasco 
County. 

Stage and dis- 
charge 

Dec. 1962-present 

28 Hillsborough River at 
Morris Bridge near A  
Thonotosassa, Florida . 

At State Road 579, Hills- 
borough County. 

(3) Apr. 	1964-Apr. 1965, 
May 1965-Sept. 1968, 
Oct. 1968-June 1972, 
July 1972-present 

29 Hillsborough River nxar 
Zephryhills, Florida . 

At Hillsborough River 
State Park, Hillsborough 
County. 

do. Oct. 1939-present 

30 Blackwater Creek near 
Knights, Florida. 

At State Road 39, Hills- 
borough County. 

Stage and dis- 
charge 

Jan. 1951-present 

Footnotes appear at end of table. 



Table 3.--Streamflow records used in model studies - continued 

Site 
number 

Station name Location 
Type of 
record 

Period of 
record 

31 Withlacoochee-Hillsborough 
overflow near Richland, 
Florida. 

At U.S. Highway 98, 	2.9 
miles east of Richland, 
Pasco County. 

(4) Feb. 	1930-Sept. 	1931 
Sept. 	1950, 
July 1958-Mar. 1960, 
Apr. 1960-present 

32 Anclote River near Elfers, 
Florida. 

At State Road 54, 3.5 
miles east of Elfers, 
Pasco County. 

Stage and dis- 
charge 

May 1946-present 

33 Alafia River at Lithia, 
Florida. 

At State Road 640, 4.3 
miles west of Lithia, 
Hillsborough County. 

do. Oct. 	1932-present 

34 Alafia River, North Prong 
at Keysville, Florida. 

0.6 miles north of Keys- 
ville, Hillsborough 
County. 

do. May 1950-present 

35 Alafia River, South Prong 
near Lithia, Florida. 

I
County. 

At County Road, 5.0 
miles southeast of 
Lithia, Hillsborough 

do. Dec. 	1962-present 

1 Miscellaneous discharge measurements are only available after January 1961. 
2 Annual peak discharge and periodic discharge measurements available May 1964 to October 1971; gage 

heights and periodic discharge measurements available November 1971 to May 1974; daily stage and 
discharge available June 1974 to present. 

3 Fragmentary stage and discharge records available April 1964 to April 1965; gage heights only avail-
able May 1965 to September 1968; gage heights and miscellaneous discharge measurements available 
October 1968 to June 1972; daily stage and discharge available July 1972 to present. 

4 Stage and discharge available February 1930 to September 1931, September 1950, and April 1960 to 
present; only discharge measurements available July 1958 to March 1960. 

A Telemeter station. 



MODEL DESCRIPTION 

The model is an organized collection of mathematical formulations 
used to approximate the hydrologic response and condition of a watershed 
given specific meteorologic and physiographic data inputs. The land-
phase of the hydrologic cycle is simulated using soil-moisture accounting 
procedures. Model outputs for a watershed include synthesized outflow 
hydrograph, evapotranspiration and moisture storage for input data con-
sisting of precipitation and potential evapotranspiration. A modeled 
watershed may consist of one or more subwatersheds connected by discrete 
stream-channel reaches. A typical subwatershed has both pervious and 
impervious areas, and has a soil profile consisting of upper, lower, and 
ground-water zone storages (fig. 2). Precipitation falling on impervious 
areas connected directly to the stream-channel system contributes to di-
rect runoff. On pervious areas, part of the precipitation is intercepted 
by vegetation and other natural and man-made objects (interception storage). 
Precipitation in excess of interception storage appears at land surface 
and may directly infiltrate the upper soil zone; the remaining precipita-
tion is stored in surface depressions, such as lakes (surface-retention 
storage) or appears as overland flow (surface-detention storage). 

According to the model schematic shown in figure 2, water infiltrates 
the upper soil zone (upper-zone storage) and percolates to three lower soil 
zone types (lower-zone storage) referred to as upland (or ridge),• alluvium, 
and hillside areas. Upland lower-zone storage drains (as seepage) to the 
alluvium and hillside areas when upland lower-zone storage capacity limits 
are reached. Interflow depletes hillside lower-zone storage and occurs 
when hillside storage exceeds lower-zone storage capacity. Water drains 
from alluvium lower-zone storage to ground-water storage by way of deep 
percolation. Base flow depletes ground-water storage and underflow de-
pletes both lower-zone and ground-water storages. Evapotranspiration 
depletes surface, soil-moisture and ground-water storages; however, the 
principal source is upper- and lower-zone storages. 

Streamflow is composed of direct runoff, interflow, and base flow. 
Direct runoff is the sum of overland and impervious area flows, and is 
translated into a direct-runoff hydrograph by application of a distribu-
tion graph (dimensionless unit hydrograph). The streamflow hydrograph is 
determined by the addition of interflow and base-flow ordinates to ordi-
nates of the direct-runoff hydrograph. 

Streamflow is routed through the stream-channel system using an ana-
lytical procedure referred to as the Muskingum Method (Gray, 1970). Flow 
is routed through reservoirs using a procedure based on the Puls Method 
(Lawler, 1964). 

Unit precipitation, PX, used in the soil-moisture accounting procedure 
corresponds to precipitation for the time simulation interval, IMIN, and is 
computed as the product of measured hourly precipitation, PR, and DELMIN, 
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Figure 2.--Schematic diagram of flow simulation from rainfall. 
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the time simulation interval expressed as a decimal fraction of an hour, 
in minutes per time interval, as follows: 

DELMIN = EMIN/60 	 (1) 

where 	LMIN = Time simulation interval, in minutes per time interval 
(must divide evenly into 60). 

All soil-moisture computations are made with respect to the specified 
time simulation interval, BIHIN, except for evapotranspiration, lower-zone 
storage and ground-water storage, which are made on an hourly basis. 

Soil-moisture accounting procedure is considered in the following 
sections of this report and parallel the various flow and storage com-
ponents of the flow chart shown in figure 2 and listed in table 4. A 
summary of all soil-moisture accounting parameters is given in table 5. 
Symbols used in analytical expressions are defined in table 6. 

A discussion of technical terms used to describe basic model concepts 
and hydrologic processes can be found in a variety of references including: 
Crawford and Linsley (1966), Chow (1964), Gray (1970) and Langbein and 
Iseri (1960). 

Interception Storage  

Pervious basin areas, and impervious areas not directly connected to 
the principal drainage system, allow interception of precipitation by veg-
etation and other natural and man-made objects. The model considers water-
sheds as having a maximum interception-storage capacity, ICPTM, that varies 
seasonally; winter values are designated ICMN and summer values ICMX. Spe-
cific interception capacity is computed as the difference between maximum 
interception storage, ICPTM, and the current value of interception storage, 
ICPT. Specific interception capacity is satisfied before any precipitation 
reaches the land surface. 

Infiltration  

Direct infiltration to the upper soil zone is modeled using the source-
area technique (Crawford and Linsley, 1966) which distributes infiltration, 
INF, from zero to a maximum value, INF2. Infiltration is calculated by use 
of equation 2 when unit precipitation appearing at the land surface is less 
than the maximum infiltration rate, as follows: 
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Table 4.--Components of soil-moisture accounting procedure  

Area or storage 
component 

Source 
Depletion 
components 

Streamflow 
component 

Impervious area Precipitation on impervious area. Direct runoff. Direct runoff. 

Interception 
storage 

Precipitation intercepted by vegetative 
foilage. 

Evaporation. None. 

Surface-retention 
storage 

Precipitation on pervious land-surface 
areas in excess of interception storage 
and direct infiltration that enters sur- 
face depressions, 	lakes, 	etc. 

Evaporation; drain- 
age to upper-zone 
storage. 

None. 

Surface-detention 
storage 

Precipitation on pervious land-surface 
areas that avoids interception storage, 
direct infiltration, and surface-reten- 
tion storage. 

Overland flow; 
drainage to upper-
zone storage. 

Direct runoff. 

Upper-zone stor- 
age 

Direct infiltration; and infiltration from 
surface-retention and surface-detention 
storages. 

Evapotranspiration 
and drainage to 
lower-zone storage. 

None. 

Lower-zone stor- 
age 

Drainage from upper-zone storage to: 
Upland (ridge), Hillside, and Alluvium 
areas. 

Evapotranspiration; 
interflow; under-
flow and drainage 
to ground-water 
storage. 

Interflow. 

Ground-water 
storage 

Drainage from alluvium lower-zone stor- 
age 	(percolation). 

Transpiration, base 
flow, and under 
flow. 

Base flow. 



Table 5.--Summary of soil-moisture accounting parameters  

[Modified from Lumb, 1975] 

PARAMETER 

SWAREA
2 

IMPA
2 

FALZ
2 

FHLZ
2 

PSRP
2 

PSDP
2  

DEFINITION 

(AREA PARAMETERS)  

Subwatershed area, in square miles; 

Fraction impervious area (percent total); 

Fraction alluvial area (subwatershed); 

Fraction hillside area (subwatershed); 

Maximum area for SRS (fraction subwatershed); 

Area when SDS = SDSN (fraction subwatershed). 

(STORAGE PARAMETERS - inches)  

ICMN
3 	 Winter interception storage; 

ICMX
3 	 Summer interception storage; 

SRSN2,3 	 Surface-retention storage capacity; 

SDSN2'3 	 Surface-detention storage capacity; 

UZSN
4 	

Upper soil zone capacity; 

LZSN
4 	

Lower soil zone capacity; 

GWSF 	 Ground-water storage for zero base flow. 

PINF (PPIF)
1
'
5 

PSUP
5 

PULP (PPUL)
1
'
2 

(DRAINAGE PARAMETERS)  

Infiltration, in inches per time interval; 

Infiltration function shape, (dimensionless); 

Percolation from upper- to lower-zone storage, 
in inches per time interval; also used as param-
eter for ridge seepage to hillside and alluvium 
lower-zone storages, in units per hour; 

PLGP
5 	

Percolation from alluvium lower-zone storage to 
ground-water storage, in inches per hour; 

PDGP 	 Underflow from ground-water storage, in units per 
hour; 

PLZU 	 Underflow from ridge lower-zone storage, in units 
per hour; 

TTM
3 	

Overland-flow storage constant, in units per 
time interval; 

INFP
3 	

Interflow, in inches per hour; 

KGWF
6 	

Base-flow recession constant. 
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Table 5.--Summary of soil-moisture accounting parameters - continued 

PARAMETER 	 DEFINITION 

(EVAPOTRANSPIRATION PARAMETERS -
DIMENSIONLESS) 

EIP3 
	

Interception-storage evaporation; 

EVP
3 	

Evapotranspiration from upper- and lower-zone 
storages; 

ETGWP
3 	 Ground-water storage transpiration. 

(INITIAL STORAGE VALUES - inches)  

SRS
5 	 Surface-retention storage; 

SDS
5 	 Surface-detention storage; 

UZS
5 	

Upper-zone storage (must be greater than 0.0); 

LZS, HLZS, ALZS
5 	

Ridge, hillside, and alluvium lower-zone storages 
(must be greater than 0.0); 

GWS
5 	

Ground-water storage. 

1 Parenthetical parameter is actually input to the model and has units 
of inches per hour; preceeding parameter shown is adjusted to desired 
time simulation interval and for the ratio of water viscosity at mean 
monthly temperature to viscosity at mean annual temperature. 

2 Initial parameter value selected using topographic maps and aerial 
photographs. 

3 Initial parameter value selected using results of GTWS model studies 
of other areas (oral commun. Alan Lumb, 1974). 

4 Initial parameter value selected using suggested guidelines of Crawford 
and Linsley (1966). 

5 Initial parameter value selected arbitrarily. 

6 Initial parameter value determined from streamflow records. 
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Table 6.--Symbols used in analytical expressions in this report  

A 	Slope of saturation vapor pressure curve, in millimeters of mer-
cury per degree Fahrenheit; 

AA, B, C Multiple-linear regression coefficients of a relation involving 
reservoir outflow (dependent variable) and preceeding reservoir 
stage and preceeding reservoir inflow (independent variables); 

ALZS 	Alluvium lower-zone soil moisture storage, in inches; 

B' 	Temperature coefficient (Boltzman constant), in millimeters of 
water per day; 

BFLO 	Hourly base-flow component of streamflow, in inches per hour; 

BFP 	Base-flow parameter for ground-water storage, in units per hour, 
(see equation 30); 

CF 	Crop adjustment factor used in evapotranspiration calculations 
(dimensionless); 

COF 	Reservoir outflow for stage values less than a minimum specified 
elevation, EGO, in cubic feet per second; 

COFF 	A percentage value applied to preceeding reservoir inflow values 
to calculate minimum acceptable routed flows; 

CO, Cl, 
C2 	Muskingum routing coefficients; 

CORINF 	Ratio of water viscosity at mean monthly temperature to the vis-
cosity at mean annual temperature (decimal fraction); 

D 	Conversion factor for translating wind observation height, in 
feet, to a height of 2 meters; 

DELMIN 	Time simulation interval expressed as decimal fraction of an 
hour, in hours per time interval; 

EA 	Saturation vapor pressure at ambient air temperature, in milli-
meters of mercury; 

ED 	Saturation vapor pressure at dew point temperature, in millimeters 
of mercury; 

EFSD 	Reservoir elevation of free-surface discharge, in feet above sea 
level; 

EGW 	Hourly transpiration loss from ground-water storage, in inches 
per hour; 

EIP 	Model parameter for interception-storage evaporation (dimension-
less); 

EIS 	Hourly evaporation loss from interception storage, in inches per 
hour; 

EL 	Reservoir elevation, feet above sea level; 
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Table 6.--Symbols used in analytical expressions in this  
report - continued 

ESR 	Hourly evaporation loss from surface-retention storage, in inches 
per hour; 

ETGWP 	Model parameter for ground-water transpiration loss rate (dimen-
sionless); 

ETI 	Daily potential evapotranspiration, in inches per day; 

EUZ 	Hourly evaporation from upper-zone storage, in inches per hour; 

EVAPD 	Daily evaporation, in millimeters of water per day; 

EVP 	Model parameter for rate of upper- and lower-zone storage evap-
oration (dimensionless); 

EZU 	Non-linear root-density function used in upper-zone soil-mois-
ture storage evapotranspiration computations (dimensionless); 

F 	Daily average relative humidity, expressed as a decimal fraction; 
(observed at Tampa International Airport); 

FALZ 	Model parameter for alluvium proportion of lower soil zone stor-
age based on percentage of alluvium area to total watershed area 
(dimensionless); 

FHLZ 	Model parameter for hillside proportion of lower soil zone stor-
age based on percentage of hillside area to total watershed area 
(dimensionless); 

FIN 	Hourly inflow to a stream reach or reservoir, in cubic feet per 
second; 

FRCT, Y 	Surface-retention storage weighting parameters (dimensionless); 

FRLZ 	Model parameter for ridge proportion of lower soil zone storage 
based on percentage of ridge area to total watershed area (dimen-
sionless); 

GWS 	Model parameter for ground-water storage, in inches; 

GWSF 	Model parameter for ground-water storage at zero base flow, in 
inches; 

HEATD 	Daily heat budget at evaporating surface, in millimeters of water 
per day; 

HEP 	Hourly potential evapotranspiration, in inches per hour, avail-
able to the following storages: interception, surface retention, 
surface detention, upper and lower zone, and ground water. 
Hourly potential values diminish as depletion computations pro-
gress from one storage component to the next; 

HLZS 	Hillside lower-zone soil-moisture storage, in inches; 

IAM1 	Pervious watershed area expressed as a decimal fraction; 
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Table 6.--Symbols used in analytical expressions in this  
report - continued 

IAM2 
	

Effective area of lower-zone soil capacity (dimensionless), com-
puted by use of equation 14; 

ICMN 
	

Model parameter for winter interception-storage capacity, in 
inches; 

ICMX 
	

Model parameter for summer interception-storage capacity, in 
inches; 

ICPT 	Hourly interception storage, in inches; 

ICPTM 	Interception-storage capacity, in inches; 

IFLO 	Hourly interflow component of streamflow, in inches per hour; 

IMIN 	Specified time simulation interval (an integer quotient of 60), 
in minutes per time interval; 

IMPA 	Model parameter for subwatershed impervious area (expressed as 
a decimal fraction of subwatershed area); 

INF 	Infiltration, in inches per time interval; 

INF2 	Maximum infiltration rate, in inches per time interval; 

INFP 	Model parameter for interflow rate, in inches per hour; 

K 	Muskingum storage parameter reflecting approximate flood travel 
time through a channel reach, hours; 

K 	Exponent for equation describing relation between saturation 
vapor pressure and air temperature; 

KGWF 	Model parameter for daily base-flow recession constant; 

LZS 	Model parameter for upland or ridge lower-zone soil-moisture 
storage, in inches; 

LZSN 	Model parameter for lower-zone soil-moisture storage capacity, 
in inches; 

OUT 	Routed hourly outflow from a stream reach or reservoir, in cubic 
feet per second; 

PDGP 	Model parameter for ground-water storage underflow depletion 
rate, in units per hour; 

PERC 	Percolation rate of water draining from upper- to lower-zone 
storages, in inches per time interval; also, percolation from 
alluvium lower-zone storage to ground-water storage, in inches 
per hour; 

PINF 	Model parameter for infiltration rate (adjusted for the ratio 
of water viscosity at mean monthly temperature to viscosity at 
mean annual temperature), in inches per time interval; 

PLGP 	Model parameter for percolation rate to ground-water storage, 
in inches per hour; 
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Table 6.--Symbols used in analytical expressions in this  
report - continued 

PLZU 	Model parameter for ridge lower-zone storage underflow depletion 
rate, in units per hour; 

PPIF 	Model parameter for infiltration rate, in inches per hour; 

PPUL 	Model parameter for percolation rate (from upper to lower soil 
zone), in inches per hour; 

PR 	Measured hourly precipitation, in inches per hour; 

PSDP 	Model parameter for surface-detention storage area (at maximum 
storage capacity) expressed as fraction of subwatershed area; 

PSRP 	Model parameter expressing maximum land-surface depression area 
as a fraction of subwatershed area; 

PSUP 	Model parameter for infiltration function shape, dimensionless; 

PULP 	Model parameter for percolation rate from upper- to lower-zone 
storage (adjusted for the ratio of water viscosity at mean 
monthly temperature to viscosity at mean annual temperature), 
in inches per time interval; also, parameter for ridge seepage 
to hillside and alluvium lower-zone storages, in units per hour; 

PX 	Unit precipitation at various computational steps within the 
model. Initial unit precipitation is the product of measured 
hourly precipitation and DELMIN, time simulation interval ex-
pressed as a decimal fraction of an hour, in inches per time 
interval. Unit values are diminished by storage requirements 
determined in preceeding computational steps. 

QCON 	Maximum discharge above which reservoir is uncontrollable, in 
cubic feet per second; 

R 	Mean monthly extra-terrestial radiation in millimeters of water 
per day; 

RK 	Reflectivity coefficient or reflecting surface (albedo) in per-
cent; 

S 	Ratio of daily duration of bright sunshine to maximum possible 
sunshine, estimated from meteorologic records for Tampa Inter-
national Airport; 

SDS 	Model parameter for surface-detention storage, in inches; 

SDSN 	Model parameter for surface-detention storage capacity, in inches; 

SEEP 	Hourly seepage from ridge to hillside and alluvium lower-zone 
soil-moisture storages, in inches per hour; 

SRIA 	Impervious area flow, in inches per time interval; 

SRO 	Overland flow, in inches per time interval; 

SRS 	Model parameter for surface-retention storage, in inches; 
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Table 6.--Symbols used in analytical expressions in this  
report - continued 

SRSN 	Model parameter for surface-retention storage capacity, in inches; 

SWAREA 	Model parameter for subwatershed area, square miles; 

t 	Length of reservoir-routing period, hours; 

T 	Air temperature, in degrees Fahrenheit; 

TD 	Daily average dew point temperature, in degrees Fahrenheit (esti-
mated from daily air temperature observed at Tampa International 
Airport); 

TEST 	Uncontrolled free-fall rating discharge, in cubic feet per second; 

TTM 	Model parameter for overland-flow storage constant, in units per 
time interval; 

OF 	Ridge lower-zone storage and ground-water storage underflow de-
pletion rate, in inches per hour; 

UX 	Upper soil zone percolation rate function (dimensionless); symbol 
is also used as a weighting factor for upper and lower soil zone 
evapotranspiration computations (dimensionless); 

UZS 	Model parameter for upper-zone soil moisture, in inches; 

UZSN 	Model parameter for upper-zone soil-moisture capacity, in inches; 

W 	 Daily average wind speed, in miles per hour; (observed at Tampa 
International Airport); 

x 	Dimensionless weighting factor for stream-reach inflow and out-
flow; also a measure of the translatory component of wave motion; 

X 	That part of unit precipitation contributing directly to surface-
retention storage, in inches per time interval; 

XLX 	Interflow-rate parameter for hillside lower-zone soil-moisture 
storage, in inches per hour. 

28 



INF = PX 	
(PX)

2 

2(INF2) 
(2) 

for PX < INF2 

where 	PX = Unit precipitation (in excess of interception storage) 
appearing at land surface, in inches per time interval; 

INF2 = Maximum infiltration rate, in inches per time interval. 

INF is equal to half the maximum infiltration rate, INF2, when unit 
precipitation, PX, exceeds INF2. 

Maximum infiltration rate, INF2, is calculated by use of a nonlinear 
function given by equation 3, as follows: 

INF2 = PINF 	2
-[PSUP • (UZS/UZSN)] 

(3) 

where 	PINF = Infiltration rate parameter, in inches per time interval; 

PSUP = Infiltration function shape parameter, (dimensionless); 

UZS = Upper-zone soil-moisture storage, in inches; 

UZSN = Upper-zone soil-moisture storage capacity, in inches. 

The infiltration rate parameter, PINF, is determined in the model by 
use of equation 4, as follows: 

PINF = PPIF • CORINF DELMIN 	 (4) 

where 	PPIF = Infiltration rate parameter, in inches per hour; 

CORINF = Ratio of water viscosity at mean monthly temperature 
to the viscosity at mean annual temperature (decimal 
fraction); 

DELMIN = Simulation time increment, expressed as decimal frac-
tion of an hour. 

Infiltration also occurs from surface-retention and surface-detention 
storages (discussed below) and is calculated using a procedure similar to 
that described above. 

Surface-Retention (Depression) Storage  

Precipitation that does not infiltrate directly, may enter surface 
depressions and lakes, and is referred to as surface-retention storage, 
SRS, and has a maximum capacity, SRSN. The amount of precipitation, X, 
that contributes directly to surface-retention storage is calculated by 
use of equation 5, as follows: 
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X = PX • PSRP • FRCT 
	

(5) 

where 	PX = Unit precipitation, in excess of interception storage and 
direct infiltration, in inches per time interval; 

PSRP = Parameter expressing maximum land-surface depression area 
as a percentage of total subwatershed area; 

FRCT = Surface-retention storage weighting parameter, (dimen-
sionless). 

The storage parameter, FRCT, is calculated by use of 
depending on the ratio of surface-retention storage, 	SRS, 
age capacity, SRSN, as follows: 

equation 6 or 8 
to maximum stor- 

FRCT = 	[1.0/(1.0 + Y)]y 	for 	(SRS/SRSN) > 	2.0 (6)  

and Y = 2.0 	[ABS(SRS/SRSN - 2.0)] + 1.0 (7)  

	

or FRCT = 1.0 	- 0.5 	(SRS/SRSN) 	[(1.0/(1.0 + Y)]Y  

	

for 	(SRS/SRSN) 	< 2.0 

	

and Y = 2.0 	[ABS(0.5 	(SRS/SRSN) 	- 1.0] 	+ 1.0 

(8)  

(9)  

The symbol, ABS, indicates that absolute value of parenthetical ex-
pression is to be used. 

Surface-retention storage is depleted by evaporation and infiltration 
to the upper soil zone. 

Surface-Detention Storage  

Precipitation appearing at pervious land-surface areas which avoids 
interception storage, direct infiltration, and surface-retention storage 
becomes surface-detention storage, SDS. Surface-detention storage has a 
maximum storage capacity, SDSN, and is depleted by contributions to over-
land flow and infiltration to the upper soil zone. Surface-detention 
storage that is not drained each time simulation increment by overland 
flow is available for infiltration to the upper soil zone. 

Upper- and Lower-Zone Storages  

Upper-zone soil-moisture storage, UZS, is derived from direct infil-
tration of excess precipitation at the land surface and infiltration from 
surface-retention (depression) and detention storages. Upper-zone soil-
moisture storage has a maximum storage capacity, UZSN, and is depleted by 
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evapotranspiration and drainage (percolation) into three lower-zone stor-
ages, including upland (or ridge), hillside, and alluvium. Lower-zone 
soil-moisture storage capacity is denoted LZSN. The upland (or ridge) 
zone is depleted by seepage to the hillside and alluvium lower storage 
zones. Seepage occurs from ridge zone to the alluvium zone when ridge 
soil moisture, LZS, exceeds the lower-zone soil-moisture storage capacity, 
LZSN. The alluvium lower zone is depleted by deep percolation to ground-
water storage and hillside lower-zone storage is depleted by interflow. 
Ridge, alluvium, and hillside storages are depleted by evapotranspiration. 

Upper-zone soil-moisture storage does not directly support any flow 
component. 

After infiltration at the initial upper soil zone (fig. 2), the model 
distributes drainage on an hourly basis to each of the three lower zones 
by use of an analytical percolation function. Drainage rates are propor-
tional to percent of the basin designated as ridge, hillside, and alluvium. 
The hillside and alluvium areas of the lower soil zone receive drainage 
from the upper zone only under saturated conditions (of the upper zone). 

All storage calculations that follow percolation from upper- to lower-
zone storage are made on an hourly basis including evapotranspiration and 
various flow components. 

Percolation 

When the upper soil zone approaches saturation condition, water begins 
to percolate (or drain) to lower soil zones at a rate, PERC, given by equa-
tion 10, as follows: 

PERC = UX • PULP . (IAM1/IAM2) 	 (10) 

where 	PULP = Percolation rate parameter for water draining from 
upper to lower soil zones, in inches per time interval; 

UX = Percolation rate function depending on upper-zone 
soil-moisture storage and upper-zone capacity, 
(dimensionless); 

IAM1 = Previous watershed area expressed as a decimal fraction; 

IAM2 = Effective area of lower-zone soil capacity (dimension-
less). See equation 14. 

The percolation rate function, UX, is equal to zero when upper-zone 
storage, UZS, is less than half the upper-zone storage capacity, UZSN; 
equation 11 is used to calculate the percolation rate function, UX, for 
upper-zone storage values between one-half and full capacity, as follows: 
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UX = 4.0 [(UZS/UZSN) - 0.5]
2 

Percolation rate function, UX, is determined by equation 12 when stor-
age exceeds storage capacity of the upper soil zone, as follows: 

UX = 2.825 [(UZS/UZSN) - 0.875]
0.5 	

(12) 

The percolation rate parameter, PULP, is determined within the model 
by use of equation 13, as follows: 

PULP = PPUL • CORINF • DELMIN 	 (13) 

where 	PPUL = Percolation rate parameter (from upper to lower soil 
zones), in inches per hour; 

CORINF = Ratio of water viscosity at mean monthly temperature 
to viscosity at mean annual temperature (decimal frac-
tion); 

DELMIN = Simulation time increment expressed as decimal fraction 
of an hour. 

The effective area of lower-zone soil capacity, IAM2, depends on im-
pervious watershed area and is calculated by an exponential expression 
given by equation 14, as follows: 

IAM2 = [1 - IMPA]
0.7 	

(14) 

where 	IMPA = Impervious watershed area expressed as a decimal 
fraction. 

Seepage 

Alluvium and hillside lower-zone storages receive seepage from ridge 
lower-zone storage, LZS, when ridge storage exceeds lower-zone storage ca-
pacity, LZSN. Seepage, SEEP, from ridge lower-zone storage is calculated 
by use of equation 15, as follows: 

SEEP = PULP • (LZS-LZSN) • FRLZ/(1-FRLZ) 	 (15) 

where 	PULP = Seepage parameter for lower-zone storage, in units per 
hour (see equation 13 above); 

LZS = Ridge lower-zone soil-moisture storage, in inches; 

LZSN = Lower-zone soil-moisture storage capacity, in inches; 

FRLZ = Parameter expressing fraction of lower-zone storage 
as ridge area (dimensionless). 
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The ratio FRLZ/(1-FRLZ), as shown above in equation 15, expresses 
proportion of ridge area to hillside and alluvial areas of lower-zone 
storage. 

Ground-Water Storage  

Ground-water storage, GWS, receives drainage from alluvium lower-zone 
storage and is depleted by transpiration, base flow, and underflow. Perco-
lation from alluvium lower-zone storage to ground-water storage is calcu-
lated by use of equation 16, as follows: 

PERC = PLGP. [(ALZS/LZSN) - 0.5] • FALZ • IAM2 	(16) 

where 	PLGP = Percolation rate parameter for ground-water storage, 
in inches per hour; 

ALZS = Alluvium lower-zone soil-moisture storage, in inches; 

LZSN = Lower-zone soil-moisture storage capacity, in inches; 

FALZ = Parameter expressing fraction of lower-zone storage 
as alluvial area (dimensionless); 

IAM2 = Effective area of lower-zone soil capacity (dimen-
sionless). 

Percolation is zero when alluvium soil moisture is less than half 
lower-zone storage capacity. 

Evapotranspiration  

Evapotranspiration depletes interception, surface, soil-moisture and 
ground-water storage components. Evapotranspiration is determined as the 
sum of evaporation from interception and surface-retention storages, evap-
oration and transpiration from upper- and lower-zone storages, and trans-
piration from ground-water storage. Upper- and lower-zone soil-moisture 
storages are the principal sources of evapotranspiration in the model. 
Evapotranspiration is calculated for each of these storage components using 
hourly potential evapotranspiration as an upper limit. Hourly potential 
evapotranspiration values, HEP, are computed as the product of estimated 
evapotranspiration values input to the model and the hourly distribution 
ordinates listed in table 7. Hourly evapotranspiration diminishes as de-
pletion computations progress from one storage component to the next as 
shown in figure 2. Diminished values represent evapotranspiration poten-
tial for subsequent storage component. 
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Table 7.--Hourly distribution of potential evapotranspiration  

[From Lumb, 1975] 

Ending hour 
Hourly 

distribution 
rate 

Ending hour 
Hourly 

distribution 
rate 

0100 0.0 1300 0.110 

0200 0.0 1400 0.110 

0300 0.0 1500 0.105 

0400 0.0 1600 0.095 

0500 0.0 1700 0.081 

0600 0.0 1800 0.055 

0700 0.19 1900 0.017 

0800 0.041 2000 0.0 

0900 0.069 2100 0.0 

1000 0.088 2200 0.0 

1100 0.102 2300 0.0 

1200 0.110 2400 0.0 
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Surface Evaporation 

Surface evaporation depletes both interception and surface-retention 
storages. Interception and surface-retention storages are totally de-
pleted by surface evaporation when evaporation potential equals or exceeds 
available storage. For all other conditions, interception and surface-
retention storages are depleted at rates determined from relations des-
cribed below. 

Interception-storage evaporation, EIS, is determined by use of equa-
tion 17, as follows: 

EIS = EIP • HEP • (ICPT/TCPTM) • IAM1 	 (17) 

where 	EIP = Evaporation parameter for interception storage 
(dimensionless); 

HEP = Hourly potential evaporation, in inches per hour; 

ICPT = Interception storage, in inches; 

ICPTM = Interception-storage capacity, in inches; 

IAM1 = Pervious watershed area expressed as a decimal fraction. 

Surface-retention storage evaporation, ESR, is determined by use of 
equation 18, as follows: 

ESR = HEP • PSRP • (SRS/S1SN) • IAM1 	 (18) 

where 	HEP = Hourly potential evapotranspiration available to 
surface-retention storage, in inches per hour; 

PSRP = Maximum area parameter for surface-retention storage 
(expressed as fraction of subwatershed area); 

SRS = Surface-retention storage, in inches; 

SRSN = Surface-retention storage capacity, in inches; 

IAM1 = Pervious watershed area expressed as a decimal fraction. 

Upper and Lower Soil Zone Evapotranspiration 

The principal sources of evapotranspiration are upper- and lower-zone 
soil-moisture storages. Upper soil zone evapotranspiration, EUZ, depletes 
half of the upper-zone soil moisture, UZS, when potential evapotranspira-
tion exceeds soil-moisture storage; for all other upper-zone soil-moisture 
conditions, evapotranspiration is computed by use of equation 19, as fol-
lows: 

EUZ = HEP • EZU • UX • IAM1 	 (19) 
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where 	HEP = Hourly potential evapotranspiration available to 
upper-zone storage, in inches per hour; 

EZU = Root-density function (see equation 20); 

UX = Upper-zone storage weighting factor (see equation 21); 

IAM1 = Pervious watershed area expressed as a decimal fraction. 

The dimensionless upper soil zone root-density function, EZU, is de-
fined by a non-linear relation given by equation 20, as follows: 

EZU = 1.0 - [(LZSN)/(LZSN + UZSN)]
2 	

(20) 

where 	LZSN = Lower-zone soil-moisture storage capacity, in inches; 

UZSN = Upper-zone soil-moisture storage capacity, in inches. 

The dimensionless upper-zone storage weighting factor, UX, can vary 
between 0 and 1, and is calculated by use of equation 21, as follows: 

UX = EVP • [UZS/UZSN]
0.5 	

(21) 

where 	EVP = Evapotranspiration parameter for upper- and lower-zone 
storages (dimensionless); 

UZS = Upper-zone soil-moisture storage, in inches. 

Ridge, hillside, and alluvium lower-zone storages are also depleted 
by evapotranspiration. Each of these storages is depleted by one-half 
when potential evapotranspiration exceeds available soil moisture; for all 
other soil-moisture conditions, evapotranspiration is computed as the pro-
duct of lower-zone potential evapotranspiration and respective storage 
component rate functions. 

Lower-zone potential evapotranspiration used is determined as the 
product of available hourly potential evapotranspiration and a weighting 
factor reflecting differences in upper- and lower-zone storage capacities. 

Storage component rate functions used are determined as the product 
of the evapotranspiration parameter for upper- and lower-zone storages, 
EVP, with respective storage component ratios (component soil moisture to 
capacity raised to the 0.8 power), and storage component effective areas. 
Effective areas are determined as the product of the lower-zone soil capa-
city effective area parameter, IAM2, and the respective storage component 
parameters (FRLZ, FHLZ, or FALZ) expressing the proportion of lower-zone 
storage designated as ridge, hillside, and alluvium areas. 

Ground-Water Transpiration 

The model assumes that evapotranspiration loss from ground-water stor-
age occurs primarily as transpiration. Ground-water transpiration, EGW, is 
calculated by use of equation 22, as follows: 
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EGW = 4 • HEP • ETGWP • GWS • FALZ • IAM2 	 (22) 

where 	HEP = Hourly potential evapotranspiration available to ground-
water storage, in inches per hour; 

ETGWP = Transpiration parameter for ground-water storage 
(dimensionless); 

GWS = Ground-water storage, in inches; 

FALZ = Parameter expressing fraction of lower-zone storage as 
alluvial area (dimensionless); 

IAM2 = Effective area of lower-zone soil capacity (dimension-
less). 

The coefficient, 4, in equation 22 is a proportionality constant, in 
units per inch. 

Underflow  

Ridge lower-zone storage and ground-water storage are depleted by 
underflow, or the downgradient flow of water through permeable deposits 
underlying the stream. 

Underflow occurs when ridge lower-zone soil moisture, LZS, exceeds 
lower-zone storage capacity, LZSN, and is calculated by use of equation 
23, as follows: 

UF = PLZU • LZS • FRLZ • IAM2 	 (23) 

where 	PLZU = Underflow parameter for ridge lower-zone soil-moisture 
storage, in units per hour; 

LZS = Ridge lower-zone soil-moisture storage, in inches; 

FRLZ = Parameter expressing fraction of lower-zone storage as 
ridge area (dimensionless); 

IAM2 = Effective area of lower-zone soil capacity (dimension-
less). 

Underflow from ground-water storage is calculated by use of equa-
tion 24, as follows: 

UF = PDGP • GWS • FALZ 	 (24) 

where 	PDGP = Underflow parameter for ground-water storage, in units 
per hour; 

GWS = Ground-water storage, in inches; 

FALZ = Parameter expressing fraction of lower-zone storage as 
alluvial area (dimensionless). 
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Streamflow 

Simulated streamflow consists of direct runoff, interflow, and base 
flow. Direct runoff is translated into a surface-runoff hydrograph by 
use of a distribution graph. Interflow and base-flow ordinates are com-
bined directly with ordinates of the surface-runoff hydrograph to produce 
a streamflow hydrograph. Distribution graphs (dimensionless unit hydro-
graphs) are computed from available gaging station records using flood 
hydrographs for selected independent storms. 

Direct-runoff flow components may be calculated on time simulation 
intervals shorter than an hour. Base flow and interflow are calculated 
on an hourly basis. 

Direct Runoff 

Direct runoff results from impervious-area flow and pervious-area 
overland flow. Rainfall on those areas of the land surface that are 
impervious and connected to the stream channel system results in imper-
vious-area flow, SRIA, and is calculated by use of equation 25, as fol-
lows: 

SRIA = IMPA • PX 	 (25) 

where 	IMPA = Ratio of impervious area to total basin area expressed 
as a decimal fraction; 

PX = Unit precipitation, in inches per time interval. 

Unit precipitation, PX, is computed as the product of hourly precip-
itation, PR, and time simulation interval DELMIN (expressed as decimal 
fraction of an hour). 

Overland flow, SRO, depends on the magnitude of surface-detention 
storage and is calculated by use of equation 26, as follows: 

SRO = SDS • TTM 	 (26) 

where 	SDS = Surface-detention storage, in inches; 

TTM = Overland-flow storage parameter for surface-detention 
storage, in units per time interval. 
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Interflow 

Interflow is water that moves laterally through the lower soil zone 
to the stream channel system. Interflow may appear quickly in the stream, 
or may be delayed, depending on lower-zone soil-moisture condition. 

Interflow depletes hillside lower-zone storage, and occurs when hill-
side lower-zone soil moisture, HLZS, exceeds lower-zone storage capacity, 
LZSN. Under this condition, interflow, IFLO, is calculated by use of 
equation 27, as follows: 

IFLO = XLX • FHLZ • IAM2 	 (27) 

where XLX = Interflow parameter, in inches per hour (see equation 
28); 

FHLZ = Parameter expressing fraction of lower-zone storage as 
hillside area (dimensionless); 

IAM2 = Effective area of lower-zone soil capacity (dimension-
less). 

The interflow rate parameter, XLX, is calculated by use of a non-
linear function given by equation 28, as follows: 

XLX = INFP• [0.8+0.2 (HLZS/LZSN)-0.5] • [(HLZS/LZSN)-0.5]2 	(28) 

where 	INFP = Interflow parameter for hillside lower-zone storage, 
in inches per hour; 

HLZS = Hillside lower-zone soil moisture, in inches; 

LZSN = Lower-zone soil-moisture capacity, in inches. 

Base Flow 

Base flow is sustained or fair-weather runoff and is derived from 
ground-water storage. Base flow, BFLO, is calculated by use of equation 
29, as follows: 

BFLO = FALZ • BFP • (GWS - GWSF) 	 (29) 

where 	FALZ = Parameter expressing fraction of lower-zone storage as 
alluvial area (dimensionless); 

BFP = Base-flow parameter for ground-water storage, in units 
per hour (see equation 30); 

GWS = Ground-water storage, in inches; 

GWSF = Ground-water storage at zero base flow, in inches. 
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The base-flow parameter, BFP, is calculated by use of a non-linear 
function given by equation 30, as follows: 

BFP = 1.0 - [KGWF]0.04167 	 (30) 

where 	KGWF = Daily base-flow recession constant (estimated from 
observed streamflow records). 

Flow Routing  

Streamflow hydrographs are routed within the stream channel system 
using an analytical procedure referred to as the Muskingum Method. The 
procedure involves routing of incremental inflow values through segments 
of stream channel reach. Routed outflow, OUT (N), from a specific chan-
nel reach is computed by use of equation 31, as follows: 

OUT (N) = CO. FIN(N) + Cl. FIN(N-1) + C2. OUT(N-1) 	(31) 

where 	OUT(N-1) = Preceding outflow from stream reach; 

FIN(N) = Current inflow to reach; 

FIN(N-1) = Preceding inflow to reach. 

The coefficients, CO, Cl, and C2, are calculated by use of the following 
set of expressions: 

CO 
-Kx + 0.5t 

K(1-x) + 0.5t 

Kx + 0.5t  Cl = 

	

	 (32) 
K(1-x) + 0.5t 

K(1-x) - 0.5t  C2 - 
K(1-x) + 0.5t 

where 	K = Storage parameter reflecting approximate flood travel time 
through stream reach, in hours; 

x = Weighting parameter (dimensionless) for reach inflow and 
outflow; also a measure of the translatory component of 
wave motion; 

t = Length of routing or simulation period, in hours; in this 
study, a 1-hour routing period is used. 

Routing parameters K and x are determined from available streamflow rec-
ords and adjusted by comparing simulated and observed hydrographs. 
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Reservoir routing is accomplished by use of an analytical procedure 
based on the modified Puls method. The method provides for computation 
of both controlled and uncontrolled reservoir outflow. The modified pro-
cedure assumes that (1) outflow can be controlled when reservoir stage is 
less than elevation of free-surface discharge and (2) outflow is uncon-
trolled for higher stage values. 

Uncontrolled flow is determined from a free-fall stage-discharge re-
lation. Controlled outflow values, OUT, are computed from preceding re-
servoir stage and inflow values using equation 33, as follows: 

OUT(I) = AA + B•EL + C.FIN(NR,I-1) 	 (33) 

where 	EL = Current reservoir stage value, in feet; 

FIN(NR,I-1) = Preceding reservoir inflow, for reach NR, 
in cubic feet per second; 

AA, B, C = Coefficients determined in a regression analysis 
of observed inflow, reservoir stage and outflow values. 

Reservoir stage values are updated using a stage-volume table and 
a preceding reservoir volume value adjusted for the difference in inflow 
minus outflow (including water-supply diversion). 

Reservoir inflow is simulated discharge for the flow point at the 
head of the reservoir reach. 

Boundary conditions for outflow values computed by use of equation 
33 are as follows: 

(1) Reservoir outflow can be assigned a constant value when 
reservoir stage falls below the point at which gated operation 
begins; 

(2) Equation 33 may conceivably produce negative outflow values 
for small inflow values. Under this condition, or when routed 
outflow values are less than a specified minimum acceptable 
outflow, reservoir outflow can be set equal to the preceding 
inflow. Minimum acceptable routed flows are calculated as a 
percentage of preceding inflow values. 

(3) Equation 33 may also produce unreasonably high outflow 
values. Computed outflow values are compared to a free-fall 
discharge corresponding to the current reservoir stage value. 
Outflow values exceeding the free-fall rating assume the free-
fall discharge value. 
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MODEL OPERATION 

The watershed being modeled may consist of one or more distinct sub-
watersheds connected by stream channel reaches. Application of the model 
to a watershed first requires identification of subwatersheds and connect-
ing stream reaches. Subwatersheds, stream channel reaches, and associated 
flow points, have been illustrated for a hypothetical watershed as shown in 
figure 3. Flow points are generally sites where streamfiow records are 
available. The sketch shows the overall watershed boundary containing 5 
subwatersheds connected by 3 stream channel reaches. Subwatershed 1, 
SUBWS-1, flows into flow-point 1, FP-1, and subwatershed 2, SUBWS-2, flows 
into flow-point 3, FP-3. The first stream reach, R-1, connects flow-points 
1 and 3. Subwatershed 3, SUBWS-3, flows into flow-point 2, FP-2, and sub-
watershed 4 flows into flow-point 3, FP-3. In general, a stream reach is 
assigned a number equal to the flow-point number at the head of the reach 
so that the ending flow-point number of the last stream reach is always 
greater than the number of stream reaches. Subwatershed and connecting 
stream reaches are numbered sequentially in downstream order beginning with 
the farthest upstream subwatershed and stream reach. 

The model will simulate one or more water years using hourly rainfall 
and daily values of evapotranspiration as input data. A generalized flow 
char. is shown in figure 4. Rainfall values are required for each subwater-
shed modeled; daily evapotranspiration values used are assumed to apply to 
the entire basin. Measured streamfiow data for subwatersheds and other key 
points may be input for comparison with simulated flow values. Flow simu-
lation and routing for a watershed is done on a monthly basis, using an 
assigned sequence of subwatershed and stream reaches as outlined in figure 
3. Upon completion of flow simulation and routing for a water year, the 
model outputs desired types of data for selected flow points including sum-
maries of monthly evapotranspiration, storage and flow components, annual 
streamflow tables and hydrographs (daily discharge) and an annual water-
budget analyses of change in storage computed as annual rainfall minus an-
nual evapotranspiration, runoff, and underflow. Simulated flow statistics 
are also available. Model options are summarized in Supplement II, under 
section I, watershed identification and program options. 

CALIBRATION PROCEDURE 

A manual procedure was used in this study for model calibration. The 
procedure is designed to induce changes in hydrologic processes controlling 
model output through sequential adjustment of important parameters. 

The procedure considers a full range of streamfiow variation in ba-
sins modeled, and is similar _J a procedure described by Fleming (1975). 
However, major emphasis of this study lies with flood simulation, and 
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Figure 3.--Subwatershed configuration, channel reaches, and flow 
points for a typical watershed. 
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INPUT DATA FILE -- WATER YEAR 

DAILY POTENTIAL EVAPOTRANSPIRATION 
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SUBWATERSHED SIMULATION 
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WATER YEAR INCOMPLETE 
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SIMULATION PERIOD INCOMPLETE 

(Repeats for additional water years) 

Figure 4.--Flow chart showing model operational sequence. 
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therefore, model calibration is oriented principally toward those param-
eters having greatest influence on shape and volume of the flood hydro-
graphs. Hydrologic processes and subordinate model parameters are listed 
below in order of relative importance: 

Hydrologic process 	 Model parameter  

Infiltration 	 PPIF, PSUP 

Storage 	 UZSN, LZSN, FALZ
1
, FHLZ

1
, PSRP

1 

Percolation and seepage 	 PPUL 

Evapotranspiration 	 EVP, ETGWP 

1 Area parameters that affect surface and soil-moisture storage. 

Parameters listed above are the most sensitive model parameters. 
Parameter sensitivity refers to the relative changes in various model 
components, expressed as percent increases or decreases, that are pro-
duced by a specified percent increase in the value of each model param-
eter, evaluated one at a time. Results of the Anclote River sensiti-
vity analysis, listed in table 9, is an example. 

Optimization is difficult because adjustment of a parameter value may 
produce response in several flow components. Optimization strategy out-
lined in table 8 consists of 5 steps covering parameter sequence and type 
of adjustment (increase or decrease) to produce an increase in various 
model and hydrograph components. The magnitude of parameter adjustment 
may be estimated using sensitivity analysis results, such as listed in 
table 9. 

Model response to parameter adjustment is evaluated indirectly through 
(1) line-printer plots of observed and simulated mean daily discharges for 
a water year displayed on a logarithmic scale versus time, (2) absolute 
error in simulated annual, monthly, and mean-daily flows, and (3) correla-
tion coefficients of simulated and observed monthly and mean-daily flows. 

Initial values for many model parameters were obtained using modi-
fied guidelines and relations suggested by Crawford and Linsley (1966), 
and preliminary results of GTWS model studies for other areas (oral and 
written commun. with Alan Lumb, 1974). Initial values for remaining param-
eters were estimated from available streamflow records, topographic maps, 
and recent aerial photographs. Initial values for several parameters were 
selected arbitrarily. The method used in initial value selection is indi-
cated in table 5 for each model parameter. 

The first calibration step (table 8) is to insure that values for 
parameters controlling model operation are in range. A streamflow hydro-
graph is simulated for an entire water year, using the initial set of 
model parameter values selected. Simulated and observed hydrographs (line-
printer plots of simulated and observed mean daily flows) are compared; 
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Table 8.--Suggested strategy for manual optimization of model  
parameters  

Calibration 
step 

I 

Model 
1 

response 
 

Annual streamflow hydro-
graph adjusted upward and 
total annual runoff in-
creased. 

Parameter adjustment 
sequence 

1. Decrease PPIF 
2. Increase PSUP 
3. Decrease UZSN 
4. Decrease PSRP 
5. Decrease PPUL 
6. Decrease EVP 
7. Decrease LZSN 

III 

II 

IV 

V 

Direct runoff increased. 

Base flow increased. 

Interflow increased. 

Flood volume and peak 
discharge increased. 

1. Decrease PSRP 
2. Decrease PPIF 
3. Increase PSUP 
4. Decrease UZSN 

1. Increase FALZ 
2. Decrease LZSN 
3. Increase PPUL 
4. Decrease ETGWP 

1. Increase FHLZ 
2. Increase PPUL 
3. Decrease LZSN 
4. Decrease EVP 

1. Increase PSUP 
2. Decrease UZSN 
3. Decrease PPUL 
4. Increase PSRP 

1 Model response can be reversed by applying opposite parameter changes. 
For example, to decrease base flow, first decrease FALZ, then increase 
LZSN, and so on. 
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Table 9.--Sensitivity of GTWS model parameters (as applied to Anclote River)  

[Percentage change in model component produced by 10 and 25 percent increases in indicated model parameter.] 

Model component 
IMPA FALZ FHLZ PSRP PSDP ICMN ICMX 

10 25 10 25 10 25 10 25 10 25 10 25 10 25 

STORAGES: 
Interception 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.20 2.86 3.46 7.90 
Surface retention .00 - 	.06 .00 .00 .00 .00 6.92 16.99 .00 - 	.06 - 	.28 - 	.61 - 	.94 2.16 

INFILTRATION: 
Direct 0.00 -0.08 0.00 0.00 0.00 0.00 -3.91 -9.42 -0.16 -0.32 -0.32 -0.80 -0.64 -1.44 
From surface retention .00 - 	.06 .00 .00 .00 .00 6.18 15.02 - 	.06 - 	.06 - 	.24 - 	.53 - 	.71 -1.65 
From surface detention .00 .00 .00 .00 .00 .00 -12.90 -29.03 9.68 22.58 .00 .00 .00 .00 

PERCOLATION: 
Upper to lower soil zone 0.00 -0.05 0.00 0.00 0.00 0.00 1.95 4.90 0.05 0.10 -0.29 -6.62 -0.52 -1.24 

Lower zone storage to 
ground-water storage 5.67 5.67 5.67 13.96 -1.61 -3.91 2.15 5.37 .08 .15 - 	.15 - 	.46 - 	.31 - 	.69 

Ridge seepage -16.86 -16.86 -16.86 -41.72 -6.80 -16.86 3.25 7.10 .00 - 	.30 - 	.30 - 	.59 - 	.39 - 	.59 

STREAMFLOW: 
Impervious area 0.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Surface runoff .00 - 	.03 .00 .00 .00 .00 -2.26 -5.61 - 	.06 - 	.12 - 	.25 - 	.56 - 	.65 -1.55 

Interflow -4.05 -4.05 -4.05 -9.25 8.09 19.85 2.12 5.39 .00 .00 - 	.19 - 	.58 - 	.39 - 	.77 
Baseflow 6.80 6.80 6.80 16.50 - 	.97 -2.91 2.91 6.80 .00 .00 .97 1.94 .97 1.94 

EVAPOTRANSPIRATION: 
Interception storage 0.00 -0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.14 2.88 3.33 7.65 

Surface retention storage .00 .00 .00 .00 .00 .00 10.45 29.85 .00 1.49 .00 -1.49 -5.97 -13.43 

Upper zone storage .00 .00 .00 .00 .00 .00 .60 .91 .00 .00 - 	.60 -1.51 -1.81 -4.53 

Lower zone storage -3.39 -3.39 -3.39 -8.19 -1.41 -3.39 - 	.28 - 	.56 .00 - 	.28 - 	.85 -1.69 -1.69 -3.95 

Ground-water storage 5.76 5.79 5.76 14.18 -1.56 -3.84 2.10 5.12 .00 .09 - 	.27 - 	.73 - 	.73 -1.65 

Total 1.64 1.64 1.64 4.01 - 	.70 -1.68 .98 2.47 .03 .63 .25 .57 .63 1.45 

SELECTED HYDROGRAPH COMPONENT: 
Maximum mean daily flow -0.03 -0.03 -0.03 -0.50 0.05 0.13 0.81 2.34 -0.03 -0.03 -0.25 -0.59 -0.08 -0.18 

Maximum mean hourly flow - 	.03 - 	.03 - 	.03 - 	.05 .05 .15 .86 2.32 .00 - 	.03 - 	.23 - 	.58 - 	.08 - 	.18 

Annual flow - 	.36 - 	.36 - 	.36 - 	.83 1.13 2.79 -1.36 -3.40 - 	.03 - 	.08 - 	.03 - 	.50 - 	.58 -1.36 

Flood volume - 	.07 - 	.06 - 	.07 - 	.16 .16 .40 1.08 2.23 - 	.01 - 	.03 - 	.25 - 	.60 - 	.07 - 	.18 



Table 9.--Sensitivity of GTWS model parameters (as applied to Anclote River) - continued 

Model component 
SRSN SDSN UZSN LZSN PPIF PSUP PPUL 

10 25 10 25 10 25 10 25 10 25 10 25 10 25 

STORAGES: 
Interception 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Surface retention 1.33 3.27 .00 .00 - 	.28 - 	.50 .06 .17 - 	.72 -1.72 .77 1.49 - 	.22 - 	.55 

INFILTRATION: 
Direct -0.32 -0.72 0.08 0.16 4.79 11.42 -0.72 -1.68 3.67 8.79 -11.82 -26.0() 5.75 13.66 
From surface retention .77 1.88 .00 .06 .18 .59 .00 .00 - 	.53 -1.35 - 	.53 -1.77 .65 1.35 
From surface detention .00 -3.23 -9.68 -19.35 3.23 9.68 .00 .00 3.23 6.45 -12.90 -25.81 6.45 12.90 

PERCOLATION: 
Upper to lower soil zone 0.33 0.81 -0.05 -0.10 -1.09 -2.95 0.52 1.19 1.19 2.81 -4.81 -11.23 5.09 11.90 
Lower zone storage to 

ground-water storage .38 .92 - .08 - 	.15 - .61 -1.69 -4.52 -11.20 1.23 2.91 -4.91 -11.35 5.52 12.96 
Ridge seepage .59 1.18 - 	.30 - .30 - .59 -1.78 -10.36 -26.04 1.78 4.14 -7.10 -16.57 9.47 22.49 

STREAMFLOW: 
Impervious area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Surface runoff - 	.62 -1.58 .03 .09 -1.77 -4.27 .25 .56 -1.08 -2.54 4.24 9.72 -2.20 -5.14 
Interflow .39 .96 - 	.19 - 	.19 - .58 -1.73 -4.62 -11.56 1.16 2.89 -5.01 -11.75 5.59 13.29 
Baseflow .00 .97 .00 .00 -1.94 -4.85 -5.83 -13.59 .97 1.94 -3.88 -7.77 4.85 10.68 

EVAPOTRANSPIRATION: 
Interception storage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Surface retention storage 10.45 25.37 .00 .00 -8.96 -20.90 1.49 2.99 -2.99 -5.97 20.90 53.73 -10.45 -22.39 
Upper zone storage .00 - .30 .00 .00 6.95 16.62 -6.34 -14.50 .60 1.51 -3.02 -6.95 -1.51 -3.63 
Lower zone storage - 	.28 - 	.85 .00 .00 -3.67 -8.72 2.54 5.37 .00 .28 -1.13 -2.82 .28 .85 
Ground-water storage .27 .64 - .09 - .09 - .55 -1.46 -4.76 -12.08 1.28 3.02 -5.03 -11.80 5.49 12.90 
Total .28 .66 - 	.03 - 	.03 - .03 - 	.16 -1.99 -5.03 .47 1.14 -1.74 -3.95 1.58 3.67 

SELECTED HYDROGRAPH COMPONENT: 
Maximum mean daily flow -0.46 -1.22 0.00 0.03 -1.76 -4.40 0.05 0.03 -0.69 -1.60 3.16 6.98 -1.20 -2.77 
Maximum mean hourly flow - 	.43 -1.21 .00 .03 -1.76 -4.40 .05 .03 - 	.68 -1.59 3.15 6.92 -1.18 -2.74 
Annual flow - 	.44 -1.13 .03 .08 -1.71 -4.15 - 	.61 -1.52 - 	.72 -1.71 2.93 6.64 - 	.91 -2.16 
Flood volume - 	.53 -1.36 .01 .02 -1.79 -4.45 - 	.01 - 	.23 - 	.68 -1.18 3.18 6.90 -1.07 -2.48 



Table 9.--Sensitivity of GTWS model parameters (as applied to Anclote River) - continued 

Model component 
PLGP TTM INFP KGWF1 EIP1  EVP ETCWP 

10 25 10 25 
_ 

10 25 10 25 10 25 10 25 10 25 

STORAGES: 

- 

Interception 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -4.06 -11.29 0.00 0.00 0.00 0.00 
Surface retention .00 .00 .00 .00 .00 .00 .00 .00 1.16 3.27 - 	.11 - 	.33 .00 .00 

INFILTRATION: 
Direct 0.00 0.00 0.16 0.40 0.00 0.00 0.00 0.00 0.80 2.32 1.04 2.64 0.00 0.00 
From surface retention .00 .00 .00 .60 .00 .00 .00 .00 .29 .94 - 	.06 - 	.06 .00 .00 
From surface detention .00 .00 -16.13 -38.71 .00 .00 .00 .00 .00 .00 .00 3.23 .00 .00 

PERCOLATION: 
Upper to lower soil zone 0.00 0.00 -0.10 -0.19 0.00 0.00 0.00 0.00 0.43 1.24 -0.81 -2.00 0.00 0.00 
Lower zone storage to 

ground-water storage .38 .77 - 	.08 - 	.23 .00 .00 .00 .00 .23 .61 -2.68 -6.60 .00 .00 
Ridge seepage .00 .00 - 	.30 - 	.30 .00 .00 .00 .00 .00 .59 -5.33 -13.02 .00 .00 

STREAMFLOW: 
Impervious area 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Surface runoff .00 .00 .09 .19 .00 .00 .00 .00 .68 1.92 - 	.37 - 	.90 .00 .00 
Interflow .00 .00 - 	.19 - 	.19 .00 .39 .00 .00 .19 .58 -2.70 -6.74 .00 .00 
Baseflow .00 .00 .00 .00 .00 .00 (2) (2) -1.94 -4.85 -1.94 -5.83 -7.77 -17.48 

EVAPOTRANSPIRATION: 
Interception storage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -4.17 -11.59 0.00 0.00 0.00 0.00 
Surface retention storage .00 .00 .00 .00 .00 .00 .00 .00 23.37 65.67 -1.49 -2.99 .00 .00 
Upper zone storage .00 .00 .00 .00 .00 .00 .00 .00 1.81 5.14 9.67 23.87 .00 .00 
Lower zone storage - .28 - 	.56 .00 .00 - .28 - 	.28 .00 .00 1.41 4.24 9.60 24.01 .00 .00 
Ground-water storage .37 .82 - .09 - .18 .00 .00 -58.37 -78.59 .64 1.83 -2.84 -6.95 1.28 2.93 
Total .13 .25 - .03 - .09 .00 .00 -20.16 -27.12 - 	.60 -1.77 1.11 2.75 .47 1.01 

SELECTED HYDROGRAPH COMPONENT: 
Maximum mean daily flow 0.00 0.00 0.03 0.08 0.00 0.00 1.04 1.34 0.18 0.53 -0.15 -0.23 -0.03 -0.03 
Maximum mean hourly flow .00 .00 .05 .08 .00 .03 1.03 1.36 .18 .53 - 	.15 - 	.38 .00 - 	.03 
Annual flow .03 .03 .03 .14 .03 .08 19.52 26.22 .58 1.60 - 	.75 -1.88 - 	.19 - 	.47 
Flood volume .00 .01 .02 .05 .01 .02 2.83 3.77 .20 .59 - 	.19 - 	.48 - 	.03 - .08 

1 Model parameter value used is limiting value (1.0); therefore, effects of negative rather than positive changes are listed. 
2 Value exceeds 100 percent. 



typical hydrographs are shown in figures 6, 10, and 13. Appropriate param-
eter(s) are adjusted following guidelines given in table 8 and a second 
hydrograph is simulated. This procedure is repeated until simulated and 
observed annual hydrographs are balanced. A simulated hydrograph is bal-
anced when it has the same overall size and shape as the observed hydro-
graph. Seasonal trends should be apparent with error in maximum and 
minimum flows averaging no more than about 50 percent; absolute error in 
annual runoff should not exceed 30 percent. 

Parameter adjustment sequence covers establishment of threshold values 
for infiltration, storage, percolation, and evapotranspiration. A decrease 
in infiltration rate (PPIF), upper-zone storage capacity (UZSN), maximum 
area for surface retention storage (PSRP), percolation rate from upper- to 
lower-zone storage (PPUL), and increase in infiltration function shape 
(PSUP) will adjust the hydrograph upward, and conversely. Upper- and lower-
zone storage evapotranspiration (EVP) and lower-zone storage capacity (LZSN) 
may require adjustment to balance hydrograph. A decrease in EVP and LZSN 
will tend to adjust the hydrograph upward. 

The first calibration step is highly subjective and requires consid-
erable experience with the model and understanding of flow regime being 
modeled. Parameter values that provide a general balance of simulated 
and observed annual hydrographs for both flood and base-flow periods, 
should also provide a reasonable match of simulated and observed annual 
runoff volumes. 

The second and third calibration steps listed in table 8 are related 
conceptually, as are most steps in the calibration procedure. Acceptable 
parameter values that minimize error in simulated annual runoff can be 
determined only after separation of direct runoff and base flow has been 
achieved. 

Objectives of the second and third calibration steps are to: (1) 
develop seasonal trends in the annual hydrograph, including direct runoff 
and base flow, and (2) minimize error in simulated annual runoff. 

Direct runoff depends on surface-detention storage, or residual pre-
cipitation, not accounted for by interception, direct infiltration and 
surface-retention storage. Direct runoff can, therefore, be increased by 
decreasing maximum area for surface-retention storage (PSRP) and infil-
tration rate (PPIF), and increasing the infiltration function shape (PSUP). 
Upper-zone storage capacity (UZSN) may also require some adjustment. A 
decrease in UZSN will increase direct runoff. 

Base flow depends on ground-water storage, and can be increased by 
increasing alluvial area (FALZ), and decreasing lower-zone storage capa-
city (LZSN). Percolation rate from upper- to lower-zone storage (PPUL) 
and ground-water transpiration parameter (ETGWP) may also require adjust-
ment to establish acceptable base-flow level. An increase in PPUL and a 
decrease in ETGWP will increase base flow. 
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Observed values of dire.ct runoff and base flow were not available for 
direct comparison with simulated values. Therefore, comparison of simulat-
ed and observed hydrograph segments, covering high- and low-flow periods 
and the absolute error in simulated monthly flows (selected months with and 
without precipitation) were used to establish direct runoff and base-flow 
trends. 

The fourth calibration step involves further refinement of trends in 
the annual hydrograph, particularly flood periods. In the study area, in-
terf low is a significant flow component having a significant influence on 
shape and timing of the annual hydrograph, particularly small to moderate 
floods. Interflow is derived from hillside lower-zone storage, when hill-
side lower-zone soil moisture exceeds lower-zone storage capacity. Inter-
flow can be increased by increasing hillside area (FHLZ), and upper- to 
lower-zone storage percolation rate (PPUL). Lower-zone storage capacity 
(LZSN), and upper- and lower-zone storage evapotranspiration (EVP), may 
require additional adjustment to attain satisfactory flood hydrograph 
shapes. A decrease in both LZSN and EVP will increase interflow. 

Observed interflow values were not available for direct comparison 
during calibration. Therefore, visual comparison of simulated and ob-
served hydrograph segments covering small to moderate size floods, the 
average absolute error in simulated mean daily flows, and correlation 
coefficient of simulated and observed mean daily flows were used in the 
final refinement of annual hydrograph trends. 

The fifth calibration step covers refinement of flood hydrograph 
volume and peak discharge. Two parameters significantly influence simu-
lated flood volume and peak discharge. Volume and peak discharge increase 
as infiltration function shape (PSUP) increases, and as upper-zone storage 
capacity (UZSN) decreases. Flood volume can also be increased by decreas-
ing percolation rate from upper- to lower-zone storage (PPUL) and increas-
ing maximum area for surface retention storage (PSRP). Simulated and ob-
served flood volumes and peak discharges (and time of occurrence) were 
matched by visual inspection of hydrograph plots. 

Step-wise adjustment of remaining model parameters may be useful in 
improving other hydrologic aspects, such as low flows. These adjustments, 
however, probably will not lead to significant improvement in flood simu-
lation capability. 

Initial parameter values were refined using simulated and observed 
hydrographs for the 1959, 1960, 1973 and 1974 water years. Maximum daily 
discharge and flood volume (for selected flood events from the annual 
hydrographs) were given primary consideration in model calibration. The 
1973 and 1974 water year hydrographs used are based on rainfall data for 
11 U.S. Geological Survey rainfall stations (fig. 1). The 1959 and 1960 
hydrographs are based on rainfall data for National Weather Service gages 
located at Tampa, St. Leo, and Lakeland (fig. 1). 

The 1973 water year was relatively dry whereas the 1974 water year 
was near normal. The 1959 and 1960 water years were the highest flow 
years of record in the study area. 
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MODEL STUDIES 

Calibrations were developed for six streamflow stations located in 
the Hillsborough, Alafia, and Anclote River basins (including principal 
main stem tributaries) using daily streamflow, hourly rainfall, and esti-
mated daily evapotranspiration computed from meteorologic records avail-
able in the study area. 

Configuration of basins used in the study are summarized in the fol-
lowing table according to number of subwatersheds, stream-channel reaches, 
and flow points: 

River Basin Subwatersheds Stream Reaches Flow points 

Anclote River 1 1 1 

Hillsborough 
River 5 

5a 
6 

Alafia River 3 3 4 

a
Includes one controlled reservoir reach (reach 5). 

Anclote River Basin 

The Anclote River originates in Pasco County near Drexel (fig. 1) and 
flows in a southwesterly direction through the northwest corner of Pinellas 
County to the Gulf of Mexico. The basin is primarily rural in the upper 
and middle reaches while the lower tidal reaches have numerous large resi-
dential developments. The Anclote River estuary traverses the corporate 
limits of Tarpon Springs and Port Richey (fig. 1). The Anclote River has 
one principal tributary, South Fork Anclote River, which is basically rural. 

Mean annual runoff measured at the Elfers streamflow station (site 32, 
fig. 1) since 1946 averages about 14.8 in. Mean basin slope is about 3.5 
ft/mi. Surface depression storage (lakes and swamps) amounts to nearly 20 
percent of the basin. Nearly 56 percent of the basin area has forest cover. 

Part of the basin selected for the study ]pies above the Elfers stream-
flow station, and has an area of about 72.5 mi . The basin configuration 
is shown in figure 5 along with location of U.S. Geological Survey rainfall 
and streamflow stations used. 

Basin configuration used in modeling consists of one watershed having 
one flow point. The watershed coincides with the basin boundary shown in 
figure 5 with the single flow point at the Elfers streamflow station (site 
32, fig. 1). Calibrated values are summarized in table 10. Simulated and 
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Figure 5.--Sketch map of Anclote River basin showing watershed configuration and 
location of rainfall and streamflow stations. 



Table 10.--Summary of calibration parameter values  

Model 
parameter 

Model parameter values 

Anclote River 
Basin Hillsborough River Basin Alafia River Basin 

Subwatershed
1 
 Subwatershed

2 
Subwatershed

3 

1 1 2 3 4 5 1 2 3 4 

Area: 
IMPA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
FALZ .5 .6 .6 .6 .6 .6 .5 .5 .5 .5 
FHLZ .2 .25 .25 .2 .25 .25 .25 .25 .35 .35 
PSRP .6 .3 .3 .3 .5 .3 .45 .45 .45 .45 
PSDP .1 .6 .6 .6 .7 .6 .4 .4 .4 .4 

Storage: 
ICMN 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 
ICMX .2 .2 .2 .2 .15 .2 .2 .2 .2 .2 
SRSN .3 .4 .4 .4 .4 .4 .4 .4 .4 .4 
SDSN .4 .9 .9 .9 .4 .25 .4 .4 .4 .4 
UZSN 3.0 3.5 5.0 5.0 3.0 5.0 2.0 2.0 2.0 2.0 
LZSN 12.0 5.0 8.0 8.0 10.0 8.0 5.0 5.0 5.0 5.0 
GWSF .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

Drainage: 
PPIF 4.0 4.0 5.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
PSUP 3.0 3.25 2.5 2.5 .9 2.5 3.25 3.25 3.25 3.25 
PPUL .001 .0008 .0008 .008 .007 .008 .008 .008 .008 .008 
PLGP .07 .04 .04 .04 .07 .04 .004 .004 .004 .004 
PDGP .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
PLZU .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
TTM .5 .25 .25 .25 .5 .25 .5 .5 .5 .5 
INFP 1.0 1.5 1.5 1.5 2.0 1.5 1.5 1.5 1.5 1.5 
KGWF .995 .985 .985 .985 .995 .985 .995 .995 .995 .995 



Table 10.--Summary of calibration parameter values - continued 

Model parameter values 

Model 
parameter 

Anclote River 
Basin 

 
Hillsborough River Basin Alafia River Basin 

Subwatershed
1 
 Subwatershed

2 
Subwatershed 

 

1 1 2 3 4 5 1 2 3 4 

Evapotrans- 
piration: 
EIP 
EVP 
ETGWP 

1.0 
.3 
.25 

1.0 
.25 
.1 

1.0 
.25 
.1 

1.0 
.25 
.1 

1.0 
.5 
.25 

1.0 
.25 
.1 

1.0 
.25 
.1 

1.0 
.25 
.1 

1.0 
.25 
.1 

1.0 
.25 
.1 

1 Watershed configuration shown on figure 5. 

2 Subwatershed configuration shown on figure 7. 

3 Subwatershed configuration shown on figure 9. 



observed annual streamflow hydrographs are shown in figure 6. Rainfall 
data used to simulate the 1974 water year hydrograph were observed at two 
U.S. Geological Survey stations (sites 2 and 5, figs. 1 and 5). Rainfall 
data for the St. Leo National Weather Service rainfall station (site 13, 
fig. 1), more than 25 mi from the center of the basin, were used to simu-
late the 1959 water year and 1960 water year streamflow hydrographs. 

The Anclote River calibration was used to evaluate sensitivity of 
model parameters. Calibrated values were increased by 10 and 25 percent 
and the resulting percent change in various model and hydrograph compo-
nents was determined. Percent changes were determined individually for 
each increase in each calibrated value. Model components evaluated in-
clude storage, infiltration, percolation, streamflow, and evapotranspira-
tion. Hydrograph components evaluated include maximum mean daily and 
mean hourly flows, annual flow, and flood volume. Results of the analysis 
are summarized in table 9. Use of the data is described in a preceeding 
report section entitled "Calibration Procedure". The analysis is based 
on streamflow, evapotranspiration and rainfall data for the 1960 water 
year. Rainfall data used were observed at the St. Leo rainfall station 
(site 13, fig. 1). 

Data listed in table 9 apply, in a general way, to other basins dis-
cussed in following sections of this report. These basins have multiple 
subwatersheds, whereas, the Anclote River has only one. In addition, cali-
brated values for the Anclote River and other basins studied differ, and 
therefore, results would not be expected to apply exactly. 

Hillsborough River Basin  

The upper Hillsborough River basin is generally rural consisting of 
open and wooded upland areas and numerous low-lying swampy areas. Develop-
ment is primarily agricultural, although several phosphate mining complexes 
are located in the area. 

A flood-control structure (overflow channel) connects the Withlacoo-
chee and Hillsborough Rivers (fig. 1). During high-flow periods, flood 
water is diverted from the Withlacoochee River to the Hillsborough River. 
An analysis of streamflow records collected at the overflow channel (site 
31, fig. 1) indicate that the effect of this diversion on the Hillsborough 
River is insignificant during most flood periods. Base flow of the Hills-
borough River is sustained by discharge from Crystal Springs located north-
east of the Hillsborough River State Park (fig. 1). 

In the lower basin, the Hillsborough River flows through large urban 
areas of Temple Terrace, including Tampa Reservoir, and continues south 
through dense residential areas of north Tampa to its mouth in Hillsborough 
Bay. Tampa Reservoir is the City of Tampa's municipal water supply. Maxi-
mum reservoir storage is about 2,300 acre-ft. 
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The Hillsborough River has three major tributaries, Blackwater, Flint, 
and Cypress Creeks. Of these, Blackwater Creek is upstream from Hillsborough 
River State Park (fig. 1), and extends in a southeasterly direction towards 
Lakeland, Polk County. Development in the basin is chiefly agricultural. 
The basin is about 120 mi in size. 

Flint Creek extends east in Hillsborough County towards Plant City. 
The Flint Creek basin has numerous low-lying swamp areas and agricultural 
developments. Lake Thonotosassa (fig. 1) lies in a rapidly urbanizing 
area located near the mouth of the basin. 

Cypress Creek, the largest Hillsborough River tributary, originates 
in southern Hernando County, and flows in a southerly direction through 
large swamp areas in Pasco and Hillsborough Counties. The few upland 
areas of the basin are used primarily for agriculture, although urban 
developments are appearing in the middle and lower basin. A considerable 
part of the basin is subject to frequent flooding. 

Mean annual runoff measured at the Hillsborough River near Tampa 
streamflow station since 1938 averages about 13 in. Mean basin slope 
averages about 2 ft/mi; surface storage (lakes and swamps) amounts to 
more than 17 percent of the basin area. About 16 percent of the basin 
is forested. 

The area modeled is about 650 mi
2 
in size and is that part of the 

Hillsborough River lying above Tampa Reservoir Dam (site 23, fig. 1). 
Subwatershed configuration and location of streamflow and rainfall instru-
ments are shown in figure 7. The basin consists of five subwatersheds, 
interconnected by five stream reaches having six designated flow points. 
Streamflow is simulated for each subwatershed. Simulated flows are routed 
through stream reaches to the main channel where they are combined and 
subsequently routed to Tampa Dam. Subwatersheds are located on principal 
tributaries and on the main channel. A summary of streamflow stations, 
subwatershed sequence, stream reaches, and flow points is as follows: 
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Sit 
no. 

Streamflow 
station 

Subwatershed information 

Description 
Are 
(mi ) 

Flow 
point 

Sequence 

29 Hillsborough Upper Hillsborough 
River near River (including 
Zephyrhills Blackwater Creek) 220 1 1 

28 Hillsborough Intervening area 
River at (including New 
Morris Bridge River and Flint 
Road near Creek) 
Thonotosassa 155 2 2 

(Hillsborough Intervening area 
River above (including Trout 
Cypress Creek) Creek) 55 4 3 

25 Cypress Creek 
near Sulphur 

Cypress Creek 

Springs 160 3 4 

24 Hillsborough Intervening area 
River at 
Fowler Avenue 
near Tampa 

(including Hills- 
borough River be- 
low Cypress Creek 
to Fowler Avenue) 60 5 5 

23 Hillsborough Intervening area 
River near 
Tampa (at 
Tampa Dam) 

(including Hills- 
borough River be- 
low Fowler Avenue 
to Tampa Dam) 70

2 
6 - 

1Refers to site numbers shown in figures 1 and 7 and listed in tables 
2 and 3. 

2lntervening area included in subwatershed 5 to simplify computations. 
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R Recorder 

Site numbers (see figure I. and tables 
3,5 2 and 3) 

R-5 Channel reach number 

SUAWS-1 Subwatershed number 

• FP -3 Flowpoint number 

Figure 7.--Sketch map of Hillsborough River basin showing sub-
watershed configuration and location of rainfall and 
streamf low stations. 
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Stream reach 5 includes Tampa Reservoir. Fowler Avenue (flow-point 
5, fig. 7) is at the beginning of the reach and Tampa Dam (flow-point 6) 
is at the end. 

Outflow from Tampa Reservoir is regulated by changes in gate settings 
made by employees of the Tampa Water Department. Streamflow records col-
lected at Tampa Dam indicate that releases from the reservoir are erratic 
and as such are subject to a random (nonpredictable) element. 

The effect of reservoir regulation on flood-peak discharges was eval-
uated by analyzing annual flood-peak discharges (1961-74 water years) avail-
able for Fowler Avenue and Tampa Dam. These peaks are shown graphically in 
figure 8. A second order regression curve was fitted to these data. This 
relation has a correlation coefficient of 0.98 and an average standard error 
of about 12.7 percent. Inflow and outflow values taken from this curve were 
used in calculating percent reduction in selected peak inflows and are list-
ed as follows: 

Peak inflow (mean daily discharge) Reduction in annual 
cubic feet per second peak discharge, percent 

1,800 44.0 

2,000 38.0 

3,000 23.0 

4,000 16.0 

These data indicate that small peak inflows are significantly atten-
uated by reservoir regulation. 

Reservoir routing was used to minimize simulation errors for flood-
peak discharges less than 4,000 ft /s. Streamflow records available for 
Tampa Dam and Fowler Avenue were used in developing a multiple relation 
used for calculating controlled reservoir outflow, OUT, given by equation 
34, as follows: 

OUT(I) = 3800 - 216.9 EL + 0.95 FIN(NR,I-1) 	 (34) 

where 	EL = Current reservoir stage, at Tampa Dam, in feet above 
sea level; 

FIN(NR,I-1) = Preceding reservoir inflow (at Fowler Avenue), 
cubic feet per second. 

Equation 34 is generally applicable when reservoir stage, EL, is in the 
range 16.90 to 23.00 ft above mean sea level, and when outflow is less than 
25,900 ft /s. Equation 34 has a multiple cor5elation coefficient of 0.98 
and average standard error estimate of 350 ft /s. The reservoir assumes 
free-fall conditions when routed outflow exceeds free-fall rating discharge. 
Free-fall rating discharge is computed by use of equation 35, as follows: 
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TEST = -83,398.72 + 18,466.22 [EL] - 1,355.11 [EL]
2 
+ 33.28 [EL]

3 
(35) 

where 	EL = Reservoir stage at Tampa Dam, in feet above sea level. 

Equation 35 has a correlaion coefficient of 0.99 and average standard er-
ror of estimate of 535 ft /s. F9r reservoir stages below 16.00 ft, outflow 
assumes a constant value of 4 ft /s. 

The model was calibrated for the entire basin lying above Tampa Dam. 
Subwatersheds 1 and 4 were calibrated independently. Parameter values for 
subwatersheds 2, 3, and 5 were adjusted as required to achieve calibration 
for the entire basin. 

Simulated and observed annual streamflow hydrographs for Hillsborough 
River near Zephyrhills streamflow station (site 29, figs. 1 and 7) are shown 
in figure 9. Rainfall records for two U.S. Geological Survey rainfall sta-
tions in the basin (sites 7 and 11, figs. 1 and 7) were used to simulate 
the 1974 water year hydrograph. Rainfall records for two National Weather 
Service rainfall stations, St. Leo and Lakeland (sites 13 and 14, figs. 1 
and 7) were used to simulate the 1959 water year and 1960 water year stream-
flow hydrographs. 

Rainfall records for six U.S. Geological Survey rainfall stations 
(sites 1, 3, 7, 9, 10, and 11; figs. 1 and 7) were used to simulate the 
1974 water year streamflow hydrograph shown in figure 10 for the Tampa sta-
tion. Rainfall records for St. Leo and Lakeland were used to simulate the 
1959 water year and 1960 water year streamflow hydrographs. 

The 1974 hydrograph covers moderate size floods and the 1960 hydro-
graphs cover several of the highest floods of record. 

Model parameter values determined for each subbasin are listed in 
table 10. 

Alafia River Basin 

The Alafia River basin lies adjacent to and south of the Hillsborough 
River basin (fig. 1). The Alafia River has three principal main stem trib-
utaries including the North Prong, which originates near Lakeland in Polk 
County, the South Prong, which originates near Bradley Junction in Polk 
County, and Turkey Creek which originates near Plant City, Hillsborough 
County. Pleasant Grove Reservoir is located on lower Turkey Creek in Hills-
borough County, several miles below State Highway 60 (fig. 1). The Alafia 
River flows westerly from its headwaters in Polk County through south-cen-
tral Hillsborough County to its mouth in Hillsborough Bay. 

Mean annual runoff measured at the Alafia River at Lithia streamflow 
station (site 33, figs. 1 and 11) since 1932 averages 15.3 in. Mean basin 
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slope averages nearly 3.5 ft/mi, and surface storage (lakes and swamps) 
amounts to about 8.5 percent of the total basin area. More than 12 per-
cent of the basin has forest cover. 

The area modeled is about 335 mi
2 
in size and is that part of the 

Alafia River basin upstream of the Alafia River at Lithia streamflow sta-
tion (site 33, figs. 1 and 11). The area is shown in figure 11 along with 
subwatershed configuration and location of streamflow and rainfall records 
used. Streamflow stations, subwatershed sequence, stream reaches, and flow 
points are summarized in the following table: 

Sit 
no. 

Streamflow 
station 

Subwatershed information 

Description 
Are 
(mi ) 

Flow 
point 

Sequence 

34 North Prong Upper North Prong 
Alafia River Alafia River 
at Keysville 135 1 1 

35 South Prong Upper South Prong 
Alafia River Alafia River 
near Lithia 107 2 2 

-- --- Intervening area 
North and South 
Prongs from stream-
flow stations to 
confluence 35 3 3 

33 Alafia River 
at Lithia 

Intervening area 
from confluence 
of North and South 
Prongs to Lithia 
streamflow station 58 4 4 

1
Refers to sites shown in figures 1 and 11 and listed in tables 2 and 3. 

The model was calibrated for the entire Alafia River basin lying up-
stream from the Lithia streamflow station (site 33, figs. 1 and 11). Sub-
watersheds 1 and 2 were calibrated independently. Model parameter values 
for subwatersheds 3 and 4 were adjusted as required to achieve calibration 
for the entire basin. 

Simulated and observed annual streamflow hydrographs for the North 
Prong Alafia River at Keysville and Alafia River at Lithia streamflow 
stations (sites 34 and 33, figs. 1 and 11) are shown in figures 12 and 13, 
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Figure 11.--Sketch map of Alafia River basin showing subwatershed configuration and loca-
tion of rainfall and streamflow stations. 
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Figure 12.--Simulated and observed streamflow hydrographs for North Prong Alafia River 
at Keysville streamflow station. 
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respectively. Rainfall data used to simulate the 1973 water year hydro-
graphs were observed at three U.S. Geological Survey rainfall stations 
(sites 4, 6, and 8, figs. 1 and 11) located within the basin. Rainfall 
data for the Lakeland National Weather Service station (site 14, figs. 1 
and 11) were used to simulate the 1959 water year and 1960 water year 
hydrographs. Hydrographs are not shown for the South Prong Alafia River 
near Lithia streamflow station. 

Model parameter values determined for subbasins are listed in table 
10. 

RESULTS 

Calibrated model parameter values are summarized by basins in table 
10. Data required to completely test validity of these data are not cur-
rently available. Normally, one set of data is used for model calibration 
and testing and another set for verification. Acceptable calibration cri-
teria would ideally involve a minimum of 15 independent storms for calibra-
tion and another 15 for validation and assessment of model prediction error. 
Acceptable standard error computed from a comparison of observed and synthe-
sized flood-peak discharges and volumes should average no more than about 
35 percent. Results of other studies, involving large natural basins, in-
dicate correlation coefficients of simulated and observed daily flows, for 
the water year, that range from 0.82 to 0.99. See Crawford and Linsley 
(1966) and Lumb (1976). 

Calibrations are evaluated by comparing simulated and observed annual 
hydrographs for the 1959, 1960, 1973 and 1974 water years, with emphasis 
on flood hydrographs (maximum daily discharges and flood volumes). Ob-
served long-term annual flood-peak discharges and peak discharges syn-
thesized from historical rainfall records available for two sites outside 
the study area are also compared, including flood-frequency distributions. 

Simulated and observed annual streamflow hydrographs used in the cali-
bration study, including those shown in figures 6, 9, 10, 12, and 13, were 
compared. Hydrographs for all stations included in the study were used in 
the comparison, except Cypress Creek near Sulphur Springs. The Cypress 
Creek station was not included because observed data for the 1959 and 1960 
water years were not available. 

Statistics used in making the comparisons include: 

(1) Average absolute error in annual runoff and daily flows; and, 

(2) Correlation coefficient for monthly and daily flows. 

Statistical values determined for annual hydrographs were averaged 
for each station, using all years, and then excluding the worst year (1973). 
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Results of the analysis, summarized below, includes the range of average 
values determined for the stations: 

Water 
years 

Range in station statistics 

Average absolute 
error, percent 

Correlation 
coefficient 

Annual runoff Daily flow Monthly flow Daily flow 

1959, 	1960, 
1973, and 
1974 8-67 56-90 0.62-0.80 0.56-0.77 

1959, 	1960, 
and 1974 9-21 48-71 0.81-0.95 0.68-0.87 

Flood events used for calibration average about 12 per basin. Cali-
bration data (maximum daily discharges and flood volumes) are shown as 
plots in figures 14, 15, 16, 17, 18, and 19 for each basin. These data 
were evaluated by regression analyses. Results of the statistical evalua-
tion summarized in table 11 indicate that (1) standard errors of estimate 
range from 26 to 45 percent (maximum daily discharges) and 18 to 40 per-
cent (flood volumes); and (2) correlation coefficients range from 0.91 to 
0.98 (maximum daily discharges) and 0.93 to 0.98 (flood volumes). Corre-
lation coefficients (maximum daily discharges and flood volumes) were 
tested and found to be significantly different from 0.0 at the 5 percent 
probability level (that is, the implied statistical relation between ob-
served and simulated data have a 5 percent chance of being spurious). 

Regression constants and coefficients (constant terms and slopes of 
the linear regression equations of the data shown as plots in figures 14, 
15, 16, 17, 18, and 19) were also tested for significance. Constants 
were not significantly different from zero and slopes were not signifi-
cantly different from unity, at the 5 percent probability level (that is, 
there is only a 5 percent chance that simulated maximum daily discharges 
and flood volumes are biased). 

Historical rainfall data available for St. Leo and Lakeland (fig. 1) 
were used in making long-term simulations (1950-72) for the calibrated 
basins. Simulated and observed data were compared to determine annual 
floods that occurred simultaneously. Maximum daily discharges and flood 
volumes for concurrent annual floods were added (as x's) to the calibra-
tion plots shown in figures 14, 15, 16, 17, 18, and 19. These data were 
regressed with calibration data. Results are summarized in table 12. Ad-
ditional data points increase the number of flood events to about 18 per 
station, excluding Cypress Creek near Sulphur Springs. A comparison of 
regression analysis results for calibration data (table 11) and extended 
data (table 12) indicates that results of both analyses are virtually iden-
tical, thereby strengthening calibration results. 
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Table 11.--Comparative statistics of observed and simulated flood data used for calibration  

Streamflow station 
Number of 
storms 

Correlation 1 
coefficient 

Average 
standard

2
error of 

estimate , percent 

Maximum 
daily 

discharge 
Volume 

Maximum 
daily 

discharge 
Volume 

Anclote River near Elfers 11 0.96 0.95 30.0 30.0 

Hillsborough River near Zephyrhills 11 .91 .95 42.6 28.0 

Cypress Creek near Sulphur Springs 6 .98 .93 28.0 40.2 

Hillsborough River near Tampa 14 .97 .97 25.6 32.8 

North Prong Alafia River at Keysville 18 .93 .93 45.2 40.2 

Alafia River at Lithia 14 .97 .98 28.0 18.5 

1 All correlation coefficients shown above are significantly different from 0.0 at the 5 percent 
level. 

2 Computed as standard deviation of residual error about a linear relation line having slope at 1.0 
and constant term of 0.0. 



Table 12.--Comparative statistics of observed and simulated flood data used for calibration and  
selected annual floods from long-term simulation  

Streamflow station 
Number 

of storms 

Correlation 
coefficient

1 
Average 

 
standard

2
error of 

estimate , percent 

Maximum 
daily 

discharge 
Volume 

r 

Maximum 
daily 

discharge 
Volume 

Anclote River near Elfers 17 0.95 0.92 30 35 

Hillsborough River near Zephyrhills 15 .89 .91 43 35 

Hillsborough River near Tampa 19 .97 .95 26 45 

North Prong Alafia River at Keysville 20 .93 .93 45 38 

Alafia River at Lithia 17 .97 .96 28 28 

1 All correlation coefficients shown are significantly different from 0.0 at the 5 percent probability 
level. 

2 Computed as standard deviation of residual error about a linear relation line having a slope of 1.0 
and a constant term of 0.0. 



Observed and simulated annual flood-peak discharges for each basin 
were also evaluated by regression analyses. Results of these analyses 
are summarized in table 13. Correlation coefficients range from 0.60 to 
0.74 and average standard errors of estimate range from 33 to 44 percent. 
Significance tests indicate that all correlation coefficients were sig-
nificantly different from zero at the 5 percent probability level, with 
the exception of Cypress Creek near Sulphur Springs. All regression 
constants were significantly different from zero and regression coeffi-
cients were significantly different from unity at the 5 percent probability 
level, except for the Cypress Creek near Sulphur Springs station. Simu-
lated long-term peak discharges are therefore probably biased for all 
stations, except Cypress Creek. 

Uniformly distributed rainfall, for basins modeled as part of this 
study, was not available for long-term simulation. Therefore, the bias 
is believed to be the result of peak discharges spuriously generated from 
non-uniform rainfall from thunderstorms during the summer months. A com-
parison of flood-frequency distributions for simulated and observed long-
term flood-peak discharges indicate that the bias is most noticeable in 
low recurrence interval floods. Simulated and observed annual peak dis-
charges (long-term) were analyzed by log-Pearson Type III flood-frequency 
analyses. (See Water Resources Council (1976) for a discussion of the 
log-Pearson Type III flood-frequency analyses.) Graphical plots of ob-
served and simulated recurrence-interval peak discharges are shown in 
figures 20, 21, and 22 for selected stations. In most plots, simulated 
data exceed observed data up to about the 5-year recurrence interval, 
above which, both sets of data appear to merge satisfactorily. 

Based on results of the statistical evaluation discussed above, cali-
bration is assumed for basins modeled as part of this investigation. How-
ever, until additional rainfall, runoff, and evapotranspiration data become 
available, it will not be possible to verify calibrations or prediction er-
rors. Prediction errors of flood hydrographs simulated using current rain-
fall data (from the expanded network) hopefully will not exceed standard 
errors of estimate listed in tables 11 and 12. 

SUMMARY AND SUGGESTIONS FOR FURTHER STUDY 

A digital watershed model was calibrated for three river basins lo-
cated in the Tampa Bay area of west-central Florida. These basins include 
the Ancl9te, Hillsborough, and Alafia Rivers. The study area is more than 
1,200 mi in size and probably experiences more thunderstorms than any 
other area in the conterminous United States. More than half the mean 
annual precipitation (48 to 54 in.) occurs from thunderstorms during the 
surer. Watersheds used in the study range in size from about 70 to 650 
mi . 
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Table 13.--Comparative statistics of observed and simulated long-term annual flood-peak discharges  

Streamflow station 
Number of 

annual peak 
discharges 

Correlation 
coefficient 

Average  
standard error 
of of estimate, 

percent 

Regression
2 

coefficient 

Anclote River near Elfers 23 0.74 43 0.61 

Hillsborough River near Zephyrhills 23 .66 33 .41 

Cypress Creek near Sulphur Springs 8 .69 44 .59 

Hillsborough River near Tampa 23 

1  

.61 35 .35 

North Prong Alafia River at Keysville 23 .60 35 .36 

Alafia River at Lithia 22 .68 33 .41 

1 All correlation coefficients are significantly different from 0.0 at the 5 percent probability 
level (except Cypress Creek near Sulphur Springs). 

2 All regression coefficients are significantly different from 1.0 at the 5 percent probability 
level. 
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near Elfers streamflow station, 1950-72. 
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A digital watershed model was obtained, modified, and evaluated for 
use in the study. The model is a modified version of the Georgia Tech 
Watershed Simulation Model, GTWS, developed at the Georgia Institute of 
Technology. Model evaluation is based on results of calibration studies 
for six streamflow stations located in the Hillsborough, Alafia, and 
Anclote River basins, including main stem and principal tributaries. 
Data used for model calibration include: daily streamflow records avail-
able at the various calibration points; long-term hourly precipitation 
(available for three sites on the periphery of the study area); and 2 
years of rainfall records (available for 11 sites within the study area); 
and estimated daily evapotranspiration values computed from long-term 
meteorologic records available for the study area. 

Data required to adequately verify calibrations are not currently 
available; therefore, validity of the calibrations is evaluated by com-
paring simulated and observed annual hydrographs for the 1959, 1960, 1973 
and 1974 water years. Flood hydrographs (maximum daily discharge and 
volume) are emphasized. For each basin, about 12 flood events (selected 
from the annual hydrographs) were used for calibration. Long-term (1950-
72) annual flood-peak discharges synthesized from hourly rainfall records 
for Lakeland and St. Leo (fig. 1) were compared with observed peak dis-
charges, including flood-frequency distributions. 

Annual hydrographs, excluding the 1973 water year, were compared us-
ing average absolute error in annual runoff and daily flows and correlation 
coefficients of monthly and daily flows. For stations used in the study, 
average absolute errors in simulated runoff range from 9 to 21 percent, and 
errors in daily flows range from 48 to 71 percent. Correlation coefficients 
for monthly flows range from 0.81 to 0.95 and correlation coefficients for 
daily flows range from 0.68 to 0.87. 

Correlation coefficients for simulated and observed maximum daily 
discharges and flood volumes used for calibration range from 0.91 to 0.98 
and average standard errors of estimate range from 18 to 45 percent. Cor-
relation coefficients for simulated and observed annual flood-peak dis-
charges range from 0.60 to 0.74 and average standard errors of estimate 
range from 33 to 44 percent. The number of flood events used for calibra-
tion varies, but range from 6 to 18. The number of annual flood-peak 
discharges used also vary but average about 20 for each station. 

Correlation coefficients of calibration and long-term data were test-
ed and found to be statistically significant at the 5 percent probability 
level, except for long-term period data for one station. Regression con-
stants and coefficients for calibration data were tested and found to be 
significant at the 5 percent probability level. Regression constants and 
coefficients for the long-term data appear biased at the 5 percent proba-
bility level. This bias affects all streamflow stations used in the study 
and is believed to result from nonuniform rainfall. The bias appears to 
affect small to moderate size floods. 
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Based on study results, calibration is assumed for models developed 
as part of this investigation. However, until additional rainfall, runoff, 
and evapotranspiration data become available, calibrations and prediction 
errors cannot be completely verified. 

Streamflow models developed as part of this investigation broaden 
and enhance water-management capability within the study area. Initially, 
they may be used by Southwest Florida Water Management District as an aid 
in flood forecasting. Later, as calibrations become more refined and more 
completely verified, they may be used to simulate hydrologic information 
for flood-evaluation studies. Results of this investigation also indicate 
the feasibility of modeling large rural basins in similar areas using 
digital watershed models. 

Future development in suburban and rural areas of west-central Florida 
will include flood control, water conservation and basin improvement pro-
jects, urban and agricultural expansion, and development of large indus-
trial complexes. Developments, such as these, are occurring rapidly and 
will have a significant impact on water resources. Streamflow simulation 
studies should be continued to evaluate the effects of future development 
on area water resources. 
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SUPPLEMENT I 

EVAPOTRANSPIRATION 

According to Gray (1970), evapotranspiration determined by use of 
Penman's method may be used as an estimate of potential evapotranspiration. 
The method is related to the amount of radiant energy gained at the land 
surface and requires determination of free-surface evaporation and a sensi-
ble heat budget. Daily potential evapotranspiration, ETI, (inches per day), 
is given by equation 36, as follows: 

A•HEATD + 0.27 EVAPD  
25.4 [A + 0.27] 

where 	A = Slope of saturation vapor pressure curve, millimeters of 
mercury per degree Fahrenheit, (see equation 38); 

HEATD = Daily heat budget at evaporating surface, millimeters of 
water per day, (see equation 39); 

EVAPD = Daily evaporation, millimeters of water per day, (see 
equation 42). 

The coefficient, 0.27, is a dimensional constant having units of milli-
meters of mercury per degree Fahrenheit. 

Average annual evapotranspiration estimated from computed potential 
values, by application of seasonal adjustment factors given in Gray (1970), 
agree within acceptable accuracy limits with average annual basin evapo-
transpiration estimated from corresponding period runoff and rainfall 
records. 

Saturation Vapor Pressure Relations Used  

Saturation vapor pressure relations are used in heat budget and evap-
oration calculations described in the following sections of Supplement I. 
A statistical expression describing the relation between saturation vapor 
pressure, EA (millimeters of mercury), and air temperature, T, is given 
by equation 37, as follows: 

EA = 0.968 [10]
K 	

(37) 

where 	 K = [(6.998T)/(T + 311.31)] 

T = Air temperature, in degrees Fahrenheit. 
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A relation for calculating slope of the saturation vapor pressure 
relation, A, is obtained by differentiating equation 37 with respect to 
temperature. Computational form of the slope equation is given as fol-
lows by equation 38: 

A • 5016.28 (T + 311.31)
-2 

EA 	 (38) 

where 
	

EA • Saturation vapor pressure, in millimeters of 
mercury; 

Air temperature, in degrees Fahrenheit. 

Daily Heat Budget, HEATD  

The daily heat budget, HEATD, is calculated at the evaporating surface 
by use of the following equation: 

HEATD=R-(1.0-RK).(0.18+0.55S) - B'.(0.56-0.092ED0'5).(0.10+0.9S) 	(39) 

where 	R = Mean monthly extra-terrestial radiation, in millimeters of 
water per day, (see Chow, 1965, table 11-6); 

RK = Reflectivity coefficient (calibration parameter; 0.15 de-
termined for use in this study); 

S = Ratio of daily duration of bright sunshine to maximum possi-
ble sunshine; 

B' = Temperature coefficient, in millimeters of water per day 
(see equation 40); 

ED = Saturation vapor pressure at dew point temperature, in 
millimeters of mercury. 

The temperature coefficient, B', is calculated by use of the following 
equation: 

B' = 2.01 x 10
-9 

[5/9 (T - 32) + 273]
4 	

(40) 

where 	T = Daily air temperature, in degrees Fahrenheit. 

Saturation vapor pressure, ED, corresponding to daily dew point tem-
perature, TD, is computed by use of equation 37 substituting average daily 
dew point temperature, TD, for air temperature, T. For periods of missing 
dew point temperature, saturation vapor pressure, ED, is calculated as the 
product of average daily relative humidity and saturation vapor pressure, 
EA. For periods when both dew point temperature and relative humidity are 
missing, saturation vapor pressure, ED, is calculated using equation 37, 
and estimated daily dew point temperature, calculated by use of the follow-
ing regression: 
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TD = 1.3217 + 1.0333 T 	 (41) 

where 	T = Average daily air temperature, in degrees Fahrenheit. 

Daily Evaporation, EVAPD  

Daily evaporation, EVAPD, in inches, that is used with equation 36 
to calculate potential evapotranspiration, is computed by use of the 
following expression: 

EVAPD = 0.35 (EA - ED).(1.0 + 0.2352D• W) 	 (42) 

where 	EA = Saturation vapor pressure corresponding to daily 
air temperature, T, in millimeters of mercury; 

ED = Saturation vapor pressure corresponding to daily dew 
point temperature, TD, in millimeters of mercury; 

D = Conversion factor for translating wind observation 
height to a height of 2 meters; 

W = Daily average wind speed, in miles per hour. 

A listing of the FORTRAN source program follows: 
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C 	EVAPOTRANSPIRATION 	VERSION II 	JANUARY 1974 
C 	********** OS GEOLOGICAL SURVEY, TAMPA, FLORIDA *************** 
C 

C 
C 
C 	THIS PROGRAM COMPUTES DAILY VALUES OF ACTUAL AND POTENTIAL 
C 	EVAPOTRANSPIRATION USING THE PENMAN EDUATIONS (1948). CLIMATIC 
C 	AND METEOROLOGIC DATA USED APE FROM THE NATIONAL WEATHER SERVICE 
C 	RECORDS FOR TAMPA INTERNATIONAL AIRPORT, TAMPA, FLORIDA. 
C 	NWS STATION NO. WRAN 12842. 
C 
C 	DEFINITION OF PARAMETERS USED IN THE PENMAN EQUATION 
C 
C 	A 	SLOPE OF SATURATION VAPOR PRFSSURE CURVE 

TEMPERATURE COEFFICIENT (STEFAN—BOLTZMAN LAW) 
C 	CF 	CROP FACTOR (APPLIED TO POTENTIAL EVAPOTRANSPIRATION 
C 	 TO OBTAIN ACTUAL EVAPOTRANSPIRATION) SUPPLIED IN PGM 
C 	D 	COEFFICIENT WHICH CONVERTS WIND ORS HEIGHT TO 2—METERS 
C 	FA 	SAT VAPOR PRESSURE COPRESP TO DAILY AIR TEMP, T. MM OF HG 
C 	ED 	SAT VAPOR PRESSURE AT DEW POINT TEMP. IN MM OF HG 
C 	FTI 	DAILY VALUES OF POTENTIAL OP ACTUAL EVAPOTRANSPIRATION, 
C 	 INCHES PEP DAY 
C 	EVAP 	DAILY EVAPORATION, INCHES PER DAY 
C 	EVADD 	DAILY EVAPORATION. MILLIMETERS OF WATER PER DAY 
C 	F 	DAILY AVERAGE RELATIVE HUMIDITY (DECIMAL),TAMPA INT'L 
C 	HEATD 	DAILY HEAT BUDGET AT EVAPORATING SURFACE, MM OF WATER 
C 	ICAPD 	DAILY EVAPOTRANSPIRATION VALUES OUTPUT ON PUNCHED CARDS 
C 	 WHEN ICARD = I 
C 	ICODE 	PPoGRAm CALCULATES POTENTIAL EVAPOTRANSPIRATION FOR 
C 	 ICODF = 1: ACTUAL EVAPOTRANSPIRATION IS CALCULATED WHEN 
C 	 ICODE = 0. 
C 	IDAY 	DAY 
C 	IMON 	MONTH 
C IYEAR YEAR 
C 	NCARD 	NUMBER OF DAYS OF RECORD PER MONTH 

MEAN MONTHLY EXTRATEPRESTIAL RADIATION. MM OF WATER 
C 	 DATA VALUES FOR FLORIDA ARE SUPPLIED IN THE PROGPAM 
C 	RK 	ESTIMATE() REFLECTING SURFACE (ALBEDO) 	 0.15 
C 	S 	PATIO OF DURATION OF BRIGHT SUNSHINE TO MAX POSSIBLE 
C 	T 	DAILY TEMPERATURE. DEGREES FAHRENHEIT, TAMPA INT'L 
C 	To 	DAILY AVERAGE DEW POINT TEMPERATURE, QFG F: ALSO ESTIMATED 
C 	 FROM AIR TEMPERATUPE REGRESSION 
C 	W 	DAILY AVERAGE WIND SPEED, MILES PER HOUR, TAMPA INT'L 
C 
C 
C 
C 	DEW POINT TEMPERATURE. TD. OR RELATIVE HUMIDITY, F. MUST BE SUPPLIED 
C 
C 

S FORMAT (°00 ,0 ACTUAL EVAPOTRANSPIRATION OPTION SELECTED') 
10 FORMAT (°0°.°00TENTTAL EVAPOTRANSPIRATION OPTION SELECTED') 
15 FORMAT (F5.2.713) 
50 FORMAT (F5.1.PX.IP.A4•2I3) 
100 FORMAT (3I2.5F10.?) 
111 FORMAT (0 0°,0 mONTHLY EVAPOTRANSPIRATION = 0.E6.3///) 
11? FORMAT (go.' ESTIMATED REFLECTING SURFACE (%) = ',F5.3///) 

3000 FORMAT (I 1 ,3X0DATE',2X,ITEMP(E)° ,1X.IDEW PT',2X0E(A)1 .4X, 
1' E(D) 0.1X.IEVAP(IN)°,3X.060 ,5X0HEAT00 ,5X0A 0 ,5X0ET(IN)°,//) 

4000 FORMAT (' '.312.9F8.2) 
SOHO FORMAT (' 0 .1)(0 128420 .A401°,10F6.3) 
6000 FORMAT (' ',IX,' 128420.A402°,10E6.3) 
7000 FORMAT (° 0 .1X.0  128420.A4,0 30 ,11F6.3) 
8000 FORMAT (1X.° 128420 ,A4,0 1 1 .10F6.3) 
9000 FORMAT (lx.' 1284?0 ,A4.°2°.10F6.3) 
9500 FORMAT (1X.° 1PR42°,A403°.11F6.3) 
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SUPPLEMENT II 

HYDROLOGIC WATERSHED SIMULATOR USER MANUAL 

This section of the report provides detailed information required in 
watershed simulation. Model operation is controlled by card input involv-
ing 5-run options, 10-output options, and 9-input options. The run options 
control such features as flow simulation, channel and reservoir routing. 
The output options provide for a variety of program outputs, including: 
monthly storage and flow tables, daily and hourly streamflow hydrographs, 
statistics of simulated daily flows, card output for simulated flows, and 
printer plots of simulated flows at desired flow points. The input options 
provide for various data inputs including: potential evapotranspiration, 
precipitation, streamflow, channel diversions, distribution graphs, and 
factors for adjusting or weighting both monthly evapotranspiration and pre-
cipitation. 

Sequence and format specifications of input data are grouped under 
the following general headings; specific groups of input card sequences 
required for each category are also given. 

Section 	 Title  

	

I 	Watershed identification and program options (card seq. 1-6) 

	

II 	Required input data for subwatersheds (card seq. 7-20) 

	

III 	Channel routing (card seq. 21-29) 

	

IV 	Reservoir routing (card seq. 30-33) 

	

V 	Printer plots (card seq. 34-35) 

	

VI 	Input data required for simulation (card seq. 36-47) 

Each section covers a specific operational or computational phase of 
the program. Selection of various program options requires specific input-
data card sequence. A card sequence refers to a card or group of cards 
defining or relating to a specific program option or function. Required 
card input sequence for desired program options is summarized in table 14 
and a detailed description of each card sequence follows later in this 
section. Card format, variable name, and order in which variables and 
data appear on card is also given. Card format codes are given in FORTRAN 
IV format specifications, and variable names are given in FORTRAN IV syn-
tax as they appear in the program. Data arrays are indicated by variable 
name followed by an open set of parenthesis, i.e., INFO ( ). Card se-
quences required for selected program options must be provided by the user. 
Card sequences are generally omitted for program options that are not  
selected. Card sequence numbers are provided only for organizational pur-
poses and user assistance and are not used as input data when preparing 

cards. 
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Table 14.--Summary of required input-data card sequences for indicated program options  

Section 
Card 

sequence 
number 

Program options 
Explanation of program options 

Run Input Output 

I 1-6 1,2,5, 3,4,12, 1,2,3, General
1 
watershed information and program 

11,19 14,15, 4,5,8, options 
 

16,17, 9,16, 
19,20 17,18 

II 7-16 1 Input unique subwatershed parameters 

17 1 Card sequence appears only if nonunique sub-
watershed(s) included in simulation 

18 1,5 Input time simulation increment 

19 1 17 Input monthly evapotranspiration adjustment 
factors (all water years) 

20 1,2 16 Card output-simulated daily streamflow 

III 21-22
2 

1,2 16 Program determines distribution graph ordi-
nates 

23
2  

1,2 15 Input hourly distribution graph ordinates 
for each subwatershed 

24 1,2 15 Number of stream reaches and routing 
parameters 

25-28
3 

1,2 Channel route in one or more stream reaches 

29 1,2 Subwatershed(s) output desired 

IV 30-33 1,2,19 Reservoir routing 

V 34-35 1,2 17&18 Printer plots 



Table 14.--Summary of required input-data card sequences for indicated program options - continued 

Section 
Card 

sequence 
number 

Program options 
Explanation of program options 

Run Input Output 

VI 36
4  

1,2 Beginning and ending dates of simulation period 

37 1,2 14 Input monthly evapotranspiration adjustment 
factors (individual water years) 

38 1,2 4 Monthly precipitation adjustment factors 

39 1,2 2 Simulated hourly streamflow hydrographs 

40 1,2 3 Input daily potential evapotranspiration 

41-43 1,2 12 Input daily streamflow 

44-45 1,2 19 Input streamflow diversions 

46-47 1,2 20 Input hourly precipitation 

1 Desired program options are input on card sequence numbers 2, 3, and 4. Most program options alsi 
require additional input data as indicated by card sequences summarized in this table. No addi-
tional input data or card sequences are required for: (1) run option 11, and (2) output options 
1, 3, 4, 5, 8, and 9. Card sequences are omitted for program options not selected. 

2 Input option 15 or 16 must be selected for simulation. 

3 Card sequences are omitted for no stream reaches (see first parameter in card sequence 24). 

4 Card sequences 36-47 must be provided for all additional water years that are to be simulated. 



SECTION I--WATERSHED IDENTIFICATION AND PROGRAM OPTIONS 

***General Watershed Information (on 3 cards) 

CARD 
SEQUENCE 	 VARIABLE 

	

NUMBER FORMAT SEQUENCE 	 COMMENTS  

1 	20A4 	INFO ( ) 	General information to identify water- 
shed and simulation run. Note: 3 cards 
must be supplied by user. 

***Input Run Options (on 1 card) 

CARD 
SEQUENCE 	 VARIABLE 

	

NUMBER FORMAT SEQUENCE 	 COMMENTS  

2 	2014 	IDXD ( ) 	Integer sequence identifying run op- 
tions. 

Option 
CODE 

 

MEANING 

   

	

1 	Flow simulation; 

	

2 	Channel routing; 

	

5 	Change time increment (default 
is 15 minutes); 

	

11 	Alternate percolation function; 

	

19 	Reservoir routing. 

***Output options (on 1 card) 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  COMMENTS 

 

3 	2014 	IDXD ( ) 	Integer sequence identifying output 
options. 

Option 
CODE 
	

MEANING  

1 	Storage and flow table of 
monthly sums for entire 
watershed; 

2 	Hourly flow hydrographs for 
selected days; 

3 	Daily flow hydrographs; 
4 	Output flow table of measured 

daily discharge; 
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CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  

***Input options (on 1 card) 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  

4 	2014 	IDXD ( ) 

	

3 	Daily potential evapotrans- 
piration; 

	

4 	Monthly precipitation cor- 
rection; 

	

12 	Input measured streamflow; 

	

14 	Monthly potential evapotrans- 
piration adjustments for in-
dividual water years; 

	

15 	Distribution graph ordinates 
for each subwatershed; 

	

16 	Model to determine distribu- 
tion graph ordinates automati-
cally for each subwatershed; 

	

17 	Monthly potential evapotrans- 
piration adjustment (for all 
water years); 

	

19 	Diversion into or out of 
watershed; 

	

20 	Hourly precipitation. 
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COMMENTS 
Option 
CODE 	 MEANING  

	

5 	Storage and flow table of 
monthly sums for each month 
and each subwatershed; 

	

8 	Statistics of simulated daily 
flow; 

	

9 	Summaries of evapotranspira- 
tion and precipitation data 
that are input; 

	

16 	Card output of simulated daily 
discharge; 

	

17 	Plot mean daily streamflow for 
flow points with measured in-
put data; 

	

18 	Plot of simulated mean daily 
streamflow for specified flow 
points where there is no mea-
sured input data (option 17 
must also be specified). 

COMMENTS 

Integer sequence identifying model and 
data input options. 

Option 
CODE 	 MEANING 



***Input of watershed information (on 2 cards) 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE 	 COMMENTS  

5 	414,16A4 	STMO, 	Beginning month of simulation (1-12); 

STYR, 	Beginning year of simulation (last two 
digits); 

ENDM, 	Ending month of simulation (1-12); 

ENDY, 	Ending year of simulation (last two 
digits); 

NAME ( ) 	Name of watershed (16 characters). 

6 	4F8.0 	ELEV, 	Watershed elevation at mouth (feet above 
mean sea level); 

LAT, 	 Latitude (degrees to left of decimal, 
minutes to right); 

LONG, 	Longitude (degrees to left of decimal, 
minutes to right); 

AREA 	 Watershed area in square miles. 

SECTION II--REQUIRED INPUT DATA FOR SUBWATERSHEDS 

***Begin input of information for subwatersheds 

***Run option 1 - Number of subwatersheds and classification (on 1 card) 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE 	 COMMENTS  

7 	2014 	NSUBWS, 	Total number of subwatersheds (both 
unique and non-unique) used in simula-
tion (max. 20); 

SWLIKE ( ) 	Integer sequence specifying whether sub-
watershed is unique (its own number) or 
whether it is similar in input and re-
sponse to another subwatershed (sequence 
number of similar subwatershed). Sub-
watersheds are numbered in downstream 
order beginning with 1. 

***Begin input identifying subwatershed precipitation gages 

***Run option 1 - The following 3 card sequence (8, 9, and 10) required for 
each unique subwatershed, and will appear in downstream order beginning 
with subwatershed 1 (on 3 cards per subwatershed) 
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CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  COMMENTS  

8 	2014 NUM, 	 Number of rain gages used in simulation 
(max. 15); 

INRG ( ) 

	

9 	10F8.0 THAREA ( ) 

	

10 	10F8.0 PCOR ( ) 

Sequence number of each gage; 

Theissen coefficients for each rain 
gage used; 

Precipitation catch adjustment factor 
for each rain gage used. 

***Begin input identifying subwatershed soil-moisture accounting parameters. 

***Run option 1 - The following 6 card sequence (11 through 16) required 
for each unique subwatershed; each card sequence will appear in down-
stream order beginning with subwatershed 1 (on 6 cards per subwater-
shed). 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  

11 	14 	LIKN 

COMMENTS 

Sequence number of unique subwatershed. 

(AREA PARAMETERS)  

Subwatershed area, in square miles; 

Fraction impervious area (subwatershed); 

Fraction alluvial area (subwatershed); 

Fraction hillside area (subwatershed); 

Maximum area for SRS (fraction subwater-
shed); 

Area when SDS = SDSN (fraction subwater-
shed. 

12 6F8.0 SWAREA 

IMPA1, 

FALZ
2
, 

FHLZ
2
, 

PSRP
1 
 , 

PSDP1  

(STORAGE PARAMETERS - inches)  

13 	7F8.0 	ICMN, 	 Winter interception storage; 

ICMX, 	 Summer interception storage; 

SRSN, 	 Surface-retention storage capacity; 

SDSN, 	 Surface-detention storage capacity; 

UZSN, 	 Upper soil zone capacity; 

LZSN, 	 Lower soil zone capacity; 

GWSF 	 Ground-water storage for zero baseflow. 
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CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  COMMENTS 

 

(DRAINAGE PARAMETERS)  

14 	10F8.0 PINF (PPIF)
3 	Infiltration, inches per time interval; 

PSUP, 	 Infiltration function shape (dimension-
less); 

PULP (PPUL)
3
, 	Percolation from upper- to lower-zone 

storages, inches per time interval; al-
so used as parameter for ridge seepage 
to hillside and alluvium lower-zone 
storages, units per hour; 

PLGP, 	 Percolation from alluvium lower-zone 
storage to ground-water storage, inches 
per hour; 

PDGP
1
, 	 Underflow from ground-water storage, 

units per hour; 

PLZU, 	 Underflow from ridge lower-zone storage, 
units per hour; 

TTM1, 	 Overland flow storage constant, units 
per time interval; 

INFP, 	 Interflow, inches per hour; 

KGWF
1 Base-flow recession constant. 

(EVAPOTRANSPIRATION PARAMETERS) 
(Dimensionless)  

15 	3F8.0 	EIP
1
, 	 Interception evaporation; 

EVP, 	 Evapotranspiration from upper- and lower-
zone storages; 

ETGWP 	 Ground-water storage transpiration. 

(INITIAL STORAGE VALUES - inches)  

16 	5F8.0 	SRS, 	 Surface-retention storage; 

SDS, 	 Surface-detention storage; 

UZS, 	 Upper-zone storage (must be greater than 
0.0); 

LZS
4
, 	 Upland or ridge lower-zone storage (must 

be greater than 0.0); 

GWS 	 Ground-water storage. 
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1 Parameter value must be less than or equal to 1.0. 

2 Sum of these parameter values must be less than or equal to 1.0. 

3 Parenthetical parameter is actually input to the model and has units of 
inches per hour; preceeding parameter shown is adjusted to desired time 
simulation interval and for the ratio of water viscosity at mean monthly 
temperature to viscosity at mean annual temperature. 

4 Initial storage value also used for hillside and alluvium lower-zone 
storages. 

***The following card required for each non-unique subwatershed. 

***Run option 1 - Begin input of data for non-unique subwatersheds (on 1 
card). 

VARIABLE 
FORMAT SEQUENCE  

17 	18,F8.0 LIKN, 

SWAREA 

***Simulation time increment. 

COMMENTS  

Sequence number of non-unique subwater-
shed; 

Area of non-unique subwatershed in 
square miles. 

CARD 
SEQUENCE 
NUMBER 

***Run option 1 and 5 - Designate time increment to be used for simulation; 
default time increment of 15 minutes is used when this card does not 
appear (on 1 card). 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  

 

COMMENTS  

       

18 	14 	IMIN 	 Simulation time increment in minutes 
(must be a whole number divisor of 60). 

***Monthly evapotranspiration adjustments (for all years). 

***Run option 1 and input option 17 - The following is required to adjust 
monthly evapotranspiration values (on 2 cards). 

CARD 
SEQUENCE 
NUMBER FORMAT  

VARIABLE 
SEQUENCE  

EVPCOR ( ) 

COMMENTS  

Monthly potential evapotranspiration 
adjustment factors for all years. 

19 	10F8.0 

***Punch simulated streamflow (daily values). 

***Run option 1 and 2 and output option 16 - The following card required 
for punching simulated flows (on 1 card). 
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CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  COMMENTS 

       

20 	16 	NSTA 	 Flow point sequence number for which 
simulated streamflow are to be punched 
on cards (by computer). 

SECTION III - CHANNEL ROUTING 

***Computer determines hourly distribution graph ordinates. 

***Run option 1 and 2, and input option 16 - The following data sequences 
required for computer to determine distribution graph ordinates (on 2 
cards for each subwatershed). 

CARD 
SEQUENCE 	 VARIABLE 

	

NUMBER FORMAT SEQUENCE 	 COMMENTS  

21 	2F8.0 	CT, 	 Parameters to calculate time to hydro- 
graph peak, TP, in following equation: 

TP = (CT*L*LC)/S**ZX 

L = basin length, miles; 
LC = basin centroid length, miles; 
S = basin slope, feet per mile; 

ZX = CN/2.0. 

22 	18, 	LIKN, 	 Subwatershed sequence number; 
9F8.0 	

SLOPE, 	Basin slope, feet per mile; 

LENGTH, 	Basin length, miles; 

LC, 	 Basin centroid length, miles; 

TP, 	 Time to peak, hours (max. TP=12.5 hours); 

TB 	 Time base of unit hydrograph, hours; (if 
TB and TP are not given, they will be 
calculated). 

***Input hourly distribution ordinates for each subwatershed (unique and 
non-unique). 

***Run options 1 and 2, and input option 15 - The following card sequence 
required for reading in distribution graph ordinates for all subwater-
sheds. 
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CARD 
SEQUENCE 
NUMBER FORMAT 

VARIABLE 
SEQUENCE COMMENTS 

23 18, NUM, Number of hourly distribution graph ordi- 
9F8.0/ DISTRO ( ) nates (maximum 900), and hourly ordinates. 

(10F8.0) 

24 18, NRCHS, Number of stream reaches (maximum 7), 
9F8.0/ RK ( ) and Muskingum K for each reach in down- 

(10E8.0) stream order. 

***Stream reaches and flow points. 

***Run options 1 and 2 - The following 4 card sequence is required if flow 
is to be routed in one or more channel reaches (on 4 cards). If NRCHS 
(card sequence 24) is zero, card sequences 25-28 are omitted. 

CARD 
SEQUENCE 
NUMBER FORMAT 

VARIABLE 
SEQUENCE COMMENTS 

25 10F8.0 RX ( ) Muskingum x for each reach in sequential 
order. 

NOTE: 	RK•RX < 0.5, and 
RK•(1-X) 	> 	0.5. 

26 2014 RCHI ( ) Nth flowpoint into which Nth reach flows; 

27 2014 SWSI ( ) Reach into which Nth subwatershed flows; 

28 2014 NRO ( ) Flow point output desired (last number 
must be 99). 	(If more than one subwater- 
shed is used, output must be requested 
for at least 2 flow points.) 

***Output for selected subwatershed. 

***Run option 1 and 2 - The following card sequence is required always 
(on 1 card). 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  COMMENTS  

29 	2014 	NSO ( ) 	Subwatersheds output desired (last num- 
ber must be 99). 
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SECTION IV -- RESERVOIR ROUTING 

***Begin input for reservoir routing (modified Puls method). 

***Run option 1, 2 and 19 - The following 4 card sequences are required 
for reaches that are to have reservoir routing. 

***Stream reach reservoir routing desired (on 1 card). 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  COMMENTS 

 

30 	2014 	RRR ( ) 	Reach sequence number for which reser- 
voir routing is desired; last sequence 
number must be 99. 

***Input parameters describing controlled phase of reservoir operation 
(on 1 card). 

CARD 
SEQUENCE 	 VARIABLE 

	

NUMBER FORMAT SEQUENCE 	 COMMENTS  

31 	8F10.5 	AA, 	 Multiple linear regression coefficients 
B, describing controlled phase of reservoir 
C, operations; 

BO, 	 Coefficients of 3rd order regression 
Bl, 	 describing free-fall reservoir condi- 
B2, tion in the controlled flow range. 
B3,  

COFF 	 Reservoir inflow coefficient used to 
specify minimum acceptable routed out-
flow from reservoir; unacceptable out-
flows are set equal to the product of 
COFF and inflow value. 

***Input reservoir data--Stage vs Storage and Stage vs Outflow (uncontrolled) 
(on a maximum of 25 cards). 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  

32 	13, 	NNXX, 
3F8.0/ 

(3X,3F8.0) 
RELEV ( ) 

 

COMMENTS 

 

Number of ordinates of reservoir free-
fall rating (maximum 25); 

Reservoir elevation (feet above sea 
level); 
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CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  

02 ( ) 

S2 ( ) 

COMMENTS  

Reservoir free-fall outflow in cubic 
feet per second, corresponding to stage 
given in RELEV array; 

Reservoir storage in acre-feet, cor-
responding to stage given in RELEV ar-
ray; (First card contains NNXX and 
RELEV (1), 02 (1), and S2 (1). Succeed-
ing cards contain one value each of RELEV 
(I), 02 (I), and S2 (I).). 

***Initial reservoir condition at beginning of simulation period (on 1 
card). 

CARD 
SEQUENCE 	 VARIABLE 

	

NUMBER FORMAT SEQUENCE 	 COMMENTS  

33 	6F8.0, 	SINT, 	 Initial reservoir storage at beginning 
18, 	 of simulation period, acre-feet; 
2F8.0 	

ELINT, 	Initial reservoir elevation at begin►ling 
of simulation period, feet, msl; 

EFSD, 	 Elevation of free-surface discharge, or 
the elevation above which free-fall 
rating applies, feet, msl; 

COF, 	 Constant reservoir outflow (below ele-
vation of gate operation), cubic feet 
per second; 

EGO, 	 Reservoir elevation at which gate opera-
tion begins, feet, msl; 

QCON, 	 Maximum controlled reservoir flow, 
cubic feet per second; 

ICODE1, 	Integer designating type of reservoir 
operation (1 for uncontrolled flow, and 
0 for controlled flow); 

ECSD, 	 Minimum reservoir inflow in cubic feet 
per second, below which outflow is com-
puted by use of equation 33; 

DIV 	 Constant diversion rate for water supply 
withdrawal, in cubic feet per second. 
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SECTION V -- PRINTER PLOTS 

***Begin input to obtain streamflow hydrograph printer plots (by water 
years).*** 

***Run option 1 and 2, and output options 17 and 18 - The following 2 card 
input sequences are required to obtain line printer plots of mean daily 
discharge for subwatersheds and flow points with and without measured 
streamflow data as input (on 2 cards). 

CARD 
SEQUENCE 
NUMBER FORMAT 

VARIABLE 
SEQUENCE 

34 2014 PSN 	( ) 

35 2014 PFN ( 	) 

COMMENTS 

Sequence numbers of subwatersheds for 
which a streamflow hydrograph printer 
plot is desired. Last number must be 
99. 

Sequence number of flow points for which 
a streamflow hydrograph printer plot is 
desired. Last number must be 99. 

SECTION VI -- INPUT DATA REQUIRED FOR SIMULATION 

***Begin input data for each water year of simulation. Card sequence 36-47 
must be provided for each additional year to be simulated. 

***Run option 1 and 2 - The following card always required for simulation 
(on 1 card). 

CARD 
SEQUENCE 	 VARIABLE 

	

NUMBER FORMAT SEQUENCE 	 COMMENTS  

36 	2014 	MONB, 	 Beginning month of simulation (1-12); 

YRB, 	 Beginning year of simulation (last 2 
digits); 

MONE, 	 Ending month of simulation (1-12); 

YRE, 	 Ending year of simulation (last 2 digits); 

FILENO, 	Integer designating input device for 
precipitation data; 

FILEVP, 	Integer designating input device for 
evapotranspiration data; 

FILEQ 	 Integer designating input device for 
measured streamflow data. 
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***Monthly evapotranspiration and precipitation adjustments.*** 

***Run option 1 and 2 and input option 14 - The following card sequence 
required to adjust monthly evapotranspiration by water years (on 2 
cards). 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  COMMENTS 

37 	10F8.0 	EVPCOR ( ) 	Monthly potential evapotranspiration ad- 
justment factors for individual water 
years (October - September). 

***Run option 1 and 2 and input option 4 - The following card required for 
adjusting monthly precipitation by water years (on 2 cards). 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  

38 	10F8.0 	PCMO ( ) 

 

COMMENTS 

 

Monthly precipitation adjustment factor 
by water year (October - September). 

***Run option 1 and 2 and output option 2 - The following array required 
if hourly hydrographs are desired for selected days (on no more than 
2 cards). 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  

39 	2014 	IK 

COMMENTS  

Month (1-12) and day, selected for 
hourly hydrograph information. 

***Begin input of streamflow, evapotranspiration, and precipitation data. 

***Run option 1 and 2 and input option 3 - The following card sequence re-
quired for input of daily evapotranspiration for a water year (on no 
more than 3 cards per month). 

CARD 
SEQUENCE 	 VARIABLE 

	

NUMBER FORMAT SEQUENCE 	 COMMENTS  

40 	1/ 	NOSTA, 	Station index number; 

JMO, 	 Beginning month (1-12); 

JYR, 	 Beginning year (last 2 digits); 

JNZ, 	 Integer (1, 2, or 3) indicating 1st, 
2nd, or 3rd data card for month; 
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CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  

ARRA ( ) 

COMMENTS  

Eleven daily potential evapotranspira-
tion values, except for 3rd card. Last 
card of each year must have 99 in cols. 
10 and 11. 

***Run option 1 and 2 and input option 12 - The following 3 card sequence 
required for input of daily streamflow (maximum 2 flow points) with no 
more than 49 cards per station per water year. 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  COMMENTS 

41 	14 	NOST 	 Number of stations measured streamflow 
data input (maximum 2); 

42 	2/ 	IID, 	 Integer (1, 2, 3, or 4) identifying 
data card type; 

NOSTA, 	Station index number; 

JYR, 	 Beginning year (last 2 digits); 

JMO, 	 Beginning month (1-12); 

JNZ, 	 Integer (1, 2, 3, or 4) indicating 1st, 
2nd, 3rd, or 4th data card for month; 

ARRA ( ) 	Eight mean daily streamflow values (cubic 
feet per second) per card, except 4th 
card which will vary depending on number 
of days in month. Last card must have 
99 in columns 10 and 11. 

43 	2014 	NMR, 	 Total number of subwatersheds or flow 
points measured data is input (maximum 
2); 

MRN ( ) 	Sequence number of each flow point (pre-
ceded by a + for subwatershed and a -
for a flow point). 

***Input of streamflow diversions.*** 

***Run option 1 and 2 and input option 19 - The following 2 card sequence 
is required if streamflow diversions are to be used in simulation (on 
no more that 49 cards per water year). 
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CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE  COMMENTS  

 

44 	14 	MDF 	 Flow point sequence number to be added 
or subtracted. Sequence number preceded 
by + for subwatershed and a - for flow 
points. 

45 	2/ 	IID, 	 Integer (1, 2, 3, or 4) identifying data 
card type; 

NOSTA, 	Station index numbers; 

JYR, 	 Beginning year (last 2 digits); 

JMO, 	 Beginning month (1-12); 

JNZ, 	 Integer (1, 2, 3, or 4) indicating 1st, 
2nd, 3rd, or 4th data card per month; 

ARRA ( ) 	Eight mean daily flow diversion values, 
cubic feet per second, per card, except 
4th card which will vary depending on 
number of days in month. Last card must 
have 99 in columns 10 and 11. 

***Begin input of hourly precipitation.*** 

***Run option 1 and 2 and input option 20 - The following 2 card sequence 
required for input hourly rainfall data for a water year. Rainfall data 
are arranged by months in the water year format. Data are input by 
months with stations arranged sequentially within each month. Data 
appear on no more than 62 cards per station per month, not including 
card sequence 46. 

CARD 
SEQUENCE 	 VARIABLE 
NUMBER FORMAT SEQUENCE 	 COMMENTS  

46 	214 	NRGAGE, 	Number of rainfall gages to be read; 

NFOR, 	 Format Code (0 - Stanford, 1 - National 
Weather Service). 

47 	3/ 	NOSTA, 	Station index number; 

JYR, 	 Beginning year (last 2 digits); 

JMO, 	 Beginning month (1-12); 

JDY, 	 Beginning day; 

NC, 	 Integer (1 or 2) indicating AM or PM; 

ARRA ( ) 	12 hourly precipitation values. Last 
card each month must have 99 in columns 
10 and 11. Precipitation data are read 
in by months by station sequences - all 
the precipitation data for all stations 
will be read in monthly. 
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***Special input FORTRAN data formats.*** 

1/ 	USGS special card format for daily evapotranspiration: (1X, 
16, 212, Il, 11F6.2); 

2/ 	USGS standard card format for daily discharge: (11, 9X, 16, 
2X, 312, 8F7.0); 

3/ 	Stanford card format for hourly precipitation: (2X, 17, 313, 
12, 12F5.2); 

National Weather Service card format for hourly precipitation: 
(16, 312, Il, 12F3.2, 29X, 12). 

SUPPLEMENT III 

Listing of Source Programs for Hydrologic Watershed Simulator  

The model consists of a main program and six subroutines listed 
as follows: 

1. Main program 	 HWS 

2. Block data 	 BLKD 

3. Channel routing 	 CHISM 

4. Output of annual data and plotting 	OUPT 

5. Summary of flow and storage data 	OPTM 

6. Reservoir routing 	 REST, TBLE 

Listing of source programs is given in following section, in the order 
indicated above. 
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US SMH 
b+7 SMH 

SMH 
L+7 SMH 
9+7 SMH 

S+7 SMH 
+7+7 	SMH 

E+7 SMH 
07 SMH 

SMH 

0+7 SMH 

6E SMH 
HE SMH 
LE SMH 
9E SMH 
SE SMH * 
+7E SMH 
EE SMH 
ec SMH 
IE SMH 
UE SMH 
6e SMH 
82 SMH 
Le SMH 
92 SMH 
S2 smH 
+72 SMH 
Ed SMH 
de SMH 
Id SMH 
02 SMH 
61 SMH 
81 SMH 
LI SMH 
91 SMH 
Si SMH 
+71 SMH 
EI SMH 
dl SMH 
II SMH 
OI SMH 
6 	SMH 
d SMH 
L 	SMH 
9 SMH 

SMH 
+7 	SMH 

I 	SMH 
d SMH 

SMH 

3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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C DECLARATIONS 
DIMENSION SPS(20)0SOS(20)oU7S(20),L75(20),GWS(20) 
DIMENSION 	IRLS(9),JCLS(9),DELK(9),SSN(9,11) 
DIMENSION F0(9),IEN(9),C1.0;(9),DV(q)00s(q) 

HWS11 
HWS 
HWS 
HWS 

51 

53 
54 
55 

C HWS 56 
C DECLARATIONS 57  HWS 

INTEGER Numi(?.n) HWS 58 
INTEGER OPTI4PLOT,O.".YSORTO•YEARODLTNO•OPTS HWS 59 
INTEGER PPR 60  HWS 
INTEGER PSN(20),PFN(i0) 61  HWS 
INTEGER SWLIKE,PCHI,SWSIeWNUM 62  HWS 
INTEGER NRGSW(20),IK(2910),INFO(20)OPTP(20),IOXO(20)01INPG(20,5)0 HWS 63 

1 	INFOWS(20)9DAY,VoYRMO9HR,YRB,YRE•FILENO,START,FNOR•FNOM, HWS 64 
lENDY•STMO,STYRoFILEVP,FILEO,IV,IIV9/FILE19IFILEP•IFILF3 65  HWS 

C HWS 66 
HWS 67 

C DECLARATIONS 68  HWS 
REAL 	/MPAoL7SNoINFP,ICMNoICMX 69  HWS 
PEAL 	HPnIST(24)oLAT,LONGOAREA,THAPEA(20.5),KGWF(20)!IC0C(12) HWS 
REAL 	SPSI•SDSI,UZSI,LZSIWSIOCPTI(20)•ICPTC O 71  7 
REAL 	PINF(20).PULP(?0),ICPTM(20) 72  HWS 
RFAL 	SLOPE(20),LENGTrd(20)*LC(20).TP(20),TR(20),RK(20),RX(20),INF2, HWS 73 

1 	EPAN(366)*TMIN(366)•TMAX(366)sRAD(366),EVRCOP(1?),PCOR(20,5),INF,  HWS 74 
1 	UH(16),PREC(154745)•PR(744),ARRA(24) 75  HWS 
REAL 	L7SPeCT(20),CN(20),IAM2 HWS 76 
PEAL MSELOoMMF,MAXELC,ICPT,IAM19L7S,IFLO•MHFLO HWS 77 
PEAL 	SSS(Q,11),PCMO(12) HWS 78 

C HWS 79 
C HWS 80 
C COMMON RLOCKS FOR SURROLTINES HWS Al 

COMMON/MR/PFLEV(25),C2(25),SINTeELINToEFSD.00F,FGNICOOF1,AA,R,CoN HWS 82 
1HRoRRR(20)00•BloR2,a3,000N,YRR,ECSD,COFF,OTV'STYR HWS 83 
COMMON/MPT/S2(25)oNNXX 84  HWS 
COMMON/PLT/IPTYPE$FACT•TEACT 85  HWS 
COMMON /BA/NANF(16)•MOCHAR(12)9YEAR,MONTHeLASTDA(2,12)0AYS(2912)/ HWS 86 

1 	OPTI(20),OPT0(20)9NSU8WS,SWLIKE(20)9NELPT HWS 87 
COMMON /AOM/ SUM(3300),IAMleIAM2,ICPT(20)4ELTA(20).WNUM(20)9 HWS 88 

1 	FRL7(20),HL7S(20).ALZS(20),CORINF(20) HWS S9 
COMMON /PCS/OUT(745),FIN(15045)9FLOW(745)9FIN1(20),FINP(20), HWS 90 

1 	 DISTRO(?0000),NRCHS,SWSI(20)9C0(20)9C1(20),C2(20)9 HWS 91 
1 	 NOIST(20),ISTRFLO(20,900),IFLO(744)96FLO(744),S100(744), HWS 92 
1 	 OUTED(20)•;CHI(20),NS0(20)0<PL(12•31),NR0(20) HWS 93 
COMMON /RCSOY/ ELOT(341,12),MSFLO(29366),NRCOwS(20),IPERN(20), HWS 94  

1 	 CPTS(20). HWS 95 
1 	 NPLOTIOPLOT(50)0MPLOT(50)•HFLO(50924)•PLTN0(50)•NOUNO. HWS 96 

1 	 MR0N(20),IRLE(1008),MME(13),CUMA(20)9TOT(33913)•STI(8),I HWS 97 
1 	 MAXFLO(20),,XPLT(744),NOSFO,ILY,MONFoNMP,PEAK(20,30)• HWS 98 

1 	 MHF10(50,24),IVAREileIVARR202VCoVARC,NSTA,MDF,DIVRT(367) HWS 99 
COMMON /PARM/ SWAREA(20),IMPA(20)•FALZ(20),FHLZ(20),  

1 	PsRP(20).PsDP(20),IcmN(20).1cmx(20).spsN(20).spsN(P0), 
HWS 
HWS 101  

100 

1 	U7SN(20),LZSN(20),GWSF(20),PPIF(20),PSUP(20). HWS 102 
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1 	PPUL(20),PLnP(20)9PPGP(20)9PLZU(20)9TTM(20), 	 HWS 103 
1 	TNFP(20)9RFP(20),EIP(20),EVP(20),ET6WP(20)9SRSI(20), 	 HWS 104 
1 	SDSI(20)9U7SI(20)9LZSI(20)9OWSI(20),E7U9EZL9HEP 	 HWS 105 
COMMON /MP/DP(12931) 	 HWS 106  

C 	 HWS 107 
FOUIVALFNCE (F1N(159745)9PRFC(159745)) 	 HWS 108  

C 	 HWS 109 
C 	 HWS 110 
CONSTANT DATA ARRAYS 	 HWS 111  
C 	TIY = 1 FOR LFAP YFAR 	 HWS 112  

DATA HRDIST/0.090.090.090,090.090.090.01990.04190.06790.08890.1029 HWS 113 
10.1190.1190.1190.10590.09990.08190.05590.01790.090.090.090.090.0/ HWS 114 
DATA UH/0,019090690.1990.3790.5590.6990.7990.86590.91390.9459 	HWS 115 

0.96890.98390,99290.99891.09100/
1t4 

116 
DATA ICPC/0.090.090•390.790.991.091.091.090.990.790.390.0/ 	 HWS 117 

C 	 HWS 118 
C 	 HWS 119 
C 	 HWS 120 
C INPUT FORMATS 	 HWS 121  

1 FORmAT(1393F8.0/(3X93F8.0)) 	 HWS 122 
3 FORMAT(6F8•0eT892F8.0) 	 HWS 123  
9 FORMAT(RF10.5) 	 HWS 124 

570 FORMAT(10X913HCHANNEL REACH913921H FLOWS INTO FLOWPOINT 9139 	HWS 125 
159H AND CONSISTS OF A RESERVOIR WITH THE FOLLOWING PARAMETERS:./, HWS 126 
11SX95HSINT=9FP.297H ELINT=9F8.296H EFSD=9FP.29SH COF=J-8.295H EGO= HWS 127 
1oF8,296H OCON=1.F8.29%.'H ICODE1=9I296H ECS0=,F6.09/91SX96HCOFF =9 	HWS 128 
1F10.291SX95HDIV =o1F10.29/015X0HAA, 8. C=93F10.69/919X91FHR09 819 HWS 129 
182. 113=94F15.5) 	 HWS 130 

1001 FORmAT(20I4) 	 HWS 131  
100? FORMAT(414916A4) 	 HWS 132  
1003 FORMAT(20A4) 	 HWS 133  
1004 FORMAT(10F8.0) 	 HWS 134 
1005 FORMAT(10F8.0) 	 HWS 135  
1006 FORmAT(//10X•20A4) 	 HWS 136 
1007 FORMAT(I8OF8,0/(10F6.0)) 	 HWS 137 
Innp FORMATUSX,2RHPARAMETERS FOR SUBWATERSHED 91295X96HARFA =9F7.2/ 	HWS 138 

18X0ARFA PARAMETFRS. /10X0/MPA=o9F7.293X0FALZ=0 9F7.293X0FHL7=1 , HWS 139 
2F7.20XOPSRP=',F7.2,3XOPSDP=1,F7.2 / 8XOSTORAGE PARAMETERS'/ 	HWS 140 
310)(001CMN=1 ,F7.293WICMX='9F7,293X9'SRSN=',F7.?,3XOSOSN=',F7.39 HWS 141 
43X0U7SN=1 ,F7.293XOLZSN=.9F7.293X0GWSF=',F7.? / 	 HWS 142 
98X0DRATNAGF PARAMETERS' /10XOPPIF=',F7.293X9IPSUP=',F7.293X, 	HWS 143 
610PUL=1 ,F7.393XOPLCW=i,F7•393X0PDGP=0 ,F7.393X0PLZU=',F7.1 / 	HWS 144 
710XOTTM=',F8,293X0INFP=',F7.393X0KGWF=',F793 / 	 HWS 14S 
PAXOFVAPOTRANSPIRATPA PARAMETERS' /10X0FIP=',F8.293X0FVP=9 , 	HWS 146 
9FR.24,3XOFTGWP=',F6.2/) 	 HWS 147 

1010 FORmAT(5)(950HsURFACE RUNOFF DISTRIBUTION GRAPH FOR SURWATERSHED • HWS 148 
11394H FOR914,6H HOURS/(10X910F8,3)) 	 HWS 149 

101) FORMAT(/SX0OHUNITGRAPH PARAMETERS/10X96HSLOPF=9F7.293X, 	 HWS 150 
17HLFNGTH=9F7.293)(94HLC =9F7.293X94HTP =.F7.293)(94HTB =•F7.?93X9 	HWS 151 
?4HCT =eF7.393)(94HCN =?F7.3/) 	 HWS 152 

101? FORMAT(/5X913NSUBWATtPSHED 912936H PAPAMFTFRS SIMILAR TO SUBWATFRS HWS 153 
11-4Fn .12. RH. ARFA =.V7.2/) 	 HWS 154 
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1011 FORmAT(5X.30HCHANNEL SYSTEM CHARACTERISTICS /) 	 HWS 155 
10I4 FOPMAT(10X.13NSURWATERSHED .13.21H FLOWS INTO FLOWPOINT ,I3) 	HWS 156  
1015 FORmAT(10X.13HCHANNEL REACH03.21H FLOWS INTO FLOWPOINT .13, 	HWS 157 

129H AND HAS MUSKINGUM K AND X = o2F84.3) 	 HWS 158 
1016 FORMAT(5X.9HRAINGAGF(.I3.46H) NUMBER. THEISSP FRACTION AND CORREC HWS 159 

1TION ARF.3(15.2F6.3)/63X.1(15.2F6.3)) 	 HWS 160 
1017 FORMAT(//5X.,INPUT n4TA FOR 9.12.1H/.12,4H TO • 	 HWS 161  

112.1H/912.19H, FROM FILE NUMRFR .12/10X.5H FOP .20A4/10X.19HWITH I HWS 162 
_ 	?NPUT OPTIONS .2014//) 	 HWS 163  
IOTA FORMAT(/9X•22HINITIAL STORAGE VALUES /10X•5HSPS =,F7.2,3X,5HSDS =. HWS 164 
_ 	1F7.2.3X.5HU7S =.F7.2,3X.5HL7S =oF7.?.3X•5HGWS =•F7.?//) 	 HWS 165 
1019 FORMAT(//5X.12HOPTION TARLF.1X0/41 .1X.20I4/5X,13(9...),./.0—.. 	HWS 166 

1 20(0.---- 11 )/12X•SHINPUT.IXO/'.1X.2014/12X.5H RUN ,1X.'/',1X, 	HWS 167 
? 2014/11)(.6HOUTPUTolX01'.1X.2014) 	 HWS 168 

10?0 FORmAT(5X.50HMONTHLY POTENTIAL EVAPORATION ADJUSTMENTS JAN—DEC / 	HWS 169 
_ 	12X.12F6.?/) 	 HWS 170 
10?1 FORMAT(5X•21HSUAWATESHED NUMBER =93)(92014) 	 HWS 171 
102? FORmAT(5X•21H IC LIKE SUBWATERSHEDOX.2014) 	 172

NM; U 1021 FORMAT1H0) 	 7  
10?4 FORMAT(//5X06HTOTAL NUMBER OF SUBWATERSHEDS EQUALS .14/) 	 HWS 174

1  10?5 FORmAT(2X,17,313.12.12F5.2) 
1076 FORMAT(IX.I6,2I201.11F6.?) 	 HWS 176 
1027 FORMAT(1H1/5X.25HWATERSHED SIMULATION FOR .1644.5X,12.1H/.12.3H TO HMS 177 

1.I3.1H/oI2//10X•7HARLA = .F8.1.23H SO.MI. 	ELEVATION = oF5.0,4X. HWS 178 
211HLATITUnE = oF6.2..iX.12HLONGIT(1DE = .F6.2) 	 HWS 179 

10?F4  FORMAT(16.312.11.12F3.2.29X02) 	 HWS 180 
1029 FORMAT(2X.17.1I3.12.12F5.0) 	 HWS 181 
1031 FORMAT(/5X04•13HSUBWATERSHED,.I4.10HRAINGAGES.04,26HGAGE HAS PCO HWS 182 

1R AND THAREA =e2F10.3) 	 HWS 183  
101? FORMAT(1H1.5X,27HPPECIPITATION DATA FOR GAGE:03.3H OF,11.6H FOR • HMS 194 

1A4.3H 19.12//lX•3HDAY.14.2315.6H TOTAL) 	 HWS 185  
1034 FORMAT(2X,6H nATE,313,12F8.3/5x.17F7.3) 	 HWS 186  
1035 FORMAT(/5X,9H5IMULATE .A4o3H 19.12.4H TO .A4.3H 19.12.5X.47HINPUT HWS 187 

1HOURLY PRECIPITATION DATA ON FILE NUMBER .I1//41X,49HINPUT DAILY P HWS 188 
?OTENTTAL EVAPORATION ON FILE NUMBER .13//41X.47HINPUT MEASURED DAI HWS 189 
1LY ST0EAMFLOW ON FILE NUMBER .13//) 	 HWS 190  

1036 FORmAT(/SX.27NMEASURED DATA AT FLOWPOINT .2014) 	 HWS 191 
1017 FORMAT(/5X,33NSELECTED DAYS FOR DETAILED OUTPUT ) 	 HWS 192  
1038 FORMAT(10X.10(I6.I3)) 	 HWS 193  
1039 FORMAT(1H1,5X.26HDAILY PAN EVAPORATION nATA//(5X.10FA.3)) 	 HWS 194  
1040 FORMAT(2X,10F12.6) 	 HWS 195  
1041 FoRmAT(10x.9HFLoweoINT .13,7H DRAINS.F7.2.8H SO. MI. ) 	 HWS 196  
104? FORMAT(1X.1?.1X.24F5.2.F6.2) 	 HWS 197  
1041YORMAT(1H1//5X.25HPAN EVAPORATION DATA FOR .14A4.3),13HWATER YEAR HWS 198 

119.12,1H—.I2.18H(VALUES IN INCHES)) 	 HWS 199  
?00
0  

1044 FORMAT(//6X•3HPAY.1X.12(4X,A4)//) 
1045 FORmAT(7X.I24,1X,12FA.3) 	 HWS 
1046 FORmAT(10X.12(2X,6H 	)/3X.5HTOTAL.F10.3.11FA.1) 	 HWS 202 
1047 FORmAT(513.2F6.3.11F7.4.4F6.3) 	 HWS 203  
1048 FORMAT(1H1/5X.39HDETAILED STORM OUTPUT FOR SELECTED DAYS //5X.4HDA HWS ?04 

1TF•6X•12H PREC SRIA,77H ITCPT 	INF 	LSRS 	LSDS 	SRO 	ISDS HWS 205  
1 	ISRS 	PFRC 	EIS 	ESR 	EUZ .24H ICPT 	SDS 	SRS 	U7S/) HWS 206 
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iosn FORMAT(///10X,0 *** WARNING *** IF YOU ARE GOING TO INPUT HOURLY DA HWS 207 
1TA FOR '9A49I3/15XOTHEN YOU SHOULD ALSO SELECT THAT DAY FOR DETAI HWS 208 
?LED OUTPUT ***I) 	 HWS 209 

1055 FORMAT(///10X, *** WARNING * 	NUMBER OF DAYS OF OBSERVED HOURLY H HWS 210 
1YOROGRAPHS ("9130) SHOULD EQUAL NUMBER OF DAYS SELECTED FOR DETAI HWS 211 
?LFD OUTPUT('.I39 1 )0 ) 	 HWS 212 

1056 FORMAT( /9XOTIME INCREMENT FOR SIMULATION FOUALS"*I39 41  MINUTES.' HWS ?13 
1 	/) 	 HWS 214 

1057 FORMAT(1H195X0MONTHLY POTENTIAL EVAPORATION ADJUSTMENTS OCT—SEP'. HWS 215 
1?X,12F6.2/) 	 HWS 216 

1059 FORMAT(2A4•2FP.0) 	 HWS 217 
1060 FORMAT(I4,E6.0) 	 HWS ?1R  
1061 FORMAT(12E6.0) 	 HWS 219 
1717 FORMAT (I1,9X•1692X93I2•14E7.0) 	 HWS 220 
ARRA FORMAT(//2XOUGH---1 ,514,1893E14.6) 	 HWS 221 
900Q FORMAT(1H1910X,7HEND RUN//) 	 HWS 22?  
9011 FORMAT(5X•20HRUN OPTIONS IMPROPER .2014) 	 HWS ?23 
901? FORMAT(5X923HOUTPUT CPTIONS IMPROPER 92014) 	 HWS 224 
9013 FORMAT(5X,38HINPUT PARAMETER DATA FOR SUBWATEPSHED ,I2911H IMPROPE HWS ?25 

HWS 226 1R 	) 
9014 FORMAT(5X934HSENSITIVITY COEF. OPTIONS IMPROPI'R .2014) 	 HWS 227 
9015 FORMAT(5X,43HSUBWATEPSHED AREA INFORMATION IMPROPER FOR 913) 	HWS ?2H 
9016 FORMAT(5X943HINPUT FOR SUPWATERSHED ROUTING IMPROPER FOR,I3) 	HWS 229 
9017 FORMAT(5X•33HNO INPUT FOR SUBWATERSHED ROUTING ) 	 HWS 230 
9018 FORMAT(5X912HDATA ON FILE,I3927H DOES NOT BEGIN UNTIL WY 19912) 	HWS 231  
9019 FORMAT(5)(07HINPUT INUEX NUMBER FROM FILE IMPROPER ) 	 HWS 232 
9020 FORmAT(5X9I4,26H IS TOO MANY SUBWATEPSHEDS ) 	 HWS 233  
9021 FORMAT(5X.15HA WATERSHED PARAMETER IS TOO LARGE /10)(913E8.4) 	HWS 234 
9022 FORMAT(5X.13HSUBWATEHHED 03,23H HAS TOO MANY RAINGAGES ) 	 HWS 235 
90?1 FORMAT(SX.3RHSUM OF THIESSEN AREAS OF SUBWATEqSHED 9I300H DOES NO HWS 236 

1T EQUAL ONE. ) 	 HWS 237  
9024 FORMAT(5)(95HMONTH,I397H OR DAY•I3951H INVALID FOR HOURLY HYDROGRAP HWS 238 

1H OUTPUT SPECIEICATTCN ) 	 HWS 239 
9025 FORMAT(5X•44HINPUT ON START AND END OF RUN INCONSISTANT, 913. 	HWS 240 

11H/oI3,3H — 91391H/913) 	 HWS ?41  
9026 FORMAT(5X937HHOURLY CATA FROM CARDS FOR MONTH9I4.5X,24HCOMPUTER TH HWS 242 

1INKS MONTH 159E3) 	 HWS 243 
9027 FORMAT(5X922HINPUT OPTIONS IMPROPER .2014) 	 HWS 244 
90PA EORMAT(5X,13HMONTH NUMBERS92I499H IMPROPER ) 	 HWS 245 
9031 FORMAT(5X,45HMUSKINGUM ROUTING CONSTANT TO LA‘4GE FOP REACH 9I1•22H HWS 246 

19 PRODUCT OF CONSTANTS ,E8.2,6H TIMES,E8.?,23H  MUST RE LESS THAN 0 HWS 247 
2.5 ) 	 HWS ?4R 

903? FORMAT(5)(4,45HMUSKINGUM ROUTING CONSTANT TO SMALI FOR REACH ,I3.36H HWS 249 
1 K — KX MUST GREATER THAN 0.5 • K = oF8.2,5H X = ,FR.?) 	 HWS 250  

9014 FORmAT(5)(910HTOTAL Ai'-iEA,F8.2,41H MUST EQUAL SUM OF AREAS OF SURWAT HWS 251 
lERSHED 9/(10X910E8.2)) 	 HWS ?52 

9035 FORMAT(5X,29HUNIT HYUROGRAPH RASE TIME OF .I3.17H HOURS TOO LARGE. HWS ?53 
1 ) 	 HWS 254 

Q016 FoRmAT(5x.46HPREcTPIIATIoN CORRECTION FACTORS  UNREASONABLE / 	HWS 255 
1(10)(910E10.3)) 	 HWS ?56 

9037 FORMAT(5X,43HEVAPORATION CORRECTION FACTOR UNPFASONABLE / 	 HWS 257 
1(10)(910E10.4)) 	 HWS ?58 
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901M FORMAT(SX.43HAPEA UNPER UNIT HYDPOGPAPH FOP SURWATERSHED*I3,14H NO 
IT EOUAL ONE /(10X.10F10.4)) 

9019 FORMAT(SX.I404HPEACrES IS TOO MANY, MAXIMUM IS 7. ) 
9040 FORMAT(5X.5HPFACH.I3.30H FLOWS INTO NON—FXISTANT PEACH .16) 
9041 FORmATC5X,12HC(JRWATEd5HED.I3.30H FLOWS PTO NON—EXISTANT PEACH,I6) 
9944 FORMAT(5XOTIME INCREMENT IN MINUTES MUST DIVIDE. EVENLY INTO 60( P 

1UN OPTION 5).',140 flINUTES noEs NOT.') 
IFILF1 = 0 
IFILF2 = 
IFILF1 = 0 
DO 7010 J=1.33 
DO 7010 1=1.20 
SUM(J.T) = 0.0 

7010 CONTINUE 
DO 7009 J=1.12 
DC 7802 1=1.34 
FLOT(I.J)=0.0 

780? CONTINUE 
DO 7009 1=1.31 
DP(J.I)=0.0 
KPL(J.I)=0 

7009 CONTINUE 
Do 7007 J=1•20 
PSN(J)=0 
PFN(J)=0 
TPFPN(J)=0 
FIN1(J)=0.0 
FIN2(J)=0.0 
DO 7007 I=1.900 
DISTRO(JoI)=0.0 
STRFLO(J,I)=0.0 

7007 CONTINUE 
DO 7008 J=1.15 
no 7008 1=1.745 
PPEC(J.I)=0.0 

700P CONTINUE 
Do 7803 T=1•744 
OUT(I)=0.0 
IFLO(I)=0.0 
AFLO(I)=0.0 
SRO(T)=0.0 

7803 CONTINUE 
no 7804 1=1.366 
DTVPT(I)=0.0 
no 7804 J=1.2 
MSFLO(J•I)=0.0 

7804 CONTINUF 
DIVPT(367)=0.0 
OUT(745)=0.0 
no 7006 J=1.20 
ouTEn(J)=0.0 
no 7006 I=1,5 

HWS 259 
HWS 260 
HWS ?61 
HWS 262 
HWS ?63 
HWS 264 
HWS ?65 
HWS 266 
HWS ?67 
HWS 268 
HWS 269 
HWS 270 
HWS 271 
HWS 272 
HWS 273 
HWS 274 
HWS 275 
HWS 276 
HWS 277 
HWS 278 
HWS 279 
HWS 280 
HWS 281 
HWS 282 
HWS 283 
HWS 284 
HWS ?85 
HWS 286 
HWS 287 
HWS 288 
HWS ?89 
HWS 290 
HWS 291 
HWS 292 
HWS 293 
HWS 294 
HWS 295 
HWS 296 
HWS 297 
HWS 298 
HWS 299 
HWS 300 
HWS 301 
HWS 302 
HWS 303 
HWS 304 
HWS 305 
HWS 306 
HWS 307 
HWS 308 
HWS 309 
HWS 310 
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INRG(J.I)=0 
7006 CONTINUE 

DO 7001 1=1.24 
ARRA(T)=0.0 

7001 CONTINUE 
7003 CONTINUE 

DO 7004 1=1.20 
RRR(I)=0 
NUMI(I)=0 
RX(I)=0.0 
rom)=0.0 
PcHI(T)=0 
SWSI(I)=0 
MRN(I)=0 
NRCOWS(I)=0 
SWAREA(I)=0.0 
NRGSW (I) =0 
SWLIKF(I)=0 

7004 CONTINUE 
C INPUT INFORMATION ON THE PURPOSE OF THE RUN 

DO 2 1 = 1.3 
READ(5.1003) (INFO(N),N=1.20) 
WRITE(6,1006) (INFO(N).N=1.20) 

CONTINUE 
C INPUT RUN OPTIONS 
101 RFAD(5.1001) (IDXD(K).K=1.20) 

IF(IDX0(1).LT.1.0R.ICX0(1).GT.20) GO TO 9997 
DO 11 N=1.20 

11 OPTR(N) = 0 
DO 12 N=1,20 
IF(IDX0(N).LT.1) GO TO 14 
M = IOXD(N) 
IF(m.GT.20) GO TO 9997 

12 OPTR(m) = 1 
14 CONTINUE 

C INPUT OPTIONS FOR OUTPUT 
22 READ(5.1001) (IOXO(N),N=1.20) 

IF(TOXO(1).GE.1.AND.I0X0(1).LE.20) GO TO 25 
IF(OPTR(6).NF.1) GO TO 9996 

25 CONTINUE 
DO 23 N=1.20 

23 OPTO(N) =0 
DO 24 N=1.20 
IF(IDXO(N).LT.1) GO TO 26 
M = IDXD(N) 
IF(m.GT.20) GO TO 99',6 

24 OPTO(m) = 1 
26 CONTINUE 

C INPUT OPTIONS FOR INPUT DATA 
RFAD(5.1001) (IDxD(N).N=1,20) 
IF(IDXD(1).LT.1.0R.I0X0(1).GT.20) GO TO 9981 
DO 7 N = 1.20 

HWS 311 
HWS 312 
HWS 313 
HWS 314 
HWS 315 
HWS 316 
HWS 317 
HWS 318 
HWS 319 
HWS 320 
HWS 321 
HWS 322 
HWS 323 
HWS 324 
HWS 325 
HWS 326 
HWS 327 
HWS 328 
HWS 329 
HWS 330 
HWS 331 
HWS 332 
HWS 333 
HWS 334 
HWS 335 
HWS 336 
HWS 337 
HWS 338 
HWS 339 
HWS 340 
HWS 341 
HWS 342 
HWS 343 
HWS 344 
HWS 345 
HWS 346 
HWS 347 
HWS 34R 
HWS 349 
HWS 350 
HWS 351 
HWS 352 
HWS 353 
HWS 354 
HWS 355 
HWS 356 
HWS 357 
HWS 358 
HWS 359 
HWS 360 
HWS 361 
HWS 362 
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7 OPTI(N) 	= 0 
00 6 N = 1•20 
IF(IDX0(N).LT.1) 	GO 	TO 5 
M = 	IDXO(N) 

HWS 
HWS 
HWS 
HWS 

363 
364 
365 
366 

IF(M.GT.20) 	GO TO 9981 HWS 367 
6 OPTI(M) 	= 	1 HWS 368 
5 CONTINUE HWS 369 

CONTINUE HWS 370 
C BEGIN WATERSHED INPUT INFORMATION HWS 371 

READ(591002)STMO,STYR,ENDM,ENDY,(NAME(N),N=1,16) HWS 372 
C STMO,STYP. = MONTH AND LAST TWO DIGITS OF YEAR HWS 373 
C WHEN SIMULATION BEGINS HWS 374 
C ENDM,ENDY = MONTH AND LAST TWO DIGITS OF YEAR HWS 175 
C OF MONTH SIMULATION ENDS HWS 376 
C NAME(N) 	= 	NAME OF WATERSHED HWS 177 

IF((STMO • ENDM).GT.24) 	GO TO 9983 HWS 378 
IF(STYR.GT.ENDY.OR.STYR.GT.99) 	GO TO 9983 HWS 379 
IFNDR = 100*ENDY • ENDM HWS 380 
READ(5,1004)ELEV,LAT•LONG.AREA HWS 381 

C INPUT INFORMATION ON SUBWATEPSHED SYSTEM HWS 382 
READ(591001) 	NSUBWS,(SWLIKE(N),N=1.NSUBWS) HWS 383 

C NSURWS = NUMBER SUAWATERSHEDS HWS 384 
C SWLIKE = N IF SUBWATERSHED UNIQUE HWS 385 
C SWLIKE = NUMBER OF ANOTHER SUR WATERSHED IF ITS INPUT HWS 386 
C AND RESPONSE 	IS SIMILAR HWS 387 
C INPUT INFORMATION ON UNICUE SUBWATERSHEDS HWS 388 

NOUNO = 0 HWS 389 
DO 30 N= l.NSURWS HWS 390 
IF(SWLIKE(N).NE.N) 	GO 	TO 	30 HWS 391 
NOUNO = NOUNO • 1 HWS 392 
READ(5•1001) 	(NUMe(INRG(N,K).K=1,NUM)) HWS 393 
READ(5,1004) 	(THAREA(N,K),K=1,NUM) HWS 394 
READ(5,1004) 	(PCOR(N9K),K=11,NUM) HWS 395 
NRGSW(N) 	= NUM HWS 396 
IF(NRGSW(N).GT.5) 	GO TO 9986 HWS 397 
ST 	= 	1.0 HWS 398 
DO 29 K=1•NUM HWS 399 
IF(PCOR(NoK).GT.3.0.CR.PCOR(NoK).LT.0.3) 	GO 	TO 9972 HWS 400 

?Q ST = ST 	THAPFA(N,K) HWS 401 
IF(ABS(ST).GT.0.001) 	GO 	TO 9985 HWS 402 

30 CONTINUE HWS 403 
IF(NSUBWS.GT.20) 	GO TO 9988 HWS 404 

C NUM•NRGSW(N) 	= NUMBER OF RAINGAGES FOR SUBWATERSHED N HWS 405 
C INRG(NoK) 	= UZEX NUMBER FOR THE K PRECIPITATION GAGES FOR HWS 406 
C SLBWATERSHED N HWS 407 
C THAREA(NoK) 	= THIESSEN AREA OF SUBWATERSHED N AND RAINGAGE HWS 408 
C PCOR(NoK) 	= PRECIPITATION CATCH CORRECTION FOR HWS 409 
C SUBWATERSHED N AND RAINGAGE K HWS 410 
C INPUT SUBWATERSHED PARAMETERS HWS 411 

DO 40 N= 1,NSUBWS HWS 412 
IF(SWLIKE(N).NE.N) 	GO 	TO 40 HWS 413 
READ(5•1001) 	LIKN HWS 414 
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C LIKN = NUMRER OF THE UNIQUE SURWATERSHED HAVING THE HWS 415 
C FOLLOWING INPUT PARAMETERS HWS 416 

IF(LIKN.NE.N) 	GO TO 9995 HWS 417 
C TNPUT AREA FACTORS HWS 418 

REA0(5•1005)SWAREA(N),IMPA(N),FAL7(N),FHL7(N),PSRP(N),PSDP(N) HWS 419 
C TNPUT STORAGE FACTORS HWS 420 

RFAD(5,1005)ICMN(N),ICMX(N),SRSN(N),SDSN(N),UZSN(N)oLZSN(N), HWS 421 
1 	GWSF(N) HWS 422 

C DRAINAGE 	PARAMETERS HWS 423 
RFAD(5•1005) 	PPIF(N)•PSUP(N),PPUL(N),PLGP(N),POGR(N),PLZU(N), HWS 424 

1 	 TTM(N)ONFP(N)9KGWF(N) HWS 425 
C FVAPOTRANSPIRATION PARAMETERS HWS 426 

RFAO(5•1005) 	EIP(N),EVP(N),ETGWP(N) HWS 427 
C INPUT 	INITIAL VALUES HWS 428 

READ (5.1005) 	SRS(N)•SFIS(N),UZS(N),LZS(N),GWS(N) HWS 429 
ICPTI(N)= 	0.0 HWS 430 
SRST(N) 	= 	SRS(N) HWS 431 
SDST(N) 	= 	SDS(N) HWS 432 
UZSI(N) 	= U7S(N) HWS 433 
L7SI(N) 	= L7S(N) HWS 434 
GWSI(N) 	= 	GWS(N) HWS 435 
HL7S(N) 	= 	1.7S(N) HWS 436 
AL7S(N) 	= L7S(N) HWS 437 
FRL7(N) 	= 	1.0 	— FALZ(N) 	— FHLZ(N) HWS 438 
INITST = 	0 HWS 439 
RFP(N) 	= 	1.0 	— 	KGWF(N)**0.04167 HWS 440 
IF(IMPA(N).GT.1.0) 	GO 	TO 	9987 HWS 441 
TF(RSRP(N).GT.1.0) 	GO 	TO 9987 HWS 442 
IF(FIP(N).GT.1.0) 	GO 	TO 	9987 HWS 443 
IF(PSDP(N).GT.I.0) 	CO 	TO 9987 HWS 444 
IF(KGWF(N).GT.1.0) 	GO 	TO 	9987 HWS 445 
IF(RFP(N).GT.1.0) 	GO 	TO 9987 HWS 446 
IF(PDGP(N).GT.101) 	GO TO 9987 HWS 447 
IF(FALZ(N)+FHLZ(N).GT.1.001) 	GO 	TO 	9987 HWS 448 
IF(TTM(N).GT.l.n) 	GO 	TO 9987 HWS 449 
ICPT(N)= 	0.0 HWS 450 

40 CONTINUE HWS 451 
C INPUT INFORMATION FOR REMAINING SUEIWATER5HEDS HWS 452 

DO 41 N=1,NSURWS HWS 453 
IF(SWLIKE(N).EO.N) 	GO 	TO 41 HWS 454 
RFA0(5$1007) 	LIKN•SWAREA(N) HWS 455 
IF(LIKN.NF.N) 	GO TO 9993 HWS 456 

41 	CONTINUE HWS 457 
CHK = AREA HWS 458 
DO 341 N = 1.NSURWS HWS 459 

341 	CHK = CHK 	SWAREA(N) HWS 460 
CHK = CHK/AREA HWS 461 
IF(AFIS(CHK).6T.0.01) 	GO TO 	9974 HWS 462 

C INPUT IF RUN OPTION 5 SELECTED HWS 463 
IMIN = 	15 HWS 464 
IF(OPTR(5).NF.1) 	GO 	TO 539 HWS 465 
RFAO(5,1001) 	IMTN HWS 466 
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IF(IMIN.GT.60) IMIN = 60 	 HWS 467 
IF(MOO(60•IMIN).E0.0) GO TO 539 	 HWS 468 
Go TO 9964 	 HWS 469 

519 CONTINUE 	 HWS 470 
RDMIN = A0/IMIN 	 HWS 471  
DELMIN = 1.0/ROMIN 	 HWS 472 

C 	INPUT MONTHLY EVAPORATION CORRECTION 	 HWS 473 
IF(OPTI(17).NE.1) GO TO 38 	 HWS 474 
RFAn(5•1004) (EVPCOR(M).M=1,12) 	 HWS 475 
DO 441 M = 1.12 	 HWS 476 
IF(EVPCOR(M).GT.3.0.0R.EVPCOR(M).LT.0.001) GO TO 9971 	 HMS 477 

441 CONTINUE 	 HWS 478 
GO TO 536 	 HWS 479 

38 no 37 M=1,12 	 HWS 480 
17 EVPCOR(M) = 1.0 	 HWS 481  

536 CONTINUE 	 HWS 482  
C 	INPUT FOR CARD OUTPUT OF ANNUAL VOLUMES 	 HWS 483 

TF(OPT0(15).F0.1) READ(5,1059) IVARB1,IVARB2.PVC.VARC 	 HWS 484 
C 	INPUT FOR OUTPUT OPTION 16 	 HWS 485 

IF(OPT0(16).E4.1) READ(5,1028) NSTA 	 HWS 486 
C INPUT CHANNEL SYSTEM INFORMATION IF CHANNEL FLOW SIMULATION DESIRED 	HWS 487 

IF(OPTR(2).NF.1) GO TO 34 	 HWS 488 
C 	INPUT DATA NECESSARY FOR SUBWATERSHED POUTING 	 HWS 489 

ICK=0 	 HWS 490 
IF(OPTI(15).NF.1) GO TO 44 	 HWS 491  
DO 42 N=1.NSUPWS 	 HWS 492  
RFAO(5.1007) NUM,(DISTRO(N.K),K=1,NUM) 	 HWS 493 

C 	 DISTRO(N.K) = HOURLY ORDINATES OF DISTRIBUTION GRAPH FOR HWS 494 
C 	 SLRFACE RUNOFF FOR SURWATERSHEO N  HWS 495 

SDZ = 1.0 	 HMS 496 
NO? = N 	 HWS 497 
no 442 K = 1,NUM 	 HMS 498 

44? SO7 = SDI - DISTPO(N,K) 	 HWS 499 
IF(ABS(SD7).GT.0.011) GO TO 9970 	 HWS 500 

42 NOIST(N) = NUM 	 HWS 501 
ICK=1 	 HWS 502 

44 IF(OPTI(16).NF.1) GO TO 4R 	 HWS 503 
RFAO(5.1004) CT(1).CN(1) 
DO 46 N = 1,NSURWS 	

HWS
V014 

CT(N) = CT(1) 	 HWS 506 
CN(N) = CN(1) 	 HWS 507 
READ(5.1007)LIKN.SLOPE(N),LENGTH(N).LC(N),TP(N),TB(N) 	 HWS 508 
IF(TP(N).GT.0.01) GO TO 544 	 HWS 509 
TP(N) = CT(1)*(LFNGTH(N)*LC(N)/SORT(SLOPE(N)))**CN(1) 	 HWS 510 
TP(N) = TP(N) • 0.25*(1.0-0.182*TP(N)) 	 HWS 511  

544 TP(N) = TP(N)*3.75 	 HWS 512 
C 	 CT.CN = CONSTANTS OF BASIN LAG EQUATION 	 HWS 513 
C 	 INPUT SLOPE.LENGTH.LENGTH TO CENTROID.TIME TO PEAK, AND TIME 	HWS 514 
C 	 BASE FOR CALCULATION OF DISTRIBUTION GRAPH 	 HWS 515 

NUM = TB(N) • 0.5 	 HWS 516 
IF(NUm.GT.1) GO TO 436 	 HWS 517 
NUM = 1 	 HWS 518 
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NDIST(N) = 1 	 HWS 519 
DISTRO(N.l) = 1.0 	 HWS 520 
GO TO 46 	 HWS 521 

436 NDIST(N) = NUM 	 HWS 522 
DUH = 0.0 	 HWS 523 
nNm . NUM 	 HWS 524 
DO 36 M = 1.NUM 	 HWS 525 
DM = M 	 HWS 526 
DN = 15.0*DM/DNM 	 HWS 527 
NN = ON 	 HWS 528 
D = NN 	 HWS 529 
DIF = ON — 0 	 HWS 530 
DISTPO(N,M) = DUH 	 HWS 531 
DUH = UH(NN) • DIF*(UH(NN+1)—UH(NN)) 	 HWS 532 

16 DISTRO(N,M) = DUH 	ASTRO(N,M) 	 HWS 533 
IF(LIKN.NE.N) GO TO (o99? 	 HWS 534 

46 CONTINUE 	 HWS 535 
ICK=1 	 HWS 536 

4R IF(ICK.EO.0) GO TO 9991 	 HWS 537 
INPUT DATA NECESSaRY FOR CHANNEL ROUTING 	 HWS 538 

READ(5,1007) NRCHS,(PK(N)oN=1,NRCHS) 
IF(NRCHS.GT.7) GO TO 9969 	

HWS
HWS 	9  540 

IF(NRCHS.LE.0) Go TO 434 	 HWS 541 
PFAn(541004) (RX(N),N=1•NRCHS) 	 HWS 542 
READ(5,1001) (PCHI(N),N=1,NRCHS) 	 HWS 543 
READ(5.1001) (SWSI(N),N=1 ,INSUAWS) 	 HWS 544 
NFLPT = NPCHS • 1 	 HWS 545 
DO 44R N = 1.NRCHS 	 HWS 546 
NOZ = N 	 HWS 547 
IF(RCHI(N).GT.NFLPT) GO TO 9968 	 HWS 548 

44R CONTINUE 	 HWS 549 
DO 449 N = 1•NSUBWS 	 HWS 550 
NO7 = N 	 HWS 551 
TF(SWSI(N).GT.NFLPT) GO TO 9967 

449 CONTINUE 	 NWS S Zri 
C 	RK(N),RX(N) = MUSKINGUM ROUTING CONSTANTS FOR PEACH N 	 HWS 554 
C 	THE TOP OF EACH REACH HAS A FLOWPOINT WITH THE SAME NUMBER 	HWS 555 
C 	AS THE PEACH. THE BOTTOM OF THE LAST PEACH IS FLOWPOINT NRCHS*1. HWS 556 

NRCHS = TOTAL NUMBER OF REACHS = NUMBER OF FLOWPOINTS 	1 	HWS 557 
C 	RCHI(N) = NUMBER OF THE FLOWPOINT TO WHICH REACH N FLOWS 	 HWS 558 
C 

	

	SWST(N) = NUMBER OF THE FLOWPOINT TO WHICH SUBWATERSHEn N FLOWS HWS 559 
PEAD(5,1001) (NPO(N),N=1,20) 

434 RFAn(591001) (NSO(N),N=1,20) 	
HWS 
HWS6? 

C 	 HWS 562 
HWS 563 

IF(OPTP(19).NF.1)G0 TO 7399 	 HWS 564 
RFAO(5.1001)(RPR(N)•N=1,20) 	 HWS 565 
REA0(50)AA41,C,B0981,8203,COFF 	 HWS 566 
RFAn(541)NNXX,(RELEV(I).0?(I),S2(I),I=1,NNXX) 	 HWS 567 
RFAn(5,11SINT•ELINT•EFSD,COFoEGOOCON,ICODEl•ECSOoDIV. 	 HWS 568 

7399 IF(OPT0(18).NF.1)G0 TO 34 	 HWS 569 
REAn(5,1001)(PSN(N)•N=1•20) 	 HWS 570 
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READ(5,1001)(PFN(N),N=1.20) 	 HWS 571 
C 	 NcO(N) = NUMRER OF THE SURwATERSHED FOR WHICH 	HWS 57? 

OUTPUT IS DESIRED. LAST NO.MIJST EXCEED 20. HWS 573 
C 	 NRO(N) = NUMBER OF THE REACHS FOR WHICH OUTPUT 	HWS 574 
C 	 IS DESIRED. LAST NUmHEP MUST EXCEED ?O. 	HWS 575 
C 	 HWS 576 
C 	 PSN(N)=NumRER OF SUBWATERSHEAD FOR WHICH 	HWS 577 
C 	 A PRINTER PLOT OF SIMULATED FLOW IS 	 HWS 978 
C 	 DESIPED. LAST NUMBER SHOULD EXCEED 20. 	 HWS 579 
C 	 PFN(N)=NUMPER OF FLOWPOINT 	FOP WHICH 	HWS 580 
C 	 A PRINTER PLOT OF SIMULATED FLOW IS 	 HWS 581 
C 	 DESIPED. LAST NUMBER SHOULD EXCEED 20. 	 HwS 582 

I=1 	 HWS 583 
DO 7400 N=1.20 	 HWS 584 
IF(PSN(N).GT.20)G0 TO 7401 	 HWS 585 
IPFPN(I)=PSN(N) 	 HWS 586 
I=I+1 	 HWS 587 

7400 CONTINUE 	 HWS 588 
7401 CONTINUE 	 HWS 589 

DO 7402 N=1.20 	 HWS 590 
IF(PFN(N).GT.20)GO TO 7403 	 HWS 591 
IPFPN(I)=-PFN(N) 	 HWS 592 
I=I+1 	 HWS 593 
IF(I.GE.?0)GO TO 7403 	 HWS 594 

7402 CONTINUE 	 HWS 595 
7403 CONTINUE 	 HWS 596 

C 	IPERN(N)=NUmHER OF FLOWPOINT IF NEG OR SUBwATERSHED IF POS FOR HWS 597 
C 	N'TH PLOT 	 HWS 598 
C 	 HWS 599 

HWS 600 
CALCULATION OF CONSTANTS 	 HWS 601 

34 IAPEA = 1.0/APFA 	 HwS 602 
NUMYR = 0 	 HWS 603 
ICNT = 0 	 HWS 604 
DC 28 N = 1,20 	 HWS 605 

28 CUMA(N) = o.n 	 HwS 606 
DO 32 N = 1,NSURWS 	 HwS 607 
DO 328 K=1.900 	 HWS 608 

3P8 STPFLO(N.K) = 0.0 	 HWS 609 
NSI = SWSI(N) 	 HwS 610 

3? CUMA(NSI) = CUmA(NSI) • SWAPEA(N) 	 HWS 611 
IF(NPCHS.LT.1) GO TO 333 	 HWS 612 
DO 31 N = 1,NRCHS 	 HWS 613 
NPI = RCHI(N) 	 HWS 614 
FIN2(N) = 0.0 	 HWS 615 

31 CUMA(NPI) = CUMA(NRI) • CUMA(N) 	 HWS 616 
FIN2(NPCHS.1) = 0.0 	 HWS 617 
DO 33 N = 1.NPcHs 	 HWS 618 
XK = PK(N)*Px(N) 	 HWS 619 
DOD = QK(N) - XK • 0.5 	 HWS f20 
NO7 = N 	 HWS 621 
IF(xK.GT.0.5) GO TO 9977 	 HWS 622 
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IF(RK(N)-XK.LF.0.5) 	GO TO 9976 HWS 623 
CO(N) 	= 	...(XK-0.5)/DDD HWS 624 
C1(N) 	= 	(XK 	• 	0.5)/DDO HWS 625 

11 C?(N) 	= 	(RK(N)-XK-0.5)/DDD HWS 626 
333 CONTINUE HWS 627 

NHR = 744 HWS 628 
DO 35 N =1.8 HWS 629 

35 	STI(N) 	= 	0.0 HWS 630 
DO 335 N = 	1.12 HWS 631 

335 PCMO(N) 	= 	1.0 HWS 632 
C OUTPUT OF WATERSHED SYSTEM PARAMETERS AND CHARACTERISTICS HWS 633 

WRITF(6•1027)(NAMF(N),N=1,16),STMO,STYR,FNOM+ENOY,ACREA•ELEV,LAT, HWS 634 
1LONG HWS 635 
WRITE(601019) 	(K,K=1.20),(OPTI(K).K=1,20)•(OPTR(K),K=1.20).(OPTO(K HWS 636 

1).K=1.20) HWS 637 
WPITE(6,1024) 	NSURWS HWS 638 
WRITF(6.1056) 	IMIN HWS 639 
WRITF(6,1021) 	(K•K=1,NSURWS) HWS 640 
WRITF(6.102?) 	(SWLIKF(N)•N=1•NSIJRWS) HWS 641 
DO 49 N = 1.NSUBWS HWS 642 
IF(SWLIKF(N).NE.N) 	GO 	TO 47 HWS 643 
WRITE (6.1008) 	N•SWARA(N),IMPA(N),FAL7(N),FHL7(N)9PSRP(N),PSOP(N), HWS 644 

1 	 ICMN(N),ICMX(N),SRSN(N),SDSN(N),U7SN(N),LZSN(N), HW? 64C 
GWSF (N) • 	PPIF(N),PSUP(N),PPUL(N),PLGP(N),PPGP(N), HWS 646 
PL7U(N),TTM(N),INFP(N),KGWF(N),FIP(N),EVP(N),ETGWP(N) HWS 647 

WRITE(6,1018) 	SPS(N),SDS(N)9U7S(N),LZS(N),GWS(N) HWS 648 
NUM = NRGSW(N) HWS 649 
WRITE(6.1016) 	NRGSW(N),(INRG(N,K),THAREA(N,K),PCOR(N,K),K=1•NUM) HWS 650 
WRITF(6.1023) HWS 651 
GO TO 45 HWS 65? 

47 	WRITF(6,1012) 	N•SWLIKE(N)•SWAREA(N) HWS 653 
45 	IF(OPTR(?).NF.1) 	GO 	TO 49 HWS 654 

NUM = NDIST(N) HWS 655 
WRITE(6,1010) 	N.NUM.(DISTRO(N,K),K=1.NUM) HWS 656 

43 	IF(OPTI(16).NF.1) 	GO 	TO 49 HWS 657 
WRITF(6.1011) 	SLOPE().LENGTH(N),LC(N),TP(N),TR(N),CT(N).CN(N) HWS 658 
IF(NUM.GT.48) 	GO TO 9973 HWS 659 

49 CONTINUE HWS 660 
IF(OPTI(17).E0.1) 	WRITE(6,1020) 	(FVPCOR(K),K=1•12) HWS 661 

C OUTPUT CHANNEL SYSTEM CHARACTERISTICS HWS 662 
IF(OPTR(2).NF.1) 	GO 	TO 59 HWS 663 
WRITF(6.1013) HWS 664 
DO 52 N=1,NSUPWS HWS 665 

5? 	WRITF(6,1014) 	N.SWSI(N) HWS 666 
IF(NRcHs.LE.n) 	GO TO 59 HWS 667 
I=1 HWS 668 
DO 56 N= I•NRCHS HWS 669 
IF(RRP(I).NF.N)G0 TO 560 HWS 670 
WRITE(6.570)N.RCHI(N),SINT,ELINT•EFSD•COF,FGO.000N•ICODEI.ECSD• HWS 671 

1COFF,DIV,AA.B•C,B0,A1,82•P3 HWS 672 
I=I*1 HWS 673 
GO TO 56 HWS 674 
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560 
56 

WRITE(6.1015) 	NoRCHI(N),RK(N).RX(N) 
CONTINUE 
1=0 
00 956 N = loNFLPT 

675  
676  

HWS 
HWS 
HWS 
HWS 

677 
678 

996 WRITE(6,1041) 	N.CUMA(N) HWS 679 
59 CONTINUE 680  HWS 

C FINISHED WATERSHED INPUT LOOP — BEGIN ANNUAL LOOPS FOR ABOVE WATERSHED HWS 681 
C HWS 682 
C DEFINITION OF 	INPUT DEVICES HWS 683  
C PRECIPITATION DATA 	FILENO----V HWS 684 
C POTENTIAL EVAPOTRANSPIRATION DATA 	FILFVP----IV HWS 685 
C MEASURED STREAMFLFOW DATA 	FILED----Ity 686  HWS 
C HWS 687 

90 READ(5.1001) 	MONA, 	YR8o 	MONE, 	YRE, 	FILENO,FILEVP,FILF0 688  HWS 
IRPT=0 HWS 689 

C 	INPUT MONTHLY EVAPORATICM CORRECTION 690  HWS 
IF(OPTI(14)oNFo1) 	GO 	TO 5053 691  HWC 
RFAD(9,1004)(EVPCOR('),M=10.12).(EVPCOR(M)om=1,9) HWS 692 
wRITF(6,1n57)(EvPcoR(m)0.4=10.12).(EvPCOP(H),m=1,q) HWS 693 
00 5052 M = 	1.1? HWS 694 
IFIEVPCOR(M)oGTo3o0oCRoEVPCOR(M)oLT.0.0001) 	GO TO 9971 HWS 695 

505? CONTINUE 696  HWS 
5053 CONTINUE 697  HWS 

IF(OPTI(4).E0o1)PEAD(5.1004)(PCM0(M).M=10.12).(PCM0(M),M=1,9) HWS 698 
START = 100*YRB •MONt HWS 699 
ENDR 	= 100*YRE •MONE HWS 700 
IF(MONFoLToloCRoMONEoGTo13) 	GO TO 9980 HWS 701 
V = FILFNO 702  HWS 
IV = FILFVP HWS 703 
ITV = FILED HWS 704 
IF(FILFNO.LF.0) 	V = 	5 705  HWS 
IF(FILEVP.LE.0) 	IV 	= 5 706  HWS 
IF(FILEo.LE.n)Tiv 	= 707  HWS 
wPITF(6.1035)moCHAP(wON8).ymi,mocHAP(HoNE),y,v,ivoiv HWS 708 

C 
C 

INPUT MONTH AND DAY FOR DAYS SELECTED FOR DETAILED OUTPUT. 
(LAST DAY MUST EXCEED A VALUE OF 31.) 
IF(OPT0(2)oNFo1) 	GO TO 	159 
KKD = 0 
DO 	156 M=1.12 
DO 	156 N=1.31 

HWS 712  
HWS 713  

4V1  HWS490 
HWS 	711 

HWS 714 
196 KPL(M.N) 	= 	0 HWS 715 

WRITE(6.1037) 716  HWS 
157 RFAD(9.1001)((IK(I,J),I=1,2).J=11•10) HWS 717 

WRITE(6.1038)((IK(I.J),I=1.2).J=1,10) HWS 718 
DO 	158 	J=1.10 HWS 719 
IF(IK(2.J).GT.31) 	GO 	TO 	159 720  HWS 
IT 	= 	IK(1.J) 721  HWS 
JJ = 	TK(?.J) HWS 722 
KKD = KKD • 	1 HWS 723 
IF(II.GT.12) 	GO TO 9984 HWS 724 

198 KPL(IToJJ) 	= 	1 725  HWS 
GO TO 157 726  HWS 

124 



159 CONTINUE 
DO 	144 J=1950 
DO 	144 K=1,24 

144 MHFLO(J.K) 	= 	0.0 
DO 5044 	K = 1920 HWS 731  

HWS 727 
HWS 728 
HWS 729 
HWS 730 

5044 PFAK(K95) 	= 	0.0 HWS 732 
160 CONTINUE HWS 733 

GO TO 357 HWS 734 
C HWS 735 
C 	BEGIN INPUT FOR DAILY POTENTIAL EVAPOTRANSPIRATION HWS 736 
C 	INPUT DATA FROM CARDS, DISK, OR OTHER MAGNETIC INPUT DEVICE HWS 737 
C HWS 738 

357 READ(IV91026)NOSTA,JMO,JYR,JNZ9(ARRA(N),N=1,11) HWS 739 
IF(IV.F0.5) 	GO TO 3000 
IF(IFILF1.GT.0) 	GO 	TO 	3000 HWS  HWS;4? 
IF(JYR.GF.99) 	GO TO 357 HWS 742 
IF(JYR.LT.YRB) 	GO TO 357 HWS 743 
IF(JYP.E.O.YRR.AND.JMO.LT.MONB) 	GO TO 357 HWS 744 
IF(JYR.EO.YRB.AND.JMO.EO.MONB)IFILE1 	= 	1 HWS 745 

3000 	IF(JMO.GT.12) 	GO TO 510 HWS 746 
C 	LAST CARD FOR PAN EVAPORATION DATA SHOULD HAVE 99 IN COLUMN 10 + HWS 747 

ILY =2 HWS 748 
IF(MOD(JYR94).E0.0) 	ILY 	= 	1 HWS 749  
DO 	358 	N=1911 HWS 750 
J = DAYS(ILY,JMO) 	•N 	• 	10*(JNZ-1) HWS 751 
IF 	(J.GT.366) 	GO TO 357 HWS 752 

358 EPAN(J) 	= ARRA(N) HWS 753 
GO TO 357 HWS 754 

510 	TF(OPTO(9).NF.1) 	GO 	TO 359 HWS 755 
C 	OUTPUT PAN EVAPORATION DATA HWS 756 

WPITE(691043) 	(NAME(N)9N=1,14),YRA,YRE HWS 757  
WPITE(691044) 	(MOCHAP(K),K=10912)9(MOCHAR(K),K=1 99) HWS 758 
DO 285 M = 	1.12 HWS 759 
ARRA(M)=0.0 HWS 760 

2RS 	XPLT(M) 	= 	0.0 HWS 761  
ILY=2 HWS 762 

IF(MOD(YRR94).E0.(1.0R.MOD(YRE,4).F0.0) 	ILY=1 HWS 763 
DO 284 N = 	1.31 HWS 764 
DO 283 M = 	1.12 HWS 765 
MS = DAYS(ILY,M) 	• N HWS 766 
IF(MS.GT.366) 	MS=366 HWS 767 

ARRA(M) 	= EPAN(MS) HWS 768 
IF(N.GT.LASTDA(ILY,M)) 	ARRA(M) 	= 	0.0 HWS 769 

2R3 	XPLT(M) 	= 	XPLT(M) 	• 	EPAN(MS) HWS 770 
284 	WPITF(691045) 	N,(APPA(K),K= 10.12),(APPA(K),K=1.9) HWS 771 

WPTTE(6,1046) 	(XPLT(K),K=10,12),(XPLT(K),K=1,9) HWS 772 
C 	INPUT MEASURED STREAMFLOW AT NOST GAGE SITES HWS 773 

359 	IF(OPTI(12).NF.1) 	GO 	TO 366 HWS 774  
READ(5,1001) 	MOST HWS 775 
DO 363 K = 	1.NOT HWS 776 

C HWS 777 
360 	REANTIV.1717)IID,NOS1A,JYR.JMO,JNZ•(APPA(N),N=1.8) HWS 778 
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IF(IID.E0.1)READ(IIV.1717)IID 
IF(IIO.E0.2)REAO(IIV.1717)IID.NOSTA•JYR.JmO.JN7t(ARRA(N).N=1.8) 
IF(TIV.F0.5) 	GO 	TO 	3100 
IF(TFILE2.GT.0) 	GO TC 	3100 
IF(JYP.GE.99) 	GO TO 360 
IF(JYR.LT.YRR) 	GO TO 360 

HWS 
HWS 
HWS 
HWS 
HWS 
HWS 

779 
780 
781 
782 
783 
784 

IF(JYP.EO.YPB.AND.JMC.LT.MONB) 	GO TO 360 HWS 785 
IE(JYR.E0.YPB.AND.JMC.E0.MON8)IFILE2 = 	1 HWS 786 

3100 IF(JMO.GT.12)60 TO 363 HWS 787 
ILY=2 HWS 788 
IF(MOD(JYR.4).E0.0)ILY=1 HWS 789 
NN=R HWS 790 
DO 361 	N=1.NN HWS 791 
J=DAYS(ILY,JMO)+N+8*(JN7-1) HWS 792 
IF 	(J.GT.366) 	GO TO 360 HWS 793 

361 MSFLO(K.J) 	= 	ARRA(N) HWS 794 
GO TO 360 HWS 795 

163 CONTINUE HWS 796 
366 CONTINUE HWS 797 

C INPUT NUMBER OF SUBWATERSHEDS 	(•) 	ORDERED BY ARS VALUE THEN HWS 798 
C NUMBER OF REACH 	(-) 	FOP WHICH MEASURED DATA 	IS INPUT. HWS 799 

IF(OPTI(12).E0.1) 	READ(5.1001) 	NMP.(MRN(N),N=1.NMR) HWS 800 
IF(OPTI(19).E0.1) 	READ(5.1001) 	mnF HWS 801 
IF(OPTI(12).E0.1) 	WRITE(6.1036) 	(MRN(N),N=1,NmR) HWS 802 

C INPUT STREAMFLOW DIVERSION HWS 803 
IF(OPTI(19).NF.1) 	GO 	TO 	286 HWS 804 

C HWS 805 
280 READ(5.1717)IID.NOSTA.JYR.JMO.JNZ,(ARRA(N).N=1.9) HWS 806 

IF(IID.E0.1)READ(5.1717)II0 HWS 807 
IF(TIO.E0.2)READ(5.1717)IID.NOSTA,JYR,JMO.JNZ,(ARRA(N).N=1.8) HWS 808 
IF(JMO.GT.12)GO TO 286 HWS 809 
ILY=2 HWS 810 
IF(m0O(JYR.4).E0.0)ILY=1 HWS 811 
NN=F1  HWS 812 
DO 281 N=1,NN HWS 813 
J=DAYS(ILY,JMO)•N•8*(JN7_-1) HWS 814 
IF(J.GT.366)G0 TO 280 HWS 815 

C HWS 816 
281 DIVRT(J) 	= 	ARRA(N) HWS 817 
?Ph CONTINUE HWS 818 
289 CONTINUE HWS 819 

C INPUT NUMBER OF RAINGAGES TO BE READ EACH MONTH HWS 820 
C NFOR - TYPE FORMAT 0=STANFORD MODEL• 	1=WFATHER BUREAU HWS 821 

RFA0(5,1001) 	NRGAGE.NFOR HWS 822 
HWS 823 

C BEGIN YEAR OF SIMULATION HWS 824 
C HWS 825 

58 DAY = 0 HWS 826 
MONTH = 9 HWS 827 
YEAR = YRP HWS 828 
IF(MON8.LT.10) 	YEAR = YRB - 	1 HWS 829 
NUMYR = NUMYR • 1 HWS 830 
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00 65 M = 1.13 	 HWS 831 
DO 65 N = 1.33 	 HWS 832  

65 TOT(N.M) = 0.0 	 HWS 833  
DO 365 N=1.20 	 HWS 834 
PFAK(N.NUMYP) =0.0 	 HWS 835 

365 MAXFLO(N) = 0.0 	 HWS 836 
NPLOT = 0 

C 	 H 
HWS 837 

838 
C RFGIN MONTHLY LOOP 	 HWS 839  
C 	 HWS 840 

60 IF(MONTH.LT.12) GO TO 61 	 HWS 841 
YFAR = YEAR .1 	 HWS 842 
MONTH = 0 	 HWS 843 

61 MONTH = MONTH • 1 	 HWS 844 
DAY = 0 	 HWS 845 
YRMO = 100*YFAP • MONTH 	 HWS 846 
IF(YPm0.GT.ENOR) GO TO 199 	 HWS 847 

4460 CONTINUE 	 HWS 848 
C 	HOURLY PRECIPITATION READ FROM DEVICE. V. READ IN AS FILENO 	 HWS 849 
364 IF(YRMO.LT.START) GO TO 60 HWS 850 

no 370 N=1.NPGAGF 	 HWS 851 
C 	AT LEAST ONE DATA C4RD MUST EXIST FOR  EACH MONTH EVEN IF 7FPOS 	HWS 85? 

DO 368 K = 1.744 	 HWS 853  
368 PREC(N.K) = 0.0 	 HWS 854  
369 TF(NFOP.LT.1) PFAD(V,1025)NOSTA,JYR.JmO.JDY.NC,(APPA(m).m=1,12) 	HWS 855 

IF(NFOP.GF.1) REAO(V.1028)NOSTA,JYR,JMO,JDY,NC.(ARPA(M),M=1.12) 	HWS 856 
IF(V.F0.9) GO TO 3200 	 HWS 857 
IF(IFTLF3.GT.0) GO TO 3200 	 HWS 858  
IF(JYP.GF.99) GO TO 369 	 HWS 859 
IF(JYR.LT.YPP) GO TO 369 	 HWS 860  
IF(JYR.FO.YPR.AND.JMO.LT.MONR) GO TO 369 	 HWS 861  
TF(JYR.FO.YPR.AND.JMO.E0.MONR)IFILE3 = 1 	 HWS 862  

3?00 TF(JmO.GT.12) GO TO 370 	 HWS 863  
C 	LAST CARD EACH MONTH MUST HAVE 9 S IN COLUMNS 9 THPU 16 	 HWS 864  

IF(JMO.NF.mONTH) GO TO 9982 	 HWS 865 
DO 367 J=1.1? 	 HWS 866 
JJ = 24*(JOY-1) • 12*(NC-1) • J 	 HWS 867 
TF(JJ.GT.744) GO T(.; 369 	 HWS 868 

367 PPEC(N.JJ) = APPA(J) 	 HWS 869  
GO TO 369 	 HWS 870 

370 CONTINUE 	 HWS 871  
371 CONTINUE 	 HWS 87? 

ILY = 2 	 HWS 873 
TF(MONYEAR.4).E0.0) •ILY= 1 	 HWS 874 
TF(OPT0(9).NF.1) GO TO 37? 	 HWS 875 

C 	OUTPUT HOURLY PRFCIPIT'ITION DATA 	 HWS 876  
DO 373 N=1.NPGAGF 	 HWS 877 
WPITF(6.103?) N.NPGAA.00CHAP(MONTH).YFAP.(I.I=1.24) 	 HWS 878 
00 373 m=1.31 	 HWS 879  
MM = 1 • (M-1)*24 	 HWS 880  
MMM = MM + ?3 	 HWS 881 
TOTP = 0.0 	 HWS 88?  
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DO 374 K = MM,MMM HWS 883 
374 TOTP = TOTP • PREC(N,K) HWS 884 
373 WRITE (6.1042) 	M,(PREC(N,K),K=mm,mmm),TOTP HWS 885 
37? CONTINUE HWS 886 

IF(OPT0(11).E0.0) 	GC 	TO 462 HWS 887 
DO 463 K = 	1.31 HWS 888 
IF(KPL(MONTH.K).GT.0) 	GO TO 464 HWS 889 

463 CONTINUE HWS 890 
GO TO 46? HWS 891 

464 wPITE(6,104R) HWS 892 
46? CONTINUE HWS 893 

C HWS 894 
C BEGIN SUBWATERSHED 	LOOP HWS 895 
C NWS 896 

NSW =0 HWS 897 
ICKO = 0 HWS 898 

62 IF(ICKO.GT.1.AND.NOUNG.GT.1) 	WRITE(4) 	NSW.(SPO(M).M=1.744), HWS 899 
1 (IFLO(M).M=1.744).(RFLO(M).M=1.744) HWS 900 

63 NSW = NSW +1 HWS 901 
IF(NSW.GT.NSURWS) 	GO TO 	106 HWS 902 

C ALL SUB*ATERSHEDS COMPLETE. CHECK FOR OUTPUT HWS 903 
IF(SWLIKE(NSW).NE.NS*) 	GO TO 63 HWS 904 
MHR = 0 NWS 905 
ICKO = 2 HWS 906 

443? CONTINUE HWS 907 
C ZERO SUMATION ARRAY HWS 908 

DO 76 N = 1. 	25 HWS 909 
76 SUM(N.NSW) 	= 	0.0 HWS 910 

C CODE FOR N IS AS FOLLOWS' HWS 911 
C 1=INTERCEPTION. 	3=DIRECT 	INFILTRATION, 4=LOSS TO SRS, 5=SURFACE RU HWS 912 
C 6=INFILTRATION SDS-UZS. 	7=INFILTRATION SRS-UZS, 8=PEPCOLATION UZS- HWS 913 
C 2=EVAP INTERCEPTION STORAGE. 	9=EVAP SQS. 	10=EVAP UZS, 	1l=EVAP LZS• HWS 914 
.0 12=PERCOLATION LZS-GWS. 	13=EVAP GWS., 	14=INTFPFLOW• 	15= 8ASFFLOW, HWS 915 
C 16=PRECIPITATION, 	17=UNDFPFLOw, 25=SALANCE OF BUDGET EQUATION HWS 916 
C 18=POTENTIAL EVAPOTRANSPIRATION. 	19=IMPFRVIOUS AREA RUNOFF HWS 917 
C 21=SEEPAGE FROM RIDGE. 22=DIVERSIONS OUT, 23=TOT.SF, 	24=TOT.FT, HWS 918 
C ?6=SDS. 27=SRS. 	28=UZS. 29=LZS-RIDGE. 	30=GWS. 	31=LZS-ALLUVIUM HWS 919 
C 3?=LZS-HILLSIDE, 	33=INTERCEPTION, HWS 920 
C CONTINUE SIMULATION FOR UNIQUE SUBWATERSHED HWS 921 
C 	PRECIP FOR 2_ND• TIME THRU ON OPTIMIZATION HWS 922 
4463 CONTINUE HWS 923 

C CALCULATION OF THEISSEN AVERAGE PRECIPITATION FOR SURWATERSHEnS NWS 924 
DO 64 J = 1,744 HWS 925 

64 PR(J) 	= 	0.0 HWS 926 
N = NRGSW(NSW) HWS 927 
DO 66 	I 	= 	1,N HWS 928 
K 	= 	INRG(NSw.I) HMS 929 
PT 	= PCOP(NSw,I)*THAPEA(NSW.I) HWS 930 
DO 66 J = 1,744 HwS 931 

66 PR(J) 	= PR(J) 	• 	PREC(K,J)*PT HWS 932 
4466 CONTINUE HWS 933 

II) 	= 	DAYS(ILY.MONTH) HWS 934 

128 



DAY = 0 
IAM1 	= 	1.0 	- 	IMPA(NSW) 
IAM2 = 	IAM1**0.7 
ICPTM(NSW) 	= 	ICmN(NSW) 	• 	ICPC(MONTH)*(ICMX(NSw)-ICMN(NSW)) 
EZL = LZSN(NSW)*L7SN(NSW)/(LZSN(NSW)+UZSN(NSW))**2 
EZU = 	1.0 - EZL 
RTAH = FPLZ(NSW)/(1.0-FPLZ(NSW)) 

HWS 
HWS 
HWS 
HWS 
HWS 
HWS 
HWS 

935 
936 
937 
938 
939 
940 
941 

PINF(NSW) 	= PPIF(NSW)*COPINF(mONTH)*DELmIN HWS 94? 
PULP(NSW) 	=PPUL(NSW)*CORINF(MONTH)*DELMIN HWS 943 

C HWS 944 
C BEGIN DAILY 	LOOP HWS 945 
C HWS 946 

75 ID 	= 	ID 	•1 HWS 947 
DAY = DAY • 	1 HWS 948 
IF(DAY.GT.LASTDA(ILY,MONTH)) 	GO TO 62 HWS 949 
HP = 0 HWS 950 

C CALCULATION OF DAILY EVAPORATION AND/OR TRANSPIRATION POTENTIALS HWS 951 
EV = EPAN(ID)*EVPCOP(MONTH) HWS 952 
TRP= EV HWS 953 
IF(OPTI(19).FO.1) 	TOT(22.mONTH) 	= 	TOT(22+mONTH) 	• 	DivRT(I0) HWS 954 
DP(MONTH,DAY) 	= 0.0 HWS 955 

C HWS 956 
C BEGIN 	HOURLY 	LOOP HWS 957 
C HWS 958 

PO HP = HR +1 HWS 959 
IF(HR.GT.24) 	GO TO 75 HWS 960 
MIN = 0 HWS 961 
mHR = MHR • 	1 HWS 962 
SRO(MHR) 	= 	0.0 HWS 963 
PP(MHR) 	= PR(MHP)*PCm0(MONTH) HWS 964 
DP(MONTH,DAY) 	= DP(MCNTH,DAY) 	• PR(mHP)*SWAREA(NSW) HWS 965 
SUM(16,NSW) 	= SUm(16,NSW) 	• 	PR(MHR) HWS 966 
HEP = EV*HRDIST(Hp) HWS 967 
SUM(18,NSW) 	= SUM(18,NSW) 	• 	EV*HPDIST(HP) HWS 968 

HWS 969 
C 	BEGIN ImIN-MINUTE LOOP HWS 970 
C HWS 971 

85 MIN = MIN • 	IMIN HWS 972 
IF(MIN.GT.60) 	GO 	TO 	105 HWS 973 
PX 	= PR(MHR)*DELMIN HWS 974 
PRm = PX HWS 975 
LZSP = LZS(NSW)/L7SN(NSW) HWS 976 
IF(LZSP.GT.1.0E-9.ANO.LZSP.LT.1.0E9) 	GO TO 8889 HWS 977 
ICNT 	= 	ICNT 	• 	1 HWS 978 
IF(ICNT.GT.50) 	CALL EXIT HWS 979 
WPITE(6.8888)YEAR.mONTH,DAY,HR.MIN,NSW,LZSP.LZS(NSw),LZSN(NSW) HWS 980 

8889 CONTINUE HWS 981 
HLZSR = HLZS(NSW)/L7SN(NSW) HWS 982 
ALZSR = ALZS(NSW)/LZSN(NSW) HWS 983 
PLZSR=ALZSP*FAL7(NSW) 	•LZSR*FPLZ(NSW) 	•HLZSR*rHL7(NSW) HWS 984 
U7SP = U7S(NSw)/U7SN(NSW) HWS 985 
IF(PX.LT.1.OE-12) 	GC 	TO 	86 HWS 986 

129 



C 
C 
C 

ImPERVIOuS AREA SURFACE RUNOFF 

S19I 	= 	S19I 	• 	Px 

HwS 
HWs 
HWS 
HWS 

987 
988 
989 
990 

SRTA = 	IMPA(NSW)*PX HWS 991 
SUM(19.NSW) 	= 	SUm(19,NSw) 	+ 	SRIA HwS 992 
SRO(KIHR) 	= 	SRC(mHR) 	• 	SPIA HWS 993 

C HWS 994 
C IOSS TO INTERCEPTION STORAGE AND 	INITIAL cUPFACE WETTING HwS 99S 
C HwS 996 

CAP = 	ICPTM(NSW) 	- 	ICPT(NSW) HWS 997 
IF(CAP.GT.Px) 	GO TO e7 HWS 998 
IF(CAP.I.T.0.0) 	GO 	TO 	86 HWS 999 
Px = PX - CAP 	 HWS1000 
SUM(1.NcW) = SUm(I,NSw) + CAP*IAM1 	 HwS1001 

Si! = Si! - CAP 	 HwS1002 
ICPT(NSW) = TCPTM(NSq) 	 HwS1003 
CPT = CAP 	 HwS1004 
GO TO 86 	 HwS1005 

87 ICPT(NSW) = ICPT(NSW) • PX 	 HWS1006 
SUm(1.NSw) = SUm(I,NSW) • PX*IAMI 	 HWS1007 

SII = SIT - px 	 HWS1008 
CPT = PX 	 HWS1009 
PX = 0.0 	 HwS1010 

86 CONTINUF 	 HwS1011 
C 	 HwSI012 
C 	INFILTRATION LOSS TO WPER ZONE STORAGE 	 HwS1013 
C 	 HwS1014 

IF(Px.LT.1.0E-12) GC TO 93 	 HwS101S 
INF2 = PINF(NSw)/2.0**(PSUP(NSW)*U7S(NSw)/(17SN(NSW)) 	 HwS1016 
IF(Px.GT.INF?) INF = INF2 * 0.5 	 HwS1017 
IF(Px.LF.INF?) INF = Px - Px a Px/(2.0 * INF?) 	 HwS1018 
PX = PX — INF 	 HWS1n19 
XTF = INF 	 HWS1020 
U7S(NSW) = U7S(NSW) • INF 	 HWS1n21 
SUM(3.NSW) = SUm(301SW) • INF*IAM1 	 HWS1022 

C 	 HWS1023 
C 	IOSS TO SURFACE DETENTION OR SURFACE RETENTION STORAGE 	 HWS1024 
C 	 HwS1025 

IF(Px.LT.1.0E-12) G( TO 93 	 HwS1026 
RTO = SRS(NSW)/SRSN(\SW) 	 HwS1027 
IF(RTO.LT.2.0) GO TO 89 	 HWS1028 
x = 2.0*A9S(RT0-2.0) • 1.0 	 Hws1029 
FRCT =(1.0/(i.0.x))*,, x 	 HwS1030 
GO TO 90 	 HwS1031 

89 X = 2.0*ARS(0.5*RT0-1.0) • 1.0 	 Hws1032 
FRCT = 1.0 - 0.9*RT0*(1.0/(1.0+x))**x 	 HwS1033 

90 psRS = PSRP(NSw)*FRCT 	 HWS1034 
X = Px*PSRS 	 HwS103S 
SRx = X 	 Hws1036 
PX = PX - X 	 HWS1037 
SPS(NSW) = SRS(NSW) • x 	 HWS1038 
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SUM(4,NSW) = SUM(4,NSW) • X*IAM1 	 HWS1039 
C 	 HWS1040 
C 	PX = AMOUNT OF PRECIPITATION LEFT FOP SURFACE DETENTION STORAGE 	HWS1041 
C 	 HWS1042 

93 SDS(NSW) = SDS(NSW) • PX 	 HWS1043 
IF(SDS(NSW).LT.1.OE-12) GO TO 95 	 HWSI044 
PO = SDS(NSW)*TTM(NSW) 	 HWS104S 
SDS(NSW) = SDS(NSW) 	RO 	 HWS1046 
PO = RO*IAM1 	 HWS1047 
SRO(MHR) = SPO(mHR) • RO 	 HWS1048 
SUM(5,NSW) = SUM(5,NSW) + PO 	 HWS1049 

C 	 HWS1050 
C 	STORAGE DEPLETIONS - INFILTRATION OF SOS TO U7S 	 HWSI051 
C 	 HWS1052 

95 IF(SDS(NSW).LT.1.OE-12) GO TO 97 	 HWS1053 
PSDS = SDS(NSW)/SDSN(NSW)*PSDP(NSW) HWS1054 

PSDSCN = PSDS  HWS1055 
IF(psns.GT.i.n) PSDS = 1.0 	 HWS1056 
SX = SDS(NSW)/PSDS 	 HWS1057 
IF(SX.GE.INF2) INF = INF2 * 0.5 	 HWS1058 
IF(SX.LT.INFP) INF = SX - SX*SX/(2.0 * INF2 ) 	 HWS1059 
X=INF*PSnS 	 HWSI060 

H SOX = X 	 WS1061  
U7S(NSW) = U7S(NSW) • X 	 HWS1062 
SDS(NSW) = SDS(NSW) - X 	 HWS1063  
SUM(6+NSW) = SUm(A,NSW) • X*IAM1 
SRS3 = SPS(NSW) 	 Mni°l06t 

C 	 HWS1066 
C 	STORAGE DEPLETIONS - INFILTRATION OF SRS TO UZS 	 HWS1067  
C 	 HWS1068 

CPSRS = PSRS 	 HWS1069 
SRSCNS = SPS(NSW) 	 HWS1070 

97 IF(SPS(NSW).LT.1.0E-12) GO TO 98 	 HWS1071 
PSRS = SRS(NSW)/SRSN(NSW)*PSRP(NSW) 	 HWS1072 

PSRSCN = PSPS 	 HWS1073 
IF(PSPS.GT.1.0) PSPS = 1.0 	 HWS1074 
SX = SRS(NSW)/PSPS 	 HWS1075 
IF(SX.GE.INF2) INF = INF2*0.5 	 HWS1076 
IF(SX.LE.INF2) INF = SX - SX*SX/(2.0*INF2) 	 HWS1077  
X = INF*PSRS 	 HWS1078 
SRXX = X. 	 HWS1079 

U7S(NSW) = U7S(NSW) • X 	 HWS1080  
SRS(NSW) = SRS(NSW) - X 	 HWS1081  

SUM(7.NSW) = SUm(7,NSW) • X * IAMI 	 HWS1082  
98 CONTINUE 	 HWS1083 

C 	 HWS1084 
C 	STORAGE DEPLETION - PERCOLATION FROM UZS TO LZS 	 HW51085 
C 	 HWS1086 

UX = 0.0 	 HWS1087 
IF(OPTR(1l).NF.1) GO TO 980 	 HWS1088  

C 	ALTERNATE PERCOLATION FCN. 	 HWS1089 
IF(UZSP.LF.0.5) GO TC 982 	 HWSI090 
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Ux = (U7SP-0.9) 	 HWS1091 
IF(PL7SR.LF.0.5) GO TO 982 	 HwS1092 
Ox = Ox*(2.0-PLZSP)*0.6667 	 HWS1093 
IF(Ux.LF.0.0) Ux = 0.0 	 HWS1094 
GO TO 982 	 HwS1095 

980 CONTINUE 	 HWS1096 
992 CONTINUE 	 HwS1097 

IF(UZSP.GT.1.0) Ux = 2.825 * SORT(UZSR - 0.875 ) 	 HwS1098 
iF(UZSP.LF.1.0.ANO.OZSP.GT.0.5) UX =4.0*(UZSP-0.5)**2 	 HwS1099 
PERC = PULP(NSW)*Ux 	 HWS1100 
PFPx = PFPC 	 HwS1101 
U7S(NSw) = OZS(NSw) - PERC 	 HwS1102 
PFRC = PERC*IAml 	 HW91103 
SUM(8,NSW) = Sum(P,NSW) • PERC 	 HWS1104 
L7S(NSW) = L7S(NSW) + PEPC/IAm2 	 HWS1105 
HLZS(NSw) = HLZS(NSw) • PFRC/IAM2 	 HwS1106 
ALZS(NSw) = AL7S(NSW) • PFPC/IAM2 	 HWS1107 

C 	 HwS1108 
C 	RETURN FOR 15-MIN LOOP 	 HwS1109 

IF(OPTO(11).NF.1) GO TO RS 	 HwS1110 
IF(KPL(mONTH.DAY).LE.0) GO TO 85 	 HWS1111 
IF(PP(mHR).GT.0.01) GO TO 96 	 HWS1112 
IF(mIN.LT.60) GO TO 85 	 HWS1113 

96 wRITF(6.1047)YFAR.mONTH,OAY,HP,mIN.PRm.SRIA.CPT.xIF.SRX.PX,RO,SDx, HWS1114 
1SRxx,PEPX,EIS'ESR,FOZ,ICPT(NSW),SoS(NSW).SPS(NSW).UZS(NSw) 	 HwS1119 
CPT = 0.0 	 HwS1116 
SRIA = 0.0 	 HWS1117 
XIF = 0.0 	 HwS1118 
SPX = 0.0 	 HWS1119 
PO = 0.0 	 HWS1120 
SOx =0.0 	 HWS1121 
SPXX = 0.0 	 HWS1122 
ESP = 0.0 	 HwS1123 

EU7 = 0.0 	 HWS1124 
FIS = 0.0 	 HWS1125 
GO TO 85 	 HWS1126 

C END 15-MINUTE LOOP - CONTINUE HOURLY LOOP 	 HWS1127 
C 	EVAPOTRANSPIRATION LOSSES 	 HWS1128 
C 	 HWS1129 

105 CONTINUE 	 HWS1130 
IF(HEP.LT.1.OE-9) GO TO 99 	 HwS1131 

ICPTCN = ICPT(NSW) 	 HwS1132 
C 	 HwS1133 
C 	EVAPOPATION LOSS OF INTERCEPTION sTokAGF 	 HWS1134 
C 	 HWS1135 

FIS = EIP(NSw)*ICPT(NSw)/ICPTm(NSw)*HEP 	 HWS1136 
IF(EIS.GT.ICPT(NSw)) EIS = ICPT(NSW) 	 HwS1137 
SUM(2.NSW) = Sum(2.NSW) + EIS*IAM1 	 HWS1138 
Cl2 = ICPT(NSw) 	 HWS1139 
ICPT(NSW) = ICPT(NSW) - FAS 	 Hws1140 
HEP = HEP - EIS*IAml 	 HwS1141 
HFP3 = HEP 	 HwS1142 
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HFP? = HFP 
C 
C 	EVAPORATION LOSS FPON SURFACE RETENTION STORAGE 
C 

FSR = HEP*PSRS 
FSRCN = ESP 
HEPCN = HFP 

IF(FSP.GT.SPS(NSw)) E SR = SRS(NSW) 
SRS? = SPS(NSW) 

SRSCN = SRS(NSW) 
HFP = HFP - FSR*IAml 
SPS(NSW) = SPS(NSW) - FSP 
SUm(9.NSW) = SUm(9.NSW) • ESR*IAM1 

C 
C 	EVAPOTRANSPIRATION FROM U7S AND LZS 
C 
C 

HWS1143 
HWS1144 
HWS1145 
HWS1146 
HWS1147 
HWS1148 
HWS1149 
HwS1150 
HWS1151 
HWS1152 
HWS1153 
HWS1154 
HWS1155 
HWS1156 
HwS1157 
HwS1158 
Hwsi159 
HwS1160 
HwS1161 
HwS1162 
HwS1163 
HWS1164 
HWS1165 
HWS1166 
Hws1167 
HWS1168 
HwS1169 
HwS1170 
HwS1171 
HwS1172 
HWS1173 
HWs1174 
HWS1175 
HWS1176 
HwS1177 
HwS1178 
HwS1179 
HwS1180 
HwS1181 
Hws1182 
HwS1183 
HwS1184 
HwS1185 
HwS1186 
HWS1187 
HWS1188 
HwS1189 
HWS1190 
Hwc1191 
HwS1192 
HwS1193 
mwS1194 

IF(HFP.LT.1.0E-9) GO TO 99 
UX = FvP(NSW)*SORT(U,SR) 
IF(UX.GT.1.0) UX = 1.0 

= HFP*E711*ux 
IF(FU7.GT.U7S(NSW)) tUZ = 0.5*UZS(NSW) 

993 CONTINUE 
SUm(10.NSW) = SUm(10,NSW) • FUZ*IAml 
U7S(NSW) = UZF(NSW) -EU7 
HFPF = HFP*F7L 
TF(LZSR.LT.1.0E-9.0P.L7SR.GT.1.0F9) wPITF(8.8888)YEAR,moNTH.DAY, 

1 	 HR.mIN.NSW.LZsP.LZS(NSW).L7SN(NSW) 
FIX = EVP(NSW)*L7SR**0.8 
IF(FIx.GT.1.0) FLX = 1.0 
IF(FLx.GF.1.0) OPT7=1.0 
IF(FLx.LT.1.0) OPTZ=2.0 
FLZ = HFPE*FLx 
IF(FL7.GT.L7S(NSW)) h  LZ = 0.5*L7S(NSW) 
SUm(11.NSW) = SUm(11,NSw) • FLZ*TAM2*FPL7(NSW) 
L7S(NSW) = L7S(NSW) - EL7 
FLX = FvP(NSW)*HL7SP**0.8 
IF(FLx.GF.1.0) oPTY=1.0 
IF(FLx.LT.1.0) OPTY=2.0 
TF(FLx.GT.1.0) FLX = 1.0 
CLZ = HFPF*FLx 
IF(CL7.(;T.HL7S(NSw)) CL7 = HLZS(NSw)*O.S 
SUm(11.NSW) = SUm(11,NSw) • CL7*TAm2*FHL7(NSw) 
HL7S(NSw) = HLZS(NSW) — CLZ 
FLX = FvP(NSw)*ALZSP**0.8 
IF(FLx.GF.1.0) OPTX=1.0 
TF(FLx.LT.1.0) OPTX=2.0 
IF(FLX.GT.1.0) FLX = 1.n 
AL7 = HFPF*FI X 
TF(AL7.GT.AL7S(NSW)) AL7 = 0.5*ALZS(NSW) 
SUm(11.NsW) = SUm(11.NSw) • ALZ*TAm2*FAL7(NSw) 
DIMPA = -1.2*((i.n - ImPA(Nsw))**0.2) 
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4249 CONTINUE 	 HWS1195 
ALZS(NSW) = ALZS(NSW) - ALZ 	 HwS1196 
IF(MIN.NE.60) GO TO 99 	 HWSI197 
ELZX = (FALZ(NSW)*ALZ+FNL7(NSW)*CLZ•FRLZ(NSW)*ELZ)*IAM2 • E(JZ*IAM1 HWS119P 
HFP = HEP - EL7x 	 HWS1199 

C 	 HWS1200 

	

99 CONTINUE 	 HwS1201 
C 	 HWS1202 
C 	PERCOLATION FROM ALTS TO GWS 	 HWS1203 
C 	 HWS1204 

PERC = PLOP(N5W)*(ALZSR-0.5) 	 HwS1205 
IF(PERC.LT.0.0) PERC = 0.0 	 HWS1206 

	

1501 CONTINUE 	 HWS1207 
GWS(NSW) = GWS(NSW) • PERC*IAM2 	 HWS1208 
ALZS(NSW) = ALZS(NSW) - PERC 	 HWS1209 
SUm(12,NSW) = SUM(12•NSW) • PERC*TAM2*FALZ(NSw) 	 HWS1210 

C 	 HWS1211 
C 	TRANSPIRATION FROM GROUNDWATER 	 HWS1212 
C 	 HWS1213 

EGW = HEP*4.0*ETGWP(NSW)*GWS(NSW) 	 HwS1214 

	

1331 CONTINUE 	 HWS1215 
SUm(13,NSW) = SUm(139NSW) • EGW *IAM2*FAL7(NSW) 	 HwS1216 
GWS(NSW) = GWS(NSW) - EGW*I4m2 	 HWS1217 

C 	 HWS1218 
C 	L7S LOSS TO TNTERFLOw 	 HWS1219 
C 	 HWS1220 

XLX = 0.0 	 HWS1221 
IF(HL7SR.GT.0.5)XLX=INFP(NSw)*(0.8•0.2*(HLZSP-0.5))*(HLZSR-0.5)**2 HWS1222 

	

1791 CONTINUE 	 HWS1223 
HLZS(NSW) = HLZS(NSW) - XLX 	 HWS1224 
IFLO(MHR) = XLX*FHLZ(NSW)*IAM2 	 HWS1225 
SUM(14,NSW) = SUM(149NSW) • IFLO(MHR) 	 HWS1226 

HWS1227 
C 	GWS LOSS TO BASEFLOW 	 HWS1228 
C 	 HWS1229 

8F = RFP(NSW)*(GWS(NSw)-GWSF(NSW)) 	 HWS1230 
IF(RF.LT.0.0) RF = 0.0 	 HWS1231 
GWS(NSW) = GWS(NSW) - 8F 	 HwS1232 
9F = RF*FAL7(NSW) 	 HWS1233 
BFLO("HR) = AF 	 HWS1234 

	

1793 CONTINUE 	 HWS1235 
SUM(15,NSW) = SUM(15,NSW) • RE 	 HWS1236 

C 	 HWS1237 
C 	GWS LOSS TO UNDERFLOW 	 HWS1238 
C 	 HWSI239 

IF(00GP(NSW).LT.1.0E-9) GO TO 103 	 HWS1240 
UF = PDGP(NSW)DGWS(NSW) 	 HWS1241 
IF(UF.LT.1.0E-9) UF = 0.0 	 HWS1242 

COWS = GWS(NSW) 	 HWS1243 
SUM(17,NSW) = SUM(17,NSW) • UF*FALZ(NSW) 	 HWS1244 
GWS(NSW) = GWS(NSW) - UF 	 HWS1245 

C 	 HWS1246 
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C 	L7S LOSS TO UNDERFLOw 	 HWS1247 
C 	 HWS1248 

103 IF(PL7U(NSW).LT.1.0E-9) GO TO 104 	 HWS1249 
UF = PL7U(NSW)*L7S(NSW) 	 HWS1250 
IF(UF.LT.1.0E-9) UF = 0.0 	 HW51251 
SUm(17.NSW) = SUm(17.NSW) • UF*IAm2*ERLz(NSw) 	 HW51252 

1771 CONTINUE 	 HWS1253 
L7S(NSW) = L75(NSW) - UF 	 HWSI254 

104 CONTINUE 	 HWS1255 
C 	 HWS1256 
C 	SEEPAGE - RIDGE L7S TO HILLSIDE AND ALLUVIUM 	 HWS1257 
C 	 HWS1258 

IF(L7S(NSW).LT.L7SN(NSw)) GO TO 505 	 HwS1259 
SEEP = pULP(NSW)*(L7S(NSW)-L7SN(NSw)) 	 HwS1260 
L7S(NSW) = L75(NSW) - SEEP 	 HWS1261 
SUM(21,NSW) = SUM(21,NSW) + SEEP*IAm2*FRL7(NSw) 	 HwS126? 
SEEP = SEEP*RTAH 	 HWS1263 
ALZS(NSW) = AL7S(NSw) • SEEP 	 HwS1264 
HLZS(NSW) = HLZS(NSW) • SEEP 	 HwS1265 

505 CONTINUE 	 HWS1266 
C 	 HWS1267 
C 	RETURN FOR HOURLY LOOP 	 HWS1?68 
C 	 HWS1269 

IF(OPT0(10).NE.1) GO TO 80 	 HWS1270 
IF(HR.NE.12) GO TO AO 	 HWS1271 
IF(MIN.NE.60) GO TO 30 	 HWS1272 
WRITE(6.1034)NSW,YEAR,mONTH.DAY,(Sum(KN.NSW).KN=1.201. 	 HWS1273 
IMPT(NSW.SDS(NSW),SRS(NSW).U7S(NSw).LZS(NSW),GwS(NSW) 	 HWS1274 
GO TO An 	 HWS1?75 

C 	 HWS1?76 
c END HOURLY LOOP, DAILY LOOP. AND SUBWATERSHED LOOP 	 HWS1?77 

Hws1278 
C RFGIN MONTHLY SUMS 	 HwS1279 
C 	CALCULATE AVERAGE STORAGE VALUES 	 HWS1?80 

106 DO 12? L=1,NSURwS 	 Hw51281 
LL = SWLIKF(L) 	 HwS1282 
DO 117 M = 1.21 	 HWS1283 

117 TOT(M,mONTH) = TOT(m.MONTH) • SUm(m,LL)*SwARFA(L) 	 HWS1284 
TAml = 1.0 - ImPA(LL) 	 HWS1285 
IAm2 = iAm1**0.7 	 HWS1286 
IF(SUm(29.1).GT.0.01) GO TO 107 	 HWS1?87 
IF(SwLIKE(L).NF.L) GO TO 107 	 HWS128A 
SUM(?6.L) = SDSI(L)*IAM1 	 HWS1289 
SUM(27,L) =SRSI(L)*I041 	 HWS129O 
SUM(2A,L) =U7SI(L)*IAm1 	 HWS1291 
SUm(29.L) = L7ST(L)*FRL7(L)*IAm2 	 HWS1292 
SUM(31.L) = L7SI(L)*FAL7(L)*IAM2 	 HWS1293 
SUM(3?,L) = L7SI(L)*FHL7(L)*IAM2 	 HWS1294 
SUm(33.1.) = ICPTI(L)*IAM1 	 HWS1295 
SUm(30,L) = GWSI(L)*FAL7(LL) 	 HW51296 

107 CONTINUE 	 HW51297 
IF(INITST.GF.1) GO TO 112 	 HWS1?98 
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STI(1) = STI(1) • SOSI(LL)*SWAREA(L)*IAREA 
SIT(?) = STI(?) • SRSI(LL)*SWAREA(L)*IARFA 
STI(3) = STI(3) • U7SI(LL)*SWAREA(L)*IAREA 
STI(4) = STI(4) • L7SI(LL)*SWAREA(L)*IAREA 
STT(5) = STI(5) • GWSI(IL)*SWAREA(L)*IAREA 
STI (6) = STI(4) 
STI(7) = STI(4) 
STI(8) = STI(P) • ICPTI(LL)*SWAREA(I)*IARrA 

11? TOT(?6.MONTH) = TOT(26•MONTH) 
TOT(?7.MONTH) = TOT(27.MONTH) 
TOT(?R,MONTH) = TOT(28.MONTH) 
TOT(?R.MONTH) = TOT(29.MONTH) 
TOT(300mONTH) = TOT(30•MONTH) 
TOT(31•MONTH) = TOT(31,MONTH) 
TOT(3204ONTH) = TOT(32,MONTH) 
TOT(31.MONTH) = TOT(13,mONTH) 

12? CONTINUF 
IF(OPTI(19).F0.1) ToT(2P,moNTH) 
no 522 J = 1.33 

5?? TOT(J.MONTH) = TOT(J,MONTH)*IAREA 
DO 523 J = 1.31 

523 DP(mONTH.J) = DP(MONTH.J)*IAPEA 
INITST = 1 

111 CONTINUE 
C OUTPUT STORAGE AND FLOW TABLE EACH MONTH FOR ALL UNIQUE 
C 	WHEN OUTPUT OPTION 5 SELECTED 

IF(OPT0(5).LF•0) GO TO 120 
CALL OUPTM 

120 CONTINUE 
C PFGTN MONTH OF CHANNEL SIMULATION IF REQUESTED 

121 IF(OPTR(2).E0.1) CALL CHSIM 
C RETURN TO MONTHLY LOOP 

GO TO 60 
C END MONTH AND YEAR OF SINAJLATTON 

199 CONTINUE 
T = 100*YEAP • 10 
IF(YRMO.FQ.I) GO TO 175 
IF(MONTH.LT.10) GO TO 17? 
DO 171 N = MONTH.12 
no 171 K = 1.32 

171 FLOT(KoN) = 0.0 
MONTH = 1 

17? CONTINUE 
00 173 N = 
DO 173 K = 

173 FLOT(K.N) = 
175 CONTINUE 

DO 190 K = 1.22 
00 190 N = 1.12 

190 TOT(K,13) = TOT(K.13) • TOT(KoN) 
198 CONTINUE 

CALL OUPTS 

• SOS(LL)*SWAREA(L) 
• SRS(LL)*SWAREA(L) 
• U7S(LL)*SWAREA(L) 
• LIS(LL)*SWARFA(L) 
• GWS(LL)*SWAREA(L) 
• AL7S(LL)*SWAPEA(1__) 
• HL7S(LL)*SWAPFA(L) 
• ICPT(LL)*SWAPEA(L) 

= TOT(22.mONTH)/26.9 

MONTH.9 
1.32 
0.0 

HWS1299 
HWS1300 
HWS1301 
HWS1302 
HWS1303 
HWS1304 
HWS1305 
HWS1306 
HWS1307 
HWS1308 
HWS1309 
HWS1310 
HWS1311 
HW51312 
HWS1313 
HWS1314 
HWS1315 
HWS1316 
HWS1317 
HWS131R 
HWS1319 
HWS1320 
HWS1321 
HWS1322 

SURWATERSHEDS HWS1323 
HWS1324 
HWS1325 
HWS1326 
HWS1327 
HWS1328 
HWS1329 
HWS1330 
HWS1331 
HWS1332 
HWS1333 
HWS1334 
HWS1335 
HWS1336 
HWS1337 
HWS1338 
HWS1339 
HWS1340 
HWS1341 
HWS1342 
HWS1343 
HWS1344 
HWS1345 
HWS1346 
HWS1347  
HWS1348 
HWS1349 
HWS1350 
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199 CONTINUE 
IF(ENDR.LT.IENDR) GO TO 50 
GO TO 9999 

C END YEAR OF SIMULATION — RETURN TO YEAR LOOP 
C OUTPUT WHFN ERROR LOCATED IN INPUT DATA 
9997 WRTTE(6.9011) (IOXD(N),N=1,20) 

GO TO 9999 
9996 WRITE(64.9012) (IDXD(%),N=1,20) 

GO TO 9999 
9995 WRITE(6,9013) LTKN 

GO TO 9999 
9994 WRTTE(6•9014) (1DXD(N)•N=1,20) 

GO TO 9999 
9993 WRITF(6.9015) LTKN 

GO TO 9999 
999? WRITF(60016) LTKN 

GO TO 9999 
9991 WRITF(6.9017) 

GO TO 9999 
9990 WRITE(6,4018) FTLFNO.IDXD(1) 

GO TO 9999 
9989 WRITF(6,9019) 

GO TO 9999 
9988 WRITE(649020) NSURWS 

GO TO 9999 
9987 WRITF(6,9021) IMPA(N)tPSRP(N),EIA(N),PSDP(N),KGWF(N), 

18FP(N),ADGP(N),FALZ(N),FHLZ(N),TTM(N) 
GO TO 9999 

9986 WRITF(6002?) NUM 
GO TO 9999 

9985 WRITE(6,9023) NUM 
GO TO 9999 

9984 WRITF(6,9024) IT,JJ 
GO TO 9999 

9983 WRITE(6,9023) STMO,STYReENDM,ENDY 
GO TO 9999 

998? WPITF(6.9026) JMO•MONTH 
GO TO 9999 

9981 WRITE(6.9027) (TDXD(r•.),N=1•20) 
GO TO 9999 

9980 WAITF(6,9028) MONE.MCNR 
GO TO 9999 

9977 WRITF(6,9031) NOZO2K(N07)4RX(NOZ) 
GO TO 9999 

9976 WRITF(641903?) N07,RK(NOZ),RX(NOZ) 
GO TO 9999 

9974 WRITE(60034) APEA.(SWAREA(N)•N=1,NSUBWS) 
Gn TO 9999 

9973 WRITF(6•9035) NUM 
GO TO 9999 

997? WRITE(6,9036) (PCOR(r,K)•K=1,NUM) 
GO TO 9999 

HWS1351 
HWS1352 
HWS1353 
HWS1354 
HWS1355 
HWS1356 
HWS1357 
HWS1358 
HWS1359 
HWS1360 
HWS1361 
HWS1362 
HWS1363 
HWS1364 
HWS1365 
HWS1366 
HWS1367 
HWS1368 
HWS1369 
HWS1370 
HWS1371 
HWS1372 
HWS1373 
HWS1374 
HWS1375 
HWS1376 
HWS1377 
HWS1378 
HWS1379 
HWS1380 
HWS1381 
HWS1382 
HWS1383 
HWS1384 
HWS1385 
HWS1386 
HWS1387 
HWS1388 
HWS1389 
HWS1390 
HWS1391 
HWS1392 
HWS1393 
HWS1394 
HWS1395 
HWS1396 
HWS1397 
HWS1398 
HWS1399 
HWS1400 
HWS1401 
HWS1402 
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SET 

LIVISMH 
9P,ISMH 
SlhISMH 

ON3 
dOlS 

(60U669).111b01 
VIhISAH 3fINIIN0D 6666 
EIhISAH NIra (47+766.9).31IdA 17966 
2IhISMH 666b 01 U0 
II+71SPAH (ZUN)ISMS°ZON (I•706,9)J1IdM L966 
OP7ISMH 6666 U1 u.) 
60hISAH (ZUN)HDd6ZUN (0470669)31IdM 4966 
WO*7ISAH 6666 01 09 
LO,ISMH Si-.)4N (6E0669)31IdA 6966 
90,IMH 6666 01 09 
SO'ISMH Ihnt0I=A4IWZON)0d1STU)6LUN (8E06•9)311dA 0L66 
470,ISMH 6666 01 09 
EOVISMH (20I=Ne(W)800dA3) (LE0669)311dM IL66 



BLOCK DATA 
	

BLKD 	1 
C DECLARATIONS 
	

BLKD 	2 
INTEGER YEAR,DAYS,OPTI,ORTO,SWLIKE,VINUM 
	

BLKD 	3 
REAL TAM1,IAM2,ICRT 
	

BLKD 	4 
COMMON /RA/NAMF(16),frOCNAP(12),YEAR•MONTH•LASTDA(2,12),OAYS(2,12),BLKD 	S 

1 	0011(20),OPT0(20),NSURWS,SWLIKE(20),NFLPT BLKD 6 
COMMON /ROM/ SUM(33.20)0AMloIAM2,ICPT(20),DELTA(20),WNUM(20),  BLKD 7 

1 FR1_7(20),HL7s(n),ALzs(20),coPtNF(20) 	 BLKD 	8 
DATA mOCHAP/IJAN'OFEB'OMAR'OAPR'00MAY°0JUNPOJULY'OAUG'• BLKD 9 
l'crPT,..ncT.oNov...LEc., 

 
PLKD lo 

DATA LASTOA/31,31.29,28•31,31.30,30,31,31,3000,31,31,31.31,30,30,BLKD 11 
1310100,30,3101/ 	 BLKD 12 
DATA nAYS/92,92,1P3,123,152.151,183,182,213,212,244,243,274,273, PLKD 13 
1305.304,336,335,0,0•31,31,61,61/ 	 Bug) 14 
DATA CORINE/0.711.0.800.870.99•1.12,01.23,1.26.1.24,1.17,1.01, 	BLKD 15 
10.86,0.77/ 	 BLKD 16 
END 	 PLKD 17 
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SURPOUTINF CHSIM 
C DECLARATIONS 

INTEGER OPTS,PCHI 
INTEGER PPP 

2  
CHSM 1 
CHSM 
CHSM 3 
CHSM 

i  INTEGER YEAP,DAYS•OPTOOPTI.SWLIKE.SWSI•DPLOT,PLTNO 	 54  

Al 
INTFGFP YPR•STYP 
PEAL MAYFLO.MMF.MSFLC.IFLO 
COMMON/mRT/S2(25).NNXX 	 CHSM 8 
COMMON/MP/RELEV(25).02(25).SINT.ELINT,EFSD.COF.EGO.ICODEloAA'ReC.NCHSm 9 
1HRoPPP(20),R0.81.112.3.000N.YRB,ECSD.COFF.DIV.STYP 	 CHSM 10 
COMMON /BA/NAMF(16).frOCHAD(12).YEAP.MONTH.LASTDA(2.12).DAYS(2.1?).CHSM 11 

1 	OPTT(20).OPTO(20),NSURWS•SWLIKE(20),NFLPT 	 CHSM 12 
COMMON /RCS/OUT(745).FIN(15.745).FLOW(745).FIN1(20).FIN2(20), 	CHSM 13 

1 	DISTRO(20.900),NPCNS.SWSI(20),C0(20).C1(20).C2(20), 	 CHSM 14 
1 	 NDIsT(2()).STPFLO(20.900),IFLO(744),FLO(744),SR0(744), CHSM 15 
1 	 OUTED(20).CHI(20),NS0(20),KPL(12.31).NP0(20) 	 CHSM 16 
COMMON /9CSOY/ rLOT(34.12),MSFLO(2.366).NPCOW-(20),IPFPN(20). 	CHSM 17 

1 	 r:PTS(20), 	 CHSM 18  
1 	 NPLOT•OPLOT(50),MRLOT(90).HFLO(50.24).RLTN0(50).NOUNO. CHSM 19 
1 	 MPN(20),IRLF(1008).MMF(13)+CUMA(20),TOT(33.13).STI(R). CHSM 20 
1 	 MAXFLO(20)0(PLT(744),NOSFO,ILY•MONF.NMP•PFAK(20.30). CHSM 21 
1 	 MHFLO(50.24),IVARBI,IVAPB2,PVC.VAPC,NSTA,MDF,DIVPT(367) CHSM 22 
COMMON /PARM/ SWAREA(20)4IMPA(20),,FAL7(20).FHLZ(20). 	 CHSM 23 

1 	RSRP(20),PSDP(20),ICmN(20),ICMX(20).SPSN(20),SDSN(20). 	CHSM 24 
117SN(20),L7SN(20),GWSF(20),PPIF(20),RSUP(20). 	 CHSM 25 

1 	PPUL(20).RLGP(20).PDGP(20).PL7U(20),TTM(20), 	 CHSM 26  
1 	INFP(20),RFP(20),EIP(20).EVP(20),ETGWP(20).SPSI(20). 	 CHSM 27  
1 	SOSI(20),U7SI(20).LZSI(20).GWSI(20).F7U,EZL,HEP

F1.44:44  :9 9009 FOPMAT(IH14,10)(.29HFND RUM FROM CHSIM SURROUTImE ) 
9013 FORMAT(5X•54HSURWATU4SHED FLOW DATA READ FROM FILE FOP SURWATEPSHECHSM 3n 

ID ,13.40H. IT WAS SUPPOSED TO BE FOR SURWATFP5HED .13) 	 CHSM 31  
4014 FOPMAT(5X.6nHSURWATERSHED FLOW COMPONENTS READ FROM FILE FOR SURWACHSM 32 

1TFRcHED 03,40H. IT ',OS SUPPOSED TO BE FOR SUBW,ATERSHED 03) 	CHSM 33 
OUT(NR.N) = OUTFLOW FROM PEACH NP FOP THE N—TH HOUR OF THE MONTHCHSM 34 

C 	FTN(NR,N) = FLOW INTO REACH NP FOP THE M—TH HOUR OF THE MONTH. CHSM 35 
C 	FLOW(LLeN)= FLOW OUT OF SURWATEPSHED LL FOP N—TH HOUR. 	 CHSM 36 
C 	ROUTING RUNOFF IN SURW4TERSNEDS TO APPROPRIATF PEACHES 	 CHSM 37 

NRCPI = NRCHS • 1 	 CHSM 38 
IF(OPTI(19).NF.1) MMF = n 	 CHSM 39 
REWIND 4 	 CHSM 40 
no 124 N = 1,NRCPI 	 CHSM 41 
FIN1(N) = FTN2(N) 	 CHSM 4? 
FIN?(N) = 0.0 	 CHSM 43 
DO 124 K = 1.744 	 CHSM 44 

124 FIN(NoK) = 0.0 	 CHSM 45  
DO 131 LW = 1.NSURWS 	 CHSM 46 
LN = SWLIKF(LW) 	 CHSM 47 
TF(NOUND.LF.1) GO TC 122 	 CHSM 48 
TF(LW.E0.LN) READ(4) LLe(SPO(M),M=1,744),(IFLO(M).M=1,744). 	CHSM 49 

1 	 (RFLO(M),M=1.744) 	 CHSM 50 
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IF(LL.NE.LN) 	GO TO 9976 
122 CONTINUE 

NHRM1 = 744 
IF(mONTH.GT.1) NHRm1 = 24*LASTDA(ILY.mONTH-1) 
NHR = 24*LASTDA(ILY,MONTH) 
DO 126 N = 1,744 

126 FLOWN) = 0.0 
NUM = NDIST(LW) 
DO 127 N = 1.NUm 

127 FLOWN) = STRFLO(LW,N) 
DO 123 K=1.900 

123 STRFLO(Lw.K) = 0.0 
IF(LW.NE.MDF) GO TO 120 
DO 121 N = 1.NHR 
K = DAYS(ILY,MONTH) • 1 • N/24 

121 FLOW(N) = FLOW(N) • CIvRT(K)*0.04167 
120 CONTINUE 

DO 130 N =1,NHP 
FLOW(N) = 645.6*SWAREA(Lw)*(IFLO(N)•BFLO(N))•FLnw(N) 
IF(SRO(N).LT.1.OF-6) GO TO 125 
DO 129 NN = 1,Num 
NPN = N-1•NN 
IF(NPN.LF.NHR) GO TO 128 
NZ = NPN - NRI; 
STRFLO(Lw.N7) = DISTRO(LW.NN)*SRO(N)*645.6*Sw4REA(LW) 
1 + STRFLO(Lw.NZ) 
GO TO 129 

128 FLOW(NPN) = FLOw(NPN)+SRO(N)*OISTPO(Lw.NN)*645.6*SwAPEA(Lw) 
129 CONTINUE 
125 IF(NRCHS.LE.0) GO TO 130 

NP = SWSI(LW) 
FIN(NP,N) = FLOW(N) • FIN(NR.N) 

130 CONTINUE 
IF(NSUBWS.GT.1.AND.NS0(2).GT.0) wRITE(3)  LW.(FLOW(N).N=1,744) 
IF(NPCHS.GT.0) FIN2(NR) = FIN2(NR) • FLOW(NHR) 

131 CONTINUE 
RFwINn 

POUTING OF FLOWS THROUGH THE CHANNEL SYSTEM 
IF(NRCHS.LE.0) GO TO 137 
DO 13A NR=1.NPCHS 
NNR=RCHI(NR) 
DO 1100 N=1.20 
IF(PRP(N).GT.20) GO TO 1200 
IF(PPR(N).FO.NR) GO TO 151 

1100 CONTINUE 
1200 CONTINUE 

OUT(1) = CO(NP)*FIN(NR.1) • C1(NR)*FIN1(NP).C2(NR)*OUTED(NP) 
K = DAYs(ILY.mONTH) • 1 
IF(MOF.E0.-NR) OUT(1) = OUT(1) • OIVRT(K)*0.04167 
DO 140 N = 20-44 
OUT(N) = CO(NP)*FIN(NR.N) • C1(NP)*FIN(NR,N-1) 
 • C2(NR)*ouT(N-1) 

CHSM 51 
CHSM 52 
CHSM 53 
CHSM 54 
CHSM 55 
CHSM 56 
CHSM 57 
CHSM 58 
CHSM 59  
CHSM 60 
CHSM 61 
CHSM 62 
CHSM 63 
CHSM 64 
CHSM 65 
CHSM 66 
CHSM 67 
CHSM 68 
CHSM 69 
CHSM 70 
CHSM 71 
CHSM 72 
CHSM 73 
CHSM 74 
CHSM 75 
CHSM 76 
CHSM 77 
CHSM 78 
CHSM 79 
CHSM PO 
CHSM 81 
CHSM 82 
CHSM 83 
CHSM 84 
CHSM 85 
CHSM 86 
CHSM 87 
CHSM 88 
CHSM 89 
CHSM 90 
CHSM 91 
CHSM 92 
CHSM 93 
CHSM 94 
CHSM 95 
CHSM 96 
CHSM 97 
CHSM 98 
CHSM 99 
CHSM 100 
CHSM 101 
CHSM 102 
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IF(mDF.NE.—NP) 	GO 	TO 	140 
KK = K • N/24 
OUT(N) 	= 	OUT(N) 	• 	DIVPT(KK)*0.04167 

103  CHSM 
CHSM 
CHSM 

104 
105 

140 CONTINUE CHSM 106 
GO 	TO 	150 CHSM 107 

151 CALL 	PEST(NP) 108  CHSM 
150 CONTINUE CHSM 109 

DO 	153 N=1.NHP 110  CHSM 
153 FIN(NNP.N)=FIN(NNP.N)+OUT(N) 111  CHSM 

OUTED(NP) 	= 	OUT(NHP) 112  CHSM 
FIN?(NNP) 	= 	FIN?(NNR) 	+ 	OUT(NHR) CHSM 113 

139 CONTINUE CHSM 114 
137 CONTINUE 115  CHSM 

CALCULATION OF 	INFORMATION FOR OUTPUT TABLE ON DAILY FLOWS 116  CHSM 
MNS = 	0 CHSM 
NS = n CHSM 1178 
N 	= 	1 CHSM 119  
LW 	= 	1 CHSM 120 
L 	= 	LASTDA(ILY,mONTH) CHSM 121 

149 NS 	= 	NS 	• 	I CHSM 122 
IF(NS.GT.NSURWS) 	GO 	TO 	147 123  CHSM 
IF(NSO(N).GT.NSURWS) 	GO 	TO 	147 CHSM 124 
IF(NSU9WS.GT.1.ANO.NS0(2).GT.0) 	PEAO(3) 	Lw.(FLOW(K).K=1,744) CHSM 125 
IF(NS.NE.LW) 	GO 	TO 	9975 CHSM 126 
IF(NS.LT.NSO(N)) 	GO 	TO 	148 CHSM 127 

C 	NSO(N) 	= NUMBER OF 	THE SUPWATERSHED FOP WHICH N—TH OUTPUT DESIRED CHSM 128 
IF(N.LE.1) 	GO 	TO 	444 129  CHSM 
IV 	= 	10 	• 	N CHSM 130 
WRITE(IV) 	N.mONTH 131  CHSM 
WPITE(IV) 	(FLOT(I.mONTH),I=1.31) 132  CHSM 

444 CONTINUE 133  CHSM 
DO 445 	I 	=1932 CHSM 134 

445 FLOT(I,MONTH) 	= 	0.0 CHSM 135 
on 	146 	I 	=1,1_ CHSM 136 
DO 	145 J 	=1.24 CHSM 137 
JJ 	= 	24*(1-1) 	• 	J CHSM 138 
IF(FLOW(JJ).LT.PEAK(N.5)) 	GO 	TO 	145 CHSM 139 
PEAK(N,1) 	= 	YEAR CHSM 140 
PEAK (N,2) 	= MONTH CHSM 141 
PFAK(N,3) 	= 	I CHSM 142 
PEAK (?',4) 	= 	J CHSM 143 
PFAK(N,5) 	= 	FLOw(JJ) CHSM 144 

145 FLOT(I.mONTH) 	= 	FLOT(I.mONTH) 	• 	FLOW(JJ) CHSM 145 
FLOT(I.mONTH) 	= 	FLOT(I.MONTH)/24.0 CHSM 146 
IF(FLOT(I,mONTH).GT.toAxFLO(N)) 	mAxFLO(N) 	= 	FLOT(I,MONTH) 

 
CHSM 147 

NPCOWS(N) 	= 	NS CHSM 148 
C NPCOWS(N) 	= NumgEp PEACH 	IF NEG OR SUBwATEPSHED 	IF POS FOP N—TH CHSM 149 
C OUTPUT. CHSM 150 

IF(OPTO(2).NE.1) 	GO 	TO 	146 
 

CHSM 151 
IF(KPL(mONTH.I).NF.1) 	GO 	TO 	146 CHSM 152 

C 	CALCULATION OF 	INFORMATION FOR PLOTTING HOURLY FLOWS CHSM 153 
C KPL(MONTH,I) 	= 	1 	IF HOURLY PLOT FOP DAY 	I 	AND MONTH DESIRED CHSM 154 

L2 



C 
C 
C 
C 
C 
C 
C 

NPLOT = ACCUMULATED NUMBER OF DAYS FOR HOURLY PLOTTING 
DPLOT(NPLOT) 	= DAY FOR ACCUMULATED NPLOT 
MPLOT(NPLOT) 	= MONTH FOR ACCUMULATED NPLOT 
HFLO(NPLOT.J) 	= HOURLY DATA 	TO BE PLOTTED FOR ACCUMULATED 

NPLOT-TH PEACH-DAY AND J-TH HOUP. 
PLTNO(NPLOT) 	= NUMBER OF PEACH 	IF NEG OR SUBWATERSHED 	IF POS 

FOR NPLOT-TH DAY OF OUTPUT. 

CHSM 	155 
CHSM 156 
CHSM 157 
CHSM 158 
CHSM 159 
CHSM 	160 
CHSM 	161 

NPLOT = NPLOT 	• 	1 CHSM 	162 
DPLOT(NPLOT) 	= 	I CHSM 163 
MPLOT(NPLOT) 	= MONTH CHSM 164 
PLTNO(NPLOT) 	= NS CHSM 165 
Dn 	243 J=1,24 CHSM 166 
JJ 	= 	?4*(I-1) 	• 	J CHSM 	167 

?43 HFLO(NPLOT.J) 	= 	FLOW(JJ) CHSM 	168 
146 CONTINUE CHSM 169 

N 	= 	N 	+ 	1 CHSM 	170 
IF(NS.LF.NSUPWS) 	GO 	TO 	14P CHSM 	171 

147 CONTINUE CHSM 	172 
M = N CHSM 	173 
NOSFO = N - 	1 CHSM 	174 
IF(NRCHS.LE.0) 	GO 	TO 	149 CHSM 	175 
NR = 	0 CHSM 	176 
N 	= 	1 CHSM 	177 
IF(NRO(1).FO.99)GO 	TC 	144 CHSM 	178 

141 	Ng 	= 	NR 	• 	1 CHSM 	179 
IF(NR.GT.NFLPT)G0 	TO 	555 CHSM 	180 
IF(NR.LT.NRO(N)) 	GO 	TO 	141 CHSM 	181 

C NPO(N) 	= NumPER OF 	THE FLOWPOINT FOP WHICH N-TH OUTPUT DESIRED CHSM 	182 
IF(m.LE.1) 	GO 	TO 	342 CHSM 	183 

599 	IV 	= 	10 	+ 	m 
wPITF(Iv) 	M.MONTH 
wPITE(Iv) 	(FLOT(I.mONTH),I=1,31) 

CHSM 	184 
CHSM 	185 
CHSM 	186 

342 DO 	343 	I 	= 	1.32 CHSM 	187 
343 	FLOT(I.mONTH) 	= 	0.0 CHSM 	188 

IF(NRO(N).GT.NFLPT) 	GO 	TO 	144 CHSM 	189 
DO 	143 	I=1.L CHSM 	190 
On 	14? 	J 	= 	1.?4 CHSM 	191 
JJ 	= 	?4*(T-1) 	• 	J CHSM 	192 
IF(FIN(NR.JJ).LT.PEAK(m.5)) 	GO 	TO 	142 CHSM 193 
PFAK(m,1) 	= 	YEAR 
pFAK(m.P) 	= 	MONTH 
pFAK(m0) 	= 	I 

CHSM 	194 
CHSM 	195 
CHSM 	196 

PFAK(m.4) 	= 	J CHSM 	197 
PFAK(m,9) 	= 	FIN(Np,jj) CHSM 	198 

142 FLOT(I.MONTH) 	= 	FLOT(I,mONTH) 	• 	FIN(NP,JJ) CHSM 	199 
FLOT(I.mONTH) 	= 	FLOT(I.mONTH)/24.0 CHSM 200 
NPCOwS(m) 	= 	-NR CHSM 201 

C FLOT(I.mONTH) 	= FLOW 	IN DAY 	I 	AND MONTH FOR M-TH REACH OF OUTPUT CHSM 202 
C CALCULATION OF MAXIMUM AVERAGE DAILY FLOW CHSM 203 

IF(FLOT(I,MONTH).GT.MAXFLO(M)) 	MAXFLO(M) 	= 	FLoT(I.mONTH) CHSM 204 
IF(OPTO(?).NE.1) 	GO 	TO 	143 CHSM 205 
IF(KPL(mONTH.I).NF.1) 	GO 	TO 	143 CHSM 206 
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NPLOT = NPLOT +1 CHSM 207 
OPLOT(NPLOT) 	= 	I CHSM 208 
MPLOT(NPLOT) 	= MONTH CHSM 209 
PLTNO(NPLOT) 	= -NA CHSM 210 
00 242 J=1.24 CHSM ?11 
JJ = 	?4* (I-1) 	• 	J CHSM 212 

242 HFLO(NPLOT.J) 	= FIN(NP•JJ) CHSM 213 
141 CONTINUE CHSM 214 

M = M + 	1 CHSM 215 
N = N 	1 CHSM ?16 
/F(NR.L.E.NFLPT)G0 TO 	141 CHSM 217 

144 CONTTNUr CHSM 218 
NOSFO = m - 1 CHSM 219 

149 CONTINUE CHSM 220 
PFWTNO 1 CHSM 221 
RFWINn 4 CHSM 222 
PFTURN CHSM ?23 

9979 WRITF(6.Q033) 	Lw.NS CHSM 224 
GO TO 9999 CHSM 225 

9976 WPITE(5.9034) 	LW•LN CHSM 226 
4999 CONTINUE CHSM 227 

WPITE(6.9009) CHSM 228 
CAL). 	EXIT CHSM 229 
RETURN CHSM 230 
END CHSM 231 
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C SURROUTTNE OUPT HANDLES ANNUAL OUTPUT AND PLOTTING. 	 OUPT 	1 
SURROUTTNF OUPTS 	 OUPT 	2 

C DECLARATIONS 	 OUPT 	3 
DIMENSION NCSM(?6),PCM(26),NCSS(26).PCS(26).AEM(?6).AFS(P6). 
1 AECFS(Ph).AFTN(26).TFCFS(26).FINT(205).STOF(26) 	

OUPT 4 
OUPT  5 

INTEGER OPTI.OPLOT.DAYS•OPTO.YEAR.PtTNO OUPT h 
INTEGER OPTS•SWLIKE  OUPT 7 
RFAL RLTR(2.31) OUPT 
RFAL MSFLO•MMF,MAXFLOtAPRA(12),MHFLO  OUPT 9 
REAL. IAmlOAM2.ICPT.LZSI  OUPT 10 

C COMMON BLOCK FOR OUPT 	 OUPT 11  
COMMON /9A/NAME(16),(40CHAR(12).YEAR.MONTH.LASTDA(2.12).DAYS(2•1?).OUPT 12 

1 	OPTI(?0),OPT0(20).NSURWS.SWLTKE(20).NFLPT 	 OUPT 13 
COMMON /ROM/ SUM(33.20),IAM1.IAM20CPT(?0).DELTA(20).WNUM(20). 	OUPT 14 

1 	 FRL7(20).HLZS(20),ALZS(20),COPINF(20) 	 OUPT 15 
COMMON /RCSOY/ FLOT(34,12),MSFLO(2.366).NRCOWS(?0)4IPERN(20). 	OUPT 16 

1 	 ',;PTS(?0), 	 OUPT 17 
1 	 NPLOT•DPLOT(50).MPLOT(90).HFLO(50•24),PLTN0(50).NOUNO. OUPT 18 
1 	 MRN(20),IPUE(1008).MMF(131 ,CUMA(20),TOT(33.13),STI(8). OUPT 19 
1 	 MAXEL0(20),OLT(744),NOSFOoILY.MONE•NMR.PEAK(20,30). OUPT 20 
1 	 MHFLO(50,24),IVAR81.IVAR82,PVC.VAPC,NSTA.M0F.DTVRT(367) OUPT 21 
REAL IMPA.L7SN•INFP.ICMN,ICMX 	 OUPT 22 
COMMON /PARM/ SWARFA(20),IMPA(20),FALZ(20).FHLZ(20), 	 OUPT 23 

1 	PSPP(Pn),PSDP(20),ICMN(20),ICMX(20).SRSN(20).5DSN(20), OUPT 24 
1 	u7cN(?0).L7SN(?0).GWSF(20),PPIF(20),PSUP(?0).  OUPT 25 
1 	PPOL(?0).PLGP(?Pl•PDGP(?0),PLZU(20),TTM(20). 	 OUPT 26 
1 	INFP(20)4RFP(20),EIP(20),EVP(?0).FTGWP(20),SPSI(20). 	 OUPT 27 
1 	SOSI(20).U7ST(20).L7SI(20)0WST(20),E7U,EZL,HEP 	 OUPT 28 
COMMON/PLT/IPTYPE.FACT•TFACT 	 OUPT 29 

1055 FORMAT(/' LOSES (WATERSHED INCHES)') 	 OUPT 30 
1056 FORMAT(/' PERCOLATION (WATERSHED INCHES)') 	 OUPT 31 
1057 FORMAT(/' STPEAMFLOW (WATERSHED INCHES)') 	 OUPT 32 
1058 FORMAT(/' EVAPOTPANSPIRATTON (WATERSHED INCHES)') 	 OUPT 33 
1059 FORMAT(/' END—OF—MONTH STORAGES (PERVIOUS SUR—AREA INCHES)') 	OUPT 34 
107? FORMAT(1H1//5X,27MFLOW AND STOPAGE TABLE FOR .14A4.4)(013HWATER YEAOUPT 35 

1R 1902.??H (VALUES IN INCHES) //) 	 OUPT 36 
1073 FOPMAT(/20)(.12(4X,A4),4X•SHTOTAL/) 	 OUPT 37 
1075 FORMAT(//SX.8hHANNUAL PRECIPITATION MINUS EVAPOTRANSPIRATION MINUSOUPT 38 

1 sTREAMFLOW MINUS UNCERFLOW EQUALS ,F8.3) 	 OUPT 39 
1076 FORMAT(/SX•31HCHANGF IN STORAGE EQUALS 	'FAO) 	 OUPT 40 
108? FORMAT(1H1//SX.25HOAILY DISCHARGE DATA FOR .16A4911H.FUNPOINT oI3OUPT 41 

194X.13HWATER YEAP 19.I2/) 	 OUPT 42 
1081 FORMAT(SX,I3oE10.1.11F8.1.3X,4HCSFO) 	 OUPT 43 
1084 FORMAT(10)(.12(2)(.6H 	1/3X,5HTOTAL.F10.1.11F8.1•3X,4HCFSD) 	OUPT 44 
10AS FORMAT(4X04HAVF..F10.1.11F8.1.3X.4HCSFD) 	 OUPT 45 
101A FopmaT(lx.5HTcTAL.F10.2.11FA.?,3x,6HINcHFs) 	 OUPT 46 
1087 FORmAT(4X•4H09S..F10.2•11F8•2•3X•6HINCHES) OUPT 47 
1088 FORMAT(//3X. MAXIMUM MEAN DAILY FLOW EQUALS',F10.1)  OUPT 4A 
109? FORMATOH1//5X•?6HHOLRLY DISCHARGE DATA FQP e16A4•4X. 	 OUPT 49 

111HWATER YEAP 1002//5X.10HMONTH DAY,10X.25HAVERAGE HOURLY FLOWS(OUPT 50 
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?CFS)) 	 OUPT 
1093 FORMAT(5X.I3.I6.5X.12F8.1.3X.2HAM/19X,12F8.1.3X,2HPM) 	 OUPT 
1096 FORMAT(1H1//SX•?.5HDAILY DISCHARGF DATA FOR ,14A4,14H.SUBWATERSHED OUPT 

1.13.4X4,13HWATEP YEAR 19.12/) 	 OUPT 
1097 FORMAT(10X.12(4X.A4)//) 	 OUPT 
1098 FORMAT(1H1//5X.29HMEASURED STREAMFLOW DATA FOP .16A4.10H.FLOWPOINTOUPT 

1.13/59X+13HWATER YEAR 19.I2/) 
110? FORmAT(/3X,26HMAXIMUM MEAN HOURLY FLOW = ,FA.1,24H CFS AND 

1D DURING .15.4H ON ,A4, I3,16/) 
1107 FORmAT(/5XOTOTAL SIMULATED FLOW =',F8.2.' 
1108 FORMAT(/5XOTOTAL OBSERVED FLOW =1,F8,20 

	

1254 FORMAT(21H 	PRECIPITATION 	.13F8.3) 

	

1260 FORMAT(21H 	INTERCEPTION 	.13F8.3) 
1261 FORMAT(21H INFILTRATIONDIRECT.13F8.3) 

	

1262 FORMAT(21H 	 ,13F8.3) -FROM SRS 
.13F8.3) 

	

FORMAT(21H 
	

-FROM SDS 
SURFACE RETENTION .13F8.3) FORMAT(21H 

.13F8.3) 

	

FORMAT(21H 
	

U7SLZS 
FORMAT(21H LZS-GWS 	 .13F8.3) 

UNDERFLOW 	 .13F8.3) FORMAT(21H 
IMPERVIOUS AREA 	.13F8.3) FORMAT(21H 
SURFACE 	 .13F8.3) FORMAT(21H 
INTFRFLOW 

	

FORMAT(21H 	 .13F8.3) 
AASEFLON 	 .13F8.3) FORMAT(21H 
INTERCEPTION 	,13F8.3) FORMAT(21H 

FORMAT(21H SRS 	 .13F8.3) 
FO9MAT(21H UZS 	 .13F8.3) 

.13F8.3) 

	

FORMAT(21H 
	

L7S 
.13F8.3) 

	

FORMAT(21H 
	

GWS 
.13F8.3) 

	

FORMAT(21H 
	

SOS 
.13F8.3) 

	

FORMAT(21H 
	

SRS 
.13F8.3) 

	

FORMAT(21H 
	

UZS 
LZS(RIDGE) 	.13F8.3) FORMAT(21H 

.13F8.3) 

	

FORMAT(21H 
	

GWS 
.13F8.3) 

	

FORMAT(21H 
	

LZS(ALLUVIAL) 
LZS(HILLSIOE) 	.13F14.3) FORMAT(21H 

.13F8.3) 

	

FORMAT(21H 
	

INTC 
SEEPAGE RIDGE 
	

.13F8.3) FORMAT(21H 
TOTAL FLOW 	.13F8.3) FORMAT(21H 

1?94 FORMAT(21H 	TOTAL 	 .13F8.3) 
1295 FORMAT(21H 	POTENTIAL 	 .13E8.3) 
1296 FORMAT(21H 	DIVERSIONS OUT 	,13F8.3) 
1301 FORMAT(/1RX•12HREACH NUMBER.I4) 
1302 FORMAT(/19X,19HSURWATERSHED NUMBER,T4) 
1311 FORMAT(2A4,8X,2F8.5) 
1312 FORMAT(10F8.3) 
1403 FoRmAT(4x,2r8.1.15.F6.1.F7.1,17.F6.1,F7.1,2G10.2,F10.4,Flo.2, 

1G12.4) 	 OUPT 
1409 FORMAT(1H1,19X•'MFAN DAILY STREAMFLOW FOR ',12A40 	WATER YEAR 190UPT 

1.02//38X0DISCHARGE IN CUBIC FEET PER SECOND (X=SIMULATED, O=ORSEOUPT 
2RVED)') 	 OUPT 

1411 FORMAT(126X0RAIN"/124X0(INCHES)1//6X0101 .37X01001 .36X.1 10001 , OUPT 

1263 
1264 
1 ?65 
1266 
1267 
1268 
1269 
1270 
1271 
1272 
1273 
1274 
1275 
1276 
1278 
1279 
1280 
1281 
1282 
1283 
1284 
1285 
1291 
1293 

INCHES') 
INCHES') 

OUPT 
OCCURREOUPT 

OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
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1 	36X010000°/6X.".".12(' 	 ')) 	 OUPT 103 
1412 FORMAT(6X.1 1 0 ,3RX.°10',38X.°100°.36X010000 ) 	 OUPT 104 
1601 FORMAT(1H1//9X0DAILY FLOW DURATION AND FRROQ TABLE FOR 0 .12A40 WOUPT 105 

lY 190 ,112//) 	 OUPT 106 
1602 FORMAT(24X0MEASUPED FLOW 0.7XOSIMULATED FLOW'.SX.IAVERAGF0.5X, 	OUPT 107 

1' TOTAL FRROR 0 4,4XOSTANDARD1 / 	 OUPT 108 
27X0FLOW INTERVAL'OX.0 CASES'.2X0PCT'o4X0AVF 0 43XOCASES".2X0PCTOUPT 109 
10.4X0AVF',5X0FPROR°.5X0CFSD'.5X0INCHFS'.5XOPERROR°/ 
47X0 	 t, 	 3X.' 	 
4 	'0 	 1 .4X.' 	' .4X • 0 	  X.°  	 0, 
53X.° 

1604 FORMA/T(6X.° 

OUPT 110 
OUPT 111 
OUPT 112 
OUPT 113 
OUPT 114 

I '. 	 0--OUPT 115 
1---- 

     

0/ SX. 	 'TOTAL OR AVFRAOUPT 116 

     

2GF",14.F6.1,E7.1.17.F6.1.F7.1.2F10.20E10.4•E10.2.F12.4) 	 OUPT 117 
1606 FORMAT(//SX•IFOR WY 19°.I2/5X,IAVEPAGE ABSOLUTE ERROR IN DAILY FLOOUPT 118 

1WS =',F10.4.' CFSD°/43X0=°,F10.4.0  PERCENT') 
1607 FORMAT(/5X•' AVEPAGE ERROR IN MONTHLY FLOWS FOR WY 

1.6.' INCHES') 
1608 FORMATUSXOSTANDARD ERROP IN MONTHLY FLOWS FOR WY 

1.60 INCHES') 
1609 FORMAT(//5X000RPFLATION COEFFICIENT FOR WY 100 412, 

1 	' (DAILY FLOWS) =0.F8.5/39X0(MONTHLY FLOWS) =',FR.S) 
1612 FORMAT(///5X0***** STATISTICAL OUTPUT REOUIRF- S SELECTION OF INPUTOUPT 126 

OUPT 119 
=0.F100UPT 120 

OUPT 121 
19°020 =',F10011PT 122 

OUPT 123 
OUPT 124 
OUPT 125 

190 •120 

. 	1 OPTION 1? *****°///) 
1887 FORMAT(IX.16.212.11.11E6.0) 
9009 FORMAT(1H1.10WHEND RUN//) 
9031 FORMAT(SX.8HnATA SET ,13.15H READ FROM FILE .13,30H. COMPUTER 

1KS ITS DATA SFT .13) 
199 IF(OPTO(1).NF.1) GO TO 161 

C 	OUTPUT STORAGE AND FLOW TABLE 
WRITF(6.1072) (NAmF(N),N=1.14),YFAR 
WR1TE(6.1073) (mOCHAR(N)•N=10.12).(MOCHAR(N),N=1.9) 
WRITF(6.1254)(TOT(16.N),N=10.12).(TOT(16.N).N=1.9).TOT(16.13) 
WRITE(6.1055) 
WPITF(6,1260)(TOT( 1.N/oN=10.12).(TOT( 1,N).N=1.9),TOT( 1,13) 
WRITF(6.1261)(TOT( 3.1N).N=1(1.12).(TOT( 3.N),N=1,4),TOT( 3.13) 
WRITF(6•1262)(TOT( 71N),N=10.12).(TOT( 7oN),N=1.9)•TOT( 7.13) 
WPTTF(6•1263)(TOT( 6.N).N=10.12).(TOT( 6,N).N=1.9).TOT( 6,13) 
WRITF(6.1264)(TOT( 4.N),N=10.12).(TOT( 4.N),N=1.9).TOT( 4,13) 
WRITE(6.1056) 
WRITE(6,1265)(TOT( 8.N).N=10.12).(TOT( R,N)•N=1.9).TOT( 8,13) 
WRITF(6•1?66)(TOT(12,N),N=10.12).(TOT(12.m),N= 1.9),TOT(12,13) 
WOITE(6•12911(TOT(21.N).N=10.12).(TOT(21.N).N=1.9).TOT(21.13) 
WRITE(6,1267)(TOT(17.N),N=10.12),(TOT(17.N),N=1.9).TOT(17,13) 
WRITE(6.1057) 
WRITE(6.1268)(TOT(19.N).N=10.12).(TOT(19,N),N=1.9),TOT(19,11) 
W9ITE(6.1269)(TOT( 5,N).N=10.12),(TOT( 5.N),N=1.9),TOT( 5.13) 
WRITF(6,1270)(TOT(14.N).N=10,12)•(TOT(14.N).N=1.9),TOT(14.13) 
WRITE(6.1271)(TOT(1S.N).N=10.12),(TOT(15.N),N=1•9),TOT(19•13) 
DO 165 N = 1.13 

165 TOT(23.N) = TOT(19,N).TDT(5•N).TOT(14.N).TOT(15.N)  

()OPT 127 
OUPT 12R 
OUPT 129 

THINOUPT 130 
`OUPT 131 
OUPT 132 
OUPT 133 
OUPT 134 
OUPT 135 
OUPT 136 
OUPT 137 
OUPT 138 
OUPT 139 
OUPT 140 
OUPT 141 
OUPT 142 
OUPT 143 
OUPT 144 
OUPT 145 
OUPT 146 
OUPT 147 
OUPT 148 
OUPT 149 
OUPT 150 
OUPT 151 
OUPT 152 
OUPT 153 
OUPT 154 
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WOITF(6•1293)(TOT(239N)9N=10912)9(TOT(239N),N=1,9)9TOT(23913) 	OUPT 155  
IF(OPTI(1(3).F0.1) WRITE(691296)(TOT(229N),N=10912)9(TOT(229N)9N=190UPT 156 

19). TOT(22913) 	 OUPT 157 
WRITF(6,1058) 	 OUPT 158 
WOITF(6•1272)(TOT( 2•N)9N=10912)9(TOT( 2•N),N=199)9TOT( 2.13) 	OUPT 159 
WPITF(6.1273)(TOT( 99N),N=10912),(TOT( 404),N=199)9TOT( 9,13) 	OUPT 160 
WRITF(6.1274)(TOT(109N)9N=10912)9(TOT(1001),"199),TOT(10913) 	OUPT 161 
WgITF(6,1279)(TOT(11,N)9N=10912),(TOT(119N)9N=1.9),TOT(11•13) 	OUPT 162 
wQTTF(6,1276)(ToT(13.N),N=lo,12),(ToT(13.N).N=1.9),ToT(13.13) 	OUPT 163  
DO 166 N=1913 	 OUPT 164 

166 TOT(249N) = TOT(2,N)+TOT(99N)+TOT(109N)+TOT(119N)*TOT(11•N) 	OUPT 165 
WRITF(691294)(TOT(249N)9N=10,12),(TOT(249N)9N=1•9)9TOT(24913) 	OUPT 166 
WRITE(691295)(TOT(189N)9N=10912)9(TOT(189M)9N=199),TOT(18913) 	OUPT 167 
WOITE(6,1059) 	 OUPT 168  
WPITF(691285)(TOT(33,N)9N=10912)9(TOT(33•N),N=1.9) 	 OUPT 169 
WQITF(6,1278)(TOT(261N),N=10.12).(TOT(269N)9N=199) 	 OUPT 170 
WQITF(6,1279)(TOT(279N),N=10912),(TOT(279M),N=1,9) 	 OUPT 171 
WRITF(6,128(1)(TOT(289N)9N=10912),(TOT(289N),N=199) 	 OUPT 172 
WOITF(691281)(TOT(299N)9N=10912),(TOT(299M)9N=1.9) 	 OUPT 173 
WRITF(691283)(TOT(319N),N=10912),(TOT(31,N)9N=199) 	 OUPT 174 
WRITF(6,1284)(TOT(329N)9N=10912),(TOT(32oN),N=199) 	 OUPT 175 
WOITF(6•1282)(TOT(309N),N=10912).(TOT(309N),N=1,9) 	 OUPT 176 
DST = TOT(16913) 	TOT(2•13) - TOT(9913) 	TOT(10913) -TOT(11913) OUPT 177 

1 	••• T0T(13913) ••• TOT(5913) - TOT(14913) - TOT(15913) 	 OUPT 178 
2 	- TOT(19913) 	T0T(17•13) 	 OUPT 179 
WRITE(6,1075) 1ST 	 OUPT 180 
DLST = 0.0 	 OUPT 181  
DO 167 N = 1.3 	 OUPT 182  
NP = N.025 	 OUPT 183 
DLST = DLST • (ToT(NP,9)-sTi(N)).TAm1 	 OUPT 184 

167 STI(N) = TOT(NP9g) 	 OUPT 185  
DLST = OLST • IAM1*(TOT(3399).•STI(8)) 	 OUPT 186 
DO 6167 L =19NSURWS 	 OUPT 187  
LL = SWLIKE(L) 	 OU°T 188  
DLST = DLST • TAm2*FRL7_(u)*(ToT(29,9)-sTr(4)) 	 OUPT 189 
DLST = nt_sT • Tam2*FALz(u)*(ToT(310)-sTi(6)) 	 OUPT 190 
DLST = DLST • it42*FrLz(u)*(ToT(32.9)-sTT(7)) 	 OUPT 191 

6167 DLST = nt_sT • 	FALz(u)*(ToT(300)-sms)) 	 OUPT 192 
STT(4) = TOT(29.9) 	 OUPT 193  
STI(5) = TOT(3099) 	 OUPT 194 
STT(6) = TOT(3199) 	 OUPT 195  
STI(7) = TOT(1299) 	 OUPT 196 
STI(8) = TOT(33.9) 	 OUPT 197 
WPITF(691076) DLST 	 ()UPI 198  

C 	PUNCH ANNUAL VOLUMES ON CARDS 	 OUPT 199  
IF(OPT0(15).NF.1) GC TO 1313 	 OUPT 200  
VAPC2 = VAPC*(1.0•PVC/100.0) 	 OUPT 201  
WRITF(791311) IVAPP19IVARR29VARC9VAPC2 	 OUPT 202 
WRITF(7•1312)TOT( 1913)9TOT( 3913)9TOT( 7913)9TOT( 6.13). 	 OUPT 203 

1TOT( 4913),TOT( 8,13)9TOT(12913),TOT(17•13),TOT(19913)9TOT( 5.13) OUPT 204 
WRITF(791312)TOT(14913)9TOT(15,13),TOT( 2•13),TOT( 9,13). 	 OUPT 705 

1 TOT(10913)9TOT(11913),TOT(13913) 	 OUPT 206 
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1313 CONTINUE 
C OUTPUT ANNUAL TABLE OF DAILY DISCHARGES AT DESIRED FLOWPOINTS 

161 	IF(OPT0(1).LEO,ANO•OPT0(6).LE•0) 	GO TO 	189 
NR=0 

OUPT 
OUPT 
OUPT 
OUPT 

207 
208 
209 
210 

N7 = n OUPT 211 
171 NR = NR • OUPT 212 

IF(NR,GT,NOSFO) 	GO TO 	189 OUPT 213 
NC = NRCOWS(NR) OUPT 214 
IE(OPT0(1)•LF0) 	GO 	TO 485 OUPT 215 
IF(NC.GT.0) 	GC 	TO 	172 OUPT 216 
NX 	=IA9S(NC) OUPT 217 
WRITE(6,1n82)(NAMF(N)9N=1,16),NX,YEAR OUPT 218 
AP = CUMA(NX) OUPT 219 
GO TO 173 OUPT 220 

17? WRITF(691096) 	(NAME(N),N=1,14),NC,YEAR OUPT 221 
AP = SWARFA(NC) OUPT 222 

173 CONTINUE OUPT 223 
IF(NO9FO.LE.1) 	GO TO 	176 OUPT 224 
NRE=NP.1 OUPT 225 
IV=10 	• NPE OUPT 226 
WRITE(IV) 	N79NZ OUPT 727 
REWINO 	IV OUPT 228 

175 REAO(IV) 	NK.M OUPT 229 
IF(NK,E0.(1) 	GO 	TO 	176 OUPT 230 
TF(NRF.NE,NK) 	GO TO 9977 OUPT 231 
READ(IV) 	(FLOT(N9M),N=1,31) OUPT 232 
GO TO 175 OUPT 233 

176 CONTINUE OUPT 234 
IF(NOSFO.GT.1) 	PEWIN: 	IV OUPT 235 
WRITE(641097) 	(MOCHAW(K),K=10912)9(MOCHAP(K),K=199) OUPT 236 
no 	181 	N 	= 	1.31 OUPT 737 
no 	181 	m 	= 	1.12 OUPT 238 

181 FLOT(329M) 	= FLOT(3204) 	• 	FLOT(N,M) OUPT 239 
nn 	18? M 	= 	1.1? OUPT 240 
on 	= 	10/LASTOA(ILY,i4) OUPT 241 
FIOT(33.M) 	= 	FloT(32.m).ion OUPT 242 
IF(Nc.L.F.o) 	Y7 	. 	I.o/(cumA(Nx)4,26.9) OUPT ?43 
IF(Nc.GT.n) 	X7 	= 	1,0/(SWAPEA(NC)*26,9) OUPT 244 

)P2 FLOT(34.M) 	= FLoT(3?..m)*x7 OUPT 245 
no 	184 N = 	1. 	11 OUPT 246 

184 WRITE(6+1083) 	Ne(FLOT(NoK)9K=10912),(FLOT(NeK)9K=1,9) OUPT 247 
WPITE(6,1084) 	(FLOT(329K),K=10912),(FLOT(32,(),K=199) OUPT 248 
WPITF(6,1085) 	(FLOT(33,K),K=10912),(FLOT(33,.K),K=199) OUPT 249 
WRITF(691086) 	(FLOT(34,K),K=10912),(ELOT(34.K),K=199) OUPT 250 

C 	PUNCH DAILY STREAMFLOW 	(SIMULATED) OUPT 251 
IE(OPT0(16)00E,1) 	GC 	TO 	1888 OUPT 252 
DO 	IRA() 	K 	= 	1.12 OUPT 253 
M = K • 9 OUPT 254 
IF(M.GT.17) 	M 	= M-12 OUPT 255 
I 	= YEAR OUPT 256 
TF(M.GT.9) 	I 	= 	I 	- 	1 OUPT 257 
L 	= 	1 OUPT 258 
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WRITF(7.1887) NSTA.I,M,L.(FLOT(N•M),N=1.10) 
L = 
WRITE(7.1887) NSTA.I.M.L.(FLOT(NoM).N=11.20) 
L = 1 

1880 WRITE(7,1887) NSTA.T.M.L.(FLOT(N,M).N=21•31) 
1888 CONTINUE 

C 	OUTPUT mEASUPEO MONT-LY FLOWS IF GIVEN AS INPUT 
JI = 1 
JC = 1 
IFS() = 0  
IF(oPTI(12).NF.1) GO TO 484 
00 185 JI = loNMP 
JC = JI 
IF(MRN(JT).FO.NC) GO TO 186 

18S CONTINUE 
GO TO 484 

)86 CONTINUE 
IFS') = 1 
MS = 1 
DO 183 NN = 1.1? 
MMF(NN) = 0.0 
MS = DAYS(ILY.NN) + 1 
ME = MS —1 • LASTDA(ILY•NN) 
DO 183 M = MS,ME 

183 MMF(NN) = MMF(NN) • MSFLO(JC.M) 
NM = NM • 1 
TMMF = 0.0 
DO 483 K=1012 
TMMF = TMMF • MmF(K) 

483 MmF(K) = MMF(K)*X7 
TMMF = TMMF*X7 
wOITF(6.1087) (MMF(K).K=10.12),(MMF(K),K=1,9) 

484 WPITF(6,1088) MAXFLO(NR) 
TY = 1900.1 • PPAK(NR,1) 
IM = PFAK(NP.?) • 0.1 
In = 0.1 • PFAK(NR.3) 
IH = PEAK(NR•4)*100.0 • 0.1 
WRITE(6.1102) PFAK(NR.5),IN,MOCHAR(IM),ID.IY 
TFLT = 0.0 
DO 1109 K = 1.1? 

1109 TFLT = TFLT • FLOT(34,K) 
WPITF(6,1107) TFLT 
IF(MRN(JI).EO.NC) WRITE(6.1108) TMMF 

C 	OUTPUT MEASURED DAILY FLOWS IF GIVEN AS INPUT 
TF(OPT0(4).NF.1.0P.OPTI(1?).W.1) GO TO 485 
IF(IFSO.LE.0) GO TO 485 
WRITF(6.1098) (NAME(N),N=1.16),MRN(JC)•YEAR 
WRITE(h.1097) (MOCHAR(K).K=10.12),(MOCHAR(K).K=1,9) 
DO 284 N = 1.31 
DO 283 M = 1.12 
MS = DAYS(ILY•M) • N 
ARRA(M) = MSFLO(JC,MS)  

OUPT ?59 
OUPT 260 
OUPT 261 
OUPT ?6? 
OUPT 263 
OUPT 264 
OUPT 265 
OUPT ?66 
OUPT 267 
OUPT 268 
OUPT 269 
OUPT 270 
OUPT 271 
OUPT ?72 
OUPT 273 
OUPT 274 
OUPT 275 
OUPT 276 
OUPT 277 
OUPT 278 
OUPT 279 
OUPT 280 
OUPT 281 
OUPT 282 
OUPT 283 
OUPT 284 
OUPT 285 
OUPT 286 
OUPT 287 
OUPT 288 
OUPT 289 
OUPT 290 
OUPT 291 
OUPT 292 
OUPT 293 
OUPT 294 
OUPT 295 
OUPT 296 
OUPT 297 
OUPT 298 
OUPT 299 
OUPT 300 
OUPT 301 
OUPT 302 
OUPT 303 
OUPT 304 
OUPT 305 
OUPT 306 
OUPT 307 
OUPT 308 
OUPT 309 
OUPT 310 
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283 	IF(N.GT.LASTDA(ILY•M)) 	APPA(M) 	= 	0.0 
284 	WRITF(6.10831 	N.(APPA(K).K=10,12),(ARPA(K).K=1.9) 

no 289 K = 	1.12 
285 MMF(K) 	= MMF(K)/X7 

WPITF(6.10841 	(MMF(K),K=10,12),(MMF(K),K=1,9) 
485 CONTINUE 

CALCUIATTON AND OUTPUT nF STATISTICS OF DAILY FLOWS 

OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 

111 
312 
313 
314 
315 
316 
317 

IF(OPTO(8).NF.1) 	GO 	TO 	1650 OUPT 318 
IF(OPTI(12).F0.1) 	GO 	TO 	1611 OUPT 319 
WPITE(6.1612) OUPT 320 
r.,0 	TO 	1650 OUPT 321 

1611 IF(IFSO.LF.0) 	GO 	TO 	1650 OUPT 322 
IF(NOSFO.LE.1.AND.OPTO(4).F0.5) 	GO TO 602 OUPT 323 
DC 600 K = 	1.25 OUPT 324 
NCSM(K) 	= 	0 OUPT 325 
NCSS(K) 	= 	0 OUPT 326 
AFCFS(K)=0.0 OUPT 327 
AFM(K) 	= 	0.0 OUPT 328 
AFS(K) 	= 	0.0 OUPT 329 
STOF(K) 	= 	0.0 OUPT 330 
YYY = 0.0 OUPT 331 

610 TFCFS(K) 	= 	0.0 OUPT 332 
OPTO(4) 	= OUPT 333 

602 CONTINUE OUPT 334 
NCSM(?6) 	= 0 OUPT 335 
NCSS(26) 	= 0 OUPT 336 
PCM(26) 	= 	0.0 OUPT 337 
PCS(26) 	= 	o.n OUPT 338 
TFCFS(?6) 	= 	0.0 OUPT 339 
STDF(26) 	= 	0.0 OUPT 340 
AFM(2A) 	= 	n.0 OUPT 341 
aFcFs(26)=0.0 OUPT 342 
AFS(?6) 	= 	0.0 OUPT 343 
AFMY = 0.0 OUPT 344 
AFSY = 0.0 OUPT 345 
cnPcon = 0.0 OUPT 346 
CORCOM = 0.0 OUPT 347 
STYM = 0.0 OUPT 348 
STMM = 0.0 OUPT 349 
DABF = 0.0 OUPT 350 
STM = 0.0 OUPT 351 
AABF 	= 0.0 OUPT 352 
STY = 	0.0 OUPT 353 
DO 616 K 	= 	1.12 OUPT 154 
SSM = 0.0 OUPT 355 
SMM = 0.0 OUPT 356 
DO 	614 	J 	= 	1.31 OUPT 357 
IF(J.GT.LASTDA(ILY.K)) 	GO 	TO 	614 OUPT 358 
MS 	= nAYS(ILY.K) 	* 	J OUPT 359 
M = 	MSFLO(JC.MS) 	1.0 OUPT 360 
IF(M5FLO(JC.MS).GT.1.6487) 	M 	= 	2.0*ALOG(mCFLO(JC.MS)) * ?.0 OUPT 361 
N 	= 	FLOT(J.K) 	* 	1.0 OUPT 362 
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TF(FLOT(J.K).GT.1.64e7) 	N = 	2.0*ALOG(FLOT(J,K) ) 
IF(m.CIT.25) 	M 	= 	25 
IF(N.GT.?s) 	N = 25 
NCSm(m) 	= NCSM(m) 	• 	1 
NCSS(N) 	= NCSS(N) 	• 	1 
AFM(M) 	= 	AFM(M) 	• 	mSFLO(JC•mS) 
AFS(N) 	= 	AFS(N) 	• 	FLCT(J.K) 

• 2.0 	 OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 
OUPT 

363 
364 
365 
366 
367 
368 
369 

AFSY = AFSY • FLOT(J,K) OUPT 370 
AFMY = 	AFMY 	• mSFLO(, C.mS) OUPT 371 
XXX = FLOT(J.K) 	- MSFLO(JCOS) OUPT 372 
77Z = mcFLO(JC.mS) 	• FLOT(J.K) OUPT 373 
STM = STm • MSFLO(JC.MS)**? OUPT 174 
STOF(m) 	= 	sTnE.(m) 	• 	XXX**? OUPT 375 
STY = STY 	• FLOT(J•K)**2 OUPT 376 
TFCFS(M) 	= 	TECFS(m) 	• 	XXX OUPT 177 
AARF = 	AARE 	• 	ARS(XXX) OUPT 178 
/F(777.GT.1.0E-9) 	PANE 	= PAM 	• 	ARS(Xxx)/777 OUPT 379 
coPcon = COQCOD • FLCT(J.K)*MSFLO(JC•mS) OUPT 380 
SMM = SMM • MSFLO(JC,MS) OUPT 381 
SSM = SSM 	• FLOT(J.K) OUPT 38? 

614 CONTINUE OUPT 383 
CORCOM = COPCOM • smre*Ssm OUPT 384 
STYM = STYM • SSM**2 OUPT 385 
STMm = STmm • SMM**? OUPT 386 

616 CONTINUE OUPT 187 
nyP = 365 OUPT 388 
IF(ILY.E0.1) 	DYP 	= 	366 OUPT 189 
TF(NOSFO.LF.1) 	YYY = YYY 	• Oya OUPT 390 
/F(No5F0.GT.1) 	YYY = DYR OUPT 391 
DO 615 K = 	1.25 OUPT 392 
xxX 	= NCSM(K) OUPT 393 
PCM(K) 	= 	100.O*XXX/YYY OUPT 394 
IF(XXX.GT.0.9) 	AFM(K) 	= 	AFM(K)/XXX OUPT 195 
777 = NCSS(K) OUPT 396 
PCS(K) 	= 	100.0*777/yyY OUPT 397 
/F(777.GT.0,q) 	AFS(K) 	= 	AFS(K)/277 OUPT 198 
IF(XXX.GT.0.9) 	AECFS(K) 	= 	TECFS(K)/xXx OUPT 399 
AFIN(K) 	= 	TFCFS(K)*X2 OUPT 400 
STDE(26) 	= STDE(26) 	• 	STDE(K) OUPT 401 
IF(XXI.GT.0.4) 	STDE(K) 	= 	SGRT(STnE(K)/XXX) OUPT 402 
NCSM(26) 	= NCSM(26) 	+ 	NCSM(K) OUPT 403 
NCSS(?6) 	= NCSS(26) 	+ 	NCSS(K) OUPT 404 
PCm(Ph) 	= PCM(26) 	• 	PCM(K) OUPT 405 
PCS(26) 	= PCS(26) 	• 	PCS(K) OUPT 406 
AFm(P6) 	= 	AFM(26) 	• 	AFm(K)*PCm(K) OUPT 407 
AFS(?6) 	= 	AFS(26) 	• 	:FS(K)*PCS(K) OUPT 408 
TFCFS(26) 	= TErFS(26) 	• 	TFCFS(K) OUPT 409 

615 CnNTTNUE OUPT 410 
AFM(26) 	= 	AFM(26) 	* 	0.01 OUPT 411 
AFS(26) 	= 	AFS(26) 	* 	:.01 OUPT 412 
AABF = AAFT/DYP OUPT 413 
PAAF = 200.0*PAHE/DY14 OUPT 414 
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AFCFS(?6) = TECFS(26)/YYY 	 OUPT 415 
AEIN(?6) = TECFS(?6)*XZ 	 OUPT 416 
STDF(26) = STOE(26)/YYY 	 OUPT 417 
STDF(?6) = SORT(STDE(26)) 	 OUPT 418 
STM = STM - AFMY**?/DYR 	 OUPT 419  
STY = STY - AFSY**2/DYR 	 OUPT 420 
STYM = STYM - 12.0*(AFSY/12.0)**2 	 OUPT 421 
STMM = STMM 	12.0*(AFMY/12.0)**2 	 OUPT 422 
coRcon = (coRcon-AFmy*AFsNvoyR) /sopT(sTy*sTm) 	 OUPT 423 
CORCOM = (CORCOM - AFMY*AFSY/12.0)/SORT(STMM*STYM) 	 OUPT 424 

C OUTPUT STATISTICAL TA8Lt 	 OUPT 425 
WRITF(6.1601) (NAMF(N),N=1•12)•YFAR 	 OUPT 426 
WRITF(6•1602) 	 OUPT 427 
FINT(192) = 1.0 	 OUPT 428 
FINT(2,25) = 0.0 	 OUPT 429 
FINT(241) = 1.0 	 OUPT 430  
FINT(1,1) = 0.0 	 OUPT 431 
XXX = 0 	 OUPT 432 
DO 617 K = 2.24 	 OUPT 433 
XXX = XXX • 0.5 	 OUPT 434 
FINT(PeK) = FXP(XXX) 	 OUPT 435 

617 FINT(1,K+1) = FINT(2,K) 	 OUPT 436 
DO 1400 K = 1.25 	 OUPT 437 

	

1400 wPITE(6.1403)(FTNT(N.K),N=1,2),Ncsm(K),Pcm(K).AFmoo. 	 OUPT 438 
1 	 NCSS(K),PCS(K),DAFS(K), OUPT 439 
1 AFCFS(K),TFCFS(K),AETN(K),STOE(K)  OUPT 440 
WRITE(6,1604) NCSM(26),PCM(26),AFM(26),NCSS(26).PCS(26),AFS(26). OUPT 441 

1 AECFS(26)•TFCFS(P6),AEIN(26),STDE(26) 	 OUPT 442 
WRITF(6•1606) YFAR.A18E.PABE 	 OUPT 443 
WRITE(6.1609) YFAR.CORCOD,CORCOM 	 OUPT 444 
DIFF =0.0 	 OUPT 445 
no 515 J = 1.12 	 OUPT 446 

515 DIFF = DIFF • ARS(MMF(J) 	TOT(23,J)) 	 OUPT 447 
OPTIM = DIFF/12.0 	 OUPT 448 
WRITE(6,1607)YEAR•OPTIM 	 OUPT 449 
!JIFF = 0.0 	 OUPT 450 
00540 J=1,12 	 OUPT 451 

540 DIFF = (MMF(J)-TOT(23,J))**2 •DIFF 	 OUPT 45? 
OPTIM = SORT(DIFF/12.0) 	 OUPT 453 
WRITF(6,1608)YEAPOPTIM 	 OUPT 454 
IF(NOSFO.GT.1) GO TO 1650 	 OUPT 455 
DO 6?? K = 1.25 	 OUPT 456 
Z7Z = NCSS(K) 	 OUPT 457 
IF(777.GT.0.9) AFS(K) = A.FS(K)*Z77 	 OUPT 458 
XXX = NCSM(K) 	 OUPT 459 
IF(XXX.IT.0.9) 	GO TO 622 OUPT 460 
AFM(K) = AFM(K) XXX  OUPT 461 
STDE(K) = XXX*STDF(K)**2 	 OUPT 462 

622 CONTINUE 	 OUPT 463 
1650 CONTINUE OUPT 464 

C PLOT DAILY FLOWS ON PRINTOUT IF OPTION 17 SELECTED  OUPT 465 
TF(OPTO(17).NF.1) GO TO 500 	 OUPT 466  
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C  
C 	 OUPT 468 7  

IF(IF50.F0.1)G0 TO 7?00 	 OUPT 469 
DO 7250 N=1.20 	 OUPT 470 
iF(TPFRN(N).GT.?0)G0 TO 500 	 OUPT 471 
IF(IPERN(N).FO.NC)G0 TO 7100 	 OUPT 47? 

7250 CONTINUE 	 OUPT 473 
Gn TO 500 

C 	 Zr,T, r-/Z 
C 	 OUPT 476 
7100 K=0 	 OUPT 477  

IF(AP.GT.S0.0) K = 1 	 OUPT 478 
WPITF(6.1409)(NAmF(KI).KI=1.1?).yPAp OUPT 479 
WRITF(6.141?)  OUPT 480 
WPITF(6.1411) 	 OuPT 481  
DO 410 mm = 1.12 	 OuPT 482  
M = MM • 9 	 OUPT 483  
IF(m.GT.12) m = m - 12 	 OUPT 484 
IDY = LATDA(ILy.m) 	 OUPT 485 
DO 405 I = 1.IDY 	 OUPT 486 
II = nAYS(ILY,m) • I 	 OUPT 487 
PLTR(1.T) = mSFLO(JC.II) OUPT 488 

405 PtTP(P.T) = FLOT(T,M)  OUPT 489 
410 CALL PLOTT(IDY.PLTR.fr.K.IFS0) 	 ()OPT 490  
500 CONTINUE 	 OUPT 491 

on 7001 J=1.12 	 OUPT 49? 
FLOT(32.J) = 0.0 	 OUPT 493 
FLOT(33.J) = 0.0 OUPT 494 
FLOT(14.J) = 0.0  OUPT 495 

7001 CONTINUE 	 OUPT 496 
188 GO TO 171 	 OUPT 497 
189 CONTINUE 	 OUPT 498  

C OUTPUT HOURLY HYDRoGRAPHS FOR SPECIFIED DAYS 	 OUPT 499 
IF(OPTO(?).NF.1) GO TO 198 	 OUPT 500  
WQITF(6.109?) (NAmF(P1).m=1.16).YEAP 	 OUPT 501  
DO 192 m = 1.NPt0T 	 OUPT 502 
MO = MPLOT(M) 	 OUPT S03 
in = DPLOT(M) 	 OUPT 504 
TF(PLINO(M).LT.0) WRITE(6.1301) PLTNO(M) 	 OUPT 505 
IF(PLTNO(m).GT.0) WRITE(6.1102) PLTNO(M) 	 OUPT 506 

1 9? wRITE(6.1093) mOOD.(HFLO(M.J).J=104) 	 OUPT 507 
198 CONTINUE 	 OUPT 508 

GO TO 9998 	 OUPT 509 
9977 WPTTF(6.9011) NK,Ty,NR 	 OUPT 510 
9999 CONTINUE 	 OUPT 911 

WRITF(6.9009) 	 OUPT 512  
CALL EXIT 	 OUPT 513  

999P RFTuRN 	 OUPT 514 
ENO 	 OUPT 515 
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SURPOUTINE PLOTT(IDY,PLTP,MtKeIFS0) 
C DFCIAPATIONS 

DIMENSION ICHAR(122),PLTR(2,31).MMTH(5912) 
COMMON /MP/DP(1?.31) 
DATA TORS/'01 / 
DATA IRLK/s 'I 
DATA ICAL/'X'/ 
DATA IDSH/'I'/ 
DATA MMTH/' 	1 1 0A'ON'O.it' 

1 1 H 1 .0 A 1 OP'OP'OPOL'O 'OM'OA',"(1/0 	' 
? 
3 '0'0C'OT'40.',1 	 '00'11 F1 

199 FORMAT(1XsA1tT?.1)(e122A1.F4.2) 
DO 100 In = 10DY 
no go K = 19122 

9n ICHAP(K) = IRLK 
DO 9? K = ?,1?2,40 

Q? ICHAP(K) = IDSH 
TF(PLTP(ltID),IF.0.0001) PLTP(1.ID) = 0.0001 
IF(PLTP(20D).LF.0.0001) PLTP(2•IO) = 0.0001 
N] = 40.0*ALOG10(PLTP(100)) • 2.49 
IF(K.F0.1) NI = N1 - 40 
IF(Nl.GT.0) GO TO 74 
N1 = NI • 12n 
TcHAR(1) = TORS 
IFCIFSO.NF.1)ICHAP(1)=I8LK 
TF(N1.LT.1) NI = 1 

74 CONTINUF 
IF(Nl.LT.1??) GO TO 75 
N1 = N1 - 12n 
ICHAP(1) = InPs 
IF(TFso.NF.1)TcHAP(1)=IALK 

75 ICHAP(N1) = TORS 
Tr(IFSO.NE.1)ICHAP(Ni)=IFILK 
N? = 40.0*AtoG1n(PLTR(2.In)) • 2.49 
TF(K.FO.1) N2 = N? - 40 
Tv(N2.GT.n) 	CO TO 84 
N? = N2 - 120 
ICHAP(1) = ICAL 
TF(N?.LT•1) N2 = 1 

84 CONTINUE 
IF(N2.LT.122) GO TO 
N? = N2 - I?0 
ICHAP(1) = ICAL 

P5 TCHAR(N2) = ICAL 
MC = TRLK 
TF(TD.LE.5.AND.M.LF.12) MC = MMTH(TD,M) 
TF(np(m.in) - 0.005) 9P,9P,99 

414 wprTF(6,149) wr,In.(IcHAp(K).K=1.122) 
GO TO 100 

99 WPITE(6•199) MCIIP,(ICHAP(K),K=1,122),OP(M,ID) 
100 CONTINUE 

RETURN 
END  

PLOT 1 
PLOT 2 
PLOT 3 
PLOT 4 
PLOT 5 
PLOT 6 
PLOT 7 
PLOT 8 

t'C'tPLOT 	9 
'E't PLOT 10 

9 9 PLOT 11 

PLOT 12 
PLOT 13 
PLOT 14 
PLOT 15 
PLOT 16 
PLOT 17 
PLOT 18 
PLOT 19 
PLOT 20 
PLOT 21 
PLOT 22 
PLOT 23 
PLOT 24 
PLOT 25 
PLOT 26 
PLOT 27 
PLOT 28 
PLOT 

30c  PLOT 
PLOT 31 
PLOT 32 
PLOT 33 
PLOT 34 
PLOT 35 
PLOT 

T  r2/ PLOT 
PLOT 38 
PLOT 39 
PLOT 40 
PLOT 41 
PLOT 42 
PLOT 43 
PLOT 44 
PLOT 45 
PLOT 46 
PLOT 47 
PLOT 48 
PLOT 49 
PLOT 50 
PLOT 51 
PLOT 5? 
PLOT 53 
PLOT 54 
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rad° 	idl3N4(02)3N11MS6SAWISN'(02)01d06(02)11d0 
wid06(2162)SAV0(2162)VOiSV16HINOWdVAA6121)dVHD046(91)A4VN/v8/ NOwPUJ 
wid0 	SZ102WVI•Ii1V161d1 1V3d 
rad° 	wnW3AIlmSeOldO'I1dOeSAVUedV3A d3031NI 
wid0 	SNUI1VOV1030 
hid() 	widnO JNtinodims 

rad° 
Hid() 
hid() 
wid0 
Hid() 
pad° 
wid0 
wid0 
Hid() 
wid0 
rad° 
hid() 
widO 
hid° 
rad° 
rad° 
wad() 
rad0 
Hid() 
rad° 
wid0 
wid0 
Wid0 
irld0 
Hid() 
rad° 
hid() 
wid0 
H140 
pad° 
Hid() 
rad° 
wid0 
rad0 
v1c:1021661 4i4t6tV4X47647V916 804 
Hid° 
wid0 
Wid0 
wid0 
rad° 
Hid() 
wid0 
Hid() 



11A5 FORMAT(21H 	TOTAL 	 •10F8.3) 
1186 FORMAT(2IH 	ICPT 	 ,10F8.3) 
1187 FORmAT(?1H 	LZS(ALLUVIAL) 	•10F8.3) 
1188 FORMAT(21H 	L7S(HILLSIDE) 	.10F8.3) 

WRITF(6.1052) (NAME(N),N=1.16),MOCHAR(MONTH)•YFAR 
NSW = 0 
NCK = 0 

114 NSW = NSW + 1 
IF(NSW.GT,NSURWS) GO TO 115 
IF(SWLIKE(NSW),NE,NSw) GO TO 114 
NCK = NCK • 1 
00 116 N = 1.33 

116 SUM(NoNCK) = SUM(N•NSW) 
DFLTA(NCK) = 	 TAM1*(SDS(NSW)+U7S(N5W)+SRS(NSW)) 
1 • IAM1*ICPT(NSW) 

IAM2*(L7S(NSW)*FRLZ(NSW)+AL7S(NSW)*FAL7(NSW) 
1 	• HL7S(NSW)*FHLZ(NSW)) •GWS(NSW)—SUM(26•NCK)—SUM(27,NCK) 

—SUM(289NCK) — SUM(29,NCK) — SUM(30,NCK) 
? 	SUM(31,NCK) 	SUM(32,NCK) — SUM(33,NCK) 
SUM(26iNCK) 
	

SDS(NSW)*IAM1 
SUM(?7,NCK) = SRS(NSW)*IAM1 
SUM(28,NCK) = U7S(NSW)*IAMI 
SUM(29•NCK) = TAM2*LZS(NSW)*FRL7(NSW) 
SUM(30•NCK) = GWS(NSw) 
SUM(31•NCK) = TAM?*ALZS(NSW)*FAL7(NSW) 
SUM(32,NCK) = IAM?*HLZS(NSW)*FHL7(NSW) 
SUM(33•NCK) = IAMI*TCPT(NSW) 
WNUM(NCK) = NSW 
GO TO 114 

115 CONTTNUF 
WPITF(6,1053) (WN(JM(N),N=1,NCK) 
WRITF(6.1023) 
WRITE(6.1154)(SUM(16.N).N=1•NCK) 
WRITF(6.1055) 
WRTTF(6.1160)(SUM(1,N),N=1•NCK) 
WRITF(6,1161)(SUM(3.N)•N=1•NCK) 
WPITE(6,1162)(SUM(7.\),K=1,NCK) 
WRITF(6,1163)(SUM(6.?)•N=1,NCK) 
WPITF(6,1164)(SUM(4,N),N=I,NCK) 
WPITF(6.1n56) 
WRITF(6.1165)(SUM(8•.)•N=1•NCK) 
WRITE(6.1166)(SUM(12,N).N=1,NCK) 
WPTTE(6.1167)(SUM(17.N),N=1•NCK) 
wRITE(6.1067) 
WRITF(60168) (SUM(1C00,N=1,NCK) 
WPITF(6,1169)(SUM(50,),N=1•NCK) 
WRITE(6.1170)(SUM(14,N).N=1•NCK) 
WPITF(6.1171)(SUM(1504),N=19NCK) 
00 113 N=1,NCK 

113 SUM(23oN) = SUM(199N)+SUM(59N)+SUM(14•N)+SUM(15.N1 
WPITF(6,1184)(SUM(?3,N),N=1oNCK) 
WPITF(6.1058) 

OPTM 51 
OPTM 52 
OPTM 53 
OPTM 54 
OPTM 55 
OPTM 56 
OPTM 57 
OPTM 58 
OPTM 59 
OPTM 60 
OPTM 61 
OPTM 62 
OPTM 63 
OPTM 64 
OPTM 65 
OPTM 66 
OPTM 67 
OPTM 68 
OPTM 69 
OPTM 70 
OPTM 71 
OPTM 7? 
OPTM 73 
OPTM 74 
OPTM 75 
OPTM 76 
OPTM 77 
OPTM 78 
OPTM 79 
OPTM 80 
OPTM 81 
OPTM 82 
OPTM 83 
OPTM 84 
OPTM 85 
OPTM 86 
OPTM 87 
OPTM 88 
OPTM 89 
OPTM 90 
OPTM 91 
OPTM 92 
OPTM 93 
OPTM 94 
OPTM 9c 
OPTM 96 
OPTM 97 
OPTM 98 
OPTM 99 
OPTM 100 
OPTM 101 
OPTM 102 
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WRITE(6.1172)(SUM(?,N),N=1,NCK) 
WPITE(6,1173)(SUM(9,N),N=IeNCK) 
WRITE(6,1174)(SUM(10,N).N=1•NCK) 
WRITE(6.1175)(SLJM(11,N),N=1•NCK) 
WRITE(6,1176)(SUM(13.N)•N=1•NCK) 

OPTM 
OPTM 
OPTM 
OPTM 
OPTM 

103 
104 
105 
106 
107 

DC 	119 N = 	1.NCK OPTM 10A 
119 SUM(?4,N) 	= 	SUM(2,N).SUM(9,N)+SUM(10eN)+SUM(11•N)*SUM(13oN) OPTM 109 

WPITE(6.1185) 	(SUM(249N),N=1,NCK) OPTM 110 
WPITF(6,1177) 	(S11M(1A,N),N=1oNCK) OPTM 111 
WRITF(6,1059) OPTM 112 
WPITF(641186) 	(SUM(33,M,N=liNCK) OPTM 113 
WPITE(6.1178)(SUM(26,N),N=1,NCK) OPTM 114 
WPITE(6,1179)(SUM(?7,N),N=1•NCK) OPTM 115 
WPITE(6.1180)(SUM(2R,N),N=1•NCK) OPTM 116 
WRITE(6,1181)(SUM(29.N)•N=1,NCK) OPTM 117 
WPITF(6.1187) 	(SUM(31,N)oN=1,NCK) OPTM 118 
WPITF(6.11RR) 	(SUM(3?_•N),N=1•NCK) OPTM 119 
WPITE(F,o1182)(SUM(309N)9N=1.NCK) OPTM 120 
DO 	Ilq N = 	1,NCK OPTM 121 

118 SUM(25•N) 	= 	SUM(16•N) 	SUM(2,N) 	— SUM(99N) 	— SUM(10oN) OPTM 122 
—SUM(11•N) 	— 	SUM(13,N) 	SUM(5,N) 	— 	SUM(14.N) OPTM 123 
..-SUM(199N) 	SUM(17,N) 	DELTA(N) 	— 	SUM(199N) OPTm 124 

WPITF(601140) OPTM 125 
WRITE(6.1183)(SUM(2S,N),N=1•NCK) OPTM 126 

170 CONTINUE OPTM 127 
PFTURN OPTM 128 
EN') OPTM 129 
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SUBROUTINE REST(NR) 	 REST 
C DECI APATIONS 	 REST 

INTEGER YR8,YEAR,STYP 	 PEST 
COMMON /8A/NAME(16)•VOCHAR(12),YEAR9MONTH,LASTDA(2,12),DAYS(2,12),REST 

1 	OPTI(20),OPT0(20),,NSUBWS,SWLIKE(20),NFLPT 	 REST 
COMMON /RCS/OUT(745),FIN(15,745),FLOW(745),FIN1(20),FIN2(20), 	REST 

1 	 DISTP0(20•900),NRCHS,SWSI(20),C0(2n),C1(20),C2(20)• 	PEST 
1 	 NOIST(20),STRFLO(20e900)•IEL0(744)0-4FLO(744)*SR0(744), 	REST 

1  

3  
2 

4 

6 
7 
A 

1 	 OUTED(20),..CHT(20).NS0(20),KPL(12,31),NR0(20) REST 9 
COMMON/RT/019S1(26),S3(25),C3(25)4WV(25)07AP,H,C4(25),ST REST 10 
COMMON/MRT/S2(25),NNXX REST 11 
COMMON/MR/RELEV(25),02(25),SINT,FLINT,EFSD,COF,EGOoICODEI,AA,B,C,INREST 12 
1HP,PRR(20)00,91012oE3OCONORBsECSD,COFFeDIV,STYR REST 13 
IE(MONTH.NE.10.0P.YEAR.NF.STYR)G0 TO 83 REST 14 

C CONSTRUCT PS/DT • 0 	VARIABLES 15  REST 
DO 	10 	I=1,NNXY REST 16 
S2(T)=52(I)*12.1 17  REST 
WV(I)=2.*S2(I).02(I) 

10 CONTINUE 
REST 

T 
18 
19  

C HOURLY INFLOWS CARRIED IN FIN(NR,N) REST 20 
C CALCULATE INTERPOLATION VALUES FOR TABLE 21  REST 

DO 8 	I=2,NNXX 22  REST 
S3(I)=(RELEV(I)—PELEV(I-1))/(52(I)....52(I-1)) REST 23 
C3(I)=RELEV(T)..-S3(I)*S2(I) REST 24 
Sl(I)=(02(I)-02(I1))/(WV(I)—WV(I-1)) REST 25 
C4(I)=02(1)...51(T)*WV(I) REST 26 

A CONTINUE REST 27 
10? CONTINUE 28  REST 

C RESERVOIR POUTING REST 29 
EL=ELINT REST 30 
ST=SINT*12.1 REST 31 

WI CONTINUE PEST 32 
DO 60 	I=1•NHR 33  REST 
IF(MONTH.E0.10.AND.YEAR,E0.STYR.AND.I.E0.1) 	GO TO 533 REST 34 
GO TO 700 REST 35 

533 	IE(FIN1(NR).LE.0.0)FIN1(NR)=ST/744. REST 36 
GO TO 600 37  REST 

700 	IF(ICODEl.E0.1)G0 TO 51 REST 38 
C CONSTANT OUTFLOW UNTIL EL,EGO REST 39 

TF(FL.GT.EGO)60 TO 52 REST 40 
OUT(I)=COF REST 41 
GO TO 53 REST 42 

52 	IF(T-1.LF.0)G0 	TO 600 PEST 43  
OUT(I)=AA 	• 	B*FL 	• 	C*FIN(NR,I...1) REST 44 
TOUT=COFF*FIN(NP,I..1) REST 45 
Gn TO 601 REST 46 

6n0 OUT(I)=AA 	• 	B*EL 	• 	C*FIN1(NR) PEST 47 
TOUT=COFF*FIN1(NP) REST 48 
/F(TOUT.LE.0.0)TOUT=COF REST 49 
IF(OUT(I).LT.TOUT) 	OLT(I)=TOUT REST 50 
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C 

IF(OUT(I).LE.COE) 	OUT(/)=COF PEST 51 
IF(I-1.LE.0)G0 	TO 53 52  REST 

601 CONTINUE 53  REST 
TEST=R0•81*EL.82*FL**2013*EL**3 REST 54 
IF(TOUT.LE.0.0)TOUT=COF REST 55 
IF(TEST.LE.0.0)TEST=TOUT 56  REST 
TF(FIN(NP.I-1).GE.ECSO)OUT(I)=TEST 57  REST 
IF(FIN(NP,I-1).LT.ECSD.AND.OUT(I).GE.TEST) OUT(I)=TEST REST 58  
IF(FIN(NR.T-1).LT.ECSD.AND.OUT(I).LT.TOUT) OUT(I)=FIN(NR.I-1) REST 59 
IF(OUT(T).LE.00F) 	OUT(I)=COF 60  REST 

51 IF(I-1.LE.0)G0 	TO 400 REST 61 
DELS=FIN(NP.I)-OUT(I) 62  PEST 
GO TO 401 63  REST 

400 DFLS=FIN1(NR)-OUT(I) REST 64 
401 ST=ST.DELS-OTV 65  REST 

IlAP=A REST 66 
CALL 	TAPLE(ST) REST 67 
EL=N REST 68 
ICOOE1=0 REST 69 
IF(EL.GT.EFSD.AND.OUT(I).GT.00ON)ICODE1=1 70  REST 
IF(TCODEl.E0.1)STT=2.*ST.OUT(I) RFST 71 
GO TO 50 72  REST 
MODIFIED PULS ROUTING 73  REST 

51 IF(I-I.LE.0)G0 	TO 20) REST 74 
SP02=STT-OUT(I-1)*FIN(NP.I) REST 75 
GO TO 201 REST 76 

200 S202=STT-OUTEO(NR).FIN1(NR) REST 77 
201 I7AP=1 78  REST 

CALL 	TAPLE(S202) REST 79 
OUT(I)=01 80  REST 

IF(OUT(I).LT.00F)OUT(I)=COF 81  REST 
STT=S202 REST 8  2 
SO TO 50 83  REST 

48 OUT(I)=COF REST 84 
STT=2.*ST•OUT(I) 85  REST 

co IF(OUT(I).LE.00ON)ICODE1=0 86  REST 
60 CONTINUE 87  REST 

RETURN REST 88 
END REST 89 

160 



SUBROUTINE TAPLF(F) 
COMMON/RT/01,S1(25).53(25),C3(25),WV(25).17AP,H,C4(25),ST 
COmmON/MRT/S2(29).NNXX 
IF(17AP.NF.1)G0 TO 2 
no 	1 	T=2.NNXX 

1  TALE 
TALE 
TALE 
TALE 
TALE 

2 
3 
4 
5 

TF(F.LT.WV(I))G0 TO 4 TALE 6 
1 	CONTINUE TALE 7 

I=NNXX TALE A 
4 	01=S1(T)*F.C4(I) TALE 9 

STU = 	S2(I) TALE 10 
STUC = STU - 01 TALE 11 
ST = STUC TALE 12 
RETURN TALE 13 

? no 6 T=2.NNXX TALE 14 
IFIF.LT.S2(T)1G0 TO 7 TALE 15 

6 CONTINUE TALE 16 
T=NNXX TALE 17 

7 	H=S1(I)*E+C3(I) TALE 18 
RETURN TALE 19 
ENO TALE 20 

*U.S. GOVERNMENT PRINTING OFFICE:1979-642-575/ 6317 REGION NO. 4 
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