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ABSTRACT

This report presents a self-calibrating watershed model for
predicting the effect of channel improvements on downstream floods.
The model is called MOPSET because it is a modified version of OPSET
developed several yéars ago at the University of Kentucky. OPSET is
a8 computerized procedure for determining an optimum set of parameter
values by matching synthesized flows with recorded flows. Major
modifications include the replacement of the modified Muskingum
method of channel routing by a kinematic finite difference method,
the division of the watershed into a number of segments, and the
inclusion of a storage routing procedure to take care of any reservoirs
or flood control structures located in the watershed. The computer
program is well documented and can be used not only as a flood
prédicting model but also as a general model for hydrologic simulations.

The model was applied to three different watersheds in Kentucky.
It was found that the optimum set of parameter values obtained
automatically by the model was not unique and might not yield the
most desirable solution. For this reason, new features were added
so that the user can exercise his judgment in selecting the most

desirable parameter values.

The synthesized flows obtained from these watersheds are
presented and compared with the recorded flows. The effects of _
channel improvements, flood control structures, and routing procedures
on the synthesized flows are discussed.

KEY WORDS: Channel improvement*; computer programs*; downstream floods;
finite difference method; flood routing*; hydrographs; model studies*;
multiple segments; parameter optimization; rainfall-runoff relationships;

streamflow*.
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CHAPTER I
INTRODUCTION

As stated in the original proposal, the purpose of this study was
to determine the effect of channel improvements on downstream floods
through the use of a computer program called the Kentucky Watershed
Model with OPSET, a self-calibrating version of the Standford Watershed
Model. OPSET is a computerized optimization procedure developed at the
University of Kentucky [Liou, 1970] to determine an optimum set of
parameter values by matching synthesized flows with recorded flows.
The model was applied to twenty watersheds in Kentucky, and the parameter
values selected by the model were correlated with the measurable physical
characteristics of the watersheds [Ross, 1970].

Although OPSET is useful in determining the general effects of
watershed changes on stream flows, it is not adequate for predicting
the effect of channel improvements on downstream floods because the
actual channel cross sections, which may vary continually in a
watershed, were not considered. The model used a time-area histogram
and a modified Muskingum method for flood routing, which was not
reflective of channel changes. Therefore, a major effort was directed
in this study to develop a kinematic method of channel routing, in
which the actual channel cross sections were taken into account.

As any changes in channel cross sections are reflected directly in the
routed hydrographs, this modified version of OPSET, hereafter referred
to as MOPSET, can be Used for determining the effect of channel
improvements on downstream floods.

In addition to the channel routing, other changes have been made
to increase the versatility of MOPSET not only as a flood predicting
model but also as a general model for hydrologic simulations.

In this report, only MOPSET will be presented. A modified
version of the Kentucky Watershed Model, which provides more options
but requires more experience to calibrate manually, will be described

by Gaynor in his master's thesis.



CHAPTER I1
REVIEW OF OPSET

2.1 History

Due to the prolific interest in the ecologic and economic
aspects of watershed use, a flood of new hydrologic models programmed
in digital electronic computers have appeared in recent years. One
of the pioneering works is the Stanford Watershed Model developed by
Crawford and Linsley [1966]. In spite of its great potential as a design
tool, the Stanford Watershed Model has the limitations that the program
was written in a seldom used language (BALGOL) and that the numerous
imput parameters are difficult to calibrate to achieve satisfactory
results. At the University of Kentucky, James [1970] translated the model
into Fortran IV and called his translated, revised and expanded version
the Kentucky Watershed Model (KWM). At the same time, a self-calibrating
watershed model, based on the KWM, was developed [Liou, 1970]. This
model was named OPSET because its objective was to determine the optimum
set of parameter values for the watershed.

An outstanding feature in OPSET as well as in KWM is the use of
mnemonic names for all variables. With a computer program as bulky
as OPSET, the use-of mnemonics greatly helps the reader in understanding
the program. The same feature is preserved in MOPSET, and a dictionary
of all variables is presented in Appendix B.

In the following sections, the limitations of OPSET and the
changes made in MOPSET are described. Readers not familiar with OPSET
should refer to the report by Liou [1970].

2.2 Watershed Segmentation
One drawback of OPSET is that it does not allow watershed segmentation.
Precipitation is assumed to be uniform, channel routing is performed
for the watershed as a whole, and output is only available at the
mouth of the watershed. A1l these severely limit its applicability only
to small watersheds. When applying the Kentucky Watershed Model in



conjunction with a sediment model to a large watershed, David and

Beer [1975] indicated that it was impossible to obtain representative

hourly overland flow and pointed toward the need for watershed segmentation,
which was not provided for in the Kentucky Watershed Model.

The use of only one segment in OPSET is probably due to the
conception that a self-calibrating model is impractical for a multisegment
basin. Linsley et al [1975] have indicated that if all segments have
different parameters, the number of iterations increases exponentially
as the number of segments and the computer time becomes too great.
However, the segmentation of watershed is made possible in MOPSET
because of the assumption that the parameter values at different
segments be varied but kept at constant ratios. In the optimization
process, the seven land phase parameters are specified as base values
for the entire watershed. The individual segment values are read in
as ratios to the base values. For a given set of base values, the
individual values for each segment are computed from the given ratios,
and a year of flow as well as the various moisture storages in each
segment is simulated. The moisture storages are weighted by areas to
calcualte the average moisture storage of the entire watershed, thus
allowing MOPSET to print the same moisture summary as OPSET.

The assumption of constant ratios in parameter values among
different segments is a step forward in extending the applicability
of the model to a large watershed. The base values of these land
phase parameters are difficult to estimate, but the parameter ratios
between two widely different segments can usually be estimated with
more certainty. Gross [1970] related these parameter values to the
measurable physical characteristics of the watershed, and his results
can be used as a guide in determining these ratios.

The use of multiple segments in a watershed requires the independent
calculation of both the direct runoff and the base flow in each segment
and thus increases greatly the computer time. As only the monthly
flows are matched in the optimizing procedure, it may be more
economical to consider the watershed as a single segment by using the



weighted parameter values at the outset. Therefore, an option is
provided in MOPSET such that either single or multiple segments can
be used for optimization purposes. If a single segment is specified,
the optimum set of parameter values is determined by considering the
watershed as one segment, but the channel routing is performed on the
basis of multiple segments.

2.3 Parameter Optimization

In OPSET, each computer run consists of three trips. Trip ]
optimizes the seven Tand phase parameters, trip 2 optimizes the four
channel routing parameters, and trip 3 is the final run using the
optimum set of parameters. Because the actual channel dimensions are
specified in MOPSET, the optimization of channel parameters is no
longer necessary, and only two trips are needed. The procedures for
determining the two recession constants and optimizing the seven land
phase parameters remain the same.

A major difficulty in the use of the Stanford or the Kentucky
Watershed Model is the determination of the seven land phase parameters.
The effects of these parameters on monthly flow are not clearly
defined and may be highly overlapped. Consequently, satisfactory
matching between synthesized and recorded monthly flows can be achieved
by different combinations of these parameters. Based on the preset
initial parameter values, OPSET will adjust the parameters according
to a set of empirical rules until the sum of squares for the monthly
deviation index is a minimum. However, the solution is not unique in
that a different set of parameter values will be obtained if different
initial values are assumed. It has also been found that the solution
does not converge and may oscillate back and forth, and that the set of
parameter values for the minimum sum of squares may not yield the
most satisfactory solution. -For these reasons, MOPSET was made more
flexible by incorporating new features such that the user can assume
any initial values, specify the number of adjustment cycles desired,
and inspect the results before final selection of the parameter values

being made.



In OPSET, the adjustment of LZC, SUZC, ETLF, BUZC, and SIAC is
based on the monthly flow deviation index, MFDI, defined as

TMSTF + 20
= TMRTF + 20 '

in which TMSTF is the synthesized monthly total flow volume and TMRTF s
the recorded monthly total flow volume, both in Sfd. When the synthesized
monthly flow volume exceeds the recorded, Eq. 1 is used, and the index
is positive. When the synthesized monthly total is smaller, Eq. 2

is used, and the index is negative. The indices of a few arbitrarily
selected months are used for adjusting each of the above parameters.

For example, LZC is related to the overland flow months; SUZC to the two
months between April and November with the greatest rainfall plus

August and September, if they are base flow months; ETLF to summer
months when the precipitation exceeds 2 in.; BUZC to either the three
months of September, OGctober and December or the three months of

June, July and August, depending on the value of BUZC; and SIAC to
either the first three summer months, when the rainfall is less than

the potential evapotranspiration, or the first three winter months,

when the rainfall is greater than the potential evapotranspiration,
depending on the value of SIAC. If the adjustments based on the
empirical rules cannot yield resasonable parameter values, alternate
procedures will be evoked. These adjustment rules were developed from
the sensitivity study of a few watersheds and may not work well in
other watersheds. The adjustment of BMIR and BIVF was based on the
matching between synthesized and recorded base flow and interflow

during the first three days of each recession sequence.

Although the same optimization procedures are incorporated in
MOPSET and both trips can be executed in the same computer run, it
is suggested that the two trips be run separately for the following
two reasons: '

1. The automatic parameter-determination routines may not yield
the most desirable solution. If found unsatisfactory, a new set of



initial parameter values should be assumed and each adjustment cycle
inspected, so that the best set of parameter values can be selected.

2. One year of data is usually not enough for parameter determinations.
Several years of records should be used and the results averaged to
obtain the optimum set of parameters to be used for trip 2.

2.4 Channel Routing

In OPSET, each watershed is assumed to have only one segment, or
one reach., By the use of a time-area histogram, it is possible to
route the flow down a channel consisting of several reaches or branches.
However, this method of routing is not only inaccurate but also
~difficult to perform, especially for large watersheds where a great
number of branches exist.

In MOPSET, the watershed is divided into a number of segments.
Each segment has one reach. The overland flow, interflow, and base
flow from each segment are simulated and used as Tateral flow
distributed uniformly over the reach. Starting from the first day,
the fliow is routed from the uppermost reach to the lowest reach by a
finite difference method. At the end of each day, the data for each
reach are saved until all reaches have been routed for the same day.
The procedure is then repeated for the next day, using the data stored
in the previous day. Details of channel routing will be presented in
Chapter III.

2.5 Storage Routing

Due to the numerous dams, weirs, and other hydraulic structures
in Kentucky, it became evident that a storage routing routine would
increase the power of the model. Therefore, a new subroutine STORRT
was added. Only one structure may be routed for any one reach, and it
must be located at the end of the reach. The subroutine takes the
periodic flow, which has been channel routed, and adjusts it for the
effects of storage and evaporation. This subroutine will be discussed
in Chapter IV.



2.6 Orographic Influence

OPSET assumes that all rainfalls occur uniformly over the entire
watershed. This assumption is probably quite reasonable for a small
watershed but not for a large watershed. The model requires one
recording precipitation gage and allows one storage gage to be used with
a weighting factor for the purpose of adjusting the precipitation.
In MOPSET, each segment can have its own rainfall pattern by estimating
the precipitation from a given recording gage and any one storage
gage representative of the segment. Thus, every segment may utilize
a different storage gage. The capability for allowing the change in
Tocation and reading time of storage gages is preserved. The
subroutine PRECHK, which was used in OPSET for checking precipitation-
streamflow anomalies and adjusting precipitation where necessary,
are also used in MOPSET when the number of watershed travel hours,
NWSTH, is less than 12. the dated recording gage precipitation
multipliers, DRGPM, of all segments are weighted by areas to obtain
an average DRGPM to be used as an imput to PRECHK.

Since snowmelt is relatively insignificant in Kentucky, the
snowmelt subroutine and all related calculations were removed from
MOPSET for economy.



CHAPTER III
CHANNEL ROUTING

3.1 Governing Equations

The two equations used for channel routing are the continuity
equation and the discharge-flow area relation. The equation of
continuity can be expressed as

3A 3G _
sttt ax - @ (3)

" in which A = flow area; Q = discharge; q = rate of inflow per unit

length of channel; t = time; and x = downslope distance along the channel.
Note that both A and Q vary with x and t, and that in a given segment g

is a function of t independent of x.

In general, the discharge can be expressed as a power function of the
flow cross-sectional area, hereafter called end area, or

Q= A" (4)
in which o and m are coefficients whose values depend on the shape and

roughness of the channel.

3.2 Linear Routing

Schaake [1971] suggests the use of a finite difference equation
which converges to Eq. 3 as the step size decreases. Substituting
Eq. 4 into Eq. 3 and assuming o and m as constants independent of x

3t + omA X
In the finite difference method, both t and x are divided into finite
increments, at and Ax. In MOPSET, ax may vary from reach to reach but At
is the same for all reaches (either 15 min or 1 hr).

The requirement that « and m be constant over the distance x
implies that each reach can only have one set of « and m, or one
discharge-end area rating curve. This severely limits the applicability
of the model because actual channels may consist of a targe number of
different cross sections within a reach. For this reason, each reach is



further divided into a number of finite sections, each with a different
length and a different set of « and m. The finite section is then
further divided equally into one or more finite differences. The routing
procedure described here is applied to one finite section,

Terms in Eq. 5 can be expressed in the followina finite difference
forms:

A _ Alx + Ax, t + at) - A(x + aX, t) (6)
at At
A _ Alx + ax, t + At) - Alx, t + at) (7)
X AX
-1
a1 [A(x, t + At% + A(x_+ ax, t)]m (8)
q - q(t + gt) + g(t) (9)

Substituting Eqs. 6 through 9 into Eg. 5

A(x + Ax, t + At) = {q(t + At% + qt) , Alx * 8x, t)

at

am A(x, t + 8t) (Alx, t+at) + Ak + ax, )"

+
AX P

om (Alx,_t + at) + Alx + ex, £),™ (10)

AX 2

]
/{E'E"'

The solution obtained from Eq. 10 is called Tinear because all terms on
the right hand side are known, and no iterations are needed. At the
initial time, or t = 0, all end areas are assumed to be zero. The
solution is approximate due to the use of Eq. 8. Theoretically, Am']
should depend also on A(x#-ax, t+At), but its inclusion will make the
equation nonlinear and more difficult to solve. The linear solution is
quite satisfactory for re1ative]y flat channel slopes. When greater
accuracy is desired, or channel slopes are steep and flows change rapidly,
a nonlinear iterative method, as described in the next section, may be

used,



Eq. 10 can be used directly to determine the end area at each
finite difference point. The end area at the first, or the most upstream,
point in a finite section can be determined from Eq. 4 based on the
inflow from the previous finite section. Repeated applications of
Eq. 8 down the stream will give the end area at the last, or the most
downstream, point of the finite section. Knowing the end area, the
discharge from the finite section can be determined from Eq. 4.

3.3 Nonlinear Routing _
The nonlinear procedure was developed by Li et al. [1975].
The finite difference form of Eg. 3 can be represented by

Alx + 8x, t + At} - A(x + Ax, t) Q(x + Ax, t + At) - Q(x, t + At)
At Ax

qft + AE) + q{t) (11)

From Eq. 4

a[A(x + ax, t + At)T" (12)
a[A(x, t + at)]" (13)

Q{x + Ax, t + At)

Q(x, t + At)
Note that the same o and m are used in Egs. 12 and 13. Substituting
Eqs. 12 and 13 into Eq. 11 yields

'%'A(X+Ax’t+At)+0"[A(X+&X!t+ﬂt)]m=-—.A(x+f_\‘x’ t)

] (14)

The right side of Eq. 14 consists of known quantities and can be represented

by

Q= %% CA(x + Ax, t) + ofAlx, t + at)]" + axAE 2 At% - q(t)} (15)

Letting r = A(x + Ax, t + At) and o = Ax/At, Eq. 14 can be written as

f(r) = or + ar" = (16}
The Taylor series expansion of f(r) is
Fr) = F(rK) + (r - ) £ 008 4 %(r 92 eeky + L (17)

10



where rk is the value of r at the kth iteration, and f'(rk) and
f"(rk) are the first and second derivatives of f(r). Neglecting all

higher order terms, it is possible to find a solution rk+] such that

f(r‘kﬂ) - f(rk) + (rk+] _ rk) f'(rk) + %{rk+1 . rk)z f“(rk) - g (18)

Eq. 18 is a quadratic equation in terms of (rk+]- rk) and the solution is

' 1

0K P ¢ k Z

k+1 _ k' (r") frir’) 12 2[f(r’}-2]
r Tr- : [____F_ 1° - k (19)
' {r") f'{r) ' {r")
where

f(rk) = ork + a(rk)m (20)
£1(rK) = 0 + am(rk)™] - (21)
£1(rK) = am(m-1) (r€)™2 | (22)

Eq. 19 is used to determine the value of r at (k+1)th iteration from
that at kth iteration. The process is repeated until
rk+]

f -
0 £ 0.01 (23)

During the iteration, 2 is a constant and need not be changed. By
using the linear solution as the first approximation, the procedure
converges very rapidly, usually within three iterations. The iterative
scheme is quite stable until Q approaches zero. However, when Q < 10_8,
the end area is set to zero and the nonlinear procedure is bypassed for

that particular point.

3.4 Direct Method for Determining Routing Parameters
In the linear or nonlinear channel routing, a prior knowledge of
the two routing parameters, o and m, is needed for each finite section.
The values of these parameters can be determined from Manning's formula, or

2 1

g =’1.g9 RS <2 (24)

in which n = roughness coefficient; S = slope of channel; and R = hydraulic
radius = Area/wetted perimeter. For a rectangular cross section of width,
B, with the depth of water much smaller than B,

R = A/B (25)

11



Substituting Eq. 25 into 24 and comparing with Eq.
1

2
o = 1.493 (26)
n83
m= 1.67 (27)
Eqs. 26 and 27 can be used for rectangular cross sections when the water
is shallow. For a triangular cross section with a width, w, at a depth of
one ft , as shown in Figure la, the flow area for a depth, H, is
A= %—sz (28)
or
. =/2A
Bva» (29)
If the side slopes are very flat, the wetted perimeter is equal to
wH, and the hydraulic radius becomes
.
_2wH™ _ 1
R = S = 2 (30)
From Eqs. 29 and 30
- /A
2w (31)
Substituting Eq. 31 into 24 and comparing with Eq. 4
1
2
@ = l:fﬁﬁ% (32)
n(2w)3
m=1.33 (33)

Eq. 32 can be used for determining the value of o from a topographic
map, as shown in Figure 1.

Figure 1b is an exploded view of a contour map with a contour
interyal, AC. By measuring the length D on the map, which is the
distance between A and B, the cross section of the channel can be determined,

as shown in Figure la. Since w = D/AC, from Eq. 32

12
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G.‘: 1.495 (34)

Egs. 26, 27, 33, and 34 are useful for determining o and m when the
flow volume js small. When the flow volume is large, the channel cross
section becomes more irregular, and Eq. 4 may be vaiid only over a
Timited range. Consequently, the discharge-end area method as described

below should be used instead.

3.5 Discharge - End Area Method for Determining Routing Parameters

In this method, channel characteristics are represented by the
discharge-end area relationship. This relationship at a particu?ar
cross section can be obtained from the water surface profile computer
programs, such as the WSP2 program by the Soil Conservation Service
[1976] and the HEC-2 program by the Corps of Engineers [1973]. Figure 2
shows a plot of log Q versus log A for a cross section in the North
Fork Nolin River Watershed, as obtained from the WSP2 program.

If Eq. 4 is valid, the plot should result in a straight line.
However, Figure 2 shows that the data do not lie con a straight line
but can be approximated by three straight lines;each having a different
a and m, where o is the vertical intercept at A = 1 sq ft and m is the
slope of the straight line. Therefore, instead of one set of o and m,
three sets must be specified together with the values of A separating
each set. After the end area at each finite difference point has been
determined from channel routing, the average end area is computed, and
the proper set of o and m selected. If the average end area indicates that
a and m should be changed from one set to the other, the average of the
two sets will be used to prevent a sudden change and the resulting

oscillations.
The above procedure requires the plotting of log Q versus log A

and the determination of several sets of o« and m for each finite section.
If the number of finite sections is large, a substantial time will be

14
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needed for preparing the input data. To save the data preparation time,
a subroutine ROUTAB was developed for determining o and m directly from
the discharge-end area relationship, as will be described in the next

chapter.
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CHAPTER IV
PROGRAM DESCRIPTION

4,1 Main Program

The structure of MOPSET follows essentially that of OPSET except
that a reach loop is imbedded between the day loop and the hour loop for
the purpose of segmenting the watershed. It was attempted to make the
model somewhat more modular in an effort to facilitate understanding.
The channel routing and several related procedures were placed in sub-
routines, thus shortening the main program, Figure 3 is a simplified
flow chart showing the general structure of the model.

The purpose of the flow chart is to show the several major loops in
operation. Some of the detailed procedures, which are important for the
control of the program but are not shown in the flow chart, will be
described as follows. '

1. Although the flow chart shows trips 1 and 2 to be run at the
same time, it is more desirable to run trip 1 first and inspect the data
before proceeding to trip 2.

2. The gaged reach is not necessarily to be Tocated at the mouth of
the watershed. In trip 1, the synthesized flow is computed from the
first reach to the gaged reach; but in trip 2, it is to the last reach.

3. Within the hour loop is a period loop. In trip 1, the period
is 1 hour for the coarse adjustment cycle and 20 min for the fine adjust-
ment cycle. In trip 2, the period is 15 min,

4. Since the optimization procedure requires a comparison between
the synthesized and the recorded daily and monthly flows, flows are
summed from the first reach to the gaged reach at the end of each day
and each month,
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5. An option is provided that during trip 1 the parameters used for
different reaches are weighted over the areas, so the whole watershed is
considered as one reach. This procedure may save considerable computer
time without affecting significantly the accuracy of the results.

6. For the purpose of channel routing, each reach is divided into
one or more finite sections. The lateral inflow per unit 1ength of
channel is the same for all finite sections in the same reach and eguals
to the total flow divided by the channel ltength in the reach. The
outflow from different reaches can be added to form the inflow to the
downstream reach. In other words, hydrographs can be added only at the
junction of reach but not at the junction of finite sections in the
same reach.

7. MOPSET used the same moisture accounting process as in the
Stanford Watershed Model. The process was described by Crawford and
Linsley [1966], Balk [1968], Ross [1970], and Ricca [1972]. The simula-
tion procedures involving the seven land phase parameters are shown in
Figure 4 as a flow chart. In actual simulations, each procedure can
have several alternatives depending on the outcome of the results.
However, these alternatives are not shown in the flow chart. The
variables related directly to the land phase parameters are followed by
a bracket in which the relevant parameters are shown.

4,2 Subroutines
Summary of Subroutines

MOPSET consists of a total of 18 subroutines, 4 of which were newly
developed while the remaining 14 were borrowed from OPSET. Those borrowed
from OPSET (including DAYNXT, DAYOUT, DAYSUM, EVPDAY, PRECHK, PREPRD, RECESS,
SET2RC, SETIRC, SETBIV, SETBMI, SETFDI, SETFVP, and SETRBF) were described
by Liou [1970] and will not be discussed here. Only the four new
subroutines {including ROUTAB, RTGPAR, CHROUT, and STORRT) will be
described. Table 1 is a summary of the subroutines used.

A1l subroutines are made self contained in that the input parameters
are transferred from the main program to the subroutine by arguments,
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TABLE 1. SUMMARY OF SUBROUTINES

SUBROUTINE PURPOSE
NAME

A. ACCOUNTING SUBROUTINES

DAYNXT Determines next day of the year

DAYSUM Sums daily values for monthly and yearly total
DAYOUT Prints out daily values in tabular form

EVPDAY Determines dated pan evaporation totals

PRECHK .Checks precipitation-streamflow anomalies
PREPRD Divides hourly precipitation cver 15 minute periods

B. RECESSION CONSTANT SUBROUTINES

RECESS Establishes recession sequences
SET2RC Sets 2 recession constants
SETIRC Sets | recession constant

C. LAND PHASE PARAMETER SUBROUTINES

SETFVP Sets new values of flow volume parameters
SETFDI Sets values of flow deviation indices

SETBMI Sets new values of basic maximum infiltration rate
SETRBF Sets interflow and base flow at recession beginning
SETBIV Sets new value of basic interflow volume factor

D. ROUTING SUBROUTINES

RCUTAB Establishes routing table

R TGPAR Determines routing parameters for each time period
CHROUT Performs channel routing through each finite section
STORRT Performs storage routing through each structure

TABLE 2, RELATIONSHIPS BE TWEEN AVERAGE END AREA
AND ROUTING PARAMETERS

END
AREA 26.7 57.4 95.6 165.0 259.0 384,0 551.0 754.0 1020.0

sq. ft

o 0.46 0.42 0.79 21.2 640 1.58 1.89 0.21 0.77
m l.45 1. 47 L. 32 0.63 0.85 1.09 1,06 1. 41 1. 21
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This arrangement not oniy makes the subroutines more easily under-
standable but also facilitates the modification of c¢ne program, if needed.
The user may Tike to replace some of the arguments by common statements

in order to save the computer time,

Subroutine ROUTAB
This subroutine is called when the discharge-end area rating curve

is read in for channel routing. A straight line is passed through every
two successive points on the rating curve in logarithmic scales. The
values of o and m, which are the vertical intercept and the slope,
respectively, are computed and assigned to the average end area,

Table 2 shows the relationship between the average end area and the
values of o and m for the data shown in Figure 2. There are a total of
10 data points, or nine sets of o and m, It can be seen that o and m do
not change gradually but may jump back and forth, This is particularly
true if any data point is erroneocusly out of line. Therefore, data on
discharges and end areas should be carefully checked. Otherwise, the
resulting hydrograph may oscillate up and down, and inaccurate results
may be obtained. In view of the fact that channel routing is quite
expensive, it is preferable to plot log Q versus log A and determine the
several sets of o and m as input, thus any irregularity in the discharge-
end area -rating curve can be detected. Although subroutine ROUTAB was
used for all three watersheds presented herein, it was found that the
hydrographs sometimes oscillated up and down., These oscillations were
completely eliminated when the several sets of o and m were determined
from the logarithmic plot.

The subroutine consists of the following arduments:

DISCH (1000) - Values of discharges in the rating curve. Theoreti-
cally, the dimension required is only NP + 1, where NP is the number of
points on the rating curve. However, a large dimension of 1000 is used
because DISCH is also employed in subroutine STORRT, which requires a
larger dimension. DISCH may be destroyed after the routing table is
generated.
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DAREA (150,50) - Values of end areas in the rating curve. The
first subscript indicates the maximum number of finite sections, each
with a different rating curve, and the second subscript indicates the
max imum number of points on the rating curve. The original values of
DAREA are destroyed and replaced with the average end anea of two
successive points on the rating curve.

KRKFS - Counter for finite section number, The number starts from
the most upstream finite section of the first reach and ends at the most
downstream finite section of the last reach.

NP - Number of points in the rating curve.

ALPH (150, 50) and EXPT (150, 50) - Values of o and m respectively.
ALPH (KRKFS, 1) and EXPT (KRKFS, 1) are reserved exclusively for storing
a and m for use in Tow volume flows, as will be described in subroutine
RTGPAR. If these values are not read in, they are initialized as zero.
The first point in the routing table is represented by ALPH (KRKFS, 2)
and EXPT (KRKFS, 2).

Subroutine RTGPAR

This subroutine is called to determine the routing parameters, a and
m, to be used at a given time increment. The average end area for a
finite section during the previous time increment is computed, and the

corresponding ¢ and m are selected.

If several sets of a, m and the limiting end area are read in directly,
the subroutine will compute the average and area for the finite section,
check the average end area with the limiting areas, and determine the

set of o« and m to be used.

If the discharge-end area relationship is specified for a finite
section, subroutine ROUTAB should be called first to generate a routing
table, as shown in Table 2. If the average area for a finite section is
smaller than the smallest end area in the routing table, a and m corres-
ponding to the smallest area will be used. If the average end area is
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greater than the largest area, o and m corresponding to the largest area
will be used. A straight line interpolation is used for determining a
and m when the average end area falls between two successive areas in the
table.

In view of the fact that the discharge-end area rating curve
obtained from the water surface profile is mostly based on high volume
flows and may not be applicable to Tow volume flows, an option is
provided that the user can specify o and m when the average end area is
smaller than the first point on the rating curve. If the average end
area is greater than the first point on the rating curve but less than
the first point in the routing table, a straight line interpolation is
used for determining o and m.

The subroutine has the felliowing arguments:

XAREA (150, 21) - End area at each finite difference point. The
first subscript indicates the maximum number of finite sections and the
~ second subscript indicates the maximum number of finite difference points
in a finite section. This is an input parameter for computing the
average end area.

KFS - Counter for finite section number in each reach.

KRKFS - Counter for finite section number in the entire watershed.

ALPH (150, 50), EXPT (150, 50), and DAREA (150, 50) - Values in the
routing table obtained by calling subroutine ROUTAB.

ALPHA and EXPM - o and m used for channel routing, which are the
output of the subroutine.

NOFD (150) - Number of finite difference division in each finite

section.
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NSC (150) - Number of slope changes in the rating curve. If the
three sets of o« and m are read in directly, NSC = 3. If all data
points on the rating curve are read in, NSC = 0.

Subroutine CHROUT

The procdeures for channel routing, both Tinear and nonlinear as
described in Chapter III, are programmed in this subroutine. In
searching for the best routing method, the convex method used in the
TR-20 program by the Soil Conservation Service [1965] was considered.
However, it was ruled to be impractical and insufficient for use in
MOPSET because no satisfactory method could be found for calculating
the.routing coefficient, nor did the procedure lend itself well to the
moisture accounting by daily looping. The convex method requires that
the entire rainfall hydrograph be known prior to routing; whereas
MOPSET treats each periodic rainfall as it occurs in the simulation.

The subroutine has the following arguments:

XAREA (150,21) - End area at each finite difference point, which
is the output desired.

ROLF1 (15) and ROLF2 (15) - Local inflow per linear ft of channel
during the previous and the current time intervals, respectively.
The subscript indicates the maximum number of reaches. ROLF1 and ROLFZ
are computed by dividing the sum of direct runoff and base flow in
each reach with the length of channel in that reach.

DELTAT - Routing time interval, or At.

DELTAX - Finite difference length, or Ax.

ALPHA and EXPM - routing parameters o and m.

N - Number of finite difference points.
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KR - Counter for reach number,
KFS - Counter for finite section number in each reach.

INLR -~ Index for linear or nonlinear routing, O for linear routing
and 1 for nonlinear routing.

Subroutine STORRT

This subroutine is used to account for the storage effect of any
structure encountered in the watershed. It is used at the end of a reach
with the simulated outflow from the reach as the inflow to the structure,
The procedure is similar to that used in the TR-20 program by the Soil
Conservation Service [1964, 1965]. The TR-20 program is concerned mainly
with high volume flows, so the water in the structure is assumed to be
full and the effect of evaporation on water level is neglected. Since
MOPSET is designed to simulate flows throughout the year, the water in
the structure at the beginning of the year is not necessarily to be full.
By specifying the initial storage of the structure and considering the
effect of evaporation, the storage and outflow can be simulated.

The basic equation for storage routing can be written as

(I, + 1.} (0, + 0,)
——l—ﬁf—g—-at ) __J_T?“ii_ st= S, - S, - (35)

in which I] = inflow at time t1; 12 = inflow at time tg; 01 = outflow at
t}; 02 = putflow at t2; S1 = storage at t]; 52 = storage at t2; and At =

t2 - t]. The term involving known quantities is designated as

Cy = (I] + 1, - 01)at + 25, (36)

The term involving unknown qualities is designated as

C5 = 02 At + 252 (37)

Note that C5 = 84 and Eq. 37 is a linear function of 02 and 52. 02 and
52 are also related by the discharge-storage rating curve for the structure.

26



Therefore, the required values of 02 and 52 occur at the intersection of
Eq. 37 and the rating curve, as indicated in Fiqure 5.

To find the intersection, the subroutine selects two "bracketing"
points on the rating curve. These bracketing points are located by
substituting two corresponding values of discharge and storage near the
beginning of the rating curve into Eg. 37 and obtaining C5. If CS < 64,
the next set of discharge and storage is used and the same comparison is
made between C5 and 04. This is repeated until C5 > C4, thus the
bracketing points are those which cause a change in sign for C5 - C4.

A straight line is passed through these two bracketing points and its
intersection with Eq. 37 yields the unknown 02 and 82.

52 obtained at the end of one time period will be used as S] at the
beginning of the next time period. Due to the effect of evaporation, 32
must be reduced before being used for Sl' The volume of water evaporated
can be computed from the daily potential evaporation and the elevation-
storage rating curve. The elevation and storage at the two bracketing
poihts is used to convert the evaporation in in. to the'Storage in cu ft.
If there is no outflow, or the structure is not filled, the slope of the
line connecting the first two points on the elevation-storage rating

curve is used for the conversion.

The subroutine has the following arguments:

TFCFS - Total inflow, 12, at t2'

KR - Reach number.

DELTAT - Time increment, At.

ELEV (1000), DISCH (1000) and STORAG (1000) - Values of elevation,
discharge and storage in the structure rating curve. The subscript
indicates the maximum number of points in the rating curves for all struc-

tures in the watershed, For example, if there are twenty structures,

each rating curve can have 50 points.
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IFST - Storage location of the first element in the rating curve.
ILST - Storage location of the last element in the rating curve.

INLST (15) - Inflow, 11, at t]. The subscript indicates the total
number of reaches.

OUTLST (15) - Qutflow, 02, at t2. 02 is used as 0] at the next
time period.

STOLST {15) - Storage, 52, at tz. S2 is used as'S} at the next
time period. ’

PET - Current daily potential evapotranspiration.
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CHAPTER V
USER'S INFORMATION

5.1 Storage Requirement

The computer program was written in Fortran IV for an IBM 370
computer, model 165, which is used presently by the University of
Kentucky. Because of the huge storage capacity of the computer, 1iberal
storage locations were assigned to various variables. As a result, the
program in its present form requires a storage of 360K. The user can
reduce the required storage by following the suggestions described below:

1. If the total number of reaches is less than 15, the dimension
of all variables having a subscript of 15 can be reduced to the number
of reaches actually used.

2. If the number of data points in the discharge-end area rating
curves is less than 50, all variables having a subscript of 50 can be
reduced to a number equal to the number of data points plus one.

3. The dimension of ELEV (1000), DISCH (1000) and STORAG (1000) in
the structure rating curves can be reduced to a number which is equal to
the number of structures multiplied by the maximum number of data points
in a rating curve.

4. If the maximum number of finite difference points in a finite
section is fewer than 21, the second subscript in XAREA (150, 21) and
EDAREA (150, 21) can be reduced to the number of points actually used.

5. If the total number of finite sections in the entire watershed

is less than 150, the dimension of all variables having a subscript of
150 can be reduced to the number of finite sections actually used.
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5.2 Data Preparation
Source of Information

MOPSET requires the same climatological and streamflow data as used
in OPSET. Both Ross [1970] and Ricca [1974] suggest that a representative
three to five year's record be available for calibration. Stream gage

data and climatological data are published annually by the U.S. Geological
Survey and the U.S. Weather Bureau respectively. Since the amount of
required data is quite large, it is suggested that computer tapes con-
taining these data be acquired so that the required data can be punched
from the tapes.

Physical data of the watershed may be determined from topographic
maps, aerial photos, and field surveys. The soil maps published by the
Soil Conservation Service, which consist of soil boundaries superimposed
on derbal photographs, are particularly useful. The available source of
information and the procedures for obtaining physical data are discussed
by Ross [1970].

Segmentation of Watershed

The first step in using MOPSET is to locate the stream gage on a
topographic map and delineate the boundary of the watershed. The watershed
is then divided into a number of reaches. The use of more reaches can
approximate the watershed more closely but requires more computer times.
Therefore, accuracy must be weighed carefully against economy in deter-

mining the number of reaches to be used.

The reaches are numbered from upstream to downstream, as shown in
Figure 6. A basic principle in numbering is that the number of a reach
must be greater than the number of the reaches, or branches, above it.
Each reach is then divided into a number of finite sections, depending on
the number of channel cross sections available. Each finite section is
divided into a number of finite differences.

For more accurate results, it is desirable to consider each branch
as a separate reach. However, economy may dictate that several small
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Figure 6. Numbering of Reaches

TABLE 3. ESTIMATES OF ETLF AND BUZC

Watershed Cover Slope ETLF BUZC
S G.10 0.2
Fallow M 0.15 0.4
F 0.20 0.7
S 0.13 0.8
Cropland M 0.18 1.1
F 0.23 1.6
S 0.15 0.9
Pasture M 0.20 1.3
F 0.25 2.0
S 0.25 1.3
Woods M 0. 30 1.7
F 0.35 2.6

TABLE 4. ESTIMATES OF SIAC BY PERCENT OF WOODED AREA

Percent of Wooded Area SIAC

0- 20 0.15
21 - 40 0.30
41 - 60 0. 50

61 - 100 0.70
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branches be combined together and the channel in the largest branch be
used for routing.

Determination of OFSL and OFSS

Two parameters most difficult to determine for each reach are the
overland flow surface length, OFSL, and the overland flow surface slope,
OFSS. Procedures were developed to measure these two parameters directly
from a topographic map. By measuring with a chartometer the length of all
discernible streams, as indicated by blue lines or V-shape contours, OFSL

can be computed by

area of the reach (38)
2x total length of streams in the reach

OFSL =

DeWiest [1965] suggests a method for determining OFSS. A grid
consisting of two sets of perpendicular lines is drawn on a transparent
paper and superimposed on the topographic map. By measuring the length
of each line within the boundary of the reach and counting the number of
intersections with the contour lines, OFSS along each line can be determined

by

_ Number of intersections x contour interval
OFSS = Tength of line (39)

The average of OFSS over the two sets of perpendicular Tines gives

the overland flow surface slope for the whole reach.

Estimation of parameter ratios.

When the watershed is divided into a number of reaches, it is
necessary to specify the ratios of the seven land phase parameters to a
set of base values. If the parameters for a given reach are used as the
base values, all ratios for that reach will be assigned unity. The
following information can be used to estimate the seven ratios.

1. LZC is related to the available water capacity, AWC, by

CLZC = -0.7016 + 1.2404 AMC. (40)

The available water capacity of Kentucky soils are tabulated in Appendix D.
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2. BMIR is related to the permeability of A-horizon, PA, by
BMIR = 2.3595 P,. (41)

The permeébility of Kentucky soils are also tabulated in Appendix D.
Eqs. 40 and 41 were developed by Ross [1970].

3. In the absence of more reliable information, use of a ratio of
1 for SUZC.

4, ETLF is related to the watershed cover and the overiand flow
surface slope and can be estimated from Table 3. In the table, § indi-»
cates steep slope with OFSS > 0.2, M indicates moderate slope with OFSS
between 0.05 and 0.2, and F indicates flat slope with OFSS < 0.05,

5. BUZGC is also related to watershed cover and OFSS and can be
estimated from Table 3.

6. SIAC is related to the percent of wooded area and can be
estimated from Table 4.

7. Use a ratig of 1 for BIVF due to the lack of more reliable
information.

Although the estimated parameter values based on the above informa-
tion are quite crude and may not agree with the values determined from
MOPSET, their use as a guide for determining the parameter ratios among
different reaches will greatly facilitate the application of the model.

5.3 Required Input
Each input parameter will be explained in the order as it appears

in the computer program.

Number of Cases and Title Card
‘NSYT - Total number of station years included in a computer run.
Several years of data, not necessarily to be consecutive, may be run for
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trip 1, so the optimum set of parameter values for each year can be
determined and averaged. NSYT can also be used to indicate the total
number of cases to be run, as long as all necessary data are read in
for each case.

TITLE(20) - Title card with any number of characters punched in
one card.

Control QOptions

Seven control options are used to control the program.

CONOPT(1) = 0 if daily evaporation values are to be read, 1 if
evaporation data is in 10-day totals, and 2 if annual total evaporation
is to be read.

CONOPT(2) = 0 if channel routing is to be done every 15 min,

1 if channel routing is to be done hourly.

CONOPT(3)
is nonlinear.

0 if channel routing is linear, 1 if channel routing

CONOPT(4)
be read, 1 if initial parameters are to be read. These parameters

0 if initial parameter values are preset and not to

may be obtained from a previous run and used for trip 2 or the continuation
of trip 1. They may also be any initial values arbitrarily assigned
by the user.

CONOPT(5) = 0 if ALPH and EXPT for low volume flows are not to
be read, and 1 if ALPH and EXPT for low volume flows are to be read.

CONOPT(6) = 0 if more than one reach is used for trip 1, and 1
if only one reach is used for trip 1. In the latter case, the parameters
are averaged over all the reaches above the gage and used for trip 1.

CONOPT(7) = 0 if the fine adjustment cycle stops automatically
when the sum of squares becomes greater. After checking the results,
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if it is desired to run a few more fine adjustment cycles, assign
CONOPT{4) to one and CONOPT(7) to the number of cycles desired.

Other Control Data
MNRC - Minimum number of rough cycles. Ross [1970] suggested the
use of 12 rough cycles as the minimum. However, it was found that in

many cases the use of fewer cycles would yield the same results. It is
therefore suggested that 6 be used for MNRC. If the results are not
satisfactory, the user can always rerun the program for a few more
rough cycles, starting from the sixth cycle.

NFTR - Number of first trip to be run. Assign 1 if trip 1 is to
be run, 2 if only trip 2 is to be run.

NLTR - Number of last trip to be run. Assign 1 if only trip 1
is to be run, and 2 if trip 2 is to be run.

NDCR - Day number for terminating channel routing. The day begins
at 274. For example, assign 275 if only the first day of flow is to be
routed, 305 if the first month of flow is to be routed, and any number
“greater than 366 if the entire year of flow is to be routed. The program
will stop whenever DAY = NDCR. This feature is useful in cases where it
is not.necessary to obtain the hydrographs for the entire year.

NR - Total number of reaches.

NGR - Identifying number of the gaged reach. The stream gagé can
be located at the end of any reach, not necessarily to be at the mouth

of the watershed.

NFS{KR) - Total number of finite sections in each reach, where KR

ranges from 1 to NR.

NUBR{KR) - Total number of upstream branches above reach KR, or the
number of hydrographs to be added. Assign 0 for the most upstream
reach or reaches, to which inflow is zero.
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IUH(KR, N} - Identifying number of upstream reaches, where KR
ranges from 1 to NR and N from 1 to NUBR{KR)}. IUH is skipped if
NUBR = 0.

NWSTH - Number of watershed travel hours, which can be estimated by

NWSTH = 0.00013 [2/v5 1%77 (42)
in which £ = the horizontal length in ft from the most distant point in
the watershed to the stream gage, and S = the slope in ft per ft between
these two points calculated by dividing the difference in elevation by ,.

NOUT - Total number of reaches whose outflow is to be printed.

IROUT(I) - Reaches whose outflow is to be presented, where I
ranges from 1 to NOUT.

RMPF - Requested minimum peak flow to be printed. If the flow at
each routing time increment is desired, set RMPF to 0.0.

Channel Cross Sections

The channel cross section is represented either by a discharge-end
area rating curve or sets of @ and m. If NLTR = 1, no data on channel
cross sections are read.

NP - Number of points in a channel rating curve. Assign 2 if «
and m are read and a rating curve is not used.

NSC(KRKFS) - Number of slope changes in a rating curve, applicable
only when o« and m are to be read. Assign 0 if discharge and end area
are to be read. KRKFS is an index for finite section.

NOFD{KRKFS) - Total number of finite difference divisions for the
finite section identified as KRKFS. For short finite section, use 1

for NOFD.
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FSLTH(KRKFS) - Length of finite section.

DISCH{I) and DAREA(KRKFS,I) - Values of discharge and end area in
a rating curve, where I ranges from 1 to NP. These values are read
only when NP # 2.

ALPH(KRKFS, 1) and EXPT{KRKFS, 1) - Values of « and m for low volume
flows. These values are read only when NP # 2 and CONOPT(5) = 1.

ALPH{KRKFS, I), EXPT{KRKFS, I), DAREA(KRKFS, I} - Values of a, m, and
the 1imiting end area, where I ranges from 1 to NSC{KRKFS). Assign a

Targe value for DAREA when I = NSC{KRKFS).

Hydraulic Structures

The hydraulic structures can be numbered in any order so long as
.the data are referred to the reach in which the structure is located.
If NLTR = 1, no data on structures are read.

NSTR - Total number of structures. Assign 0 if there is no
structure in the watershed. If NSTR = 0, no structure data are needed.

NELV - Number of points, or elevations, in a structure rating curve.

ELEV(IE), DISCH{IE)}, and STORAG(IE) - Values of elevation,
discharge, and storage in a rating curve, where [E is the storage location
computed automatically by the program. Discharge for the first point
in each rating curve is always 0.

IRSTR(KS) - Reach number in which the structure is located, where
KS ranges from 1 to NSTR.

INLST(KR), OUTLST(KR}, STOLST{KR) - Initial values of inflow, outfliow,
and storage, where KR ranges fron 1 to NR. If the initial storage is
less than the storage of the first point in the rating curve, QUTLST(KR)
should be assigned 0.
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Reach Parameters
RCHLTH(I) - Reach length, where I ranges from one to NR. The reach
length can be measured in the field or from the topographic map by a

chartometer,

SAREA(I) - Area of each segment, or reach. This can be measured
from the topographic map by a planimeter,

OFSS(I) - Overland flow surface slope.

OFMN(I) - Overland flow Manning's coefficient, n. Table 5 gives
the values for various types of surfaces [Chow, 1959].

OFSL{I) - Overland flow surface length.

OFMNIS{I) - Overland flow Manning's n for impervious surfaces.
FIMPA(I) - Fraction of area being impervious.

FWTRA(I) - Fraction of area being water.

RLZC(I), RBMIR(I), RSUZC(I), RETLF(I), RBUZC(I}, RSIAC(I), and
RBIVF(I) - Ratios of the seven land phase parameters to their respective
base values. Methods for estimating these ratios are described in
Section 5.2.

RGPMB(I) - Basic recording gage precipitation multiplier. If only
a recording precipitation gage is used, RGPBM is the ratio of the
average annual rainfall over the watershed to the annual rainfall recorded
at the gage. If a storage gage is used in conjunction with the recording
gage, RGPMB should be set to 1.0.

GWETF - Groundwater evapotranspiration factor, which is assumed
to be constant for the entire watershed.

DIV - Division into basin, which is assumed to be constant for the

entire watershed.
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TABLE 5. MANNING'S ROUGHNESS COEFFICIENT FOR
OVERLAND FLOW

Watershed Surface Manning's n
Smooth Asphalt . 013
Concrete (trowel finish) .013
Rough Asphalt _ .0186
Concrete {unfinished) . 017
Smooth Earth . 018
Firm Gravel . 020
Cemented Rubble Masonry .0925
Pasture (short grass) . 030
Pasture (high grass) . 035
Cultivated Area (row crops) ' . 035
Cultivated Area (field crops) . 040
Scattered Brush, Heavy Weeds . 050
Ligit Brush and Trees (winter) . 050
Light Brush and Trees {(summer) . 060
Dense Brush (winter) . 070
Dense Brush (summer) . 100
Heavy Timber . 100

TABLE 6. INTERCEPTION VALUES FOR VARIOUS TYPES OF COVER

Watershed Cover VINMRA(in. )
Grassland 0.10
Moderate Forest Cover 0.15
Heavy Forest Cover 0.20
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VINMRA(I) ~ Maximum rate of vegetative interception. This value
can be estimated by Table 6 [Crawford and Linsley, 1966].

SUBWFA(I) - Surface water flow out of basin. This parameter allows
the user to account for any known subsurface loss such as sinkhole

drainage.

Climatological Data

YR1 - The 2 digit integer specifying the first year of the water
year,

YR2 - The 2 digit integer specifying the second year of the water
year. YRZ is also used to determine whether the year has 366 days.

DPET{KRD) - Daily potential evapotranspiration, where KRD ranges from
274 10 365 and then from one to 273. If YR2 is a leap year, February 29
is read last as day 366. If CONOPT{1} = 0, daily values of DPET are
read, If CONOPT(1} = 1, average evapotranspirations for each ten day
period are read and the program assigns the same value to the remaining
nine days. If CONOPT(1) = 2, EPAET and MNRD are read.

EPCM - Evaporation pan coefficient. This coefficient is read if
CONOPT(1) = 0 or 1 to account for the difference between pan and lake
evaporations,

EPAET and MNRD - Estimated potential annual evapotranspiration and
mean number of rainy days, respectively. These two parameters are used
in conjunction with subroutine EVPDAY to estimate the evaporation for

each day of the year.

DRSF(DAY) - Daily recorded flow, where DAY ranges the same as KRD
in DPET(KRD).

NSG - Total number of storage gages used. FEach reach can have its
own storage gage. If NSG = 0, all data related to storage gages are
omitted.
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NSGRD - Number of storage gage rainfall days.

ISGM (K&) - Index of storage gage movement during the year, where

KG ranges from 1 to NSG. Assign 1 if the gage was moved, and 0 if
not moved.

SGRT (KG) - Hour of day (24 hour clock) at which the storage gage
was read.

SGRT2 {KG) - The new hour at which the storage gage was read.
This parameter is read only if the storage gage was moved during the year.

SGMD (KG)} - Storage gage moving day. This parameter is read only if
the storage gage was moved during the year.

ISGRD - Storage gage rainfall day.

DRSGP {KG, ISGRD) - Daily recorded storage gage precipitation, where
ISGRD ranges from 1 to NSGRD,

ISGA (KR} - Identity'of the storage gage to be used for reach KR,
where KR ranges from 1 to NR,

WSG (KR} - Storage gage weighting factor to be used for reach KR. This
factor can be determined by dividing the distance between the centroid
of the reach and the recording gage by the sum of the two distances,
one from the centroid to the recording gage and the other from the

centroid to the storage gage.

WSG2 (KR) - New storage gage weighting factor. This parameter is
read only if the storage gage was moved during the year.

IWBG - 4 digit index number of Weather Bureau recording gage,
A1l reaches must use the same recording gage.

YEAR - Last two-digits of current year.
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MONTH - Current month, two digits.

DATE - Day of the month.

CN - 1 for A.M., 2 for P.M.

DRHP ( DAY, HOUR) - Daily recorded hourly precipitation for calendar
day, DAY, and 24 hour clock time, HOUR.

Continuation of Trip 1

Trip 1 can be continued at any adjustment cycle by simply reading in
the following parameters, the values of which have been printed out in the

previous run.

LZC, BMIR, SUZC, ETLF, BUZC, SIAC, BIVF - base values of the seven
land phase parameters.

LZS - Initial value of lower zone storage. In MOPSET, it is assumed
that the initial upper zone storage is always zero, and that the initial
lower zone storage and the initial groundwater storage are the same for
all reaches.

KRC - Counter of current adjustment cycle.

KBRC - Counter of rough cycles since best one. When CONOPT(7) = 0
and KBRC = 2, the program shifts from the rough to the fine adjustment
cycle.

SSSQM - Current smallest estimate of the sum of squares of monthly

flow deviations.

FTX - Fall trouble index. Initial value is 1.0. When the sum of
the monthly deviation indices for November and December is greater than
2 , FTX is set to 0.9. When the sum is less than -2, FTX is set to 1.1.
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LRC - Logical variable set TRUE for rough adjustment cycle.

LLZC, LBUZC, LBMIR, and LETLF - Logical variably set TRUE when
exercising substitute approach for evaluating LZC, BUZC, BMIR, and ETLF,
respectively, Initially, these variables are set FALSE.

Input of the above variables also allows the user to change the
initial parameter values or the optimization procedures. For example,
KRC can be set to 1, LRC to FALSE, and CONOPT({7) to the number of
adjustment cycles desired. The user can then inspect the results of
each fine adjustment cycle and select the land phase parameters which give
the best results.

Separate Run for Trip 2

Because trip 2, which involves channel routing, is quite expensive,
it is preferable to inspect the results of trip 1 and then read in the
following parameters for trip 2.

LZC, BMIR, SUZC, ETLF, BUZC, SIAC, BIVF - Base values of the seyen .
land phase parameters obtained from trip 1.

LZS - Imitial value of lower zone storage.

IFRC and BFRC - Interflow and base flow recession constants determined

from trip 1.
- 5.4 PRINTED QUTPUT

General Description

A11 input data, except climatological information, are printed so
they can be checked for correctness. The climatological data are not
printed because they are too voluminous. In fact, they can be read or
punched from computer tapes, and the possibility for errors is minimum.

A table of recorded flows is printed showing the daily flow in cfs
and the monthly and annual totals in sfd. Information in the table
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can be compared with the synthesized flow to ascertain how satisfactory

a match exists.

Trip 1
In trip 1, data related to the two recession constants are printed
once, but those related to the optimization procedures are printed
during each adjustment cycle. The following recession data are printed:
1. Flow sequences used to estimate recession constants.

2. BFRC and IFRC for each sequence.

3. Sequence not used for determining the average BFRC and IFRC
because of their unreasonable values.

4, Number of base flow days and number of interflow days.

5. Amount of base flow, interfiow and total flow at the first day
of each recession sequence.

6. Rejected value of IFRC if it is smaller than 0.3.
The following optimization data are printed for each cycle:

1. Values of seven land phase parameters and two recession constants

used for simulations.
2. Initial moisture storages, LZS and GWS.

3. Data used for continuation run, if needed, including KRC, KBRC,
SSSQM, FTX, LRC, LLZC, LBUZC, LBMIR, and LETLF.

4. Summary table showing the monthly total in inches of overland

flow, interflow, base flow, stream evaporation, precipitation, evapotran-
spiration, and the various storages and indices at the end of each month.
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5. Monthly synthesized flows and annual total in sfd and the annual
moisture balance error.

6. Monthly flow deviation indices, MFDI, and the sum of squares,
SSQM.

7. New values of LZC, SUZC, ETLF, BUZC, and SIAC to be used for
the next cycle and the index months upon which the new values are based.

8. New values of BMIR and BIVF to be used for the next cycle and a
1isting of synthesized and recorded base flow and interflow during the first
three days of recession seguence.

Trip 2
In trip 2, the following data are printed:

1. Seven land phase parameters and twoc recession constants to be

used for trip 2.
2. Initial moisture storages, LZS and GWS.

3. Hourly flows, maximum flow, and daily average of those days
when the flow at any time exceeds RMPF.

4. Daily flows and monthly total at the end of each month.

5. Table of synthesized flows at the end of the year showing the
daily flow 1in cfs and the monthly and annual totals in sfd.

6. Summary table showing the monthiy total in inches of overland
flow, interflow, base flow, stream evaporation, precipitation, evapotran-
spiration, and the various storages and indices at the end of each month.

7. Monthly synthesized flows and annual total in sfd and the annual
moisture balance error.
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CHAPTER VI
DATA AND RESULTS

To illustrate the application of MOPSET, three watersheds of widely
different characteristics were selected for analyses. They are the South
Fork Beargrass Creek Watershed, the Floyds Fork Watershed, and the North
Fork Nolin River Watershed. Due to the exhaust of the computer fund,
each watershed was analyzed only for one year. Any error or inaccuracy in
the recorded precipitation or streamflow data in that year will certainly
affect the performance of the model. Therefore, the limited data presented
in this chapter should not be used as a criterion to judge the adequacy of
the model. However, this study did indicate that MOPSET could be applied
to complex watersheds with variable channel characteristics. Further
refinements are needed as more experience is gained in the application
of the modei.

6.1 South Fork Beargrass Creek Watershed

General Information

' This watershed 1ies in the eastern portion of Louisville in Jefferson
County. The U.S. Geological Survey has maintained a stream gaging
station at Trevilian Way intermittently since 1935. The watershed has a
drainage area of 17.2 sq mi. The downstream valiey has very steep walls,
the upstream section is hilly, and the majority of the basin is flat

to gently rolling. The land use is primarily residential with some small
vegetable farms. Much of the land is being held idle in anticipation

of future urban development. A few sinkholes, ponds, and small wooded
areas are scattered throughout the basin. The basin is transversed by
numerous 4-lane state and interstate highways, city streets, and county
roads. The soils in the watershed belong mostly to the Crider-Corydon
association with level to sloping soils on broad ridges and steep,

shallow soils over limestone on hillsides.

The watershed is located in the Louisviile East and the Jeffersontown
guadrangles of the 7.5 minute topographic map published in 1971 by the
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U.S5. Geological Survey. The map has a contour interval of 10 ft in

rolling terrain and 5 ft in flat urban areas. Based on the topography
indicated in the map, the watershed was divided into three reaches.

Figure 7 shows a plan view of the the watershed. The reason that three
reaches were used is because there are two major branches at the upstream.
It is possible to combine the two upstream reaches and assume that all

water in reach 2 be uniformly distributed along the stream in reach 1;
however, this will result in a less accurate simulation. On the topographic
map, each reach was measured for drainage area by a planimeter and for
channel length by a chartometer. The overland flow surface length, OFSL,
and the overland flow surface sTope, OFSS, were determined by the method
described in section 5.2 The percentage of urban area was measured, and the
impervious area was assumed to be one-fifth of the urban area.

The soil survey maps of Jefferson County was issued in 1966 by the
Soil Conservation Service [1966]. These maps, which indicate the boundary
between different soils superimposed on aerial photographs, are very useful
for determining the parameter ratios described in section 5.2. The area
in each reach occupied by each major soil series was estimated. LZC
and BMIR were computed for each series by Eqs. 40 and 41 and weighted
over the area to obtain those for the reach. The areas in each reach
covered by fallow, cropland, pasture and woods were estimated from the
aerial photographs. By averaging the values listed in Table 3 for each
watershed cover, ETLF and BUZC were also determined. SIAC was estimated
from Table 4. The parameters for each reach were weighted by areas to
obtain the base values., A division of the reach values by the base
values provided the parameter ratios to be used as input.

The Louisville District of the Corps of Engineers has made an
extensive study on the water surface profile in this watershed by the
use of HEC-2 computer program. The profile was determined from the gage
station up the stream through reaches 3 and 1, and no profile was run for
reach 2. A total of 92 cross sections were used in reach 1 and 42 in
reach 3. The output of the program included the discharge and end area for
each of the 134 cross sections. The use of so many cross sections,
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some spaced as close as 5 ft apart, is neither economical nor necessary

for MOPSET, in view of the many uncertainties involved in flood simulations.
Therefore, the number of cross sections, one representing each finite
section, was reduced to ten in reach 1 and five in reach 3. Each finite
section consisted of only one finite difference division, i.e. the finite
section was not further divided into finite differences. The discharge-end
area rating curve for each cross section was the weighted average of all
curves within the finite section. It will be shown that the use of fewer
cross sections does not affect significantly the routed hydrograph. The

o and m were determined at a number of points in reach 2 by the method
described in section 3.4 and then averaged. Only one finite section was
used in reach 2, which was divided into five finite differences. The o and m
for Tow volume flows in reaches 1 and 3 were determined by the same method.

The climatological data for the 1971 water year was selected because
they corresponded well with the information in the maps. One recording
gage (No. 4954 at Louisville airport) and one storage gage (No. 0155 at
Anchorage) were used., All the input data for this watershed are presented
in Appendix C. The data shows that trips 1 and 2 are run at the same time.
In reality, they were performed at two separate computer runs.

Comparison Between Synthesized and Recorded Flows

The synthesized flows presented herein were obtained by MOPSET, using
the preset initial values for the land phase parameters. The sum of squares,
SSOM, during the rough adjustment cycle was successively 166.466, 39.737,
9.434, 8.443, 9.061 and 9.538. Since the number of rough cycles had
reached six, which was the minimum number specified, and since the SSQM had
become greater twice, the program shifted to the fine adjustment cycle using
the parameter values of the 4th rough cycle, which had the minimum SSQM.
The SSQM during the fine adjustment cycle was successively 13,079, 12.517,
and 12.605. Consequently, the program would shift to trip 2 using the para-
meter values of the 2nd fine cycle, should NLTR be set to 2.

Tagble 7 shows the optimized parameter values during the three
fine adjustment cycles. Due to the insignificant amount of interflow,
BIVF was set to 0. It can be seen that the parameter values

50



TABLE 7. PARAMETER VALUES DURING FINE ADJUSTMENT
CYCLES FOR SOUTH FORK BEARGRASS CREEK WATERSHED

CYCLE LZC BMIR

sSuzZcC ETLF BUZC SIAC ANNUAL
NO. sfd
1 2.0000 8.2726 0, 3000 0. 0507 0.2864 0.1125 9775.5
2 3. 9530 5.2540 0, 1500 0. 0568 0.2586 0.0562 10691.1
3 7.7819 3.8379 0.2019 0.1136 0.3393 0. 0519 9598. 9
TABLE 8. COMPARISON OF RECORDED AND SYNTHESIZED PEAKS

FOR SOUTH FORK BEARGRASS CREEK WATERSHED

RECORDED PEAK

SYNTHESIZED PEAK

DATE

12-22
2-22
59-6
5-25
6-15
6-21
7-18

TIME

0245
0245
1515
0115
1445
1630
2030

CFS

854
1,740
828
918
776
1,000
2,930

DATE

12-22
2-22
5-6
5-24
6-15
6-21
7-18

TIME

0200
0100
1100
2400
2100
1500
1700

CFES

491
3,168
910
1,886
1,896
718
4,263

51



had not converged when the program shifted to trip 2. It was
suspected that this difficulty was due to the small number of rough
cycles specified. However, after changing MNRC to 12, the same
results were obtained because the SSQM at the fourth cycle was still
the smallest, even though twelve rough cycles were run. The inability
to converge certainly posed a serious problem in determining which

set of parameter values were to be used. For example, cycle 2 had

a SSQM of 12.517, which was not too much different from the 12.605

in cycle 3, then why should the optimum set of parameters be based on
cycle 2 but not on cycle 3. In fact, the synthesized annual flow

was 10,691 sfd in cycle 2 and 9,599 sfd in cycle 3; while the

recorded flow was 9260 sfd, which checked more closely with cycle 3
than with cycle 2. Should the slight difference in SSQM outweigh the
large difference in annual flow? It is therefore recommended that the
optimum set of parameter values be based not on the SSQM alone. A
major contribution of MOPSET is its ability to generate a variety of
adjustment cycles, each with a different set of parameter values.

It is up to the user to inspect the data and determine which set of
parameter values are to be used for trip 2.

Figure 8 gives a comparison between synthesized and recorded
monthly flows. Unless noted otherwise, all the flows presented in
this report are referred to those at the gaging station, which is
located at the mouth of the watershed. The synthesized flow was
obtained from trip 1, using the parameter values of the second fine
adjustment cycle. Also shown in the figure is the monthly precipitation
and evapotranspiration. It can be seen that in some months the
synthesized flow is greater than the recorded flow, while in other
months the reverse is true. Even though the match is not considered
very good, both flows have the same generai trend and respond well
with the climatological data. The figure also shows that the
synthesized monthly flow before routing is not too much different from
that after routing. The former used a 20 min loop and considered the
watershed as one reach, while the Tatter used a 15 min loop and
divided the watershed into three reaches. The channel routing was
performed by the linear procedure with one hour looping.
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Figure 9 shows a comparison between the synthesized and
recorded daily flows during February and July in 1971, the two months
with the largest precipitation and runoff. The synthesized flow
was obtained from trip 2, in which channel routing was performed.
As can be seen, both flows check quite well, The computer time for
trip 1 was 16 sec, and that for trip 2 with one year of channel routing
was 60 sec, excluding the compiling time.

Table 8 gives a comparison of recorded and synthesized peak
flows. ATthough the synthesized peaks are mostly much greater than

the recorded peaks, the timings of both peaks are nearly the same.

Effect of Routing Procedures

Figure 10 shows the effect of number of cross sections used in
channel routing on the synthesized hourly flow at the end of reaches
1 and 3. The solid curvés represent the result of channel routing
by the use of 16 finite sections, as shown in Figure 7, while the
dashed curves use 135 finite sections. It can be seen that the
results are not significantly different. The computer time for one
month of channel routing was 6 sec for the former but 31 sec for the
latter.

Figure 11 presents a comparison among three different routing
procedures, viz. linear routing with 1 hour time increments,
linear routing with 15 min time increments, and nonlinear routing with
15 min time increments. It can be seen that there is very little
difference between 1 hr and 15 min routings, and that the nonlinear
routing checks very well with the Tinear routing at all times except’
at the peak. The computer time for one month of channel routing is
6 sec for the Tinear 1 hr routing, 17 sec for the linear 15 min
routing, and 38 sec for the nonlinear 15 min routing. In view of the
good agreement between 1 hr and 15 min routings and the large increase in
computer times for the nonlinear routing, only the linear 1 hr routing
was used for the two other watersheds described in this chapter.
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6.2 Floyds Fork Watershed

General Information

This watershed lies in a four county area, including Jefferson,
Shelby, Oldham, and Henry, with a drainage area of 138 sq mi. The
U.S. Geological Survey has maintained a stream gaging station in the
vicinity of Fisherville since 1944. The area is more hilly with an
average overland flow surface slope of 6.1 percent, compared to
the 2.1 percent for the Beargrass Creek. Figure 12 shows a plan view
of the watershed. The gaging station is located at the mouth of
the watershed.

Very 1ittle information is known about the watershed other than
the 7.5 min topographic maps issued by the U.S. Geological Survey.
The watershed is located in the following quadrangles: Jeffersontown,
Fisherville, Crestwood, La Grange, Simpsonville, Ballardsville,
‘Smithfield, Eminence, and New Castle. The maps have a contour
interval of 10 ft. The watershed was divided into 5 reaches. The
drainage area, OFSL, OFSS, and the channel length of each reach were
measured from the map.

The Louisville District of the Corps of Engineers has run a water
surface profile by the HEC-2 program in the Jefferson County area,
which covers the entire reach 5 and the major part of reach 3.

The discharge-end area rating curves of 37 cross sections obtained from
the HEC-2 program were used in this study. The values of a and m

for reaches 1, 2, and 4 as well as those for low volume flows in reaches
3 and 5 were measured from the topographic map as described in section
3.4. Due to the lack of information, the parameter ratios were
assigned unity for each reach.

The rainfall data were obtained from one recording gage
(NO. 4954 at Louisville airport) and two storage gages {NO. 4595
at La Grange and NO. 7324 at Shelbyville). Gage 4595 was used
for reaches 1, 2 and 3, while gage 7324 was used for reaches
4 and 5. The program was run for the 1958 water year. An
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-estimated potential annual evapotranspiration, EPAET, of 35.2 in.

and a mean annual number of rainy days, MNRD, of 120 days were used
for generating the daily potential evapotranspiration.

Comparison Between Synthesized and Recorded Flows

Trip 1 was run using the preset initial parameter values. The
sum of squares, SSQM, during the rough adjustment cycle was successively
100.867, 12.755, 91.478, 9.528, 109.673, 8.165, 75.673, 8.161, 118.628,
8.140, 142.357, and 8.229. Because the minimum SSQM occurred at the
10th rough cycle and the result was worsened twice, the program then
shifted to the fine adjustment cycle using the parameter values of
the 10th rough cycle. The SSQM for the first fine cycle was 9.228,
and that for the second cycle was 133.488. As the SSQM had become
greater, the program stopped at the second cycle. This is undesirable
because more cycles are needed to obtain better parameter values.

It was found that the oscillation in SSQM was caused by the cyclic
change in the values of SUZC, ETLF and SIAC. For example, the }
adjustment of SUZC was based on FSUZC, which is the sum of the monthly
flow deviation indices of November, July, August and September. If
FSUZC was positive, SUZC was increased by multiplying with (1 + FSUZC)
to decrease the flow of the index months. If FSUZC was negative,

SUZC was decreased by dividing with (1 - FSUZC). To prevent too much
of a change, the absolute value of FSUZC was Timited to a maximum of
1.0. If FSUZC exceeded 1.0, it was set equal to 1.0; if it was

less than -1.0, it was set equal to -1.0. The sum of monthly flow
deviation indices during the rough adjustment cycle was successively
-11.777, +2.33, -13.302, + 0.768, -15.170, +0.388, -11.353, +1.882,
-15.31, +1.766, -17.492, and +1.777, and the corresponding SUZC was
1.300, 0.650, 1.300, 0.650, 1.149, 0.575, 0.797, 0.399, 0.797, 0.399,
0.797 and 0.399. The same phenomenon also persisted in the adjustment
of ETLF and SIAC. This ocsillation was due to the large values of the
monthly flow deviation indices. It is not known if the very large
indices were the results of inaccurate data, because only data of the
1958 water year were used. It is suggested that, when ocsillations
occur, other initial values be tried. However, due to the 1imit of the
computer fund, this was not done in this investigation.
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Figure 13 shows a comparison between the synthesized and recorded
monthly flows. The parameters of the first fine adjustment cycle was
used to obtain the synthesized flow. It can be seen that there is
a large difference between the synthesized and recorded flows for the
month of November. The large amount of precipitation in November
does not seem commensurate with the recorded flow. This may indicate
that the precipitation recorded at the gages was not representative
of what actuaily fell in the watershed. Due to this data difficulty,
MOPSET would over adjust, thus resulting in larger monthly flow
deviation indices and a greater sum of squares.

Figure 14 shows a comparison between the synthesized and recorded
daily flows from January through April. Because the synthesized
monthly flow during this period was smaller than the recorded flow,
the synthesized daily flow was also smaller. Nevertheless, the general
shape of the two hydrographs was quite similar. The maximum length
of finite difference divisions used for channel routing was 10,000 ft.
It was found that the result was not too much different when the
maximum length was reduced to 5,000 ft.

Effects of Channel Improvements

The values of o and m for reaches 1, 2 and 4 were determined
from the topographic map by assuming the channel as triangular with
m=1.33. It will be interesting to find the effect of channel improvements
on downstream floods by increasing the value of m for these reaches to
1.67, which is the case for a rectangular cross section. In both
cases, the same values of a (i.e. 0.35 for reach 1, 0.44 for reach 2,

and 0.52 for reach 4) were used,

Figure 15 shows the effect of channel improvements on the
synthesized hydrograph at the mouth of the watershed. It can be
seen that channel improvements increase the hydrograph peak and cause
the peak flow to occur earlier, as would be expected.
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6.3 North Fork Nolin River Watershed
General Information

Figure 16 shows a plan view of the North Fork Nolin River Watershed
Tocated in Larue County. Two stream gaging stations have been maintained
in this watershed. One gage, located at Hodgenville, has been
recorded since 1941 and the other gage, located on McDougal Creek
-at the end of reach 1, has been recorded since 1953. In this study,
only the gage at Hodgenvilie was employed for the optimization
purpose. The watershed has a drainage area of 36.4 sq mi and is
located in the Hodgenville, Magnolia, Hibernia, Howardstown and
Nelsonville quadrangies of the 15 min topographic map with a contour
interval of 20 ft. This watershed was selected because the Soil
Conservation Service [1972] has made a study of this watershed and
many of their data can be used as input to test the capability of
MOPSET.

The watershed was divided into 15 reaches. Each reach was
divided into one or more finite sections, as can be seen from Figure 16.
Fach finite section was divided into one or more finite differences.
The maximum Tength of a finite difference division was about 5,000 ft.
Fach finite section had either a discharge-end area rating curve
obtained from the WSP-2 computer program or a set of o and m measured
from the topographic map. The total number of finite sections for the
entire watershed was 38, of which 30 involved the use of discharge-end
area rating curves. Because all the rating curves started from a
small discharge, CONOPT(5) was set to 0, and no input of « and m
for low volume flows was needed. Based on the information of soil
type and watershed cover, the parameter ratios for each reach were
estimated.

Also shown in Figure 16 is the location of six proposed flood
control structures. The reason that these structures were included
was due to the fact that their elevation-discharge-storage rating curves
were reported by the Soil Conservation Service [1972]. The purposes
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of including these structures were to check the capability of MOPSET in
handling real data and also to illustrate the effect of structures
on routed hydrographs.

The analyses were made for the 1965 water year. The rainfall
data were obtained from a recording gage (NO. 3929 at Hodgenville},
and no storage gage was used. The daily potential evapotranspiration
was estimated by assuming 36 in. for EPAET and 116 days for MNRD.

Comparison Between Synthesized and Recorded Flows

Trip 1 was run using the preset initial parameter values. The
SSQM during the rough adjustment cycle was successively 65.383,
4,134, 3.245, 3,278, 4.465, and 3.689, and that during the fine
adjustment cycle was 1.706 and 3.288. A SSOM of 1.706 was much
smaller than that obtained for the two previous watersheds. However,
a closer inspection of the data revealed that the optimization
procedure yielded a BMIR of 15.667 in./hr. As a result, more than
three-fourths of the total flow was composed of the base flow, and
the synthesized daily flow during the peak day was much less than
the recorded flow. This further substantiates the previous contention
that the optimum set of parameter values should not be based solely
on SSQM. A number of fine adjustment cycles should be run and the
best set of parameter values selected, even though the resulting
SSQM may not be a minimum.

Figure 17 shows a comparison between the synthesized monthly
flow obtained from trip 1 and the recorded flow. Two sets of parameter
values were used. Synthesized flow NO. 1 was the result given by the
first fine adjustment cycle with a SSQM of 1.706. Because BMIR
was considered too large, the program was rerun by setting LBMIR
to TRUE, so the alternate procedure for adjusting BMIR was evoked.
The values of BMIR was reduced 10 percent each time, and synthesized
flow NO. 2 was the result given by the 9th fine adjustment cycle
with a SSMQ of 4.343. The parameter values used for these two

synthesized flows, as well as synthesized flow NO. 3, are listed in
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Table 9. Even though flow NO. 2 has a larger SSQM, it checks better

with the recorded flow not only in monthly variations but also in the
total annual runoff. The recorded annual flow volume is 15,070 sfd,

compared to 14,616 sfd for flow NO. 2 and 13,823 for flow NO. 1.

Figure 18 shows a comparison between the synthesized and recorded
daily flows. The synthesized flow was obtained from trip 2 without
the six structures. It can be seen that synthesized flow NO. 1 with
a large BMIR does not match the recorded flow. The match is improved
if synthesized flow NO. 2 with a much smaller BMIR is used. The
large difference between the recorded and synthesized flows during
December 11 and 12 may be the result of data errors, because it
does not appear that the volume of recorded flow should be that large
compared to the volume of precipitation. In order to compensate
for any data difficulty, several years of data should be used.

Effect of Hydraulic Structures

Figure 19 shows the effect of flood control structures on daily
flows. The location of the six structures are shown in Figure 16.
It was arbitrarily assumed that the storages of all structures were
only half full on October 1. To increase the flow peaks, synthesized
flow NO. 3, having the parameter values Tisted in Table 9, were used.
It can be seen that these structures have a significant effect in
reducing the flow during peak days. The large difference of flow
on December 4 was due to the fact that some of the structures were
not completely filled. For example, the outflow from structure NO. 1,
which has a storage capacity of 670 ac ft, started at 2 am, December 4,
while the outflow from structure NO. 6 with a capacity of 401 ac ft
did not start until 11 am on the same day. The significant difference
in total flow during December was caused by this storage effect as
well as the evaporation of water from the structure.

Figure 20 shows the effect of these six structures on the flood
hydrograph. The structures decrease considerably the flood peak
but increase the flow after the peak. These figures clearly demonstrate
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the effectiveness of using flood control structures to reduce downstream
floods.

TABLE 9. PARAMETERS USED FOR SIMULATION OF NORTH FORK
NOLIN RIVER WATERSHED

NQ SsOM LzC BMIR SUZC ETLF BUZC SIAC LZC ANNUAL
SED

1 1.706 4.251 15.667 0.764 0.010 0.474 0.388 3.839 13.823
2 4.343 3.149 6.744 0.744 0.120 0.294 0.018 2,933 14.616

3. 8.263 1,740 4.920 0.990 0.070 0,160 0.010 1.400 15.725
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CHAPTER VII
SUMMARY AND CONCLUSIONS

It is well known that the improvement of stream channels by
straightening, 1ining, leveeing, or clearing and snagging generally
increases the downstream peak flows. However, because of the
unpredictable nature of hydrologic events, the effects of these
improvements on downstream floods have not been evaluated guantitatively.
The purpqse'of this research was to modify OPSET, a self-calibrating
version of the Kentucky Watershed Model, and make it more suitable
for evaluating the effect of channel improvements on downstream
floods. This modified version of QOPSET, which is given the name
MOPSET, includes the following major changes:

1. A kinematic method of channel routing based on a finite
difference scheme was used in place of the modified Muskingum method.

2. The watershed was divided into a number of segments, each
subjected to different watershed characteristics and rainfall patterns.

3. The optimization of the seven land phase parameter values
was achieved by assuming that the values in each segment bear fixed
ratios to a set of base values, thus only the seven base values were

. optimized.

4. New options were provided that the user can specify the
initial parameter values to be used for optimization and the number
of rough or fine adjustment cycles desired, and that computations can
be continued for additional cycles by simply reading in the data
obtained from the previous cycle.

5. A storage routing subroutine was incorporéted so that the
model can be applied to large watersheds in which a number of reservoirs
or flood control structures are located.

i
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Procedures were developed for determining the routing parameters,
a and m, either from a topographic map or from a discharge-end area
rating curve. Methods were presented for estimating the parameter
ratios to be used as input to the model. The program was well
documented, together with a dictionary which defines every variable
used in the main program as well as the subroutines.

The program was applied to three different watersheds, viz. the
South Fork Beargrass Creek, the Floyds Fork, and the North Fork
Nolin River. An inspection of the results obtained from these
watersheds Teads to the following conclusions:

1. The synthesized daily and monthly flows obtained from MOPSET
checked favorably with the recorded flows in a qualitative sense.
The large discrepancy in flow peaks at Floyd Fork Watershed was
attributed to data errors because the recorded rainfall was simply
not commensurate with the recorded streamflow. Therefore, several
years of data must be used for calibration in order to balance the
effects of positive and negative errors.

2. The adjustment rules used in MOPSET for optimizing the
seven land phase parameter values were exactly the same as those in
OPSET. It was found that the solution was not unique, because a
slight difference in the assumed initial values yielded a set of
optimized parameter values which were completely different. Furthermore,
the parameters did not converge, and the values obtained from one
adjustment cycle were quite different from the next cycle. This posed
a serious problem in determining which cycle of values should
be considered as optimum. It was also found that the cycle which
resulted in a minimum sum of squares for the monthly flow deviation
index might not give the most desirable solution. In the Nolin
River Watershed, the optimum set of parameter values based on the
minimum sum of squares produced such a large base flow and a small
overland flow that the synthesized daily flow could not match the
recorded peak. It is therefore suggested that the optimum set of
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parameter values be based not on the minimum sum of squares but on a
visual comparison between the synthesized and recorded flows. A
major contribution of MOPSET is its ability to generate a variety of
adjustment cycles, each with a different set of parameter values.

It is up to the user to inspect the data and select the values to

be used.

3. The use of one segment with an average set of parameter
values weighted by areas and a 20 min looping yielded about the same
month]y flow as when multiple segments and 15 min looping were used.
Because most of the land phase parameters are optimized on the basis
of the monthly flow, it is suggested that the entire watershed be
considered as one segment in trip T but multiple segments in trip 2.

4. For the Beargrass Creek with a time of concentration of 4 hr,
there existed very little difference in the simulated hydrograph
‘whether a time increment of 1 hr or 15 min be used for channel routing.
In view of the large amount of computer time required for nonlinear
routing, it is suggested that linear and 1 hr routing be used unless
Tocal conditions indicate otherwise.

5. The finite difference method used in MOPSET for channel
routing is unconditionally stable. Each finite difference division
can be of any length. For the Floyds Fork Watershed, the results
obtained from a maximum finite difference division of 10,000 ft
were not too much different from those of 5,000 ft.

6. The computer time required for channel routing increases
with the number of cross sections. The use of a large number of
cross sections is unwarranted, because the results from the Beargrass
Creek indicated that fewer cross sections could yield approximately

the same results.

7. The values of a and m increase with the degree of channel
improvements. Results from the Floyds Fork showed that channel
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improvements increased the hydrograph peak downstream and caused the
peak flow to occur earlier.

8. The use of flood control structures or reservoirs is an
effective means of reducing downstream floods.

In this research, much emphasis was placed on the development
of MOPSET. It is believed that if MOPSET is adequate to simulate
stream flows, it can certainly be used to evaluate the effect of channel
improvements on downstream floods, because the actual channel characteristics
are employed in flood routing. Due to budget Timitations and the
exhaust of the cbmputer fund, MOPSET has not been applied to watersheds
where channel improvements have been documented. It is hoped that the
publication of this report will promote its use, so that MOPSET can
be consfantly improved and updated to serve as an enviable tool
for hydrologic simulations.
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APPENDIX A

LISTING OF MOPSET

6L

C MOPSET-- A MODIFIED VERSION OF UPSET, WHICH IS A SELF-CALIBRATING MAINGCO1
€ KENTUCKY WATERSHED MODEL WITH CAPABILITY OF ESTIMATING AN OPTIMUM MAINOOOZ
C SET OF WATERSHED PARAMETERS,UPDATEU DECEMBER 1976 MATNGOG3
. DIMENSION ADBF(15)4ADIF(15) yALPH(150,50),AMBF(15),AMIF(15), MAINGOO4

1 AMNET(15)yAMSE(15) yARHF{15)+CONDPTI7) ,CVWINALIS Y, DARFA(150,50), MAINDIOOS

2 DISCH(1000) +DPET(366) ,DRGPMI155366) sDRHP (2664,24) 4DRSE(366),  MAINADOG

3 DRSGP{59366)yDSSF(366) 4EDAREA(L150521) $EMGHSE12) 5FMIFS(12), MAINGCOT

4 EMLZS112),EMSTIAMII2),EMUZCI12)4EMUZSE12) ,FPCMI12) ,EQDE(LS), MAINOOOE

5 EQDFISU15),EXPT(150,50) 4 FIMPACL5) yFWTRAT15) ,CAFL(366),6WSA(I6), MAINGGOS

6 HYDSTOU150,96)51FSAL15) ,1FSTC15),TLST(15),INLSTI15),IROUTII5},  MAINOGILO
TIRSTRU15) s 1SGA(16) ,1SGMI5 ), LTUHI1595)3L7SA015) JMEDCY (12) 4MEDWY (12 ) ,MAINDOT]

8 NOFD(150) yNUBR(15),0FMN{1S},UFMNISEI5)40FRFI15),0FRFIS(15), MAINGOT 2

9 OFSLI15)y0FS$S(15),0FUS(15),0FUSIS{15) ,0UTLST(1I5),PALPHA(15G) MAINGO1S
DIMENSION PEXPM(150) ,RBIVF(15) JREMIR{I5),REUZC(15) RCHLTH(1S), MATNOCT 4

1 RETLF(15),RGPMI15) ,RGPME(15) ,KHFI15) RLZEI1IS), MATNCO1S

2 ROLF1{15)4ROLF2(15),RSEEFI20) ,RSBD(20),RSBIF(20),RSIACIL5), MAINGOL6E

3 RSUZC{15) 4SAREA(LS) 4 SBFRS(3,20G) ySGMD{5) 4 SCRTI5)4SGRT2(5), MAINGGLT
4SIFRS13,20)ySTULST(15)sSTORAG(1000) s SUEWFALIS) s THSF(24) 4TITLE(2C) JMAINOOLE

5 TMBF(12) 4 TMIF(12), TMNET(12) 4 TMOF(12),TMPET(12),TMPRECIT2), MAINGGL9

6 TMRTF(12),TMSE(12),TMSTF(12),TMSTFI(12), TPLR(I5),UZSAL15), MAINGG20

7 VINCRI15),VINMRA{15) ,VWINA{15), WCFSA{15),WSG(15),WSG2(15), MAINDOZ 1

8 XAREA{150,21) 4XMPFT(12) MAINUG2Z
DIMENSION ADRGPM{I366) ,CHCESA(LS),DRGPMII366) FLEVI1000) ,FPERA(LS]) MAINGO22

1 FSLTHU1I50) 4NFSL15) ,NFSEPR(15) yNSC(150) o ~ MAINOO24

REAL TFPRCyIFRCyIFRLyIFS s IFSAsINLST o L2C,LZCY 4 LZRX,L2ZS LZSASLZSK, MAINGO2ZS

1 _MNRD MAINOO26
LOGICAL LBMIRsLBUZCSLETLFoLLZCyLNPR,LRC,LSTR,SAVE MAINCOZT

INTEGER CN, CONOPT, DATE, DAY, DPY, EHSGD, HOUR, HRE, HRL, POAY, MAINGOZE
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1 PRDy RHPDs RHPH, RSED: SGMDy SGRT,y SGRTZ2, TRIP, YEAR, YR1,

MAINGO29
2 YR2 MAINGO20
INTEGER DPRD MAINGO31
DATA MEDCY/0431,59,90,120,151,181,212,243,273,3044334/ MAINGU32
DATA MEDWY/304,4334,36%5,31,59,904120,151,181,212,243,273/ MAING 032
C SPECIFY NUMBER OF STATION-YEARS INCLUDED IN COMPUTER RUN MAINCO34
NSYC=0 : MAINOG?S
" READ(5410)INSYT MAINGO36
10 FORMAT(1615) MATNGO2Y
20 NSYC= NSYC+} MAINOO3E
SMF=0.0 o MAINGG39
"CTASSUME 15 MINUTE ROUTING TIME INTERVAL MAINOC4O
 DELTAT=900. MAINGOG]
o NPPH=4 , MAINCO4?2
C READ TITLE TO COMPUTER RUN MAINOGAL2
READ (5,30) TITLE MAINOOAL4S

30 FORMAT(ZOA4Y) MAINGQ4S
T WRITE(6,40)ITITLE(KTA) XTA=1,20) MAINCO4S

40 FORMAT{1Hly 25X,2084) _ . _MAINOO&T
"€ READ CONTROL OPTIONS —~ MAINGO4E
READ(5,10) (CONOPT(I) I=1,7) MAINOO&LS
IF(CONDPT(2) .NE. 1) GO TO 50 MAINUDSO
C USE ONE HOUR ROUTING TIME INTERVAL WHEN SPECIFTED MAINCGS Y
DELTAT=3600. T e CMAINOQOS2
NPPH=1  MAINDOGSZ

¢ READ TRIP NUMBER AND CONTROL OATA FOR REACH AND CHANNEL MAINGOS4
50 READ(S5,)10)MNRC yNFTRyNLTR ¢NDCR MAINCOSS
READ(5,10) NR,NGR, {NFSTKR) ;KkR=1,NR} MATNOOSS
WRITE(6260) (CONOPT(I)31=147)yMNRCyNFTRyNLTR4NF ,NGR MAINGGS?

60 FORMAT(5X,10HCONOPT(1)=,1245X, 10HCONOPTI2)=,12,5X,10HCONOPT(3)=,12MAINNDSE"

1 +5X+10HCUNOPT(4)=912s5X910HCONOPT(5)=,72,5X,

10HCONCPY (6)=412,

MAINOOS9

2 SXe1OHCONOPT(T)=4124/¢10X35HMNRC=312, 10X 5HNFTR=,12,20Xs5HNLTR=, MAINGOKO

3 12912X93HNR=2,T12,11Xy4HNGR=,12)

MAINOOS1

C READ NUMBER OF BRANCHES IN UPSTREAM REACHES
READ(5,10) {NUBR(KR),KR=1,NR}

MAINOODS62

. MaINQGO63



18

90 FURMAT{8F10.2)

MAINGOT¢

DO 80 KR=14NR . . ) MAINGOSL
NB=NUBR (XKR) MAINGQOGS
IFINB.LE.O) GO TO 80 MAINOOLS

C READ IDENTIFYING NUMBER OF UPSTREAM REACHES MAINGCOT
READ{5410) (YUH(KRyN)N=14NB) L - __MAINOOGER
WRITE(6 s TOIKRy (IUH(KRyN) gN=1,NB) MAINOODGY

TO0 FORMATI5X,25HUPSTREAM REACHES OF REACH, #I12,15H ARE AS FOLLUW:I451%) MAINGOGTO
80 CONTINUE MAINOOTL

{ READ NUMBER OF WATERSHED TRAVEL HOURS AND CUTPUT REACHES MAINQUT2

READ{(5,10) NWSTH,NOUT MAINGOT2
_READ(5,51G) (TROUT(I) 4I=1,NOUT) e _ ~ _ . MAINGOTSL
READ{5,90) RMPF MAINGGCTS

WRITE(64100)YNWSTHNOUTy (JRGUT(1),I=1 ,NOUT) MAINOGT?

10G FORMATU{SX s OHNWSTH=315,5X95HNOUT=,412,554 PFACHFES AT WHICH FLOW 1S MAINCOTS

1T0 BE PRINTED ARE AS FOLLDW:,515) MAINDOT9

N _ KNFS=C MAINOORD

C SKIP READING CHANNEL AND STRUCTURE PARAMETERS IF TRIP z IS NGT RUN  MAINOGEY

, IFINLTR .NE. 2) GO TO 290 MAINOOE?

C READ CHANNEL PARAMETERS MAINQORZ
DO 230 KR=1,NR MAINOGUPG

NFSEPR (KR )=KNFS MAINOOSS

NFSKR = NFS(KR) MAINCO GBS

WRITE(6+120IKR4NFSIKR) MAINCCET

110 FORMAT(/,5Xy9HREACH NO.y13,4H HAS,I3,16H FINITE SECTIONS) MAINOOLE

DO 220 KFS=1,NFSKR MAINCGOERQ
KNFS=KNFS+1 MAINGCSG

KRKF S=NFSEPRIKR)+KFS MAINOOG1

ALPH(KRKFS41)=0.0 MAINDOG2

EXPT(KRKFS,1)=0.0 MAINCO93

C READ CONTROL DATA FOR EACH FINITE SECTION i MAINGOY4

READ {55120 )NP ¢NSC(KRKFS) yNOFD(KRKFS} yFSLTHIKRKFS) MAINGO95

120 FORMAT(315,F10.4) MAINGO96

WRITE(64130)KFSyNP ¢NSCIKRKFS)yNOFD{KRKFSY sFSLTHIKRKFES} MAINCOS7

130 FORMATI(5X,24HCHANNEL CATA FOR SECTION,13,25H ARF TARULATEL AS FOLLMAINOO9®
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10W2y /95X e 3HNP=4 135X s 4HNSC=9 12 95Xy SHNOFD=,13,5X,6HFSLTH=4F10.4)  MAINOG99
B DAREA (KRKFS,NP+1)=0.0 MAINC10C
IFINP ,EQ. 2) GO TO 180 MAINO1O1
C READ DISCHARGE-END AREA CURVE FOR EACH FINITE SECTION MAINC102
READ{5,140){DISCH(T) yDAREA(KRKFS,1)+I=1,NP} MAING102
140 FORMAT(8F10.2) MAINC1O4
IF(CONOPT{5) «EQ.1) READ{5,19C) ALPHIKRKFS,1),EXPTIKRKFS,1) MAINO1OS
T DISCHINP#1)=0,0 MAING106
WRITE(6,4150) MAINO10O7
150 FORMAT (5X,41HDISCHARGE AND END AREA RELATIONSHIPS ARE:) MAINGLOR
WRITE(64160) {DISCH(1) 4DAREAIKRKFS9T)o¥=1yNP) ~  _ MAINCIO9
7160 FORMAT{8F15.2) MAINCILO
WRITE(O6 9 1TO)ALPH(KRKFS,1) yEXPT{KRKFS,y1) 3 _ . MAINOL1D
TTTTTTT170 FORMAT(SX25HFOR LOW FLOW VOLUME JALPH=4F10.2 45X SHEXPT=4F10.2) MAINGI1Z
C GENERATE DAREA VS ALPH AND DAREA VS EXPT FROM DISCHARGE AREA CURVE MAINOLI13
IFINLTR.EQ.2) CALL ROUTAB(DISCHsDAREALKRKFS,NP,ALPH,EXPT) MAING114
Go To 220 ) S  MAINGL1S
180 NSCS=NSC(KRKFS) _ MAING116
C IF DISCHARGE-END AREA CURVE IS NOT AVAILABLE,READ ALPH AND EXPT ~ MAINO17
' " READ(5,190)(ALPHI{KRKFS,I) ,EXPT(KRKFSyT),DARFAIKRKES,,I1),1=1,NSCS)  MAINOLLE
190 FORMAT(3F10.3) MAINC119
DAREA(KRKFSyNSCS+11=0.0 MAINO120
WRITEL6,200)INSCS N _ . ~ mMaAING121
200 FORMAT(S5X32THALPH,EXPTyAND DAREA FOR THE ,T2,1EH SLOPE CHAGES AREsMAINOL1ZZ
1} o o ... ... MAaINO123
T WRITE(G,210) (ALPHIKRKFS I ) EXPTI{KRKFS,I),DARFAINRPXFS,1),I=1,NSCS) MAINN]124
210 FORMAT{3(5XsF10.2)) MAINO125
IF INSCIKRKFS).LE.1) GO TO 220 MAINO126
PALPHA{KRKFS) = ALPH(KRKFS,1} MATNO127
PEXPMIKRKFS) = EXPT{KRKFS,1) MAINDO128
220 CONTINUE MAINO1Z9
230 CONTINUE MAINN130
C READ STRUCTURE PARAMETERS MAING131
READ(5,10) NSTR MAINU132
C SKIP READING STRUCTURE DATA 1F NONE EXISTS ~ MAINO133
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1OFMNIS(I) +FIMPA(TI)»FWTRA(LI) 1=14NR)

MAINO1AR

L 1IFINSTR.EQ.G) GO TO 290 MAINO134
1F1ELD=1000/NSTR MAINO135
DU 280 KS=1,NSTR MAINOY36
READ(5,10) NELV MAINC137
 IEF=IKS-1)*IFIELD+1 3 B ~ MAINO138
TIEL=TEF+NELV~-1 MAIND139
¢ READ ELEVATION-DISCHARGE—STORAGE CURVE AND LOCATION OF STRUCTURES — MAING1&O
READ (54240) (ELEVUIE) yDISCHIIE) ,STORAG(IE) ,TE=TFF,TEL) MAINO141
240 FORMAT(9F8,2) MAINDL4Z
READ(5,10) IRSTRI(KS) MAING 162
KR=IRSTR{KS) e e e e MAIND 144
C READ INITIAL CONDITIONS OF STRUCTURE MAINN145
READ(5,140) INLSTUKR),OUTLST(KR)4STOULSTAKRY  MAINOl46
WRITE (69250) KSyKReNELVINLSTUKR} 0UTLST(KR) ySTOLST(KR) MAINO14T
250 FORMAT(/45Xy13HSTRUCTURE NOoy12,30H IS LOCATED AT BOTTOM OF REACH,MAINQ14E
1 I3+7+5Xs5HNELVE11395Xs6HINLST=9F1Ge2¢5Xy THOUTLST=4F10.255%, THSTOLMAING149
25T=,F10.2) L __MAINO150
WRITE(64260) MAINO1S1
260 FORMAT(5X,S50HELEVATION DISCHARGE AND STORAGE RELATIONSHIPS ARE:) MAINGLS52.
WRITE(6+240) (ELEV(IE)yDISCHUIE) +STORAGUEIF) 4 TE=TEF,TEL) MAING153
IFST{KR)=1EF _ MAINO1S&
TLSTIKRY=TEL MAINC155
DO 270 1E=IEF,IEL CMALING156
270 STORAGUIE)=43560.%STORAG(IE) MAINO157
STOLST(KR) =43560.*STOLST (KR) MAINO1S¢
280 CONTINUE MAING159
C READ REACH PARAMETERS MAINO160
290 READ{55300) (RCHLTH{I),SAREA(I),OFSS{T),0FMN(T},0FSL(T), MAING161
10GFMN1S(I) oFIMPACT) ,FWTRA(I)4I=1,NR) MAING162
300 FORMAT{8F10.4) MAINC163
WRITE(6,310) MAING164
310 FORMAT(/y5Xy3HNO . s9X s6HRCHLTH 10Xy SHSAREA 3 11X, 4HOFSS s 11Xy 4HOFMN,  MAINO165
1 11X,4HOFSLy9X6HOFMNIS 10X, SHFIMPA , 10X, SHEWTRA) MAINO1bb
WRITE (64320) {1,RCHLTHIT) ySAREA(I),OFSS(T),OFMNIT),0FSL(T), MAINCG 167
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320 FORMAT(6X,12,8F15.4)

MAIND149

READ(5¢330) (RLZC(I} RBMIR(I)4RSUZCTTY yRETLF(T) RIUZCITIYRSIACITI )4 MAINGITO

1RBIVF(1I),I=1,NR) MAING1 7Y

330 FORHAT(?FIO.BI MAINN172

___WRITE(6,340) . . MAIND173

340 FOKMAT(/35Xy3HNOy11Xs4HRLZC 910Xy SHRBMIR, 10X ,5HRSUZL y1UX 9 EHRETLE, MAINC1 74
1 10X s SHRBUZC y 10X ySHRSTAC s 10X SHRBIVF} MAING175

WRITE(64350) (1 ,RLZCUI),RBMIR(I) RSUZCIT) 4RETLF(Y),RBUZC(T, MAING176

IRSIAC(I)sRBIVFII),1=1,NR) MAINCI?7

350 FORMAT(6Xe1297F15.3) MAINCITR
€ SET INITIAL CDNDITIONS o B ] o  MAING1T7Y

SGRT11)=0.0 MAINC180

IFT =1 . e - MAIND1E]

i ~ LRC = .TRUE,. MAINOlEZ
LLZC = .FALSE. MAINO182
LBUZC = .FALSE. MAINGIEG
LBMIR = .FALSE. o o _ MAINDI1ES
LETLF = LFALSE. MAING1ES
LNPR = .FALSE. , o MAING1ET
IF{CONOPT(2) sEQ.O)LNPR=.TRUE. MAINGYER

__1CcYye=v o MAINGIERG
KRC = 1 MAING190
KBRC = 0 MAIND1G]
KFFC = O MAIND1Y2Z
SSSQM = 950.0 MAINCG192

C READ OTHER PARAMETERS MAING194
READ{5+490) (RGPMB(1),1=1,NR) MAINO195
READ{(5,90) GWETF,D1V MAING1964
READ {5490} {(VINMRA{I)SUBWFA(I)s1=1,4NR) MATINO 197
WRITE{6,4,360)RMPF ,GWETF,D1V MAINO1GR

360 FURHAT(/'SXgSHRHPF-.FIO 295X g 6HGWETF=3F10.245X44HDIV=,F10.2) MAING199
WRITE(6,+370) MAING200
370 FORMAT(/ 45Xy 3HND. y 10X ySHRGPMB 29X 6HVINMR A ,OX y6HSUBWFA) MAINO201
WRITE(6+380) (1 RGPMB{I) VINMRA(L1),SUBWFA(I),1=1,NR)} MAING202

380 FORMAT(6X9I1243F156.2)

 MAING203
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C CALCULATE CONSTANTS SET BY REACH PARAMETERS . MAIND204

AREA=0.0 MAING20S

VWIN =0.0 MAING206

WCFS=20,0 MAINO207

 EPAET=0.0 _ MAIND208

DO 430 KR=1,NR MAING209
- ~ AREA=AREA+SAREA(KR) i - _MAIND21CG

FPERA(KR)}=1,0~FIMPA(KR)~FWTRA(KR) MAINGZ11

IF(FPERA(KR) «GT40.01) GO TO 390 MAING212

TPLRIXR}=100.0 MAINO213

_FPERA{KR)=0.01 - e e o MAINOZ14

GO TO 400 MAINGZ218

390 TPLREKR)=(1.0=-FWTRA{KR))/FPERA(KR) ____ i . _MAINO216

400 VWINA(KR)=26,8888%SAREA(KR) MAING217

VWIN=VWIN+VWINA(KR) MAINOZ1R

WCFSAIKRY=VWINAIKR)*24,0 MAINO219

_ WCFS=WCFS+WCFSA(KR) o C MAINGZZ20

" CWCFSAtKR)ZHCFSA(KR) MAING221]

CVWINA(KR }=VWINA(KR) MAINOZZ2

IFINUBR(KR).EQ.0) GO TO 420 MAINO2Z22
N=NUBR (KR L MAING224 i

DO 410 I=1,N MAING225

CWCFSA(KR)=CWCFSA(KR )+CWCESALIUHIKR 1)) MAINQZ26

CCVWINACKRY=CVNWINA(KR)4CVWINACIUH(KR 1)) MAINO227

410 CONTINUE MAINGZZE

420 ROLF1(KR)}=0.0 MAINGZ29
ROLF2{KR)=0.0 MAIND230 .

RHF{KR )= MAINGZ21

ISGA(KR)= 1 MAIND222

SSRT = SORT(OFSS(KR)) MAING233

OFRF (KR) = 1020,0*%SSRT/(OFMNIKR)FOFSLIKRY) MAINGZ34

OFRFIS(KR) = 1020.0%SSRY/(OFMNIS(KR)I*QOFSL(KR)) MAING235S

EQOF(KR) = 0.00982%( {OFMN(KR)*OFSL{KR)/SSRTI*%*0,4) MAINOZ236

EQDFIS(KR) = 0.00982%((OFMNIS{KR)I*OFSL{KR)/SSRTI*%0,.6]) MAING237

430 CONTINUE

MATINQZ23B
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GAREA=CVWINA{NGR)/26.8888 e MAINO239
TTT¢ STORE PARAMETERS OF REACH 1 FOR USE IN TRIP 2 MAINOZ240
NGR1 =NGR MAINCZ41
IF (NGR .EQ. 1 .OR. NFTR .EQe. 2 .OR. CONOPT(6) .EQ. 0O) GO TO 460 MAIND242
NR1I=NR B MAINGZ43
o TTTVWINAI=SVWINAGL) MAINOZ 44
VINMRI=VINMRA(1) . R L MAINC245
"""" B - SUBWF1=SUBWFAI(1) MAINOZ246
FPERA1=FPERA{L1) MAING247
SAREAI=SAREA(1) MAINC24R
_ FIMPALI=FIMPA(1l) e R . MAINGZ49
FWTRAI=FWTRA(]) MAING25G
. IPLR1=TPLReY e _MAINO251
WCFSAL=WCFSA(1l) MAINGZSZ
CWCFS1=CWCFSA(]) MAING253
CVWINI=CVWINA{(1} MAIN(254
OFRF1=0FRF(1) o - ~ MAIND2SS
" OFRFI1=0FRFIS5(1} MAIMNGOZ256
£EQDF1=EQDF(1) MAINGZ57
EQDFIYI=EQDFIS(1) MAING 25&
RLZC1=RLZC(1} MAINGZ2EQ
REMIR1I=RBMIR(1) MAINNZ&O
RSUZC1=RSUZC(1)} MAING 261
" RETLF1=RETLF(1) MAINGZ26H2
RBUZC1=RBUZCI{1) MATINOZ263
" RSIAC1=RSIACt11) MAINU264
RBIVFI=RBIVF(1} MAING 265
C COMPUTE AVERAGE PARAMETERS OF ALL REACHES ABROVE THE GAGE FOR TRIP 1 MAINOZS6
440 FIMPA(1)=0.0 MAING26T
FWTRA¢1)=0.0 MAINC268
TPLR{1)=0.0 MAINC 269
OFRF(1}=0.0 MAINC 270
OFRFIS(1)=0.0 MAINO271}
EQDF(1)=0,0 MAINO272
EQDFIS(1)=0.0  MAING273
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N __ RLZC{1)=0,0 o MAING274
RBMIR(1)=0.0 MAING275
RSUZC(1)= o 0 MAINO276
RETLF(1)=0.0 MAINC277

mh__“w__._RBUZC(II-O 0 MAING276
RSIAC(1)= MAINC279

__RaIVFtlizo.o MAINO280

VINMRA(1)=0.0 MAINGZR1
SUBWFA{1)=0.,0 MAING282
FPERALL)=0.0 MAINO263
DO 450 KR=2,NGR o _ _MAING2B4
FIMPA(1)=FIMPA(L )¥FIMPA (KR)ASAREA(KRY MAING2ES
.. FWTRACL)=FWTRA(L)+FWTRA (KR} *SAREALKR) o MAINNZEE
TPLR(1)=TPLR{1)+TPLR (KR ) *SAREA (KR) MATNOZ287
OFRF { 1) =0FRF (1 )+0FRF (KR ) *SAREA (KR) MAINO2E8B
OFRFIS(1)=0FRFIS(1)+DOFRFIS(KR)} *SAREA(KR) MAING289
EQUF (1)=EQDF(1)+EQDF (KR )#SAREACKRY __MAINO290
EQDFIS(1)=EQDFIS{1)+EODFIS{KR)} *SAREA(KR) MATING291
RLZC (1)=RLZCU1)+RLZC (KR }*SAREA (KR) -  MAING292
REMIR(1)=RBMIR(1)4RBMIR (KR)*SAREA(KR) MAINGZ93
RSUZC(1)=RSUZC (1) +RSUZCIXR)*SAREA(KR) MAINO294
RETLF(1)=RETLFLI)+RETLFIKR)ASAREA(KR) MAINGZ95
RBUZC (1)=RBUZC (1)+RBUZCIKR)*SAREA(KR) MAING296
RSIAC(1)=RS1AC{1)+RSTAC(KR)I*SAREALKK) MAING297
VINMRA(1)=VINMKA (1) +VINMRA (KR ) *SAREA (KR ) MAINO295
SUBWFA(1)=SUBWFA(1)+SUBWFA(KR)*SAREA (KR ) MAINOZ 9%
FPERA(1)=FPERALL)+FPERA (KR} *SAREA(KR) MAING3060
450 RBIVF(1)=RBIVF(1)+RBIVF(KR)*SAREA(KR) MAINC 301
FIMPA(L)=(FIMPA(L1)+FIMPAL*SAKEA(1)) /GAREA MAINO302
FWTRA(1)=(FWTRA{1)}+FWTRAL1*SAREA{1)) /GAREA MAINO303
TPLRUL)=(TPLR{I}+TPLRI*SAREA(L) } /GAREA ) MAINC 204
OFRF(1)=(0FRF(1)+0FRF1I*SAREA(L) ) /GAREA MAING305
OFRF1S(1)={OFRFIS(1}+OFRFI1*SAREA(1))/GAREA MAING 306
EQDF (1)=(EQDF(1)+EQDF1#SAREA(1) ) /GAREA MAING307

EQDFIS(L)=(EQDFIL{1)+EQOFII*SAREA(L1) ) /GARFA

MAINO208
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RLZC(1)=(RLZC{1)+RLZC1*SAREA(L))/GAREA MAINCZ209

TRBMIR(I)={RBMIR(1)+RBMIRI*SAREA(1)) 7/GARFA MAING210

RSUZC(1)=(RSUZC(1)+RSUZCI*SAREAC])) /GAREA _ MAING211

RETLF(1)={RETLF{1)+RETLF1*SAREA( 1)) /GAREA MAINC312
RBUZC(1)=(RBUZC(1)+RBUZCI*SAREA(1)) /GAREA o MAING313

RSIAC(I)=(RSTAC(1Y+RSTACL*SAKEA{1)) 7GAREA MAINO314

RBIVF(1)={RBIVF(1)+RBIVF1*SAREA(1))/GAREA MAINC315

VINMRA(I)=(VINMRATIY+VINMRI®SAREA(1)Y)/CARFA MAING316

SUBWFA(1)=(SUBWFA{L)+SUBWFI*SAKEA(1})/GAREA MAING317

FPERA(YI)={FPERA(L)+FPERALI*SAKEA(L1}Y) /GAREA MAING31E

C READ WATER YEAR - e - o MAINGZ219

460 READ(5,10) YR1,YR2Z MAIND320
OPY B S . _MAINO3Z1

IF{MOD{YR2Z,4) .EQ. 0) DPY = 366 MAINC322

C READ EVAPORATION DATA MAING323

IF{CONCPT( 1) .NE. 1} GO TO 500 MAING324

) READI5,470) (DPET(KRD) KRD=2744365,10) 4 (DPETIKPD) 4 KRD=1,273,10C}  MAING3A25

470 FORMAT{1CF5.2) MATNG226

DO 490 IDAY2 = 1,9 o , - MAING327

DO 480 IDAY1l = 274,360,10 B ' ) o MAINGZ2E

DAY = 1IDAYl + IDAY2 MAING229

480 DPET{(DAY) = DPET(1DAY1) MAINC220

DO 490 IDAY> = 1,273,10 MAINO233]

DAY = IDAYYl + IDAYZ o ' MAINQRA2

IFIDAY .GT. 273) GU TG 490 _ o MATNN233

" DPET{DAY) = DPET(IDAY1) MAINO 234

490 CONTINUE MAING3Z5

DPET(366) = DPET(59) MAINDZ2Z6

DPET(365) = DPET(363) MAINDO337

DPET(364) = DPET(363) ' ” ' CMAING3A3S

GO TO 51C . MAINN339

500 IF{CONOPT( 1) .EQ. 2) GU TO 530 MAING 340

DAY = 274 MAINO34)

READ{5,470) (DPET{KRD)sKRD=2T744365) s (DPET(KRD) ,KRD=1,273) MAINO342

IF{DPY.EQ.366) READ(5,470) LFET(366) - ,  MAINO343
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C READ NUMBER OF STORAGE GAGES

MAINOZTH

510 READ(54470) EPCM MAING 344

DO 520 DAY = 1,DPY MAINC345

520 EPAET = EPAET + DPET(DAY) MAINO 346

IF(EPCMI6) NE. 1.0) EPAET = OJT#EPAET MAINC347

GO TO 540 MAINQ34E

530 READ(5,90) EPAETyMNRD MAINOZ4Y

 EMAET = EPAET*(365.,0 + MNRD)/4G4.0 . MAINO3S0

CALL EVPDAYU(DPET,EMAET) MAING251

C READ DAILY FLOW DATA MAINO352

540 DRSF(366) = 0.0 MAINC3S3
__ DAY=274 B _ ) e __MAINOZSSH

READ{5¢550) {(DRSF(DAY) sDAY=2744365) 4 (DRSF(NAY),DAY=1,272]} MAING355

550 FORMAT(I0F8.2) ) e R _MAINO35E

IF(DPY.EQ.366) READ(5,550) DKSF{366) MAINO357

1F(DIV EQ. ©.0) GO TOU 58C MAING358

DO 570 DAY = 1,DPY MAINO3SSG

_IF(DRSF{DAY) 6T, D1V) GG TO 560 . __MAIND36OG

DRSF(DAY) = 0.0 MAING361

GO TQ 570 o - MAING262

560 CRSFIDAY) = DRSFIDAY} - DIV MAIND3A3

570 CONTINUE MAINC 364

C SUM DAILY FLOW AND PRINT FLOW TABLE MAINO2R6S

580 CALL DAYSUM{DRSF yMEDCY ,DPY 4RATFV,TMRTF) MAING3E6

WRITE(6,590) MAINO2ALT

590 FORMAT(1HO,42X,"RECORDED FLOWS?®) MAINCG368

CALL DAYOUT(DRSF,MEDWY,DPY) MAINO269

WRITE(64600) (TMRTF(KWD}y KWD = 1,12), RATFV MAINO3T70

600 FORMAT{O6X,y*TOTAL® 22X 912F8.192X9F10.142X33HSFD) MAINO37}

C INITIALIZE PRECIPITION DATA ARRAYS MAING2T2

DO 620 DAY=1,346 MAING3T2

DO 610 KR=1yNR MAINO3 T4

610 DRGPM{KR,DAY)=RGPMB(KR]} MAINO37S

DD 620 HOUR=1,24 MAIND2376

620 DRHP (DAY,sHOUR)=0.0 MAINO377
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730 FORMATI1Xy12F6.2)

READ(5,10) NSG B MAINO379
C SKIP READING STORAGE GAGE DATA IF NO STORAGE GAGE TS USED MAING380
IFINSG.EQ.0) GO TO 710 MAINO381
DO 660 KG=1,NSG MAINO38?2
DO 630 DAY=1,366 MAINO3E3
630 DRSGP{KG+DAY}=0.0 MAINOZ84
€ READ DATA FOR STORAGE GAGES o L MAINO3ES
READ{5,10) NSGRD,ISGM(KG),SGRT (KG) MAINC38E
IF{ISGMIKG).EQ.0) GO TO 640 MAINO3RT
READ{5410) SGRTZ(KG) +SGMD(KG) MAINO3ES
. ...640 READ(5,650) (ISGRDyDRSGP{KGyISGRD) KRU= S1,NSGRDY MAINU3EY
650 FORMATISTIS,FT.2%) MAINO390
660 CONTINUE e - e . MAINC3OY
WRITE(6,670) MAINO392
670 FORMAT(/:5X,9HREACH NUe 35Xy 16HSTORAGE GAGE NO.5Xs16HWEIGHTING FACMAINGIQ3
*TOR ) MAING294
- € READ STORAGE GAGE NUMBER FOR EACH REACH AND 1TS WEIGHTING FACTUR MAINU39S5
DO 700 KR=1,NR MAING396
READ(5,6B0) ISGA(KR) WSGIKR) CMAINCZGTY
680 FORMAT(15,F10.2) MAING39R
HRITEG6.690)KR.ISGA{KR},HSG(KRI MAINQ 299
690 FORMATI(12X,12419X312,13X,F8.2) MAINO4OO
IF{ISCMUISGA(KR))LEQ.0) GO TU 700 - MAINO4G)
READ(54550) WSG2(KR) MAINOG4QZ
700 CONTINUE | , o MAING403
C READ RECURDING RAIN GAGE HOURLY TOTALS MAING4LD4
710 READ(5,4720) IWBG,YEAR 4MONTHsDATE 4CN MAINCLOS
720 FORMAT(15,144144914,13) MAINO4OG6
C LASY CARD OF HOURLY PRECIPITATION HAS YEAR OF MAINO4O7
‘ IF(YEAR +GE. 98) GO TO 750 MAINGS4OS
HRF = 12%{CN~1) + 1} )  MAINO4O9
HRL = 12%(CN=1) + 12 MAINO&G1O
DAY = MEDCY(MONTH) + DATE MAINOALY
READ(5,730G) (DRHP(DAY,HOUR) yHOUR=HRF ¢4HRL ) MAINCQ&412

 MAINO413
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.. LFLDPY .NE., 366 .OR. MONTH .NE. 2 ,OR. DATE .NF. 29) GC VU 710 = MAINC4l4
DO 740 HOUR = HRF yHRL MAINO4LS
DRHP (366 yHGUR) = DRHP {60 ,HOUR) MAINO416
740 DRHP (604HOUR)} = 0.0 MAINO4L17
o G0 YO 710 .. e . _MAINOS41E
C~ CALCULATE PRECIP1TAVION WEIGHTING FACTGRS MAING 419
750 1F(NSG.EQ.0) 60 YO 836 ] MAINOGZU
DO 820 KR=1,NR MAINOA42T
KG=I SGA{KR) MAING&422
DAY = 274 MAINC«23
CPDAY = 274 MAINOH24
ROPT = 0.0 MAINOAZSE
760 IF(ISGMIKG).NE.1) GO TC 770 . MAINOG426
IF(SGMD (KG)«NE.DAY) GO TO 770 MAIMNG&G27
WSGLKR) =WSG2 (KR) MAINC428
SGRT(KG)=SGRTZ(KG) MAINC429
770 EHSGD=SGRT(KG) C MAING430
1F(SGRT(KG).EQ.O)EHSGD=24 MAING&21
EHSGDF = EHSGD MALNGL32
DO 810 HOUR = 1,24 MATNG422
,,,,, RDOPT = ROPT + DRHP(DAY,HOUR) 3 o  MAINOL34
IF (HOUR .NE. EHSGD) GO TU €10 MAIMUL35
1F (RDPT LLE., 0.0) GO TU 780 MATINOL 26
IFISGRTIKG) +EQ.0) PDAY=DAY MAINGG 3T
DRGPM (KK s PUAY)} ={DRSGP (KGyDAY ) PWSGIKRYSRDPTH( Y, G=-WSG(KR) ) )/ MALNCASE
1 RDPT MATIIC439
C REDUCE DATED POTENTIAL EVAPORATION TO ONF HALF FDR RAINY DAYS MAINO 440 )
IF(CONGPTI(1) .NE., O .AND. KR .EQ. 1) DPET(PDAY)=0.5*DPET(PDAY) MAINGwd ]
1F(SGRT(KG) cNELO)YPUAY=DAY MAINCL4Z
RUPT = 0.0 MATNOG4 T
GO TO 810 MAINCaaG
780 IF(DRSGP{KGyDAY).LELO0.0) GO 10 BOO MATNO 645
IF(KR.NE.NR) GO TO 800 MAINGS 46 _
DO 790 KHOUR = 1,EHSGD MAINO&GT
790 DRHP (DAY, KHOUR )= [WSG (KR ) *DRSGP (KGyDAY) } /JEHSGDF MAINCG 48



c6

800 IF(SGRT(KG}eNE.O)PDAY=DAY ! MALNMO44S
810 CONT INUE MAITNGAS(
CALL DAYNXT(DAY,DPY) MAIMGGLS]
IFIDAY.NE.274) GO 10 760 MAINGLEZ

820 CONTINUE - MAINUS4S3

€ STORE DRGPM OF REACH 1 FUR USE IN TRIP 2 TRMATNGAS G

830 IF (NGR.EQel oURs NFTR.EQe2 +URe NLTR.EC.T oNR. CONDPILE) . EC.G) MAINMG4SS
1 GO TO 850 MAINGGSS

DC B840 DAY=1l,366 B MAINGGST

640 DRGPM1(DAY)=DRGPM(1,0AY) MAIMUASE
B50 IF(NFTR.EQe2 +OR. CONUPT{4).EQ.1) GO TO 860 MAINGALSG

C SEY INIT1AL VALUES UF FLOUW VGLUME PARAMETERS TO BE OPTIMIZED MLTMNGAE(
Lz¢ = 12.0 ) C MAINDS4SAY

BMIR = 1.2 CMAING462

SUZC = 1.3 MAIMNO46 3

ETLF = 0.25 MATNGLEL

BUZC = 1,50 MAINO 465

SIAC = (.90 MATNOA4BA

BIVF = (.90 MELINGAGKT

860 IFINFTR .EQ. 2} GO TO 900 MAINGGES
IF(CONOPT (4) 4EQ.0) GO TO &80 L Y

TTCTREAD DATA FROM PREVIOUS PUN AND CONTINUE TRIP 1 77 ' T TMAINCETG T T

READ(59910) LZC,BMIR,SUZCETLFBUZC 4STACBIVF,LZS MAINO&T
READ(5+870) KRC,KBRCySSSUMpFTXyLRCLLZCHLBUZC,LBMIR,LETLF MAINGGTZ

870 FORMAT(215,2F10.3,5L5) MAINCG&T3
BLZC=L2C MAINDG T4
BBMIR=BMIR MAING4TS
BSUZC=SUzZC MAING4TE
BETLF=ETLF MAINOATT
BBUZC=BUZC MAINCLTE
BSIAC=SIAC MAINC4T9
BBYLZS=LZS MAINCA&RO

KBRC =KBRC~1 MAINC4EY

C ESTIMATE BASE AND INTERFLOW RECESSION CONSTANTS MAINGC4R2
880 CALL RECESS(DRSF,DPY,BFRC,IFRC,GAREA,RSBDRSBTIF,NRS,RSEEF) MATNOGE3
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960 CONTINUE

MAINGSHYSB

. IF(IFRC .GE. 0.3) 6C 10 900 e _ MAINO&RL4

WRITE(64890) IFRC MAINO4BS
890 FORMAT(/10X, *REJECIED IFRC =',FBe4) MAINO4BG
IFRC = Q.1 MAINO4BY

. BIVF = 0,0 S e MAINOG4BE

C READ FLOW VOLUME PARAMETERS AND KECESSION CONSTANTS IF ONLY 1RIP 2 ISMAINGO4BG

€ RUN o MAINDLQO
900 1F(NFTR.GE.2) READ(5,910) LZC,BMIRsSUZCyETLF,BUZCySTACB1VF, “AINCS9]
11254 1IFRC,,BFRC MAINOGY 2
910 FORMAT(9FB.4) MAING492
C COMPUTE AVERAGE DRGPM FOR ALL REACHES ABOVE THE GAGE = MAINO4 94
DU 920 DAY=1,4366 MAINOLSS
ADRGPM(DAY)=0.0 = e ) _MAINDA&SS
DD 920 KR=1,NGR MAING&ST

920 ADRGPM(DAY)=ADRGPM{DAY)+DRGPM{KR ;DAY)}*SARFAUKR) /GAREA MAIND 498 -
C ADJUST RAINFALL ANOMALIES MAINGC&99G
930 IF{NWSTH.LT.12)CALL PRECHK(ADRGPM,DRHP sDRSF, cvw1NA|NGR1,56R1(1|, MAINNSOD
1 NWSTH) MAINOEG]
BFHRC = BFRC**{1.0/24.0} MAINGS02
BFRL = —-ALOG(BFHRC) MAINOS03
i TRIP = NFTR ) MATNGS D4
KHYD = 1 MAINCS0S
C INIT1ALIZE DAILY HYDROGRAPH FOR UUTFLOW FROM EACH FINITE SECTION MAINGS506
IF(TRIP «EC. 1} GO TO 970 MATNOSOT
DO 960 KR=1,NR ' MAINDROS
NFSKR=NFS(KR) MAINOSOQ
‘DO 960 KFS=1,NFSKR “MAINGCS1G B

KRKFS=NFSEPR(KR) +KFS MAINOS]]
DU 940 DPRD=1,96 MAINGSY2
940 HYDSTO(KRKFSDPRD})=0.0 MAINGS13
€ INITIALIZE END AREAS OF CHANNEL CROSS SECTIONS MAINOS14
N=NOFD{KRKFS)+1 MAINCSLYS
DO 950 NX=1,N MAINNS1A
950 EDAREA(KRKFS¢NX)=0,0 MAINGE17
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C POINT OF RETURN FOR NEW TR1P o __MAINCGS19
T o700 IF(KRC JLE. 5) FTX = 1.0 A MAINO320
C KRESTORE DATA OF REACH 1 FOR USE IN TRIP 2 MAINGSZ1
IF (NGR1.EQsel «ORa NFTR.EQs2 oURe TRIPLFQOL1 LOR. CONOPT{6).EQ.U) MAINUGS22
160v¥09% . MA1NCS23
NR=NR1 MAINOSZ24
NGR=NGRY . _ e ~ CMAINGSZE
VWINA(1)=VWINAL MAINGS26
WCFSA(1)=WCFSAL MAINGSZT
VWINA{L)=VWINAL MAINOE2SR
_CVWINA(1)=CVWINL , . o MAINDGS529
VINMRA{1)=VINMR1 MAINGSE 2D
 _SUBWFA(1)=SuBWF1  MAIND531
FPERA(1)=FPERA] MAINGS32
SAREA(1)=SAREA]L MAINGS22
FIMPA(1)=FIMPAl MAINGE 34
FWTRA{1)=FWTRAL ) MAINGS3S
CTPLKR(1)=TPLR1 MAINOS 34
WCFSA(1)=WCFSA] MAINDOS37
CWCFSAt1)=CWCFS1 MAINGE RE
CVWINA(1)=CVWIN1l MAINCGS2Y o
T OFRF (11=0FRF1 MAINO %40
OFRFIS{1)=0FRF11 MATNGS4 Y
EQDF (1)=EQDF1 MAIN(IS542
EQDFIS(1)=EQDFI1 MAINOG4™
RLZCt1)=RLZIC] MAINDE GG
RSUZC(1)=RSUZC1 MAINOS4E
RETLF{1)=RETLF1 MAINOS 46
RBUZC(1)=RBUZ2C1 MAINOS47
RSIAC{1)=RSIACI1 MAINCS54E
REBIVF{1)=RBIVF1 MAINOS4 G
DO 980 DAY=1l4366 MAINOSS0
980 DRGPM(1,DAY)=DRGPM1{DAY) MAINGSS1
990 ICYC= ICYC+l ' MAINOSS52
IFITRIP.EQ.2 .0OR. CONOPT{6).EQ.0) GO TO 1000 MAINCES3
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CVWINA(L)=CVWINAINGR)

 SAREA11)=GAREA _ e MAING554
NR=1 MAINOSSS
VWINA(1)=CVWINA(NGR) MAINDS56
WCFSA L1 )=CWCFSAUNGR) MAINGS57
CWCFSA(1)=CWCFSA(NGR) MAINOSS5E

MAINGS59
o NGR=Y _— — _MAINOS6U
1000 DO 1010 DAY=1l,366 MAINDEA]
1010 GAFL{DAY)=G.0 MAINDEG2
KBRC=KBRC+1 , MAINGS63
C STORE FLOW VOLUME PARAMETERS REPRESENTING THF ENTIRE WATERSHED  MAINOS6S
L2C1=L2C MAINQS6HS
L BMIRI=BMIR — —_ e _MALINOESS
SuzCi=suzC MAINOE6T
ETLF1=ETLF MAINGHEAH
BUZC1l=BULC MAINGESL®D
_SIAC1=SIAC _ R MAINOSTO
BIVF1=B1VF MAINGET]
_ IFIDPY LEQ. 366) MEDWYI(5) = 366 . MATHOETZ
C SET TIME INCREMENT FOR SIMULATION MATNGETE
PPH = 1.0 MAINGSTa
IF(.NOT. LKC) PPH = 3.0 MAINOSLTS
IFITRIP NE. 1) PPH = 4,0 MAINORTE
IPPH = PPH MAINGSTT
FHPP = 1.0/PPH . MAINOSTY
IFPRC = IFRC**¥{FHPP/24.0 MAINCST9
IFRL = ~ALOGLIFPRC) MAINOSRO
C INITIALIZE PARAMETERS MAINRSK]
HOURL =0 MAINOSEZ
HSE = 0.0 MAINOS83
PEAI = 0.0 MAINOS84
SPIF = 0.0 MAINOSBS
D0 1020 KR=]4.NR MAINOSBS
IFSA(KR)}=0.0 MAINOSET
OFUS{KR)=0.0 MAINGSES
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KFFC = O

OFUS1IS(KR)=0.0 . e _ MAING589

T TAMIE(KRY=0.0 MAINOS90
AMNE T(KR)=0.0 MAINOS91
AMBF (KR} = 0.0 MAINCE92
... _AMSE{KR) = 0.0 R ___MAINOS93
""1020 CONTINUE MATNODS94

~ AMPET = 0.0 . — I  MAING595
AMPREC = 0.0 MATNOS96
DO 1030 MONTH=1,12 MAINOS597
TMPREC(MONTH) = 0.0 MAINOS 98
TMBF {MONTH) = 0.0 - . I - _ MAINGS599
TMIF {(MONTH) = 0.0 "MAING&OO
C TMSE(MONTH) = 0.0 __ MAINO6GI
TMPET(MONTH) = 0.0 MAINDGO?Z
TMNET(MONTH) = 0.0 MAINDAEO3
1030 CONTINUE MATINCEOd
KRS =1 , - e _ MAINOAOS
KDRS = 400 MAINGAGS
uUzs = 0.0 MAINOGGT
IFS = 0.0 MATNO&UE
- IFINFTR +EQ. 2) GO TO 1066 MAINOKGY
TTTIFIKRC oNE, 1) GO TO 1040 MAINDOA10
C ADJUST BEGINNING YEAR LUWER ZONE STORAGE MAINO&L]
BYL2ZS = 6.00 ' ' MAINO&L 2
IF(CONOPTt4) JEQ. O) LZSsBYL2S MAINOG13
GO TO 1060 MAINGOH] 4
1040 IF(ICYC .EQe 1) GO TO 1060 MAINOG1S
IF(EMLZSIII) .LT. LZSY LZS= EMLZS(1T) MAINOG 16
LZS = LZS*LZC/PLZC MAINGC&1Y
IFILLZC)Y LZS = LZC — (L2C=L2ZS)*(SATFV/RATFV) MAINOELR
IF(ABS{FTX - 1.0) .LT. 0,062} GO YD 1050 MAING619
LZS = FTX*BBYLZS#*L2C/BL2C MAINOGL20
IFILRC +ANDs LZC=L2S LT. 2.0) L2C = LZS + 2.0 MAINO621
1050 IF(TRIP .EQ. 2 .OR. KFFC .EQ. 1) LZS = BBYLZS MAINOG22

MAING623
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€ OETERMINE BEGINNING YEAR GROUNGWATER STORAGE e MAINCE24
"7 1060 OCTIBF = 0.U5%TMRTF(1) MAINC 625
1F(DRSF{274) oLT. G.O5%TMRTF(1)) OCTIBF = DRSF(274) MAINCGZE
IF(DRSF(276) oLT. DCTIBF*BFRC*%2) OCTIBF = NRSF(276)/BFRC*%2 MAINGE2T

) BYGWS = OCYT1BF/(WCFS*BFRL*SQRT{BFRC)) . R __MAINC6E26
GWS = BYGWS MAINGE&Z9

BYLZS = L2S CMAINGE3C
WRITE(641070) TRIPSLZCsEMIRsSUZC $ETLF,BUZCSIAC,BIVF 4BFRCy1FRC MALNGE2R]
1070 FORMAT(1HI 33X, *TRIAL RUN NUMBER®,J13/5Xs "PARAMETER VALUES*/10X, MAINGE3Z
H BHLZC = 93X sFEa% 32X s6HBMIR =¢2ZXyFBady2X,y HEHSUZE =42XsFE b 42Xy MAINDEZZ
2 G6HETLF =42XyFBu4y2Xy6HBUZL =92XsFBe%92X6HSTAC =92X4FB.4/10X, MAING 634
3 GHBIVF =,32XyFB.442Xs6HBFRC =,2X,FB, 4,&Xg6H]Fpr 92X yFL a4 MAINQEZS

WRITE (6510800 LZS,GWS T MAINDE3S

1080 FORMAT(/5X,*INITIAL MUISTURE STORAGESy L7S =%4F9,435X:*GWS =, MAINGERT
1 F%.4) MAINGEZE
IF(TRIP .EQe 1) WRITE{641090) KKRC,KBRC,SSSOM,FIX,LRC,LLIC,LEUZL,, MATNCEZG

1 LBMIR,LETLF 7 MATHCEL0
1090 FORMAT(%X,'DATA USED FOR CONTINUATION RUN: KRC =%,15,5X, 'kbRC =', MAINNAGLT
2 1595Xs?SSSQM ="y FlU.3+5X, 'FIX = YoF10.3y5X s 'LEC =V 4L 2,/ 426X, MAINOBE 2

3 PLLZC =%,L3,6Xy "LBUZL ="yL3,7Xs *LBMIR =9,L3,10X,*LETLF =V,L3) MATIMOE42

AETX = 24.0%EPAE1/365.0 _ o MATNObAA

AEX96 = 1.2¥%AETX MATHOHAS
PAEX90U=AEX90 MALMOGLT
PAEXS6=AEX9S MATHOAGE

SIAM = 1.,2%#%S1AC MATNOLA9

DO 1100 KR=1,NR MAINGES0
UZSA(KR)}=UZS MATINOOS]
LZSA{KR) = LIS MAINOAGKE?
GWSA{KR)=GWS MAINGAST
VINCRUKR)=FHPP*VINMRA{KR) MAIMOLS S

OFUS (KR} = 0.0 MAINO&SS
OFUSISIKR) = 0,0 MAINO&ESS

1100 CONTINUE MAINO6ST
MONTH = 1 MAINOGSER



_MDAY = 273 B S I .. MAINOGS9
IF{TRIP .EG. 1) GO TO 1130 MAING6EC
WRITE(6,1110) YR1,YR2 MAINOG66]

1110 FORMATIO3X 6 1HOPTIMIZATION OF MODEL INPUY PARAMETERS BASED

CN WATEMAINOG&GZ

1R YEAR 19412,1H~,12) = _ e MAINGG6T

" WRITE(6,1120) MAINOHGL
1120 FORMAT{(8H OCYOBER) = _ _ . - _MATNO66S
C BEGIN DAY LOOP MAINOGKGA
1130 DAY = 274 MAINO 66T
LDAY=DAY MAINOAGLR
1140 NNJ=Y e MAINOALY
¢ CHECK THE SPECIFIED DAY NUMBER AND DETERMINE IF TRIP 2 SHOULY STOP “ATHOBTO
~ IF (TRIP .EQ. 2 <ANDa. DAY oEQe NDCR) GO 7O 2460 ____ _MAINC&?]
KR=0 MAINOKT2
C BEGIN REACH LOOP MAINO673
1150 KR=KR+1 MATNOATS
~ 1F(TRIP .EQ. 1) GO TOQ 31200 MAING6TS
C CHECK WHETHER FLOW AT REACH IS TO BE PRINTED MAIMNULTE
SAVE=.FALSE. MAINOGTT
DO 1160 I=1,NOUT MAINCETE

J=1 o ) B o MAINDGOTS
) IF(KRLEQ.IROUTI(1))GO Tu 1170 MATNOAED
1160 CONTINUE MAINOSEL
' GG TO 1180 MATNOGE?
1170 SAVE=.TRUE. MAINO&E2
KOUT=J MAINGARS
C CHECX WHETHER A STRUCTURE EXISTS AT THE BOTYOM OF RFACH MAINOGES
1180 LSTR=,FALSE. MAINCGE6
IFINSTR.EQ.O0} GO TU 1200 MAINGOHET
DO 1190 I=1,NSIR vAINOAEE
IFIKR.NE.IRSTR{I)) GO TO 1190 MAINCSEY
LSTR=.TRUE, MAINO&QO
60 TO 1200 MAINGE9]
1190 CONTINUE MAINGE92

1200 CONTINUE

MAINGS692



66

00

1220 KFS=1,NF3SKR

MAINO728

€ COMPUTE _FLOW VOLUME PARAMETERS FOR EACH PEACH BASED ON GIVEN RATIUS MAINCE&94
SUBWF=SUBWFA (KR} MAINDEYE
LZC=RLZC{KR)*L 2C1 MAINGHEQS
BMIR=RBMIR(KR)}*BMIR1 MAINGHST
o _SUZC=RSUZC(KRI#*SUZC1 o L MAINGLSB

ETLF=RETLFIKR)2ETLF1 MAINGE9Y
 BUZC=RBUZCIXR)*BUIL] _ . _ _ _MAINGTOO
SIAC=KSTIAC(KRI*SIAC] MAINOTZOY
BIVF=RBIVFIKR)*BIVF1 MAINCTG?2
AEXFO=PAEX9D MAINCTOZ
CAEX96=PAEX9G e L MAINGT04
IF(TRIP .EQ. 2) GO TO 1210 MAINCT0S
€ INITIALIZE FIRST THREE DAYS OF RECESSION SFOUENCE FOR BASE ANG. MAINQOT706
C INTERFLOW MAINCTOT
IF{IKR.NEL1) GO TO 1210 MAINOTGE
KDRS=KDRS+1 MAINCT09
IF(KDRS.LE.32) SBFRS(KDRSyKRS=1)=0.0_ CMAINCTIG
IF{KDRS eLE3) SIFRSIXKDRS yXRS-1)= 0,0 MAINOT11]
1F(RSBDIKKS) .NE. DAY) GO TG 1210 MAINCTYZ
KDRS = 1 MAINLT1Z

KRS = KRS + 1 o o MAINGT1a4
SBFRS{KDRS yKRS-1)=0 MAINOTLS
SIFRS{KDRSXRS-1)=0 MAINOT1E
1210 ADIF{(KR)= (0.0 MAINOT1Y
ADBF(KR) = 0.0 MAINGTLE
TO0SF = 0,0 MAINOT1IG
PET = DPETIDAY) MAINOTZO
IFLCONOPTI1) «NE. 2) PET = PET*EPCM{MONTH) MAINCTZ21
PETU = PET MAINOT22
TFMAX = 0.0 MAINOT23
TDFPR24=0.0 MAINGCT24
IFITRIP (EQ. 1) GO TO 1230 MAINOT2S
C ASSIGN CHANNEL FLOW END AREAS AT BEGINNING OF FACH DAY MAINGT26
NFSKR=NES{KR) MAINCT27



KRKF SSNFSEPR (KR ) 4+KFS , MAINOTZ9

001

T N=NOFDUKRKFS ) +1 ' MAINGT?30
DO 1220 NX=],.N : ‘ MAINOT3]
XAREA(KFS¢NX }=EDAREA LKKKFS yNX) MAINOT32
1220 CONY INUE o o MAINGT33
C HBEGIN HOUR LDOP MAINOT734
1230 DO 1610 HOUR = 1424 i )  MAINOT3S
CBF=GWSA(KR)*BFRL MAINGCT26
URHF=0,0 : MAINGT37
IFINSG.EQ.U «ANDe URHP(DAY,HOUR) JNE.0aO AND., PET.EQ.PETU .AND. MAINGT 38
1 CONOPT(1).NE.O) PET=0.5*PET - _MAINCT39
¢ COMPUTE HOURLY PRECIPITATIGN FOR EACH REACH . MAINO740
IF(DAY <EQe 274) RGPMI{KR)= DRGPM(KR,DAY) ] _ MAINOT41
IF (HOURLEQ.SGRT({ISGAIKR)I)I+1) RGPMIKR)= DRGEM(KR,DAY) MAINGT&2
IF(HOUR.EQ+9) HSE = (FWTRA(KR)*PET) /12,0 MAINOT43
IF(HOUR +EQa. 21) HSE = 0.0 MAINUT44
PRH= RGPM{KR )*DRHP (DAY ,HOUR) e MAINOT45
TFIKRLE.NGRYAMPREC=AMPREC+PRH*SAREA{KR) MAING746
ARHF (KR}=0.0 e o MAINOTST
C 15 MIN ACCOUNTING AND ROUTING LODP (60 MINUYES USFD FOR ROUGH MAINQT74E
o ADJUSTMENT, AND 20 MINUTES FOR FINE ADJUSTMENT TN TRIP 1) MAINGT49
T DO 1550 PRD=1,41PPH MAINCTSU
DPRD=1PPH#* (HOUR-1)+4PRD - S ] MAINOTS]
PEP=FHPP*PRH MATMOTS2
PEBI = 0.0 S - . I ) MAINO753
PPI = 0.0 MAINOT54
UFR = 0.0 . MAINGTSS
OFRIS = 0.0 MAIMOTES
Wl = 0.0 o o S ~ MAINO7S7
WEIFS = 0.0 MAINOT758
C USE NONUNIFORM RAIN DISTRIBUTION WHEN NEEDED MAINOT59
IF(TRIP.EQe2 «AND.LNPR) CALL PREPRD{RGPMINR),DRHPyDAY yHOUR DPY4PRD4MAINOT60
1 PEP +PRH) MAINOT61
IF(PEP .GT. 0.0) GO TD 1240 MAINOT62

IF{CFUS{KR).GT.0.0) GO TO 1260 - MAINO763
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C RKAINFALL UPPER ZONE INTERACTION

GO TG 1510

MAINCYIG

] CIF(IFSA(KR).GT.0.0) GO TO 1350 e L MAINODT64
IF(TRIP .EG. 1) GO TO 1540 MAINOT6S
IF(RHF{KR}.G1. 0,0) 60 10 1370 MAINCT66
IF(CONDPT(2) .EQ. 1 .AND. PRD «NE. &) GO TO 1540 MATINOT6T
TFCFS=0,0 . _ . . I __ MAINOT768
IFICBF .GTe HSE) TFCFS={CBF-HSE)*WCFSA{KR) MAINATEY

MAINUTT]
1240 IFIPEPL.GE.VINCRIKR)IGU TOU 1250 MAINGTT2
UZSAEKR) = UZSALKR)+PEP=TPLRIKR) MAINOT72
. VINCR(KR}=VINCR(KR)=PEP . o i o L MAINQTT4
PPI=0.0 MAIMOTTE
_ PEBY = 0,0 . ) _MAINCTTE
TF{OQFUSIKR).GT.0.0) GO TO 1260 MAINOTT?
GO 7O 1350 MAINDTTE
1250 PPI = PEP-VINCRI(KR) MAINOTTY
UZSAIKR) = UZSA(KRI+VINCR{KRI*TPLRIKR) MAINOTEC
VINCRIKR}=0.0 MAINOTE]
LZSR=LZSA{KR}/ZLZC ‘ MAINOTR?
UZC = SUZC*AEX90 + BUZC*EXP{—2.7%LISR) MAINOTES
UZRX=2Z2 0% ABSIUZSA(KR )} /UZC~-1.0} ¢+ 1,0 MAINOTES
FMR=(1.0/(1.0+UZRX} )} **JIRX MAINCTES
JFIUZSALKR)LGTLUZC) FMR=1.0~FMR MAINGTET
PEBI=FPPI*FMR MAIMUTES
UISAIKRI=UZSAIKR)+PPI-PER] MAINOTEY

C  LOWER ZONE AND GROUNDWATER INFILTRATION MAINOTI0 e
1260 LZSR=LZISAIKR}Y/ZLIC MAINOT91
EID = &4.,0%LZSR _ MAINCTOZ
IF{LZSR JLE. 1.0) GO 70 1270 MAINO793
EID = 4,0 « 2,0%{L25R - 1,0) MAINOT94
IF{LZISR LLE. 2.0) GO TO 1270 MAINOT95
EID = 6.0 MAINDT96
1270 PEBI=PEBI+0FUS(KR) MAINDOTOT
CMIR = FHPP*STAM*BMIR/(2,.0%=%xE]1D} MAINCT98
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CIVM = BIVF#2,0%%LZ5R == = o MAINQT9Y
"IF(CIVM JLT. 1.0) CIVM = 1.0 MAINOROO
PEAI = PEBI*PEBI/{2.0#CMIR*CIVM) MAINCED]

WI = PESI*PEBI/(2.0%CMIR) MAINGEQ?Z

IF {PEBI .GE., CMIR) W] = PEBI-0.S5%CMIR _ __MAINNBON2

IF (PEBT .GE. CMIR*CIVM) FEAl = PEBI-0.5%CMIP*CIVM MAINOEQs

WEIFS = wl =~ PEAT e _MATNGEOS

C OVERLAND RUNOFF MAINOEOG
IF({PEAI~DFUSIKR) ) .GT.0.0) GU T0O 1280 MAINOEQT

EQD= (OFUS(KR)+PEATI) /2.0 MAINGEOR

GO TO 1290 S MAINDEOG

1280 EQD=EQDF(KR)*{ (PEAI-CFUS{KR)})**0,6) MAINGELC
1290 1F((DFUS(KR)+PEAI}.GT.(2.0%EQD)) £QD=0,5%(OFUSIKR)+PEAL) MAINOE1]
o IF{(OFUSIKR}+PEAT).LE.D.001) GO TO 1300 MAINOELZ2
GFR =FHPP*OFRFIKR)I*{ ( (UFUS{KR)}+PEAT ) #C .5) %21 A7) *{{1.0+40.6% MAINGE LR

1 ((OFUSTKRI+PEATI/(2.0¥EQD))*%3,0)**1,67) MAINOR14
IF(OFR .GV. t0O.7S*%*PEAl)} OFK = Q.75%PEAI MAINOELS

1300 1F{FIMPA(KR)}.EQG.0) GO TO 1230 MAINOETE
C OVERLAND RUNOFF ON IMPERVIOUS SURFACE MAINCE17
PEIS=PPI+UFUSIS(KR)} ' MAINGELE
IFL(PEIS~-OFUSIS(KR}).6T.0.0) GO VO 1310 MAINORYS

TEQDI S=(OFUSIS(KRI+PEISY/Z2.0 ' MATNGEZC

GO 70O 1320 _ MAINGEZ1

1310 EQDIS=EQDFISEKRI*{{PELS—OFUSIS(KR))*%0,6) MAINOEZZ
1320 IFL(OFUSISIKRI4PELS) «GT.(2.,0%EQDIS)IEQDIS=0.5%(CFUSIS(KR)I+PELS) MAINDE23
1F({OFUSISIKR)+PEIS) .LE.G.01) GO TO 1330 MAINCGEZ4G

OFRIS = FHPP*OFRFIS{KR)*(((OFUSIS(KR)+PEISIR0.5)*%1,6T7)*#((1.0+40.6%MAINDE2S

1 ((OFUSIS(KR)4PEIS)I/{2.0%EQDIS))**3,.0)*%*]1,.67) MAINCGEZGE
1FIOFRIS .GT. PEIS) OFRIS = PEILS MAINOHZ2T

1330 OFUSIS(KR)} = PEIS-OFRIS MAINDBZE
OFUS IKRI=PEA]1-OFR : MAINOBZS
IF(OFUS(KR}.GE.Q0.,001) GO TO 1340 MAINGB 30
LZSAUKR)=LZSA{KR}+0OFUSIKR) MAINOE3]
OFUS{KR)=0.0 MAINOER2

OFRIS=0FRIS+0FUSIS({XR)

MAINO833
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OFUSIS(KR)=0,0

o L GTUS B TRR T — - : e e MAINOB34
C "PERCOLATION YO GROUNDWATER MAINGS35
1340 LZRX=1.,5%ABSCLZSA(KR}/LZC=1.0)+1.0 | MAINOERS
FMR = (1.0/(1.0 + LZRX))**¥LZRX MAINOE3T
JF(LZSA(KR) LT LZC)FMR=1,0-FMR*{LZSA(KR)/L2C) __MAINGE3E

"PLZS = FMR¥(PEBI-WI)

e MATINOE3G

PGW = (1.0 ~FMRI*(PEBI — WI)*(1.0 — SUBWF)*FPERA(KR) _MAINOB4C
GWSA(KR)=GWSA{XR)+FGW MAINOES]
LZSA(KR)=LZSA(KR)+PLZS MAINORL2
LFSA(KRI=IFSAIKRI+WEIFS*FPERA(KR) MAINGESLD

1350 SPIF=IFRL*IFSA(KR) o e o MAINO B«
AMIF{KR)=AMIF (KR)+SPIF MAINCGELS

ADIF (KR)=ADIF{KR)+3PYF = . MAINDRAE
IFSACKRI=IFSA{KR}=SP]IF MAINORSGT?
IFILFSA{KR}«GEL0.0001)608 YO 1360 MAINDR4H
LZSAL{KRI=LZISA(KR)+IFSA(KR) MAINCRAL4Y
 IFSA{KR)=0.,0 MAINO650
1360 SPDR= FPERAIKR)*DFR+PPI*FHTRA(KR)0FIHPA(KR!#0FRIS+SPIF MATNGES]
IF(TRIP +EQe. 2) GO TG 1380 MAINOBEZ

ARHF (KR} =ARHF (KR ) +SPDR*WCFSA(KR) MAINOEST

- G0 10 1540 MAINOES
1370 SPDR=0.0 MATINGESS
¢ ROUTING - , MATHGESE
1380 1F(CONOPT(2)} ,NE. 1) GD TO 1390 MAINOEETY
C HOURLY ROUTING MAINOESE
URHF =URHF+SPDR MAINCESS
IF{PRDLNE.41G0 YO 1540 MAINO &S0
€ SPDR MUST BE IN INCHES PER OUARTER HOUR MATNOES ]
SPDR = URHF/4, MAINOES 2
1390 IFI(NUBR(KR)}.LE.O0) GO TO 1410 MATNOEBL2
C IF YTHE CURRENT REACH IS THE FIRST REACH AFTER A JUNCTION, THEN MAINOF&G
C ADD THE PREVIOUS JUNCTYION®S HYDROGRAPHS TO OBTAIN INFLDOW TO REACH MAINGESS
NSUM=TUHIKR,y 1) MAINOEBASL
IF(NUBR(KR).EQ.1) GO TO 1410 MAINOBGT
NB=NUBR {KR) " MAINGEGE
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DO 1400 NH=2,NB

T TIRSTUH{KR yNH)

MAINCEGLO

MAINORT7C
1400 HYOSTO(NFSEPR{NSUM)+NFS(NSUM),DFRD)=HYDSTO(MFSEPRINSUM) +NFSINSUM) yMAINOET]

1 DPRD}I+HYDSTO(NFSEPR{IH)+NFS{IH),DPRD} MAINOBT?Z
C CALCULATE LOCAL INFLOW PER LINEAR FT ALONG THE REACH MAINOET2
71410 ROLFZAKR) = (SPOR*4 *WCFSA(KRY)/RCHLTHIKR) MAINOETS4
00 1500 KFS=1,NFSKR N MAINOETS
KRKFS=NFSEPR (KR)+KFS TMAINOETS
DELTAX=FSLTH(KRKFS)/NOFD(KRKFS) MAINORTY
C DETERMINE ALPHA AND EXPM TO BE USED FOR ROUTING MAINOKTE
_CALL RTGPAR(XAREAyKFSsKRKFS ALPHyEXPT,DARFA,ALPHA,EXPM,NOFLyNSC)  MAINCETY
IFINSCI(KRKFS) .LE. 1} GO TO 1420 MATINOESOC
_ALPHAL=ALPHA . . ... MAINOBE]
EXPM1=EXPM MAINOEE?Z
1F(PALPHA(KRKFS) .EQ. ALPHA) GO TO 1420 MAINORBS
ALPHA=({PALPHA(KRKFS)+ALPHA)/2.0 WAINGEE4
EXPM= (PEXPMIKRKFS)I+EXPM)/2.0 = = e o __MAINOfSE
PALPHA(KRKFS) = ALPHA1 MAINOESE
PEXPM(KRKFS) = EXPM]l S 7 MAINGEERT
1420 IFINUBRIXR) +LE. O JAND. KFS LEQG. 1) GO TO 1450 MAINOBEE
IFIKFS <EQ. 1) GO TO 1430 - MAIMOEES
NLR=KR MAINGESG
NLS = KFS-1 MAINCES)
GO TO 1440 MAINOES:
1430 NLR = NSUM MAINC 893
NLS = NFSINSUM) MAINOE G4
1440 IF(HYDSTOUINFSEPRINLR)I+NLSDPRD)}/ALPHA LLE, 0.} GO TO 1450 MAINOESS
€ CALCULATE XAREA AT HEAD OF REACH FRUOM INFLOW HYDROGRAPH YAINOB S
XAREAC(KFSy1)}=(HYDSTO(NFSEPR{NLR)+NLSDPRDI/ALPHA)**{1./7EXPM) MAINOBS?
GO TO 1460 MAINOESE
1450 XAREA{KFS,1)=0,0 MAINOB9Y
C FINITE DIFFERENCE ROUTING THROUGH STREAM REACH MAINO900
1460 N=NOFD{KRKFS)+1 MAINO9OY
IFIEXPM .GE. 0.,0) GO TO 1480 MAINO9OZ
WRITE(691470) EXPMyKRyKFS MAINO903



1470 FORMAT(5X6HEXPM= +E10,342X¢13HAT REACH NO,

v1242X412HSECTION NO. MAINO904

1 :12) MAINOOGSH
GO TO 2460 MAINOGOL
1480 CALL CHROUTIXAREASROLFLyROLFZsDELTATyDELTAX ALPHASEXPM NyKEyKFS, MAINGSOT
... lcoNnoev(3)) — e . MAINOSCE
C CALCULATE CUKRENT ROUTED DUTFLUW FROM THE REACH ' MAINGSOS
. RHFUKR)=ALPHAXXAREA{KFS,N)**EXPM CMAINGI1O
€ CALCULATE TOTAL OUTFLUW MAINCUS9L1
IF(KFS o NEa. NFSKR) GO TO 1490 L MAINGYY 2
TFCRS=RHF (KR )Y+ {CBF-HSE)*WCFSALKR) MAINGOGLZ
IF(TFCES LT, 0.0) TFCFS=0.0 MAINGS14
0 10O 1500 MAINOS1H
1490 HYDS TO(KRKES yDPRD ) =RHE (KR ) . MAINOS1E
1500 CONTINUE MAINCGYY
1510 IF{.NOT. LSTR) GO TOQ 1620 MAINOGL Y
CALL STORRTUTFCFSyKRyDELTAT ELEV4DISCHSTORAGsTFSTIKR) MAINOGYIS
1 JLSTUKR)$INLSToOUTLSTSTULST,LPET) MAINCGZC
—- TFCFS=0UTLST (KR} : MAINOGZ]
< C STORE FLOW FOR INFLOW TO NEXT LOUWER REACH MAINQYZ2?Z
e 1520 HYDSTO(NFSEPKIKR)+NFSKRUDPRL)Y=TFCFS MATNGOZ3
C_CHECK TO SEE IF_DAY'S FLOWS SHUULD BE PRINTED __MAINO924
IF(TFCFS JLE. TFMAX) GO TO 1530 MAINOGZE
PRODF = PRD MAINC9Z&
TOFP24 = HOUR MAINOYZ2T
IF{PRD .LE. 3) TDFP24 = (TUFP24 — 1.0) + 0.15%PRDF MAINGQZR
TEMAX = TFCFS MAINDQ29
1530 ARHF (KR)=ARHF{KR)}+TFCFS/NPPH MAINQQ2L
ROLF1{KR)=ROLF2(KR) MAINGY3]
1540 IF(VINCRIKR) (ALTLFHPPEVINMRAIKR))} VINCRIKR)=VINCR(KRI+GPETI(DAY)Y/ MAINOYZ2
1 {24 .0/FHPP) MAINOS 23
1550 CONTINUE MAINOI34
C END OF 15 MINUTE LOOGP MAINO9ZS
C ADDING GROUNDWATER FLOW MAINO936
GWSA{KR)I=GWSA(KR)-CBF MAINGO3T

AMBF (KR )}=AMBFIKR)+(CBF

MAINOY 3B
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IF(UZINFX .LE. 0.0) GO TO 1560

IF(TRIP +EQ. 1) ARHF(KR)=ARHF(KR)+CBF*WCFSA(KR} _ MAINO939
€ EVAPORATION FROM STREAM SURFACE CMAINCCSAU T
IF(HSE*WCFSA{KR) .GT. ARHF{XKR)) HSE=ARHF (KR} /WCFSA(KR) MAINGO41
IF(CBF.GTHSE)ADBF{KRI=ADEF (KR )+CBF ~HSE MAINCG 94?2
AMSE (KR)=AMSE(KR)+HSE L . MAINU943
" THSF LHOUR ) =ARHF{ KR) i TMAING G444
IF(TRIP +EQ. 1) THSF{HUUR)=ARHF{KR)=(HSE*WCFSAIKR)) MAINOSGL S
1IF{TFMAX .LEe. 0.0} TFMAX = THSF(HOUR) TMAINCS 46
) TDSF = TDSF + THSF(HOUR) i MAINOYG 4T
" "C DRAINING OF UPPER ZONE STORAGE MAINGQ4LE
UZINFX=(UZSAUKR) /UZC)-(LZSA(KR)/LZC) MAINGS 49

CMAIMOOSQ

LZSR=LZSA(KR)/LZC o MAINCSS
UZINLZ = 0.003MIR*UZCHUZINFX*%3,0 MAINGG52
IF(UZINLZ.GT UZSAIKR}JUZINLZ=UZSA(KR) MAINGYS3 -
UZSA(KR)I=UZSA(KR)~UZ1NLZ MAINL9S4
LZRX = 1.5%ABS(LZSR = 1,0) + 1.0 : MAINGGSS
FMR = (1.0/(1.G + LZRX}}*#%LZRX MAINCYSE
IF(LZSAIKR)+LT.LZCIFMR=1,0-FMR*LZSR MAINCGYST
PGW = (1.0~FMR)*UZINLZ#(1.0 ~ SUBWF)*FPFRA(KR) MATNCOSY
PLZS_ =FMR*UZ INLZ . _ MAINOYSY
"~ LZISAUKR)=LZSAUKR)+PLZS MAINGY6D
GWSA(KR)=GWSAIKR)+PGW MAINOGS]
C 4 PM ADJUSTMENTS OF VARICUS VALUES MAINCGS &2
1560 1F(HOUR JNE. 16) GO TC 1610 MAINDG63
PAEX90=AEX90 MAINOYGL
PAEX96=AEX96 MAINGO6S
AEX90 = 0.,9*(AEX90 + PET) MAINOS66
AEX96 = 0.96*%(AEX96 + PET) MAINCO6T
IF(KR.NE.NR} GO TO 1570 MAINC 968
PAEX 9C=AEX90 MEINO96S
PAEX96=AEX96 MAINGOTU
C INFILTRATION CORRECTION MAINO97 ]
1570 STAM = (AEX96/AETX)**STAC MAINOOT2

IF{SIAM ,LT. 0.33) S5IAM = 0.33

MAINC9T3
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IFIPEY .EQ. 0.0} GO TOQ 1610 . . : o MAINOST 4

€ EVAP-TRANS LOSS FROM GROUNDWATER MAINGOTS

B  GWET=GWSA(KR)*GWETF*PET*FPERALKK) MAINGYSTS

GWSA (KR)=GWSA(KR)~GWET MAINGOTT

IF{KRLEQ.LJAMPET=AMPET+PET e MAIND9TE

IF(PET.GE.UZSA(KR))IGO TU 1580 T MAING9TY

UZSA(KR)=UZSAIKR)-PET S o - o MAINQUYED

AMNE TIKR)=AMNET(KR)+PET o MAINCIE]

Y—— 6L TG 1610 — S . e _ MAIMNDDEZ

158G PET=PET-UZSA(KR) MAINCGES

AMNE T (KR)=AMNET(KR)+UZSAIKK) - - o  MAINCSS84

UZSA(KR)=0.0 MATMOGES

LZSR=LZSA(KRI/ZLZC o - - MAINGOEE

1IF(PET .GE. ETLF*L2SR)} GO TU 1590 ° MAINO9ET

. SEY = PET*{1.0 - PET/{2.0%ETLFALZISR)) MAINOYEE

GO TO 1600 MAINOOEG

1590 SET = O.5*ETLF*LZSR N S - - o _ MATNGOG(

1600 LZISA(KR)=LZSAIKR)-SET MAINO99]

AMNET (KR }=AMNETI{KR)+SET - MAINNGYD

1610 CONTINUE MATNUYY3
C END OF HMOUR LOGP N  MAINOSSH

IFITRIP .EC. 1) GO TO 1630 MATNGY9E

C STORF END AREA OF EACH FINITE DIFFERENCE SECTION FOR USE IN NEXT DAY MAING9YA

DU 1620 KFS=1,NFSKR MAINOYSQT

KRKFS=NFSEPR (KR ) +KFS MAINC G YK

N=NUFDIKRKFS )41 . MAINGUY9Y

DO 1620 NX=l,sN B MAINIGOG

EDAREA(KRKFSyNX) =XAREA{KFS yNX} MAINIGG]

1620 CONTINUE ‘ _ MAIN1CCG?2

1630 DSSFIDAY)=TDSF/24.0 MAIN10OO3

IF(TRIP.EQ.l eANDLKR.LENGK) GAFL{DAY)=GAFL{DAY)+DSSFIDAY) MAIN1CO%

IF(TRIP .EQ. 1) GO TO 1730 _ MAIN1OGS

IF(KR.NE.NGRIGO TO 1640 MAIN1OOA

C DETERMINE SYNTHES1ZED DAILY AND MONTHLY FLOW AT GAGED REACH MAINIOOT

GAFL (DAY )=DSSF(DAY) MAIN1CGGSE
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SMF=SMF+DSSF (DAY)

. _SMi ___..MAINIOOY

1640 IF(.NOT.SAVE .OR. TFMAX.LE. RMPF) GO TO 1730 ‘ MAINICLO
€ PRINT HOURLY,DAILY AND PEAK FLOW FOR DAY WHEN PEAK FLOW EXCEEDS RMPF MAIN1O11
WRITE(&,1650)KR RMPF MAIN1D1Z
1650 FORMAT{(1H/,**%% FLOW FROM REACH = *,12,* {RFQUESTED MINIMUM PEAK MAIN1O12

) 1= Y, F5.14 'CFS)  ®kx%r) MAINIGL4
IF(DAY +EQ. 366) MDAY = 337 - B o MAINIODLS
DATE = MOD(DAY,MDAY) MATIN1C16
WRITE(6,1660) DATE, (THSF{HUOUR),HOUR=1,12) MATNIODL17
1660 FORMATIIH/ 31X/ 41X 914 42X12HAMIX,6F8,.1,43X,6F8,1) MAINIOLR
WRITE(691670) (THSF{HOUR),HOUR=13,24), DSSF(DAY) L B MAIN1019
1670 FORMATIIHI 16X ZHPM, 1 X,6F8,143X,7F8.1) T T T U MATNI 0z 0
IF{TDFP24 LT, 12.0) GO TO 1690 B ~ MAINIOZ21
T YOFP1Z = TDFP24 - 12.0 B T MAINIOZ22Z
WRITE(6,1680) TFMAX, TOLFP12 MAIN1023
1660 FORMAT(IH/ y10X,BHMAXIMUM= yFB ol s 2XsOHC aF oS ey SXgAHTIME 13X, F5.24,2Xy MAINIUZ4
1 4HP.M.) e LMAININZS
60 T0O 1710 TMAINIC26
1690 WRITE(641700) TFMAX,TDFP24 - o MAINIG27T
1760 FORMATUIH/ 310X s 8HMAXTIMUMS 3 F8.1 42X s6HC eFaSe o SXp4HTIME ,2X,F5.2,2X, MATHIDZ2E
1 4HA.M.) MAINIG2Y
1710 WRITE(6,1720) MAIN10Z20
1720 FORMAT(1H/,120¢(*_")/} _ _ . MAIN1OZ]
1730 IF(TRIP EQe 1 LAND, oNOT. LRC .AND. KDRS .LE. 3 .AND. IFRC LGV MAINY1OZZ
1 0Oel) SIFRSIKORSyKRS=~1} = SIFRS(KDRSKRS=1}+ADIF(KR)*VWINA(KR) MAINIQ3Z
IF(TRIPAEGL) e ANDKDRSeLEe3) SBFRS{KDRSKRS~1)=SBFRS{KDRSyKRSE=1)+ MATNID34L
1 ADBF(IKR)&VYWINA(KR) MAIN103S
C  MONTHLY SUMMARY STORAGE MAIN1IO36
1F(DAY .NE. MEDWY(MONTH)}) GO TO 2080 MAIN1O37
IFIKRGT.NGR)IGO TO 1840 ‘ MAIN1G28
IF(KR.NE.NGR)IGO 10 1820 B MATN1039
IF{TRIP .EQ. 1) GO TO 1810 MAIN1C4O
C PRINY SYNTHESIZED DAILY FLOW AND MONTHLY TOTAL MAIN1041
IFIMONTH=1) 1740,1740G,1750 MAIN1OG2

1740 MEDWYP=MEDWY(12)

MAIN1043
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EMLZS{MONTH)=LZSA(KRI*SAREA(KR]

MAINIOTE

GO 70 1760 ] — e MAIN1QO44
T1750 MEDWYP=MEDWY (MONTH-1} T MAINTOG4S
IF{MONTH +EQe 4) MEDWYP=0 MAINLO4G
IF(MONTH.EQ.5) MEDWY(5)}=59 MAIN1O4T
1760 NDPM=MEDWY (MONTH)}-MEDWY¥P o o _ MAINYO4R

WRITE(6,1770) MAIN10LY
1770 FORMAT(/45Xy49HDAILY SYNTHESIZED FLOWS ARE TABULATED AS FULLUWS:) MAINIOSC
WRITE(651780){1,DSSF (MEDWYP+I),1=1,NDPM} MAIN10S1
1780 FORMAT{8{15,F10.3}) . MAINLOSZ
1F (MONTH .EQ. 5 .AND. DPY .EQ. 364) WRITE(6,1790) DSSF(366) MAIN1OSZ
1790 FURMAT(2Xy3H366,F10.3) e L MAIN1O54
WRITE(6,1800)MONTH,SMF MAIN1CSS
1800 FURMAT(SXs6HMONTH=91345X,20H5UM OF MOMTHLY FLOW=,F10.3} MAINLIGSE
SMF=0.0 MAINLIGST
1810 TMPET(MONTH) = AMPET MAINLGSS
AMPET = 0.0 MAIN1GEY
1820 IF{KR.GT.NGR) GO TO 1840 ~ MAIN1O&C
TMPREC(MONTH)=TMPREC {MONTH }¥AMPREC MAINICA].
AMPREC=0,0 , MAINL1Oo?
TMBF {MONTH)=TMEF {MONTH) +AMBF (KK )*SAREA(KR) MAINLIQES

_  AMBF(KR)=0.0 B _oMATNYIO6A

o TMIF(MONTH)=TMIF {MONTH)+AMIF (KR )*SAREA (KR) MAIN1OGS
AMIF (KR)=0.0 MATN10EG
TMSE {MONTH)=TMSE {MONTH)+AMSE (KR ) *SAREA KR} MAIN1O&T
AMSE (KR)=0.0 MAIN1OGE
TMNET (MONTH) =TMNET(MONTH) +AMNETIKR)*SAREA (KR) MAINIUAG
AMNETIXR)=0.0 MAIN1OTO
UZC=SUZCHAEX90+BUZC*EXP (-2 T#LZSALKR)/L2C) MAIN1GT1
IF(UZC .LT. 0a25) UZC = 0.25 MAIN1OT?2
IF{XKR.NE.1) GO TO 1830 MAIN1073
EMGW S {MONT H) =GWSA (KR }*SAREA{XR) MAINIOT4
EMUZ C (MONTH) =UZC*SAREALKR) MAIN1D75
EMUZ SIMONTH)=UZSAIKR}I*SAREAIKR} MAIN1QT6
EMSTIAM{MONTH)=S1AM*SAREA(KR) MAIN1OTT
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- EMIFS (MONTH)=1FSA(KR)*SAREA(KR) e , L MAIN1OTS

T 60 TO 1840 N MATNICRO
1830 EMUZC (MONTH)=EMUZC {MCONTH)+UZC*SAREAC(KR) MAIN1DSB]
EMUZ SIMONTH)=EMUZS{MONTH)+UZSA(KR)*SAREA({KR) MAINIQEZ
EMSTAM(MONTH)=EMSTIAM(MONTH)}#STAM*SAREA(KRY ~~ MAINICBZ
CEMLZS(MONTH) =EML2SIMONTH)I+LZSA(KR)*SAREA{KR) MAINICGESL
EMIFS{MONTH)=EMIFS(MONTH)+IFSA{KR)I®SARFA(XR) S MAINICOS

EMGW S{MONTH) =EMGWS {MUNTH) +GWSA (KR)*SAREA{KR)

MATNIGES

1840 1F(KR.NE.NR) GO TO 1150 MAIM10S7
C END DOF REACH LOOP MAINIOESR
IF{MONTH LEQ. 5) MEDWY(5) = 59 MATNTIURY
MDAY = MEDWY({MUNTH) MAINTIOGO
IF(TRIP .EQ. 1) GO TO 2070 L L o o MAIN1C91
GO TO {1850,18704316904191041930Q, 195041970 ,1960,2010420304,205%0, MATNLTICSZ

1 2070) 4 MUNTH B MAIN1CGZ
TTTT1850 WRITE(641860) MAIN1OGA
1860 FORMAT{1H/,BHNOVEMBER) MAIN1D95
GO TO 20670 MAINICGH
1870 WRITE(6,1880) MAIW1DOT
1880 FORMATU(1H/ ,8BHDECEMEER]) MAINL(SE
co TO 2070 L i L MATNIOYY
T 1890 WRITE(64,190G0) ) - MATHTTI6O
1900 FORMAT(1H/ ,7HJANUARY ) MAIMIL0]
GO TO 2G70 MAIN110Z
1910 WRITE(641920) MATNT 102
1920 FORMAT(1H/ 4BHFEBRUARY) MAIN1104

GO 10 2070 MAINI1OS

h 1930 WRITE(6,41940) MAINT106
1940 FORMAT(1H/y5HMARCH) MAINYI107T
GO YO 2070 MAIN1106
1950 WRITE(6+1960) MAIN110©
1960 FORMAT{1H/;5HAPRIL) MAIN1110
GO TO 2070 MAINT111
1970 WRITE(6,1980) MAIN1112
1980 FORMAT{1H/,3RMAY) MATN1I1IL13
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APREC = Q.0

.. GO TO 2070 _ I S o MATNYIY1G
1990 WRITE{6,2000) MATNIIIS
2000 FORMATI( 1R/ ,4HJUNE] MATIMI11é

GO TC 2070 MAINYIYIL1Y
2010 WRITEl6,2020) . _MAINIILE
2020 FURMAT{IH/ s4HJIULY) MATMI1lY
. epBTOD 2070 ) ] _MAINIT20.
2030 WRITEL(6,2040) MATINT 2]
2040 FORMAT(1H/ 46HAUGUST) MAINIYZZ
GO TO 2070 MAINTITZ2Z

2050 WRITE(642060) o ] MAIN1124
2060 FORMATU(1H/ y9HSEPTEMBER) MAINIYIZS
2070 IF(KR.EGeNR) MONTH=MONTH+l o MAINT126
LDAY=DAY MAINT127

C END DOF DAY LUOOP MAINYI12E
200 IFIKR JNE. NR)} GO 70 1150 MAIN1I1Z9
CALL DAYNXT(DAY,DPY) ; MAINITZO
IF(DAY NE. 274) GO TU 1140 MAINTIZY

DO 2090 MDONTH=1,12 MAINTYZZ
TMPREC{MONTH)=TMPREC (MONTH) /GAREA MATIN1Y3RZ

_TMBF(MONTH)=TMBF (MONTHI/GAREA MAIND13G

TMIF{MONTH)=TMIF (MONTH)}/GAREA MAIMTIIZE
TMSEIMONTH)Y=TMSE (MONTH) /GAREA MATINTYZe

TMNET (IMONTHI=TMNET {MONTH}/GAREA MATN11 3T

EMGWS (MUNTH) =EMGWS (MONTH }/GAREA MAIN]IA®
EMUZC{MONTH) =EMUZC{MONTH) /GAREA MAINTIZYG

EMUZ S{MONTH )} =EMUZS (IMONTH ) /GAREA MAIN1I14Q

EMSI AMIMONTHI=EMSIAMIMONTH)/GAREA MAIN1141
EMLZS{MONTH)=EML ZS{MONTH)}/GAREA MAIN] 142
EMIFSIMONTH)=EMIFS{MONTH) /GAREA MAIN1IT43

2090 CUONTINUE MAINL 144
IF(TRIP NE., 1)} WRITE(6,2100) (TITLE(KTA)y KTA=1,20,1) MAIN1 145

2100 FORMAT{1H1,25X,20A4) MAINY14E
C ANNUAL SUMMARY MAINYI 147

MAIN114t



(AN!

ABFY = 0.0 e — R _MAINT149
T T ASEV = 0.0 MATN115C
ANEY = .0 MAIN11G1
APEY = 0.0 MAINI1S2
AIFV = 0.0 R e MAIN11EZ
T D0 2110 MONTH = 1412 MAI~11=4
APREC = APREC + TMPREC(MONTH) MAIN]S
ABEV = ABFV + TMBF (MONTH) MAlMll%n
ASEV = ASEV + TMSE(MUNTH) MLINL1ISTY
ANET = ANET + TMNET(MONTH) MAINTIEE
APET = APET + TMPET(MUNTH) MAINL1LES
2110 ALIFY = AIFV + TMIF(MONTH) MAIN1160
) WRITE(6,52120) o - MATH1161
5120 FORMAT(1R//744Xs23nSYNTHES1ZED FLOWS) MEINTIG?Z
IFITRIP LEQ. 1) WRITEL6,2130) N MAIN1LGS
2130 FORMAT(//75X, *SUMMARY WHILE OPTIMIZING VOLUME VARTARZLESY) MAIN116G
CALL DAYSUM{GAFL ,MEDCY,DPY SATFV,TMSTF) MAIN1L16S
1IF{TRIP .EQ. 1) GO TO 2140 MAIN] 166
CALL DAYOUT(GAFL+MEDWY,DPY) MAINYI16T
2140 WRITE(692150) (TMSTF{KWD), KWD=1,12),SATFV ~A1w116°
2150 FURMAT(1X, GASYNTHETIC,3Xy 12FB41 42Xy F1041,2X,3HSFD) C MATNLYbG
- DO 2160 MONTH = 1,12 ~A1”117o””
2160 TMSTFI(MONTH) = TMSTF(MGNTH]/CVHINA(NGR) MAINTIT
SATFV]I = SATFV/CVWINAUNGR) MAIN11T72
WRITE(6,2170) (TMSTFI(KWD) yKWD=1412)»SATFVT MATHY 1T
2170 FORMAT(IXsSHTOTALBX p12F8a394XsFTe392X9s6HINCHES) MATHTTT4
DO 2180 MONTH = 1,12 N MAIN]117S
TMOE (MONTHY = TMSTFI(MONTH)~ TMIF(MONTH) - TMBF{MONTH) + MAIMIYT76
1 TMSE(MONTH) MAINL1177
2180 IF{TMOF (MONTH) .LVT. 0.0) TMOF(MONTH) = 0.0 MAINT1T®
AOFV = SATFVI - AIFV - ABFV + ASEV MAINI17G
IF{AQFV «LT.0.0) AQFV = 0.0 MAIN118C
WRITE(692190) (TMOF(KWD)}y KWD=1,12)4s ADFV  MAIN11R8]
2190 FORMAT(1X,B8HOVERLAND +5Xs12FBe394XeFT7o392X+6HINCHES) MAIN118?Z

WRITE(6492200) (TMIF(KWD), XKWD=1512)4,A1FV

MAIN11BZ
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2200 FORMATULXyIHINTERFLOW,4X12FB4394XsFT.302X6HINCHFS) MAIN11S4

WR1TE(64221G) (TMBF{KWD), KWD=1,12).ABFV MAIN1186

2210 FORMAT{1Xy4HBASE y9Xe12F8.354XyF7 342X 6HINCHES) MAIN11B6

WRITE(6.2220) (TMSE(KWD)y; KWD=1,12), ASEV MAINY12T

2220 FORMAT(1X,9HSTRM EVAP 14X »12F84334XsF74.392X 96HINCHES) . MAINl1EE
: WRITE(6452230) (TMPREC(KWD), KWD=1,12),APREC mAINTIBG

2230 FORMAT{ 1Xo6HPRECIP,TXy12FB4293X1FB8.2,2X,6HINCHESY MAINI19G

WRITE(692240) (TMNET(KWD), KWD=1,12)4ANET MAINT191

2240 FORMAT(1Xy12HEVP/TRAN-NET 92X 912FBa333XsFT4392X,6HINCHES) MAIN1197

WRITE(692250) (TMPETI(KWD), KWD=1,12),APET MAIN1192

2250 FORMAT{3Xs10H-POTENTIAL2X9212F8.393XsF7,392X,6HINCHES) CMAIND 1G4

WRITE(642260) (EMUZSIKWD), KWD=1,12) MAIN1195

2260 FORMAT(1Xs12HSTORAGES-UZSy2Xs12F8.3412Xy6HINCHESY MAIN1196

WRITE(6+2270) (EMLZS(KWD}, KWD=1,412) MAIN11GT

2270 FORMATU(IOX,3HLZS 12X912F843912X46HINCHES]) MAIN119E

WRITE(642280) (EMIFS(KWD)}, KWD=1,12) MAIN1199

2280 FURMAT(L10Xs3HIFS 92Xy 12F8.3412X,6HINCHES) o “ MAINTZO00

WRITE{6492290) (EMGWS{KWD),y KWD=1,12) MATN1201

2290 FORMAT({LIOXs3HOWS 92Xy 12F8.3912Xy6HINCHES) MAIN12G2

WRITE(642300) (EMUZC(KWD), KWD=1,12) MAIN120Z

) 2300 FORMAT(1Xs 12HINDICES~ UZCy2X412F8.3) e MAINLZOA

WRITE(6,23210) (EMSTAMIKWD), KWD=1,12) MAIN12GE

2310 FORMAT(9X,4HSIAM,2X,12F8.3) MAIN1ZGE

LZS=EMLZS(12) MAIN12C7

UZS=EMU2S (12) _ MAINL2GE

IFS=EMIFS(12) MAIN12CS

GWS=EMGWS (12) MAIN1Z10

AMBER=(LZS~BYLZSV*FPERAINGR)I+{U2ZS+IFS+GWS—BYGWSI* (1, 0—FWTRA(NGR))I+MAINLIZ]11

1 SATFVI+ANET*FPERAINGR)+ASEV-APREC MAIN121?

WRITE(6,2320) AMBER MAINY 213

2320 FORMATU{1H/ y7THBALANCE 5XysF10e%92X96HINCHES) MAIN1214

C ESTABLISH WHETHER MONTH 1S PREDOMINATELY BASE FLOW OR DIRECT RUNOFF MAIN121S

NOFM = 0 MAIN1216

MONTH] = 1 MAIN1217

IF(FTX LT, 0.95) MONTH]1 = 4 MAIN121F



LzC=L2C) _ MAIN1219
T BRIRE=BMIRY MAIN122C o
SUZC=SUZC1 MAIN1221
ETLF=ETLF1 MAINY 222
BUZC=BUZC1 MAIN1223
e STAC=STAC1 MAIN1Z224 T
BIVF=BIVF1 _ L B MAIN1Z225
- 7 DO 2340 MONTH = 1,12 MAIN} 226
XMPFT(MONTH) = 0.0 MAINL1227
IF{MONTH LY. MONTH1) GO TO 2340 MAIN>Z2E
_IFUTMSTFI{MONTH) .GT. 0.001) GO TO 2330 . MAIN1229
T XMPEY(MUNYH) = 1.0 MAIN123C
... GO TO 2340 _ . i o __ __MAIN1Z23Y
T 72330 IF(TMBF (MONTH)/TMSTFI{MONTH) .GT. 0.5) XMPFT(MONTH) 1.0 MAINIZ32
IF{TMOF (MONTH)/TMSTFTIMONTH) LT. 0.5) GO T 2340 MAIN1233
NOFM = NOFM + 1 MATN1 234
L XMPFT{MONTH} = 2,0 U, ___MAINY232E
- 2340 CONTINUE MAIN1236
C NATURE OF TRIPS e MAIN1237
"C  TRIP 1 OPTIMIZE VOLUME VARIABLES WHILE BYPASSING ROUTING  MAIN1Z3E
C TRIP 2 FINAL RUN WITH OPYIMIZED VALUES MAIN1239 L
IF{TRIP .EG, 1) GD TO 2350 MAIN1240
GO TO 2460 - o - - _ MAIN1241
C SYSTEMATIC ADJUSTMENT OF VOLUME VARIABLES CONVERGING ON OPTIMUM VALUESMAIN1Z&4Z?
2350 KRC = KRC +« 1 _ ) MAIN]Z243
PLIC = L2C o MAIN1244
PBMIR = BMIR MAIN1245
PSUIC = SuZC MAIN1246
PETLF = ETLF MAIN]247
- PBUZC = BUZC MAIN1248
PSIAC = SIAC N ) o  MAIN1249
C ADJUST FIVE VOLUME VARIABLES: LZC,SUZC,ETLF,BUZC,SIAC MAIN1250
CALL SETFVPILZC,SUZCyETLFyBUZCsSTACyTMSTF 4TMRTE,TMPREC 4 TMPET, MAIN1251
1 EMLZISsSSQMILRC ¢+ XMPFYoFTX¢yNOFMyLBUZC,LETLF,LLZC,APREC,APET) MAIN1 25?2

C ADJUST INTERFLOW VOLUME CONSTANT DURING FINF ADJUSTMENT PHASE

MAIN1253



GTT

CENWSTH=NWSYH _
IFU.NOY. LRC oAND. IFRC .GT. 0s1) CALL SETRIVIBIVF NRS,1FRC,RSB1F,MAIN125%
1 SIFRS,FNWSTH)

MAIN1 254

MAINL 266

C

ADJUST INFILTRATION RATE CONSTANT:
1IF(.NOT. LBMIR) GO TO 2360

BMIR = 0O.9*BMIR

BMIR

G0 T0 2370

2360 IF(ABSTFTX-1.0) .GT. 0.02 .AND. KRC .GT. 5) IFY = 2
CALL SETBMI(BMIR,NRS ¢BFRC yRSBBF ¢ SBFRS,FNWSTH,IFT)

MAIN12&87
MAIN1Z59

MAIN1Z6D
MATNL1ZS2

VMAINTIZEOD

W MAINLIZEE

2370 TF{tKRC

IFUIKRC

.GT. b}

s AND .

«AND .

WRITE(6,2380) L2C

«GTe 29,01} LLZIC =
. IFUULKRC .GTe 6) oAND, (ETLF .GT7. 0.59)) LETLF
.'GT. 6}
1F{.NOT, LLZC) GO 70 2390
LZC = PLZC*SATFV/RATFYV

, ) LETLF = .TRUE.
(BUZC L6T. 3.,92)) LBUZLC = ,TRUE.

MATINTI 260
MALNI264
MAINLZ6D
‘MAIM]Z2&606
MAIN1ZLT
MAIN126E

2380 FURMATU(/2X,'L2C WAS CHANGED TO®Fb6.2,?

1ME®)

2390 1F(KRC .LTe 6 «0Re BMIR .LT. 20.G) GO TO 2400
< TRUE.

LBMIR =

BMIR = 20.0

BASED ON ANNUAL RUNGFF VOLUMAIN1Z249

MAINI270
MAIN1 2T
MAIN12T2
MAINT 273

_ 2400 IF (CONOPY(7) .EU. O) GO 10O 2410 _MAINIZT74

IF(KRC .E@. CONOPT(7)41) GO TO 2460 MAIN127%

GO 10 970 S MAIN1276

2410 1F(SSSQM .LE, SSOM .AND. ((KRC +GT. MNRC .AND, KBRC .GE. 2) MAIN1277
1 (NOT. LRCIDI) GO TO 2440 MAIN1278
IFISSSUM +LE. SSQM) GD TO 970 MAIN1Z2T9

BLZC = PLIC MAINI28G

6BMIR = PBMIR MAIN1 281
BSUZC = PSUZC MAIN128Z
BETLF = PETLF MAIN1287
BBUZC = PBUIC MAIN1ZE4
BSIAC = PSIAC MAIN12ES
SSSQM = SSQM MAIN12E6
BBYLZS = BYLIS MAIN1287

KBRC = 0 MAIN12ES
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DO 10 1=24NP

RTAS0008

IFISSCGM .LT. 0.15 .AND. LRC) GO TO 2420 L MAIN1ZBY
GO YO 970 MAIN1290
2620 LRC = JFALSE. MAIN1291
WRITE(6,2420) MAIN1 292
2430 FORMAT(/5Xy*SHIFT TO FINE ADJUSTMENT BEGINNING AT BEST FOUGH ADJUSMAINI2G3
T LTMENT POINT Y)Y MAINM12Gs
S$5S¢M = 1000.0 i MAIN1295
GO TG 2450 MAINTZ 96
2440 CONTINUE MAIN1297 B
IFILRC)Y GO TO 2420 MAIN1Z9S
IF(TRIP .EQ. NLTR) GO TO 2460 . MAIM]Z2GY
TRIP = TRIP + 1 MAIN130C
2450 LIC = BLZC L B . N — MAIN1301
BMIR = BBMIR MAINI3O?
SuUzC = BSUZC MAIN1 302
ETLF = BETLF MAIN1ZO04
BUZC = BBUZC MAIN1 3205
‘SIAC = BSIAC MAIN1306
KFFC = 1 MAINI1207
G0 TO 970 MAIN]IZOK
2460 CONTINUE L _ MAINl2GC
7 U IF(NSYC .LT. NSYT) GO TO 20 - MAINTZTG o
STOP MAIN1311
END MAINL13YZ
SUBROUTINE ROUTABIDISCH,DAREA KRKFS,NP,ALPHEXPT) RTARUOO1 T
C THIS SUBROUTINE PRODUCES A TABLE OF ROUTING PARAMETERS FOR EACH RTABGOOZ
C FINITE SECTION IN EACH REACH UF THE WATERSHED FROM THE DISCHARGE-END RTABSGO03
C AREA RELATIONSHIPS ) RTARQOQ4
DIMENSION D1ISCHUL1000) sDAREA(LI50450)2ALPH(150,50),EXPT(150,50) RTABOOOS
REAL LDIS14+iDIS24LDARY4LDARZ RTABOO0O6 L
AREA1=DAREA(KRKFS,1) RTARQOO7T



A1

i B Aaeggg,DAREA(KRKFS.It R e __.__ _RTABOOOQ® =
LDIS2=ALOGTO(DISCH{T)) RFARGOLO h
LDIS1=ALOGYO(DISCH{I-1)) REASOOEY
LOAR2=ALOG10LAREA2)} RTAROO12

_ LBARI=ALOGLO{AREAL) . RTA3GOIX
EXPT(KRKFSyI} = (LDISZ-LDIS1)/ILDARZ2=-LDARTY) RTABOCGI4
ALPH(KRKFS,1) = 10.,%%{L.DIS2~EXPT(KRKFS,I)*LDAR2) o  RTABGC1S
DAREA(KRKFS,1)= (AREA14AREAZ)/2. RTARQOLG
AREAL=AREAZ FYAPCOLT

10 CONT INUE RTASOO16

CREFURN. R ; — ——e—ee._._RIARGOYS
END: KTAROO2C
SUBRODUTINE RTGPAR(XAREA KFSsKRKFSsALPHLEXPT,DARFE Ay ALPHA,EXPH, KPARGCO1

1 NOFDNSC)

CRBARGOO2

C THIS SUBROUTINE READS THE PROPER TABLE PRODUCED EY SUBROUTINE RGUTAE,RPAROGH3

C AND RETURNS THE CURRENT VALUES OF ALPHA ANE THF EXPONENT M TU &F QRASO004L

C USED IN THE STREAM RUUTING FOR ONE TIME INCREMFNT, RPAROGOS
DIMENSTION XAREA(150,21),ALPH(150,50),FXPT{150,50) ,DAREAL1S0,5C), RPARGOGE

1 NOFD150) yNSC(150) RPARGGOT

AVXARZ8,0 RPARDOOE

NL=NOFD {KRKFS)+1 RPARDOOY

DO 10 N=2,NL KPAFOBT O

10 AVXAR = AVNARSXAREATIKFS¢N) ' RPARCOTY

AVXARZAVXAR+Ca5%{ XAREALKFS 3 1) ~XAREA (KES,NL) ) RPARGOY2

AVKAR= AVXAR/NOFD(KRKFS) RPARCO13

DO 20 J=1,50 RPAROO LA

1=J- RPAKDOLS

IF(AVXAR oLE. DAREAIKRKFS,J)}) GO TO 40 RPAKOCL6

IF(DAREA (KRKFSyJ) .LE. 0.) GO TO 30 RPAKDOLT

20 CONTINUE RPARCO1E

30 ALPHA= ALPH(KRKFS,1-1) RPAZ0019

EXPM= EXPT{KRKFS,I-1)

RPAROOZ0D
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RETURN . ' RPARCO2]

%0 1F(1<LE+2 .AND. ALPHI{KRKFS,1) .EQ. 0.0} GO TO 60 RPAROOZ2Z
IF(] .EQ. 1 UR. NSCIKRKFS} NE. 0O) GD 70O 50 RPARDO22
INTERPOLATE BETWEEN VALUES 2PAROO24
RAT={AVXAR~DAREA (KRKFS»1=1)1/(DAREA (KRKFS ¢ T} -NAREA(KRKFS,1-1}) RPAROO2S
ALPHA=ALPHIKRKFS ¢ I~1 )+ {ALPHIKRKFS s 1 } —ALPHI{KRKFS 4 I~1))*RAT RPAROG26
EXPM=EXPT (KRKFSsI-1)}+(EXPTIKRKFSI)~EXPT(KRKFS,I-1))%RAT ~ RPAROD27
RETURN - RPARCOZE N
. 50 ALPHA=ALPH(XRKFS,1) RPARGO2Y
) EXPM=EXPT{KRKFS,1) : RPARNOZO
RETURN o ) o RPARCO21
60 ALPHASALPHUIKRKES,Z) ' RPARQO3?2
EXPM=EXPT(KRKFS,2) L s _ RPAR0D33
RETURN REARCO34
END : KPARDO35

SUBROUTINE CHROUT(XAREAsROLF1sROLF2yNELTAT,DELTAX)ALPHAEXPMyNyKRHCHRTOO0]

1 KFS,INLR} CHRTCOOZ
THIS SUBROUTINE ROUTES STREAMFLOW THROUGH THE REACHES OF THE CHRYQCG?R
‘WATERSHED USING THE KINEMATIC METHODS. CHRTOO004

DIMENSIGN XAREA(150,21)sROLF1(15),ROLF2(15) CHETOO0O05
LINEAR SOLUTION S T CHEYGOGH
DO 70 NX=2,4N - S CHRTOGO?
PXAREA = XAREAIKFS,NX) o ' CHRTOOO0E
AX=0 o 5% { XAREA(KFS ¢yNX~1)+PXAREA) CHRYCOO09
1IF(AX .GT. 1.0E-20) GO TO 10 CHRYOO10
XAREA(KFS gNX)=DELTAT*{ROLFL(KR)*ROLF2(KR)}/2.+PXAREA CHRTCO11

GO TO 20 ' e T CHRTQO12

10 CONTINUE - CHRT0O13
XAREA(KFS,NX) = (ROLFI{KR}+ROLFZ2IXR)}/2.+PXAREA/DELTAT+XAREAIKFS, CHRTOO14
1 NX=1)/0ELTAX®ALPHAREXPMRAXSX{EXPM~1) CHRTOO01S

XAREATKFS yNX) = XAREAIKFSoNX)/7((1./DELTAT)Y+(1./DFLTAX)*ALPHAXEXPMECHRTOO016
1 AX*%(EXPM-1)) _ o - CHRT0Ol7



61T

20 IFtXAREAlKFS NX) LT, 1.0E-20) XAREA(KFS'NX’ 0.0 __CHRTGGLS
"IF(INLRJNELL) GO TO 70 CHRYG019
C ITERATION FOR NON-LINEAR SOLUTION USING LINFAR SOLUTION AS FIRST CHRT002Q
€ ESTIMATE CHRT(O21
IFIXAREA(KFSyNX) JLE, C.) GOYO 0. ___CHRTCD22
THETA = DELTAX/DELTAT CHRT0023
CONST = THETA*PXAREA+DELTAX®(ROLFIU(KRI4ROLF2(XRYI/2,0 . CHRT(OZ?4
OMEGA = CONSTH+ALPHARXAREA(KFS yNX—1)*%XEXPM CHRTCO2S

IF(OMEGA.GT.0.001/1000) GO TU 30 CHRTCOZ26 o
XAREALTKFS¢NX)} = 0. CHRTCG27
G0 TO 70 o ) . B _ LCHRTGO28
30 CONT ENUE CHRTGC2Y
NI=0 _ I L_CHRICO3O
40 FUNC = THETASXAREA(KFS,NX)+ALPHA®XAREA{KFS NX)*%xEXPM CHETOOR]
N1=N1+l CHRTGLO32
IFINI LY e10.OR.OMEGA.GT41.0) GU TO 50 CHRTGO33
XAREALKFS4NX) = G, o  CHRTOO034
GO TG 70 CHRTOO3S
50 CONTINUE _ _ _ CHRTOO 6
FUNC1 = THETA+ALPHA®EXPMRXAREAIKFS yNX)*¥X(EXPM=~1) CHRTLO27

___FUNC2 = ALPHABEXPM*{EXPM~1)1%XAREA(KFSINX)**(EXPM-2) N CHRTIGOZE ~

1F(FUNC2.EQ+0.0) GO Tu 70 -~ CHRYQO39
XARE Al = XAREA(KFS, NX)—FUNCI/FUNCZ#ltFUNt!/FUNC?I**E—c.*iPUNC- CHR YOO AL
1 GMEGA)/FUNC2)*%0,5 CHETO04 )
XAREA2 = XAREAIKFS o NX)=FUNC1/FUNC2=({FUNCI/FUNC2)%%2— 2 #{ FUNC ~ CHRYGOGL
1 OMEGA}/FUNC2)Y*%0.5 CHRTGGA2
IF(XAREA2.LT,0) XAREA2=XAREAlL CHRTCO44
FUNC1 = THETASXAREALI+ALPHASXAREAI*SEXPM CHRY(D&S
FUNGC2 = THETA®XAREA2+ALPHAXXAREAZ*XEXPM CHRTONL6
DEV1=ABS (FUNC1-OMEGA) CHRTODG7
DEV2=ABS (FUNC2=-OMEGA) CHRTO0O04®
XAREA(KFSyNX) = XAREAl CHRT0049

FUNC =FUNC1 CHRTOO0SC -
IF(DEV2.GE.DEV1) GO TO 60 CHRTO051
XAREA(KFSyNX) = XAREAZ CHRTO00S?
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FUNC=FUNC2 e o CHRTOOS53

60 CONTINUE _ CHRYQOE4L
IF{NI.GT.20} GO TO 80 CHRTGO55
IF(ABS{{FUNC=OMEGA)/OMEGA) .GT.0.G1) GO TQ 40 CHRTODO56

70 CONVINGE A o _CWRTGOST
" RETURN CHRTOUSS
80 WRITE(6,90IN1 - CHRTO059
90 FORMATLY 0,0 EXECUTIUN TERMINATING DUE TQ EXCESSIVE ITERATICNS IN CHRTOOAU
INONL INEAR ROUTING DETERMINATION, NI = *,12) CHRTON61
WRITE(6,100) CHRYGO62
100 FORMAT(® *,* CONDITIONS AT TERMINATION: '} ) _CHRTC063
WRITE(63110)KR yKFSeNXy XAREAIKFSeNX) yPXAREA CHRTOO6A

110 FORMAT{®* " ,*CURRFNT REACH =%,12,5Xs* NUMRER OF FINITE SECTIONS

"3yCHRTLOGS

"2 12y/+" NUMBER OF ENDAREA =%,¥3,/,% ENDAREA =9,F12,4,% PREVICUS FNCHRTOU6G

2DAREA =*4E12.4) ) CHRTN06T
HRITEtb,lZO}RULFZ(KR)’RDLFl(KRi9DELTAT.DELTAX'ALPHA,EXPM CHRTGOGS
120 FORMAT(® *s* LOCAL INFLOH = .&1¢.4,' PREVIOUS LOCAL INFLOW =',  CHRTOGLO
1 E12449/4" DELTAT =",F5,04" DELTAX=",F5.0,/9% ALPHA =',FB.4, CHRTGOTG
2 Y EXPONENT M =t ,F8.4) CHRTGOT1
WRITE{6,130) CONST,OMEGAFUNC,FUNCY FUNC2 CHRTOQT2

130 FURMAT{PCONST sEL12.4 9 OMEGA®*yE12.4y "FUNC? ,£12 44 "FUNC1*,E12.4, CHRTNO73
YT VFUNC2Y,E12.4) CHRTUO T4
sTOP CHRTOOTS
END CHRTGO76
SUBROUTINE STORRY(TFCFS yKRyDELVATSELEVsDISCH,STORAG,IFST41LST, STCRGOO1
1 INLST,OUTLST,STOLST,PET) STCROD02
THIS SUBROUTINE ADJUSTS THE CHANNEL ROUYED FLOWS FOR ANY REACH STORO002
TO ACCOUNT FOR THE EFFECTS GF ANY EXISTING SYRUCTURE. 5100004

DIMENSION DISCH{1000)},STORAG(1000)4INLST(I5),0UTLST{15),STOLSTI15)STORGOOS

1 +ELEV(1000)

STORO0NOG

REAL INLST
IFISTOLST{XR)} +GEe« STORAG(IFST)) GO TO 10O

STORQOO?

STORQOOS
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1C

4

J=1FST+1

SUTLSTIKKR)Y=0e0
STOLST(KRY=STOLSTUKR) +{ INLSTIXR)I+TFCFSIMELTAT/2.0
GO 1O 40

C4 = (INLSTUKR)I+TFCFS=DUTLST{KR)I*UELTAT+2,*STOLST{KR)
J = YFST
J = g+

IFld &0Te 1LST=-1) GO TG 30

C5 = LISCHUIIRUELTAT+2*5TORAGL D)

1FICS—C4) 20430430

SOLUTTIUN OF STMULTANEDOUS EQUATIONS

A2 = DISCHOJY=-DTSCH{S-1)

b2 STORAGLJI-1)Y-STORAG{J)

2 DISCHLJ=-11*STUGRAGIJI-STORAG( J-1#DISCHIJ)

AZ 2 HE2=AZ*DELTAT

GUTLETUIKR)Y = (~Cu¥p2=2,0%C2)/A2

STOLSTIKR) = {LELTAT#C2+Ca%xBZ)/AL

SLUPE = (STCRAG (J)=STORAGUJI=1IIIAH{FLEVIJI=-ELEV(J-1)
STOLLTIRRY = STOLSTUKR)I=FET*DELTATASLOPE/LIO36800 .
INLST(KRYI=TFCFS

TETURN

2N

SUNROUTINE DAYNXTIDAYLDPY)

DETERMAINES NUMBER UF NEXT DAY OF THE YEAR

INTEGER DAY,DPY

DAY = DAY + }

LF{DAY oEQe 266) DAY =1

IF{DAY oEQe 60 AND 4 DPY LEQe 266) DAY = 366
1F{DAY JEQe 367) LAY = &0

RETURN

END

STorOCCO
STORCOYO
STOROO11
STOROOY2
STOROOY3
STOROO4
STOROOL1S
STOROMY &
STORGO17
STOROOL R
STCRLO19
STORDOZ0
STORD021
STORGO22Z
STORGO22
STORGO24
STORGO2®S
STORNOZ26
STOROOZ27
STOCRONZA
STOROGOZG
STORCQZ0

NYNXCON1
DYNXOO02
DYNXO0O2
DYNXOO04
DYNXOO0S
DYNXOOOS
DYNXOOOT
DYNXOOOR
DYNX Q009
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SUBRCUTINE DAYSUMIDRSF ¢MEDCY+sDPYSATFV ,TMTFWY)
C SUMS DATLY VALUES TO GET MONTHLY AND ANNUAL TOTALS
UIMENSTON  DRSF(366Y,EMATFE(L3) JMEDCY(12),TMTFCY (12),TMTFWY{12)
INTEGER DAY.DFY
C SUM ANNUAL AND CUMULATIVE MONTHLY FLOWS
EMATF(LI)Y = 0.0
ATF = (el
DG 1) DAY = 1,34%
AT = ATF + DRSF{DAY)
LO 100 KMD = 241¢
100 IF(DAY oFQe MEDCY(KMG)Y) EMATFI(XKMO) = ATF
101 CONTINUE
FMATF(.3) = ATF
ATFV = ATF + DRSF{366)
C CALCULATE MONTHLY FLOWS
Do 102 KMO = 1,12
102 TMIFCY(KHAD) = EMATF(KMO + 1) = EMATF(KMQO)
TMIFCY(2) = TMTFECYLZ2) + LURSFL366)
C CUNVERT MONTHLY FLOWS TO A WATER YEAR (RDER
DO 1023 KMO = 1.9
1uZ THMTEWY (KMO+3) = TMIFCY{KMOD)
OO0 104 XMO = LGl 2
104 TUTFRY{KMO-9) = TMTFCY{KMD)
RETURN
L NG

SUBROUYINE DAYCUTIVOCY,MEDWY.DPY)
C PRINTS TaABLE OF DAILY VALUES
DIMENSION MEDWY(12),VOCY(366),VOMD(12)
INTEGER DATE,(GAY,LPY
100 WRITE(Ls1)

DYSMOOQOL
DYSMOQO2Z
DYSMOQO03
DYSMODONG
DYSM(OQOS
DYSMGO0&
DYSMOQOT
DYSMOQOR
DYSMO009
DYSMOD10
CYSMGOL]
DYSMCO12
DYSMO013
DYSMCOl14
DYSMO01S
DYSMGO16
DYSMCOYT
DYSMCOl®
cYSMpoLie
DYSMODZ20
DYSMO021
DYSMOQ2Z 2
DYSMGOO023
DYSMOO0?4
CYSEMOOZ?®

DYDTCOOY
oYOT0002
DYOTCOO3
DYQT 0004
DYOTO00S
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i FORMATUTX y3HDAY 3 TXy BHOC T 95X 3 IHNDOV ¢ 5 X9 3HOEC 35X g IHJIAN y5X 3 3HFEB,5X 4
I SHMARWEX ) IHAPR ¢ EX s 3HMAY 45Xy IHJUNGEX 3 AHJUL ¢ 5Xy AHAUG ¢y SX ¢ 4HSEPT)

+01

1Ce

203

104

10¢

4
107
108

5

MELIWY(Z) = O

0O 104 DATE = 1,4,28,1

IF(MOU(DATE 42) oNEe 1) GU TC 102

40 101 KM0O = 1,12

LAY = MEDNWY(KMO) + DATE

VOMOLKMO) = VOCY(DAY)

WRITE{ G2 DATEZ ZVOMOL12) 4 {IVDMD{KWD) sy KWD=1,11)
FORMATULIHO,3X s 1643%4,12F8 1)

GG TO 104

GC 102 KMO = 1412

DAY = MEOWY(KMOU) + DATE

VOMDUIK®O)Y = vDOYI(DAY)

WRITE(6e3) DATE ,VOMDI1Z ) {VDOMDIKWD )y KWD = 1,11)

FORMATELIX 33X aT6¢3X412F6 41 :

CONTINUE

IF(DOPY oNEe 386) GO TO 106

YATE = 29

VDCYLEL)Y = VIICYL366)

DO 0% KmD = 1,412

LAY = MEDWY({KMU) + DATE

vDMD{KMO)Y = VDCY(DAY) ‘

WRITE(G2) DATE ZVIMDILZ o (VOMDIKWD ) ¢ KWD=1,11)

<O T 107

CONTINUE

WRITE (oge4) VOCY(302),VDCY{333),VUCY(363),VDCY{29),VvDCYIRE),
1 VDCY{I11G9),VDCY( 149}, VOLY ({180, VLCY( 210),vDCY( 241} ,VDECYI(2T72)
FORMATILX o TX92HZ9 33X e4FB8ou1,8X,7FH 1)

CONTINUE

WRITE (6 +5) VDCY{303),VDCYI334),VOLY(364),VDCY(30),VDLY(RT]),
1 vOCY(120),VDCY(150) VDCY(18]1),VDLCY{211),VDCY(242),VDCYI2TM)
FORMATIIX 97X e 2HB0 93X 4F Bl 48X, TFRLY)

WRITE{b,6) VOCY(304),VOCY(365),VDCY{31),VDCY(90),VDCY(151),
1 VOBCOY(212),WDCY(Z243)

DYQTOOOE
DYOTOCQ?
DYOTCO0S8
DYDY OO09
DYOTOO010
nYOTG0I1
DYOTOQ12
DYOTCO12
DYOTOoOL4
DYOTOOYS
DYOTOO16
DYOTCOYY
DYCTGC1E
DYCTOO19
DYOT 0020
DYOyooz2d
pyovraoz?
DYRTOO2
DYDTO024
oYoTCO2s
DYOTN02?2&
DYOYOC 27
DYQTCQ2R
nyYoToe?29
DYCTCO30
DYCTOO31
DYOTCO2?
oYoToo23
oYOTO024
pYOTC0As
oYOQT o036
pYoTO03a7
DYOTON38
DYOTO02Q
DYDTCOL0
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C

& FORMAT(IH/ 3y TX e 2H3143X9FB8als BX32FB el 98X sFBal 4BXFBa1,8X,2F8,.1)

100

iCl

102

163

10«

100

1Cb

MEUWY(3) = 245
RETURN
E NG

SUBROUTINE EVPDAY{DPET, EMAET)
DETERMINES DATED ¢ AN EVAPORATION

LGIMENSTON DPET(366)
INTECEK DAY

(0100 DAY = 1,°%
LPET(DAY) OeUOUGOXEMAET
LRETC  6) 0e GOUSI*EMAET
UPETL T DPETL &)

OO 101 DAY = 8,410
DPETLDAY) CeQOUCEBREMAEY
00 102 DAY = 11,416
DPET(DAY) = 0a0005T#EMAET
CPETE 17) = DPETL 8}

LG 1032 DAY = 15420
UPETIDAEYY = LPETC 6)

0 104 DAY = 21422
LPETI(DAYY = OPLTL 1)
DPETO 33) = G400061*%EMAET
GO 148 DAY = 34,38
LPETIDAY) CelGULOZ*EMAET

H onw

DPET( 29) = 0.00063%EMAETY
LPETL 40) = DPET( 39)
DPETU 41) = 000064 %EMAET
DPETL 42) = (GgD0065%EMAET
DPET( 43) = UaGUOOLL*EMAET
LO 106 DAY = 44,50
UPETLDAY)} = (o0UOULT*EMAET

L0 107 DAY = 51,55

TOVALS

DYOTO04]1
pYNTO042
DYOQTCG43
DYDT 0044

EVDYCOO1
EVDY Q002
EVDY Q003
FEVDYQOO4
EVDYCQQE
EVRYGOOs
EVDYOOOT
EVOYODO8
EVLYOQQOD9
EVDY(CO010
EvpyCcoll
EVDYCD12
EVDYCO12
FVDOYCO0la
EVLYCOL1S
EVOYOO16
FVDYOO17
EVDYQD1R
EvDY o119
EVDY D020
EVDYO0O021
EVDY(CG2?
EVOY(022
EVDYODO24
EVDY 0025
EVDYQO026
EVDY 0027
EVDYQOQZE



AL

107 HPETHDAYY = ( JUO06BREMAET
LPETE 56F = G200069%EMAETY
U0 108 DBY = 57,61

1C8

DPETEDAYY)
VPET( 62)
GRETL &3Y
OPETL o©é&)d
UPEYL 65)

UPETL 66&)

CRPETLE 67
CPETL KB)
GLPETLE &9%
LPETL TOY
P T ¥
CPETC T2)
DPeE T 13
DPETE Tad
DPETL 75
OPFTL 76

GPETL ITY

URETL 18)
LPETL 79)

LPETE HO¥
CPETE Bl
vPETL E2)
DPETL R3Y
CLIPETE H%Y
DPETL #S)

DPETL E6)
UPETL 27)
GPET( R8)
UDPETL E9)
OPET( 90}
DPET( w})
OPET( 22)

(TOE T I O T T TN | L U L1 L B L I|'H HNH R H NN

0eO0OGTOXEMAET
DeQUUTI®EMAET

DsOCGOT2HEMAEY -

CPETL 63)

e GOGTA®EMAET
GaGOUTHEEMAET
(eCOGTS *EMAET
e DOUVTLSEMAET
Ce UOGTTHEMAET
CPETL 69)
CaGOGTEYEMLEY
DFETL T1)
aDOOTYEMEET
CPEIA T3}

e CUCBOXEMAET
Qe GUURY®EMAET
AT ¥ CUBRZ*®EMAEY

CeVDCBASEMAEY

CoDOGHESEMAET

U COOBUSEMAET

0 CGO9USEMAEFT

Ve OOOIZ¥EMLET
Cre GOOILSEMAEY.
CaOUO9T*EMAET
CeDOLOZSEMAET

GeOOLGEREMAET
GelOOLUSREMAETY
UsWULII*EMAET
De0GL1USEMAET
UeO0122%EMAET
OGO128%EMAET

EVOY0029
EVOYO030
EVDYOO21
EVDYOD22
EVOY003Y
EVDYOD0D3 4
EVDYO02S

EVDY (0636

Evoycoay
EVIYTOXR
EVDYVODIAD
EVEY 000
VDY OOR]

. EVOYOGL2

EVDYOO62
EVOY0044
EVOYGO&S
EVDVOO46
EVOYTO4T
EVOYO0LE
FUDYE049
EVDYTOS0
EVOYO0EY
EVOYOUS2

EVOYLO5
EVOVYOOSS.
EVOYODSs
EVOYODOET
EVOYQOS R
EVDYO0&R9
EVDY GO0
EVOYO0Ss]
EVDYO00A2
EVDY004A3
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LDPETL -93)
DPETL 94)
UPET( 95)
DPET( 96}
DPETL. 3T}

OPETL 98)

LPET( ©9)

OPETL1G0)

LPET(INL)
DPETLL1U2)
DPETLLIL3)
LPETE104)
DPETE1GH)
OPET(106)

GPETL10T)

DPETL168)
OPETL1G9)
DPET(110)
DPETLILL)
GPET(112)

PETLLL3)
LPET{114)

LPET(115)
DPET(116)
LPETIELT)
DPET(118)
DPLT1119)
BPETL120)
GRET(1.1)
DPETI122)
GPETI123)
UPET(124)
DPET(125)
UPET(126)
DPET(12T)

EE N T TN N I 1 AR L N ¢ N | VY L | S I (D VIR | B LI PO !l'_ll {20 TR E T T (T [ 3 I 1

GoDOL22%EMAET -
0400137*EMAET -

UeO01 42 XEMAET
0a0014THEMAET

GeGOL51%EMAET

Qe GC1STHEMAET

CeCOLEAXEMAET
OeDOLERREMAET
0«00LT3*EMAET

GeOGYTE*EMAET
0.CO1E5%EMAET
Oe(’OYYAXEMAET
CeCOZOYXEMAEY
00002 OR¥EMAET
De00Z14%EMAET
0eGO221%EMAET
GeOO22T*EMAET
GalGUZ234XEMAET
0oUCZ41*EMAET
0600249%EMAET
GeD0Z56%EMAET
CeC0Z62*EMAET
(e U0268*EMAET
CoO0TH®EMAEY
OeCOZHI*EMRAET
(e V02BT*EMAET
DeU0Z93IXEMAET
OeUOZ99%EMAET
Ce GO3OS*EMAET
OeUO3LG*EMAETY
DeUOR17TXEMAET
Q0e00322%EMAET
0e00328%EMAETY
GeD03IINEMAET
0eGOIIABHEMAET

EVOYOO6&L
EVOYCQeR
EVDY 0OES
EVOYDO&T
EVDY 00AR
EVDYC069
EVOYCOT0
EVDWCoT1
EVDYGDT2
EVDYOOT2
EVRY QDTS4
EVDYOOTS
EVDYQQTe
EVDYCOT?
EVDYOOTR
EVDYOOTO
EVDYQORD
EVDYH081]
EVDY(GOR?
EVOYO0RZ
EVOYGOR4
EvDyYQOasr
EVLYLORS
EVDYGORTY

FVDYCOER

EVDY.00RG
EVDYODQSO
tvDyoney
EVDYC092
EVDhY D093
EVOY (094
EVDYO09S
EVDY 0094
EVDY 0097
EVDYGO9R



LGl

LPET(128)

DPET(129)
GPETL130)
DPET(121)
DRET(132)
CGPET(1323)
DPET(134)
DRET1135)
DPET(136)
DPETLIZT)
ODPET(128)
OPET{139)
LPETL140)
DPETI141)
DPETL 142)
LPET(143)
LPET(144)
DPETII4%)
OPET(1a6)
UPET(1aT)
DFET{14R)
OPETE149)
UPETL150)
GPETI15Y)
BPETE1L2)
CPETL153)
DPETI(154)
DPET{L155)
OPET(1%6])
OPETLYIET)
DPET(158)
DPET(159)
DPET{160)}
DPET(161)
DPET{1462)

[ T T 1 O T [T S | S Y N | I L 1IN S T P I |V L T I T O L LI | Y TN O Y L2 T |

Q0a003 4k ®xEMAET
0003 4B*EMAET
CeUQ354*EMAET
040039 REMAEY
QeCGO3ES*EMAET
O0eD03TOXEMAET
OO TL*EMLAET
UaGO3TBREMAET
UeUOIB2*EMAET
CaO03BTHEMAET
OeCOZIL*EMAET
0el0394%EMAET
DeQOIGINEMEET
0400402%EMAET
U OULOT*EMAET
e UGG1Y*LMAET
CelCHLITHREMAET
GeD0420%EMAET
0004 24L%EMAET
0e00OL30OREMAET
CaGOLILXEMAET
U GOLYUREMLET
CeUQ4GE*EMAET
000G 8U*EMAET
0aD04LES REMAET
U OO4LUREMAET
UeGU4OL*EMAET
UG0G4 TOXEMAETY
CeOC4H4TIXEMAET
Qe GOLTH*EMAET
OeOCUBZREMAET
OeOCHBTEEMAET

0eGO4A9L*EMAET

U004 95 XEMAET
Co00500%EMAET

EVDY G099
EVDYO100
EVDY 0101
EVDY 0102
EVDY (G103
EVDYCI1Ca
FVDYG10s
EVDY Q106
EVDYG107
EVDY(G10R
EvVOY(OliCe
EVvhyQ0110
EVIIYG111]
EVDYQ1172
EVDY (113
EVDY(Qlla
E£VDYCG116
EVOYCL1ls
EVDY (0117
EVDIYCTIIR
FVYDYD119
EVDYO0120
EVDYOLIZ21
EyDyYOl12?2
EVDYQ0122
FVDYQ124
EVDY (G125
EVDYOD126
EVDY(127
gEvDYCl12R
EVDYO129
EVDYOD120
EVDYO013]
EVDYOD13?2
EVDY(Q122
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DPET{163)
DPET(104)
DPETL165)
DPET{166)
LPET(1eT)
DPETL14B)
UPET(169)
DPeTE170)
DPETL1TL)
DPETLLT2)
GPETt173)
DPET(174)
DPETL17S)
DPETL176)
DPET(1TT)
CPET(178)
UBPETLLITM
OPET(I80)
OPET(1EL)
DPETIIE2)Y
OPET(133)
DPET(1t4)
UPETL1IES)
DPETL186)
DPET(1E8T)
PDPET(1HR)
GPETI189)
PPETIE190)
DPET(191)
DPET(192)
DPETL(193)
DPETI194)
OPETL195)
DPETI{196)
DPETL1S7)

(7O LA T T T [ (T | O T & | O O T I Y T 4 TR T VOO [ T T O LTI "N O IO T T | O I (I [

D«00504%EMAET
OLGOSOB*EMAET
0GOS 10*EMAET
CeO0512%EMAET
0e00514*%EMAET
OG0B 15%EMAET
00051 T#FMAET
0e00519%EMAET
0aG05 GUXEMAET
0e00521%EMAET
DPET(LT72)

DPET(172)

OeUDS22%EMAET
OeOUS23%EMAET
OeOSZLUFEMAET
GeCOB2E2EMAET
00052 T*#EMAET
0s005 2B*EMAET
OPET(1RO)

OeOOS529%EMAET
CoOO0530%EMAET
DPETL183)

Oe00531*%EMAET
0eUGS32%EMAET
GeGOS3D*EMAET
(e 00534%EMAET
DPET(188)

OeO0535*%EMAET
0s00536%EMAET
0«GOS3T*EMAET
OeU0OS3R*XEMAET
DPET(193)

GaQO539%EMAET
0eG0540%FEMAET
DPETI(196)

EVDYO0134
EVDY(013§
EVDY 0126
EVDYO137
EVDY 0138
EVDY0]39
EVDY 0140
EVDYC1l41
EVDY 0142
EVDY (142
EVDYO144
EVDYO145
EVDYO146
EVDYO147
EVDY (0148
EVDY (149
EVDYC150
EVDYDL1S1
EVDYD152
EVDYC153
EVDYG154
EVDYO155
EVDYO156
EVDYCLST
FEVDYO15R
EVDY (159
EVDYO160
EVDYOl61
EVDYO162
EVDYO163
EVDYOl64
EVDYO165
EVDYO166
EVDYO167
EVDYOl6R
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DPET(198)
DPET{14%9)
CPETL200)
GPETI2CG1)
DPETL202)
DPET(20G3)
DPETL204)
DPETL205)
DEETIZ06)
DPETL20T)
DPEYL20R)
CPET(209)
UPET{210)
DPETL2.1)
OPETL212)
DPET(Z213)
CPETI214)
PPET(Z215)
GPETI216)
DPETL2.7)
UPET(218)
DRET(219)
LRET(220)

U0 109 DAY

ULPETILAY)

DG 110 DAY

DPET(DAY)
DPETLZ230)
DPET(Z231)
DPET(2322)
DPET{223)
DPET(234)
DPET(235)
DPET(246)
UPETL22T)

[ VI T { IO L I O ||

[TTR LI L N T L ¥ | N [ AN § 1 S | B

H It

[T LA T LN LI | B LB

Ge G054 *EMAET
CeGO542%EMAET
GeU0S4A%EMAET
000545 % EMAET
OUUS46*EMAET
0eOOS4LT*EMAET
(OJGO548%EMAEY
Cel0549%EMAET
0«J0SBOXEMAET
NeODEBI*EMAET
OeO0SS2REMAET
OeO0553%EMAET
GeGOL55*EMAET
UeU0L5T*EMAET
0cQO0LSB*EMAET
Oe GOSGOXEMAET
DPET(213)

CeGOSGYXEMAET
O0«00562*EMAET
OeGOSHEIREMAET
UeOOSHS52EMALET
OelIOSETREMAET
UPET(219)

= 2214220

(e GOSGREEMAET

= 2:Te229

DPET(219)
0a00G5b6REMAET
0s00564%FMAET
DPET(217)
DPET(216)
DPET{213)
0e0OLSG*EMAET
DPET(211)
DPET(210)

EVDY 0169
EVDYC170
EvoyClTi
EVDYO0172
EVDY0172
EVDYO174
EVDYO175
EVDYQ176
EVDYOQ177
EVOYO17R
EVDY 0170
EVDYG1RO
EVDYG1R1]
EVDYQ1R2
EVDYD182
EVOYO1R4
EVDYD135
EVDYO1R6
EVDYG1R7
EVDY(188
EVLYO1P0
EVDY 0190
FVYDY (191
EVOYG107
FVDY (193
EVDYG194
EVDY019%
EVDY 01096
EVDYO0197
EVDYOlOR
EVDY01959
FVDY0200
EVDY 0201
EVDY0202
EVDY 0203



0g1

LPETLZ238)
DPET(Z39)
ODPETLZ40)
DPET(241)
DPET(242)
DPET(243)
DPETL244)
DPET(245])
DPET(246)
DPETL{247)
DPET{248)
DPET(249)
BPET(250)
DPETIZ251)
DPETL252)
ODPET(253)
GPET(254)
CPETL2%5)
DPETL256)
DPETLZ25T)
DPET(258)
LPETL259)

“DPET(£c0)

DPET(261)
DPETI262)
DPET(263)
DPET(264)
LPETL265)
DPETL266)
DPETL26T)
DPETI2648)
DPET(269)
DPETL270)
DPETL2T1)
OPETI272)
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DPET(209)
OPEY{206)
DPET{203)
DPET(199)
DPET(193)
DPET(190)
DPLET(185)
DPET(179)
DPETL1T7S)
DPETI(169)
OcOCS YL *EMAET
GPET(163)
Qa0049THEMAET
GeOO4GOREMAET
DPET(158)
0« D04TO*EMAET
OeOD4LHEBRHEMAET
000461 *%EMAET
0eD04S4FEMAET
DPET(150)
CelOa3TH*EMAET
GaQOA2ZTI*EMAET
CalGOAL18FEMAET
GPETL142)
QeUO3IITHEMAET
DPETI13T)
(aQ0ATTH*EMAEY
OeUGO36THEMAET
O«GOIS6*EMAET
O0s0034T*EMAET
0200337 %EMAET
0400329%EMAET
DPETL124)

O.00315%EMAET

000208 %EMAET

EVDY02C4H
EVDYO205
tEVDY 0206
EVDYO20G7
EVDY(208
EVDY(209
EVCYG210
EVDYO0211
EVvoyC212
EVDY(0213
EVDY 0214
EVOY(Q215
EVDYO0216
EVDYO0217
EVDYOD218
EVDY0219
EVRY0220
EVDY(C221
EVDYCG222
EvDYOnz23
FVLYO224
EVOY0225
EVDY(0226
EvoyCc227
EVDYQ22R
EVDYO0229
EVEYO0220
EVDY (0231
EVDY (222
EVDY0232
EVDY 0234
EVDY0235
EVDY 0236
EVDYGC237
EVDY(023R



T€T

DPET(273)
DRI TL274)
UPETEZT75)
UPET(276)
UPETI2T77)
DPET(278)
DPETL279)
GPET(ZEQ)
UPET(Z81)
DPET(2R2)
LDPETLZ2E3)
DPET{234)
DPET(245)
DPET{2866)
UDPET(22T)
OPET(2ER)
LPET(Z69)
NPETL2%0)
OPET{2%1)
LPET(2352)
UPET(24%3)
CPET(2%4)
LPET(295)
UPETLZ%6)
DPET(29T)
LPLTL298)
LPET(299)
CPETLR00)
UPETI3GL)
DPETIL3GZ)
DPET(3G3)
DPFTL304)
ODPET(305)
GPETL334)
DPETL30T)

| T T T T L T I T - O I | | I [ T T T VO T L N VI L L T A T I T O (O 1 O T}

CeCO303*%EMALET
0«00300%EMAET
UaCGOZ9B*EMALET
CelUO02942EMAET
GeGO290%EMAET
CeGOZBL*EMAET
CeabO2BIREMAET
OeOQOZTI2EMAET
UPFT(116)

CeGOZTLREMAET
DPETL115)

DPET(114)

ODeO0Z59*%EMAET
UeUQZ54%EMBET
DeCOZE2*EMAET
JelOZ4T*EMAET
QaO00244*LMAET
O0.00239%EMAE]L
DPET(110)

UeGOZA0OREMAED
OeLG225%EMAET
Uel02Z22%EMAET
De(tOZ1THEMAEY
CeGOZIIXEMALET
CeOO210#EMAET
CeGOZDG¥EMAET
OeOO20U*EMAET
OeCGOYITHEMAET
DeQGO194*EMAET
U001 BI*EMAET
OeGULBL*EMAET
0«GOIB3*EMAET
De«0CLBOREMAET
OeGOLTTHEMAET
UeDO1T4*EMAET

EVRY (0239
EVDYOD240
EVDY(D241
EVDY (242
EVDYC(243
EVDY (0244
EVDY(QZ45
EVDY(G246
FVOY G247
EVOyQ24n
EVDY (0249
EVDYO250
EVDYG2E ]
EVOY 0252
EVDY(2E3
EVDY (254
EVDYQ2ER
EVDYO0O2ZE6
EVOY 0257
EVDYG28P
EVDY 0289
FVYDYQZe0
EVLY (261
EVDYQ262
EVIY02463
FVDY (0264
EVDIY(265
EVDYC2&6
EVDOY G267
EVOYOZ2&R
EVDYG269
EVDY 0270
EVDYD271
EVDY 0272
EVDYQ273



Gel

DPET(308)
LPETL309)
ODPET(3.0)
DPET(211)
DPET(312)
DPET(213)
DPET{314)
DPET(3151)
DPETLALG)
CRETI317)
UDPET(318)
DPET(319)
LPET{320)
DPET(321)
DPET(322)
GPET(323)
LUPET(3.24)
DPET(325)
DPET(326)
LPETL32T)
DPETL328)
UPET(329)
DPET(330)
DPET(33]1)
LPET(2:2)
LPET(333)
DPET(334)
DPET(325)
LPET(336)
DPET(337)
OPET(328)
OPLT{339)
DPET{340)
DPET1341)
DPET(342)

LI | N T S S N { N 1 A { S N A O Y N N [ T { Y ¥ TN IO L N VU Y LY [ I [ A [ S {1 T E TN ]

UeUO1T2*#EMAET
DPET(100)
DPET( 99)
0cCO160*EMAET
CcUO156%EMAET
Ca0O0152%EMAET
CeOOL4G ¥EMAET
CeUOl4b*EMAEL
DPET( 95)
OO0V AB*EMAET
CeOG13S*EMAET
CeOO01212EMAETY
CaUDY2T*EMAET
Ce(OLZ4SEMAET
0e00120G%EMAET
DPET( S0)
0cCO116%EMAET
ODPET( 29)
UeUOLLIC*EMAFET
OeOOLOTHEMAET
0e00]04*xEMAET
DPETL EB6)
Oe0GLOUREMALET
GeOOUIERFMAET
CeODGGTHEMAET
0eD009SHXEMAET
GaOOU93SEMAET
DPETL F1)
DPET{ 80)
CeaCOUBTHEMAFT
DPETL 79)
DPET( T78)
DPET{ 77)
DPETL 75)
DPET( 73)

EVDYQ274
EVDY (0275
EVDY0276
EVDY0277
EVDY (278
EVDY(G279
EVDY Q280 -
EVDY(0281
Fvoyoze?
EVDYOD283
EVDYQ28a
EVOYO28S
EVDYO286
EVOYC2e T
EvDYG2as
EVDIYD289Q
EVDYO290
EVDY (291
EVDVY2e?
EVDOYG292
EVOY(DZOoL
EvVDYOD2QE
EVDY( 296
EVDYC297
EVOYU26R
EVDYO0299
EVOYQ300
FVDYC3G?
EVDY(0302
EVDY 0203
EVDYOD3Cs
EVDYQ30%8
EVDY D306
EVDYOROT
EVDYG30PR



EET

C
C

i1l

112

DPET{343}
DPET(344)
LUPET(345)
DPET{246)
DPET(347)
DPET(348)
DPETYI349)
LPETL350)
GPFETL351)
DPETL352)
w0 111 DA
CPETIDAY)
DPETL356)
GPET(35T)
UPET(35%8)
DPETI359)
VwPET(360)
DPET(3¢1)
DPET(362)
00 112 DA
DPET(DAY)
DPETI(366)
RETUKRN
END

SUBROUTINE PRECHK (URGPM yURHP ¢DRSF » VWI Ny SGRTyNATRH)
CHECKS PRFCIPITATICN-STREAMFLUW ANOMALIES AND ADJUSTS PRECIPITATION

WHERE NtCt
UIMENSTON
INTEGER
AHP = (a0

ODPETL 71)
DPET{ 71}
DPETL &9)
DPET( 68)
DPETL{ 66)
CPET( 63)
DPETL 62)
DPETL 57)
DPET( 57}
DPETL 26)
Y = 2534355
DPETE 51)
DPETL «4)
DPETL a4)
DPET( 42)
DPET( 41)
DPETL %9)
CPETL 34)
DPETL 33)
Y = 363,365
= DPETL 1)
= OPETL( 57)

[E S T IO T | I (I S L I |

[T L T Y S L | B 1

SSARY

DRGPM{366) yDRHP({ 366,240 ,CREF(366)
DAY HOUR ¢ SGRT

NRHA = 24 — NATRH

RGP M DR

GPM{90)

EYDY 0309
EVDY03l10
EVDOYD311
eEvoyealz
EVDY(312
EVDYQ2l4
EVDYOQ21K
EVDY(031é6
EVOYC317Y
EVDY(O31R
EVDY0216
EVDYCA2C
EVDYOD321
EVDY 0322
EVOY (0322
EVOY 0224
EVDY(0225
EVOYC2A26
EVDY Q327
EVRYC228R
FVRiy03ze
EVNY G230
FVOIY(331]
EVOY(C232

PRCKOGO1
PRCKOOOR
PRCKCOOD3
PRCKOO04
PRCK QD05
PRCKOOOS&
PRCKCGOT
PRCKOOOR



FET

160

1C1

102

103

104
1C5

2

106

DAY = S0

RMWR = l1a25

DAY = DAY + 1

1FIDAY oGTes 200 « Ko VHKIN .GT. T50e0) RMWR = 2400
RFRISE = (DRSF(DAY) - DRSFIDAY-1))/VWIN

LO 101 HOUR = 1,24

IFIHCUR <Efle SGRT41) RGPM = DRGPMIDAY)

AHWP = AHP + [DRHP{DAY+HOUK)I®RGPM

IF{HOUR oNE e NRHAY GO TO 101

RWRAIN = AHP

AHP = e

CONTINUE

IF{RFRISE ¢GTa RWRAIN ¢ANDe RFRISE oGTe Oel) GO TO 102
TFCIRWRAIN «GToe RMWR oANDe RFRISE (LT, O0e02%RWRAIN) ORe (EWRAIN

1 «GTe 2600 oANDe RFRISE oLTe UeU5XRWRAIN}) GO TC 104

G0 TG 108

TF(RWRATN «GTe 0&05%) GO TO 103

fLAA = RFRISE#20 = RWRAIN + 1.0

DRHPIDAYL12) = RAA

WRITEL6,1) DAY,y KAA

FORMATU/10X s "FLR DAY " 31441X 3 RAIN ADDED OF',FT7e2)
GO Te Los

RAM = D,0#RFRISE/RWRAIN

GO TG 105

KAM = 10,0#RFRISE/RWRALN

IFIRAM oLTe GeG) GG TO 108

WRITE (6421 DAY, RAM, RWRAIN

FORMATL/5Xs "FOR DAY 'y T4 41X, "RATN AGJUSTMENT MUL TIPLIER ISV, FB o4,
1 1X+*RECORDED RAIN IS*4F7¢2)

D0 106 HDUR = 1 +NRHA

DRHP{DAY  HOUR)} = DRHP(DAY s+ OUR J &R AM

IFINATRH oFQe 0O) GO TO 1GR

NFRHA = NRHA + 1}

DO 107 HOUR = NFRHa,24

107 DRHP(DAY-1,HOUR) = DRHP(DAY=~1,HOUR}*RAM

PRCK 0009
PRCKOOLO
PRCKCO1L1
PRCKOO12
PRCKCO13
PRCKCO14
PRCKOOL1S
PRCKOO16
PRCYCO17
PRCKCC18
FPRCK OOl ®
PRCK 0020
PRCKODZ1
PRCKGO22
PRCKCO21]
PRCKCO24
PRCXCO2%
PRCKOOZ6
PRCXGO27
PRCK D28
PRCKC029
PRCK (0030
PRCK0OA}
PRCKCD2Z
PRCKCDZ23R
PRCX D24
PRCKQCAS
PRCKCOD36
PRCKOOD3Y
PRCKOCO3R
PRCKO0OG39
PRCKOCLO
PRCKCO4]
PRCK0D4A2
PRCKCO43



GEI

C

~08

100

101

102

1023

1F(DAY oNE. &272) GO TO 1CO
RETURN
END

SUARCUTINE PREPROIRGPMyDRHP JOAY s nCUR, UPY,PRD,PEP,PRH)
UIVIDES HUURLY PRECIFPITATION TOTALS AMONG PERIDDS FOR SMALL BASINS

DIMENSICON DRHP(366424)y PE4P(4)
INTEGER DAY DPY 4HOURLPRD

PEP = (a0

IFIPRH oEUe Oe0) RETURN

IFEPRD «EQe 1) GO 70 100

PEF = PE4PIPKD)

RETURN

LHOUR = HOUR = 1

LCAY = DAY

TFILHOUR «GEe 1) GG TO 101
LHOUR = 24

LDAY = DAY - 1

TFILDAY (Eye O) LDAY = 3¢5

IFLLDAY oElie 365) LDAY = 59

TFULDAY oElGe 59 cANDe DPY «EQe 3606) LOAY = 346
PRLH = RGPM*FCRHPILLAYZLHOUR )

NHOUE = HCUR + )

NDaY = DAY
IF{NHOUR elLbe 24) GO TO 102
NHGUR = 1

CaLl UAYNXT(NDAY,DPY)

PHNH = RGPM*RHP{NDAY NHOUR)

FTF{PRH oGTe PRLH oANDe PRH oGTe PRNH) GO TO 103
GO 7O 104

PE4P(1) = 0Le.10
PE4PLZ) = (428
PE4API3) = Cab4b

PRCKOOL4
PRCKCO45
PRCK (G046

FREPGOO1
PREPCOGCZ
PREPGOC3
PREPOOOS
PREPOOOS
PREPCOGS
PREPCOOT
PREPCOOSR
PREPCOOS
PREPOCLO
PREPOOL1
PREPOO12
PREPOOL1Z
PREPOOCL &
PREPOOLIS
PREPOOLG
PRFPOO17

PREPOO1P

PREPOO19
PREPGO20
PREPODOZ1
PREPGOZZ2
PRFPGO23
PREPGOZ4
PREPCOZ2S
PREPOOZ6
PREPOOZ27T
PREPNOZE
PREPOO29



9¢T1

C

164

108

06

107

1GE
1092

PE4P(4) = Calb

GO T 108

IF(PRH olLTe PRLH oANDCe PRH o«LTe PRNH} GO TO 105
<0 70 106

PE4P(1) = 0428

PESPLZ) = 010

FE4PIZ) = Calb

PE4PL4) = Ge4b

GO TO 108

IF(PRNH ¢GFe PRLH) GG TO 107
PEAP(L1) = Ceub

PE4PL2Y = Uelb

PE4PL3) = 0428

PE4Pla) = (4,10

GO TG 108

PE4P(L) = (810

PE4P(2) = D428

PE4PI3) = Gel6

PE4GPLAL) = Deub

U0 109 KPRU = I44

PEGPIKERD) = PE4P(KPKD)*ERH
PEr = BE4P(1)

RETURN
t NG

SUERCUTINE RECESS(DRSF4DPY,EFRC 31FRCy AREA,RSEDyREBIF,NRS,RSEBBF)

ESTABLISHES RECESSION SEQUENCES

GIMENSION

DRSF{366),LBFO(ZCI4NDRSL20),RSBBF(20),RSBD{(20),

1 RSEFRCIZ0)4RSBIF(20)4RSIFRCIZO0DRSETF{50,20)

LOGICAL
INTEGER
REAL

MRSL =

9

LBFO
DAY sDPYRSBD,RSL

IFRC

PREPOO20
PREPCOZ2Y
PREPOO3R2
PREPOD2R
PREPCO34
PRFPCO25
PREPOOAG
PREP(I(AT
PREP((O3R
PREPOO2AO
PREPOOALD
PREPCO4]
PREPOOG2
PREPODG3
PREPGOL L
PREPOO4LS
PREPCC4E
PREPQOALT
PREPOOLSE
PREPOO4S
PREPLOED
PREPCO%]
PREPCOS2
FREPCOR3

RC55C001
RCSSQO02
RCSSCO02
RCSSO004
RCSSCO0S
RCSSC006
RCSSCOO7
RCSSOOOR



LET

BFRC

= 049 : RCSSC009
1FRC = 0405 RCSS0010
FRERS = 0el*SQRT(AREA) RCSSO011

100 DO 101 KSD = 1,50 RCSSCO12
00 101 KRS = 1,20 RCSS0013

102 KSTF(KSD,KRS) = 040 RCSSOO014
KRS = 0 RCSS0015

DAY = 274 RCSS0016

C  BEGIN NEW SEQUENCE RCSS0017
102 1F(KRS 4GE¢ 2C} GC TO 109 RCSS0018
KRS = KRS + 1 RCSS0019

KSD = 1 RCSS0020
RSF1 = DRSF(DAY) RCSS0021
CALL DAYNXT (DAY ,DPY) KCES0022
IF(DAY oEQe 274) GO TO 107 KRCSSCO22
KSF2 = DRSF(UAY) RCSS0024
RSHDIKKS) = DAY RCSS0025
1FIRSEZ oLTe RSF1+FRERS «ANDe (RSF2Z oGTe Ou4BARFA 40R4 RSFZ oGTe RCSSO026

1 1040)) GO TO 1G3 RCSSGO27
KRS = KRS - 1 : RCSS0028

6U TG 102 RCSS0079

103 RSTF{1,KRS} = RSFZ RCSS0030
RSEM = RSF2 RCSS0021

104 KSU = KSD + 1 RCSS0022
CALL GAYNXT (DAY ,GPY) | RCSSGO23
1F(DAY oEGe 274) GO TO 107 RCSS0034
RSFN = DRSF(DAY) RCSS0035
IFIRSFN oLTe (RSFM + FKERS) oANDe RSFN oGTo 040) GO TO 106 RCSSCO036
IFIKSD «GEe MRSL) GO TOQ 102 - RCSS0037
NORS{KRS) = O RCSSOO3R

OO 1G5 KSD = 1,MRSL | RCSS0039

105 RSTF(KSD,KRS) = 040 RCESCOLO
KRS = KRS - 1} RCSSC041

50 TO 102 RCSS0042

106 JF(RSFN oLTe REFM)} RSFM = RSFN RCSS 0042



8ET

RSTF(KSDyKRS) = RSFN

NDR S(KKS) = KSO
IFIKSD oGEe 50) GO
GO TOL 104

107 JF(KSD
NTRS = KRS -1
00 108 KSD = 1,MRSL

106 RSTFIKSD,KRS) = 0ol
GO TO 110

109 NTRS = KRS

11¢ CONTINUE
LF{NTRS oGFe 3) GO

T0 102

oGEe MRLLY GO TO 109

70 111

IFIMRSL «LTe 7) RETURN

MRSL = 6
G0 TO 100

WKITE OUT ESTABLISHED ARRAY OF FLOW SEQUENCES

111 WRITE(b641)

1 FORMAT(/5Xe *FLOW SEQUENCES USED TO ESTIMATE RECESSICN CONSTANTSY)

LG 112 KRS = 1,NIRS
NDRSC = NDRS{KRS)

DO 112 XSO = 24NDRSC

[
[
[ 8

© RSTFIKSD=14KRS) = RSTFIKSDsKRS)

NDRSIKRS) = NDREIKKS) ~ 1

NDRSC = NDRSC - 1

wRITF {2 KRSy (RSTFIKSDsKRS) ;KSD=]1 ¢NDRSC)
Z FORMATEZIOXN sI24+5(01CGFBY /12X ))

113 CONTINUE

DETERMINE RECESSION CONSTANTS FROM EACH SEQUENCE

114 00O 116 KRS = 14NTRS
IFLIRSTFL14KKS)

elTe

Oua*AREA) oAND,

1 (RSTF{(1,KRS)}}) GO TO 115

LBFOLKRS) = «FALSEe

(RSTF(24KRS)

eGTe Do8%

CALL SET2RC(RSTFy KRSy NDRS({KRS) ¢sRSIFRC (KRS) yRSBFRC(KRS)4LBFOIKRS))

1F{LBFO{KRS)
1 «ORe RSIFRC(KRS)

ollRa RSBFRC(KRS)

eGTe le2
eGTe GeB o0Rs RSIFRC(KRS)

olTe

olRa RSBFRC{KRS) 4LTe Oeb

-~0e4} GO TO 115

RCSSO0&4
RCESO045
RCSSO046
RCSS0047
RCESSO0O4LE
RCEEO049
RCSSQOS0
RCESCOS1
RCSS00K2
RCSSCO532
RCESO054
RCLE00ES
RCESO056
RCSSQO5Y
RCSSO05R
RCSSOD59
RCSSOOA0
RCES008]
RCSS0062
RCSSO00A3
RCSS0064
RCESSDO&E
RCSS0066
RCSS0067
RCSS00e8
RCES0069
RCES0O0T0
RCSS0D07Y

RCSSO072
RCSSO0073
RCSSO0T4
RCSSOOT5
RCSS0076
RCSSO077
RCSS0078



6ET

115

116

GO Tu 116

LEFO(KRS) = 4TRUES

CALL SFT1RC{RSTFoKRSyNDRS(KRS)+RS5BFRCIKRS))
CONTINUE

C CALCULATE WEIGHTED AVERAGE KECESSION CONSTANTS

117

.18

BERC Ce0

TELC 00

ABFSL = 040

AIFSL = 000

CO 118 KRS = 14NTKS

IF{RSBFRC({KRS) aGTec leZ «0ORe RSBFRC(KRS) 4LTa 0.7) GO TO 117
KEL = NDRS{KRS)

BFRC = BFRC + RSHBFRCIKRES)I=RSL

ABFSL = ARBFSL ¢+ RSL

IF(LBFGIKRS)YY GO TO 118

IF(RSL eGEFe Z0GaGCG) RSL = 20,0

IFRC = IFRC + RSIFRCIKRS)}*RSL

AIFSL = AIFSL + RSL

GO TOQ 1ls

WhITE(6s3) KKS

FORMAT(LIOX s "SEQUENCE? 313 ,1X*OMITTED IN AVERAGING')

CONTINUE

WRITE(6s4) ABFSL,AIFSL

FORMATILIOX s YEASE FLODW DAYS =9,F5.0,2X y* INTERFLOW DAYS =%,F%40)
BFRC = BFRC/ABFSL :

1FRC = IFRC/ATIFESL
IFIBFRL «GTe G99} BFRC
IF(BFRC alTe Ge70) BFRC
KSQ = 0

DT 119 KRS = 14NTRS
IF{LBFOIKRSY) GO T0O 119
CALL SETRBF(RSTFsNDRS yKRSyBFRCyIFRCyCRSBIF,CRSABF)
JF{CRSBIF oaGTa 95000 +0URs CRSBABF .LTe. 0u.0) GO TO 119
IF(CRSBIF +LTe 0.0) CRSBIF = D40

KSG = K5Q + 1

n oA

099 -
Da70

RCSSO0T9
RCSSOORO
RCSSO0RY
RCSSGOB2
RCSS0083
RCSSCORSG
RCSSOORE
RCSSO0RS
RCSSO0ORT
RCSSGORR
RCESO0ORS
RCSS0090
RCSS0001
RCSSN092
RCSSC093
RCSS 0094
RCSSO095
RCSSD096
RCSS0097
RCSSOO9R
RCSSCGOSO
RCSSC100
RCSSO101
RCSSC102
RCSSO102
RCESOL104
RCSSC105
RCSSO106
RCSSO107
RCSS0108
RCSS0109
RCSSO110
RCSSO111
RCSSC112
RCSSC113



0%1

219

120

C SETS BEST VALUES

RSBD(KSQ) = RSBDUIKRS)

RSBIF(KSQ) = CRSBIF
RSBBFIKSQ) = CRSBEF
CONTINUE
NRS = K5Q

U0 120 KSQG = 14NKS
DAY = RSED{KSQ)

CALL DAYNXT(DAY,DPY])
KSEDIKLQ) = DAY

LO 121 KSQ = 14NRS

CRSBTF = RSBIFIKSQ) + RSBBF({KSQ)
121 WRITE(&6+5) KSQsRSHBDIKSGIsRSBIFIKSQ) REBBF(KSQ)CRSETF,
 FORMAT(/LOX s REVISED FLOW SEQUENCE Y 1341X,1X,*BEGINS ON DAY, T4,
1 IXe"AT INTERFLOW =% 4FTel2+1Xs*CFS,
TOTAL ='4F7e2 41X 'CF5*)

RETURN
END

SURRUUTINE SETZRC(RSTF, KRSy NDORSCyIFRC ¢BFRC4LBFO)
FOR TWO RECESSION CONSTANTS

DIMENSION RSTF({50G,20)
LOGICAL LBFC
KEAL IFRC

REAL¥B RAlIyRAZyRA34RA4 4RAS CRSTF(50) 4RA6,DBFRC yDIFRC 4RARELRD

LO 1C0 KSD = 1,NDRSC

CRSTHE(KSD)Y = RSTF(KSDyKRS)

NDRSC2 = NODORSC - 2

RAl = 0e0
RAZ = Qa0
RA3 = Ge0

DO 1C) KSD = 1,NDRSCZ
RAlL
RAZ

N

BASE FLOW '-’-'yF?-?,er'CFS,

RA1 + CRSTF(KSD)}*#»2
KA2 + CRSTF(KSD)*CRSTF(KSD+1)

RCSS0114
RCSSO115
RCSSO116
RCSESQ11Y
RCSSOol18
RCES0119
RCSS0O120
RC$S0121
RCSS0122
RLSs0123
RCSSC124
RCSS0125
RCSS0126
RCSS0127
RCSSC128
RCS5S80129
RCSS0130

ST2R0001
ST2RO002
ST2RC0O03
ST2R0004
ST2R 0005
ST2RC006
ST2RO00T
ST2RCOOH
ST2R0009
STZR0O010
ST2RO0011
£T2R0012
ST2R0013
ST2R0014
ST2RO001E



71

101 RAZ = RA> + CRSTF(KSD)*CRSTF(KSD+2) ST2R0016
KA&4 = RAL 4+ CRSTFINDRSC-1)%*2 ~ CRSTF(1)**2 ST2RCO17
RAS = RA2 + CRSTF(NDRSC~1)*CRSTF(NDRSC) = CRSTF{1)3CRSTF(2) ST2R0018
RAG = RALXRAL — KAZ**¥2 ST2R0019
IFIRAE «FEQe GeO) GO TD 162 STZR0O020
RAS = KAS/RAG ST2R0021
RKAas = RAZ/RAE ST2R0022
KA = RALI*RAS — RAZ*RA3 ST2R 0023
HB = RA4¥RAI — RA2%RAS STZ2R0024
KD = RA®*2 + 4,0%RE STZRGO25
IFLRO «LTe Ce0) GO TO 102 STZRCGO26
CBFRC = (R2 + KD2R[L5)/2.0 ST2RQ027
UIFRL = RAa - DBFRL ST2RCO2ZR
BFRC = DBFRC ST2RCOZO
IFRC = DIFRC ST2RQ020
WR1ITE(691) KRSZBFRC,IFRC ST2RGO31

+ FORMATILIOX 9 'KRS =%, 135X ¢ 'BFRC =¥, F8ec4y5X 4 *IFRC =1,F2,4) STZROO032Z
GO TL 103 ‘ ST2RCC22

102 LYFD = oTRUES STZ2R0034

ARITE (&e2) KRS ST2RO03%

¢ FORMAT(/L15Xy"IMAGINARY VALUES ENCOUNTERED IN SET2RC, SEQUENCE =%, STZR00?6

1 13 SET2RQ037
1C2 KETUKN ST2ROG2R
ENE ST2RC029
SUBROUTINE SETIRC(RSTFoKRSyNORSC,BFRC) STI1R0001

C  SETS BEST VALUE FOR ONE RECFSSION CONSTANT ‘ STIRCGOG2
LIMENSION  RSTF(50,2C) STIRGOC3

RAL = Oeb STIRCOOA

KRAZ = 040 ST1RO005
NORSC1 = NDRSC -1 ‘ STIR0O006

DO 100 KSD = 14,NDRSC1 : . STIR0007

KAl = RAl + RSTF(KSDyKRS)**?2 STIROO0R



Gv1

200 RAZ = RA2 + RSTF{KSDyKRS)I*RSTF{KSD+1,KRS) STIR0009

HNFRC = RAZ/RA1 STIRCO10
WRITE{S,1) KRSyBFRC STIRO011

1 FORMAT(15X, "KRS =9, 13,5X, "BFRC =",FBe4) ST1RO012
RETURN STIROO13
END €TirR0014
SUBRIJUTINE SETFVPILZC»SUZCETLF 4BUZCy STIACTMSTF ,TMRTF,TMPREC , STFV 0001

1 TMPET+EMLZ Sy SSUMBLRCyXMPFT yFTX,NGFMy LBUZCyLETLFLLLZCAPREC,APETY STEVCOD?
SETS REST VALUES OF FLOW VCLUME PARAMETERS STEVQOG3
DIMENSION  EMLZS(IZYsMFDP{L12)+MXA(T12) 4 TMPET(12),TMPRECI(12), STEVO0OO04

1 TMRTF{1Z212,TMSTFRA(L2)4XMPFT{12) STFVOO00S
LCGICAL  LBUZCSLFETLF,LLZCsLRC SYTFVLO0&
REAL LZC.MFDP STEVOOOT
CALL SETFDI(MEGPTMSTF, TMRTF455QM) STFVO0O0R
IFCIMEDP(2) + MFDP{3)) oGTe 20 ¢ANDe FTX oL Te 1e05) FIX = 049 STFV 0009
IFCIMFUP(2) + MFDPI3) )Y olTe =240 oANDe FTX oGTe 0e95) FTX = 1.1 STFVOO010
AUJUSTMENT OF LZ2C BASED ON MONTHS WHERE OVER HALF OF TOTAL STFVCODLL
SYNTHESTZED RUNDFF 1S5S OVERLAND FLOWs MINIMUM COF TWED MONTHS STFVYQOY 2
WITH GREATEST RUNOFF USED STFV0013
FLZ2C = L2C STFVOOL1 4
FNOFM = NOFM STFVODIS
1FINDFM oGTe 2) GO TO 102 STFVOO16
M1R = 2 STEVOO1Y
M2R = 1 STFVOOL1A
IFITMRTIFL2) oGTe TMRTF{(1)) GO TO 100 STFVOO019
mMIR = 1 STFVQO020
MZR = 2 STFvO0O021
100 DO 1C2 MONTH = 3,12 STFVO0022
IF(TMRTIF{MONTH) 4LTe TMKTF{MZ2R)) GO TO 102 STFV0023
IF{ TMRTFUMUNTH) 4GTe TMRTF({(MLIRI) GC TO 101 STFV0O024
M2R = MONTH STFVOQD25

GO TO 102 ' STFV0O02é6



eF1

¢

161

102

Lat

10

1G4

iG%

[

SELECTION

106

107

M2KR = M1R

Mik = MONTH

CONTINUE

IFLLLZC) GO TO 106

FLZC = (MFDP{MIR) + MFDP(M2R})}/2.0

G0 T 10%

S5CFML = (e

KML = O

O 104 MONTH = 1,12

IFIXHPFYAMONTH) «LTe 145) GO TQ 104
SOFMD = SOFMD + MFDP{MONTH)

KMl = «M] + 1

MXA(KML) = MCNTH

CONTINUE

FL2ZC = SOFMD/UIFNOFM%0.T75)

IFtFLZL «GTe 1.0) FLZC = 1«0

IFIFLIC obTe =140} FLZIC = =140

IF‘Fch eGTe 00} LZC = (FLIC + 14C)ExLZC
TF(FLZL «lfe 0a0) LZC = LIC/(1a0 + BABSUFLZC))
TF{NIFM (LEe 2) WRITE(SH,41) LICsMIR,MZR

FORMATL/5X s *LZIC WAS CHANGED TO'+F6eldy* BASED ON MONTHS',213)

IFUINGFM oGTe 2) WRITE(Os2) LIC {MXA(KWO)e KWD = 1,NOFM)

FORMATI/5X s YLZLU WAS CHANGED TO'Fbe2y* BASED ON MOMTHS',1213)

TF{LZC «LTe £olt ANDe LRC) LZC = 240
IFILZC «GFe 200 «ANDe LRC) LZC = 30eC

MBWS = O

MBDS = 0

DO 1G9 MUONTH = 2,10

IF(TMPETIMONTH) oGT e TMPREC{MONTH)) GO TO 108
IF{MBWS «NEs G) GO TO 107

MBWS = MONTH.

GO 7O 109

MBOS = MONTH + 1

60O Tu 10%

OF MOMNTHS BEGINNING WET AND BEGINNING DRY SEASONS

STEVO027
STEVOQ2ZR
STFVOO29
STFV0OO03D
STFVOOM
STFVG022
STFV 0033
STFVGO34
STFVCOAES
STEV0O2é&
STFVQOD27
STEVO2R
STEVOO029
STFVOO4C
STFVOC4)
STFVQOL2
STREVLOLR
STRVOOG 4L
STFVC04E
LTFVO046E
STEVGO4LT
STEVLO4E
STFVG049
STEVQO050
STFVGGS1
STEVGO52
STFVCGO5B3
STFVOO&4
STEVDOSS
STFV0O0Sé&
STFVOOSY
STFVQO5A
STFVOO59
STFY 0060
STFVO0O06]
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108

10v

110
C AD
C

111

112

IFIMBDS. ¢NEes C} GO YO 110
CONTINUIE
MBDS = MBDS + 1

JUSTMENT ©F SUZC BASED ON TW( WETTEST SUMMER MONTHS AND LAST TwD
BASE FLOW MONTHS

M1l = ¢

Miz = 0

PRM]1 = 000

MISP = O

DO 112 MNX = 7,14

MONTH = MNX

IF{MNX oGTe 12) MONTH = MNX - 12
IF(TMPRECIMONTH)Y oLEe PRM1) GC TO 111

M25P = M1SP

PRMZ = PRM}

M15P = MONTH

PRM1 = TMPRKEC{MONTH)
GO 7C 112

IF(TMPREC (MONTH) oLEe PRM2) GO TO 112

M25P = MONTH

PEMZ = TMPRECIMONTH)

CONTINUE

FEUZC = MFGPIMISP) + MFDP(MZ5P)
IFCABSIXMPFTI1Z) = 1e0) o«GTe 0e2) GO TO 113
FSU2C = FSUZC + MFDPIL12)

Mlz = i2

IFCABS{XMPFTI(11)} = 140) «GTae 0.2) GO 10 114
FSUZIC = FSUZC + MEDP(11)

M1l = 11

IFLFSULL &GTe 1a0) FSUZIC = 1,0

TFIFSUZC oLTe ~le0) FSUZC = =10

1FIFSUZC «GTe 0eG) SUZC = (FSUZC + 1.0)*5U2C

1F{FSULZC oLEe (e0) SUZC = SUZC/1140 + ABS(FSUZIC))

WRITE(693) SUZCMISPyM2SP,M11.M12

FORMAT(4X o *SUZC WAS CHANGED TO®sFbe2y* BASED ON MONTHS?,412)

STFVO062
STFVQ063
STFVO0064
STFEVOODLS
STFVOO&S
STFVO067
STFVOO06E
STFV0069
STFVOOT0
STFV0071
STEV(LOT2
STFVYQOT3
STEVOO74
STFVQOOTS
STFVO074
STEVCOTY
STFVYCOTS8
STFVOLOT9
STFVY (0RO
STFVYCOR)
STEVOORZ
STFVOOA3
STEVCORS
STEVCORS
STFVCCRA
STFVGORT
STFVOOARSR
STFVCODRY
STFVGO090
STEVCO091
STFVCO92
STFV0093
STFV(0094
STEVO09S
STFVD09S



Cv1

C
c

ITF(SUZC «LTe O&3
IFISUZC «GTe 36C

O3

+AN[(e LRC) SUZC =
= 300

«ANU. LRC} SUZIC =

ALJUSTMENT OF ETLF BASED ON SUMMER MONTHS OF

i15

116

117

118

I

1

1

NCHES OR NEFD TO PREVENT MOISTURE BUILDUP

IFLEMLZS{12) ol Tae PLZIC &0ORe¢ EMLZS(1L1) 4LT.
1L5%APETY GO TC 115

FETLF = 140

MXA(1) = 13

KWSM = ]

GO TG 120

SWEMD = 0406

KWsM = O

DG 116 MONTH = 1412

IF{ (MONTH oGTe MBEWS OR e MONTH &GTe 21 oAN
»ANDe MONTH o4LTe S)) GO TO 116

IFLTHPREC I{MONTH) oLTe 240) GG TG 116

SWSMD = SWSMD + MFDP(MONTHI)

KWSM = KWSM + )

MXLIKWEM) = MONTH

CONTIMNUE

IFIKWSM GEa 1) GO TG 117

MXa{l) = MIR

KWSM = 1

FETLFE = 540%MFLPIMIR)

GG TG 120

WSM = KWSM

IF({ oNOTe LETLF «0Ra KWSM oECe 1) GO TO 1l9

LMFDP = (a0

DO 118 MONTH = laKWSM

KME = MXA(MONTR)

TFIMFDPIKML) <LTe EMFOP) GO TO 118

EMFDP= MFDP{KMI1)
KMZ = MONTH
CONTINUE
MXal{kKMz) = C

RAINFALL EXCEEDING TWO

PLZC DR o APREC 4GT,.

De (MONTH <Lie MRDS

STFV009T
STEVOOSR
STEYCO99
STFVO100
STFVO101
STFVG102
STEVOI03
STEVQ104
STFV(O10%
STFVD106
STFVOL107
STFVY0108
STEVCIO®
STEVO110
STFVOIN

STFVOL112
STFVC113
STRVCI1S
STEVC11S
STEVOIlé
STFVC117?
STFV(GIL1R
STRVE1l9
STFV(G120
STEVE121
STFVO122
STFV0123
STFVO124
STEVGLZS
STFVO0126
STFV0127
STFvO0128
STFVOl29
STFvO0130
STRV(121



9%1

C

C
C

119
120

SWSMD = SWSMD — EMFDP

WSM = WSM — 140

FETLF = 142%SWSMO/WEM -

IFIFETLF 4GTe 14C) FETLF = 140

IFIFETLF oL Te ~1e0) FETLF = =140

TFIFETLF oGTe N0} ETLF = {FETLF + 1o O)*ETLF
IFIFETLF oLTe Ue0) ETLF = ETLF/({10 + ABS(FETLF))
WRITE(&644) ETLF s (MXA(KWD) sy KWD = 1,KWSM)

FORMAT{4X,"ETLF WAS CHANGED TO®,F6e2y® BASED ON MONTHS',1213})

IF(ETLF olTe 0e05 oANDe LRC) ETLF = 0405
IF(ETLF oGTe Oof oANDe LRC) ETLF = Qab

ADJUSTMENT OF BUZC BASED ON SEPTEMBER, NOVEMBER, AND DECEMBER

121

\n

ADJUSTMENT OF SIAC BASED ON THREE FIRST MOISTURE EXCESS AND THREE

KMl = 12
KMz = 2
KM3 = 3

FBUZC = Qe%*(MFDPL{12) + MFDP(2) + MFDP(3))
IF{N0Te LBUZCY GO TO 121 .
FBUZC = Oe4*(MFDP(9) + MFDP(10) + MFOP{11))

KMi = 9

KM2 = 10

KM3 = .1

IFIFBUIC oGTe 1a0) FBUIC = 1.0
IF{FRUZC «LTe —140} FBUZIC = ~140

IF{FRBUIC oGTe Cel) BUZIC = (FBUIC + 140)*%BUZCL

IF{FRBUZC «LFe 0e0) BUZC = BUZC/ (1.0 + ABS(FBUIC))

WRITE(oy5) BUIC ¢KM1 sKMZ 2K M3

FORMAT{4X,'BUZC WAS CHANGED TO'",Fte2y* BASED ON MONTHS',31I3)
IFIBUZC o«lTe Da?2 «ANDe LRC) BUZC = 0e2

TFIBUZC oGTe 40 a2NDe LRC) BUIC = 440

FIRST MUISTURE DEFICIENT MONTHS

KMl = MBLS

KM2 = MBDS + 1
KM32 = MBDS - 1
KM4 = O

STFVO132
STFV0123
STEVC134
STFVO0135
STEVD136
STFVO137
STFV0138
STFVO129
STFVO140
STFVO141
STFVQ142
STFV(143
STFV(Cl4a
STFVO145
STFVOl46
STFVO0147
STFVO148
STFVQ149
STFVC150
STFVC1E1
STFVO1&2
STFVO153
STFVO1%54
STEV(0155
STFVCLIFES
STFVO187
STFVO158
STFVO159
STFVO1460
STFVO0161
STFVO162
STFVOD162
STFVO164
STFVO165
STEVO166
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122

KMS. = O
KM&e = O
WFOX = Qe

LFESIAC «GTe 1e0) GO TO 122
WFOX = (MFDPIMBWS) + MFOP(MBWS+1) + MFOPIMBWS+2))/3,0
IF(STIAC oGTe Oeb6) WFDX = WFDX*(140 = SIAC)/Ceé

KM4 = MBWS
KME = MBWS + 1
KME = MBWS + 2

SFOX = (MFODPI(MEDS) + MFDP{MBDS+1} + MFDP(MBDS-1)1/3.0
FSTAC = l1.5%(SFDX - WFDX)

IFIFSIAC oGTae lel) FSIAC = 10

IF{FSIAC e¢LEe =140) FSIAC = =1l.0

TFISIAL «LVe 0eG2) SIAC 0«02

IFLFSIAC «GTe QO4D) SIAC {FSIAC + 1.0)%SIAC

IFIFSIAC JLEe Ue0) SIAC STAC/(140 + ABS(FSIAC))
WRITE(GO40) SIAC ¢X MG oKMB JHKME JKMAZKM] oK M2
FURMATIAX ¢ * STAC WAS CHANGED TO®*,F6e2s® BASED ON MONTHS®*,0613)
FF(STIAC oLTe 002 oANDe LRC) SJAC = 0600 .
IF{SIAC aGVe 440 #ANDe LRC) STAC = 440

RETURN-

E NG

LI T 1}

SUBRGUTINE. SETFDI(MFLP, TMSTF,TMRTF,SSQM) .

SETS: VALUES: OF FLOW DEVIATION. INDICES.

UIMENSION. MEOP (120, TMRTF(12),TMSTF(12)
REAL MFODP \

DO 101 MONTH = 1,12 .

IFIMONTH oLEe 2) SSQM = 040

SMFX = TMSTF{MUNTH) + 200

RMEX. = TMRTF(MONTH) + 2040

MFOP({MONTH) = SMEX/RMFX - 140
1FIMFOF(MONTH) oGTe 8.0) MFDP(MONTH) = 8.0

STFVOTET
STEVO168
STEVGL69
STFVOL70
STFVCITY
SYFVG172
STEVC173
STFVC174
STFV0175
STEVOL176
STEVGITT
STRVOT TR
STEVOYTY
STFVO180
STFVOT81
STFVO182
STFVGTRY
STFVOIR%.
STFVO185-
STFV-O1R6
S TEVAFIRT:
STRVOTPR:

STFDCO0L:
STEDOOG2:
STRDI0003:
STPEGOOK:
STFOC005"
STFDGO0E
STFDO007
STFDOO08
STFD0009
STED0O10
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100
icl

IFIMFDP(MONTH) oLTe 0aO) MFDPIMONTH) = 140 — RMEX/SMF X

IF(MFDPIMONTH) oLTe —E£¢0) MFDP(MUONTH) = =840
SSUM = SS5QM + MFDP(MONTH)®MFDP {MONTH)
CONTINUE '

WRITE (691} (MFOP(MONTH), MONTH=1,12), SSQM

FORMAT(//2X s YMONTHLY DEVIATJONS?®, /16X 312(F7e3,1X),4S5QM =%,F7,3)
RETURN

END

SUERUUTINE SETEMI(BMIRINRSyBFRC yRSBEF ,SBFRSyFNCTRH,IFT)

C SETS BEST VALUE OF BASIC MAXIMUM INFILTRATION RATE WITHIN WATERSHED

1

10G
101

Z

BIMENSION
ARSTR = Q40
U0 101 KKS = TIFT4NRS

RBF = KSBRF(KKS)/BFRC

DC 100 KDY = 1,3

RBF = RBF*DFRC

SEBF = SBFRS{KDY 4KRLDI*RBFRO** (FNCTRH/ 48 o0}

RETR = SEF/RAF

IFIRSTK «GTe 3¢0) RSTR = 3,0

ARSTR = ARSTR + RSTR

WRITF{osl) KRSKLY,SBF,RBF

FCRMATELOX, "KRS =%31392Xs KDY =14 T12 42X 9SBF ='4FT el e X, 'RRF =1,
1 F7s1)

RIBEBEF({20G)SBFRS( 3,420}

CONTINUE

CONTINUE

TERD = NRS#*3

ARSTR = ARSTR/TBRO
ARSTR = ARSTR*%%],3
PEMIK = BMIR

BMIR = PBMIR/ARSTR
WRITE(642) PAMIR,BMIR
FORMAT(5Xy *BMIR CHANGED FROM? 3F64242X+*TO',FEe2//)

STFEDGOL Y
STFDOO12
STFDOO13
STFDOO14
STFDOC15
STFDOO1&
STFDOOLT
STFROO18

STHMCOC1
STEMOO002
STBM0O003
STBMOCO4
STEMOOQOS
STBMCOO6
sSTAMO0CT
STEMQOOCSR
STHMOO0Q
STEMCO1D
STRMGO11
STBMCO12
STBMGO12
STeMO014
STRMNOYS
STEMUO16
STAMCO17
STBMOOY 8
STBMOO19
STBMO020
s$TAM0021
STBMGO22
STBM(0023
STAMCO24
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RETURN
END

SUBROUTINE SETRBF(RSTF.NDURS yKRS4BFRCy IFRCyCRSBIF4CRSBRBF)

€ SETS VALUES OF INTERFLOW ANG BASE FLOW AT RECESSION BEGINMNING

l1oo

VA

10/

DIMENSTON RETFLUB5G,20)4NDRS(20)
REAL®*B RALyRA2 +RAZyRALRAS JRAG

REAL IFRC
RAL = 0e0
RAZ = 040
RA3 = 0.0
HA4 = (a0
RAS = (g0
MNDRS = 12

TF{NDRG{KRS) o«LTe 12) MNDRS = NORS(KRS)
IFUIFRC o«GFe 03} GO TO 101

CRSBIF = C.C

DO 100 KSD = 1,MNDRS

RA1 = RAl + BFRL*%{ 2%KSD)

KAL = RAL + HSTFUKSDyKRSIH{BFRC*2KSD)
CRSOEF = RA4/RAL

CRSBRF = CRSOBF*BFRC

RETUKN

CRSBIF = 10000060

u0 102 KSD = 1,MNDRS

RAY = RALl + BFRC»%(2*XSD)

RA2 = RA2 + IFRC**(2%KSD)

RA3 = RA3 + (BFRC*IFRC)I**KSD

RA4 = RA4 + RSTF(KSDyKRS)I®({EFRC*#KSD)
RAS = RAL + RSTF{KSDKRS)I*{ IFRC*%KSD)
CONTINUE

RA6 = RA1*RAZ2 — RA3I*%2
IF{RACE +EQe Co0) RETURN

STBMC02S
STEMO026

STRB0001
STRYCO02
STRBOO03
STRARO0D%
STRBCO0S
STRBGOOS
STRBOO0T
STRBOOOR
STRBCOO9
STRBOO10O
STRBCO11
STRBGO12
STRBQO13
STRBOOYA
STRROO1®
STRAQOLl G
STRBLOLT
STRRCO018
STRRAGO19
STRADD20
STRRO021
STRBOO2?
STRAQ023
STRBGO24
STRAGO2S
STRBRCO26
STRBOO027
STRROO2R
STRBOOZ9
STRAOO2AD
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END

CRSOIF = —=(RA3/RALI*RA4 + (RALI/RAGL)IARAE STRBOD3]
CREBIF = CKSOIF*IFRC STRBOO2?
CRSQEF = (RAZ/RAG)I*¥RA4 =~ (RAI/RAL)I*RAS STRBOO32
CRSBBF = CRSOBF*GFRC STRBOO34
RETURN STRBOO2S
END STRBOO36
SUBRCUTINE SETBIV(BIVF4NRS, IFRCyRSBIF4SIFRS, ENCTRH) STAVOO0O1L
StTS BEST VALUE OF BASIC INTERFLOW VOLUME FACTOR STRVQOC?2
DIMEMSYON RSBIF(20),S51FKS{3,20) STBVCO03
REAL IFRC STRVO004
ARSTR = (80 STEV0OOO0S
OG0 161 KRS = 1+NRS $TRVO00s
RIF = RSBIF(KRS)/IFRC STRVOO007
b0 100 KDY = 1,3 STRVGE00R
RIF = RIF*IFRC STRv o009
SIF = STIFRSUKDY yKRS}*IFRC =& (FNCTRH/ 48 o) STRVOO010
RSTR = 00 STRVCOL1
LF{KIF oGTe Letr} RSTR = SIF/KIF ‘ STRV(COLI2
TF(RSTR oGTe 360 eRe (SIF oGTe Cel e ANDe RIF oEQe 0eC)IRSTR=2,0 STOVOOL1Z
AKSTR = ARSTR + KSTR STBVLOL4
WRITE(6+41) KRS+KDYLSIF,RIF STREVOODLS

1 FORMAT (10X "KRS ="4I342Xs"KEOY =9,T242X4*'SIF =%, FTul )5X,'RIF =9, STRVCO1e
1 F7.1) ‘ STEVGOL1Y
100 CONTINUE STBVOOL R
101 CONTINUE S5TRVCO19
TIRD = NRS#3 STEVCO020
PBIVF = BIVF STRV0OO021
BIVF = 040 STRVOOZ?2
IFLARSTR oGTe GeO) BIVF = {((PBIVF — O<40)*TIRDI/ARSTR + 0,40 STEVGO23
WRITELG6s2) PBIVF,BIVF STRVG024
FORMAT(SX , *BIVF LHANGED FROMY ,F6a2+92X 4" TD,FEa2//) STBV3O02S
RETURN STBV0026

STeVOD2Y
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APPENDIX B

DICTIONARY OF VARTABLES USED IN MOPSET

ITEM 1 - VARIABLE NAME

ITEM 2 — WHETHER VARIABLE IS REAL, INTEGER, NR LOGICAL
ITEM 2 - VAKTIABLE DIMENSIUNS

ITEM™ & -~ UNTTS

ITEM 3 - LEFINITICN OF THE VARIARLF

1 2 o4 g

ARESL R TOnAY ACCUMULETED RASE FLNDW SSQUENLF LENGTH

ABFV R 1IN ANNUAL PBASE FLOW VOLUME

ADEF F 15 IN ACCUMUILATED DAILY BASF FLOW

AOIFE R 15 IN ACCUMULETED DAILY INTERFLOW

ADRGEM K 166 - AVERAGE DATED RECORDING GAGE PRFCIPITATICN MULTIPLIER
ARNVE GAGED REACH - ‘

AETX R 1IN ANNUAL EVAPOTRANSPIRATION TNDEX

AEX9G R 1IN ANTECEDENT EVAPODRATION INDEX, DECAY RATE = 0.9

AEX9& R 1 IN ANTECEDENT EVAPDRATION INDEX, DFCAY RATE = 0,96

AHP R 1 IN ACCUMULATED HOURLY PRECIPITATION

AIFSL R 1 DAY ACCUMULATED INTERFLOW SEQUENCFE LFNGTH

ATFY R 1 IN ANNUAL INTERFLOW VOLUME

ALPH R 120,50 - TABLE OF ALPHA VALUES

ALPHA R 1 - CURRENT ROUTING PARAMETER ALPMA

ALPHALl R 1 - TFMPORARY STORAGE OF ALPHA



GG1

AMBER
AMBF
AMIF
AMNET
AMPET
AMPREC
AMSE
ANET
ADFV
APET
APREC
AREA
AREA1
AREAZ
ARHF
ARSTR
ASEV
ATE
ATFV
AVXAR
AX

AZ

A2

BBMIR
8BUZC

BBYLZIS

BETLF
BFHRC
BFRC
BFRL
BIVF
sIVFL

MO RDOIDD DDV OXTTODDODNDD

=R

x

DXV XRRVD

s
ViAo

et ok et i g bt et b LJ) et Pl Bt bt et bl el ) et e

—

[ S e o

IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
N
SQ Ml
SQ FV
5Q FT
CFS

IN
SFD
SFD
SQ FT
5Q FT
Cu FT
CFS

IN/HR

IN

ANNUAL MDISTURE BALANCE ERRCR

ACCUMULATED MONTHLY BASE FLOW

ACCUMULATED MONTHLY INTERFLOW

ACCUMULATED MONTHLY NET EVAPCTRANSPIRATION
ACCUMULATED MONTHLY POTENTIAL EVAPOTRANSPIRATION
ACCUMULATED MONTHLY PRECIPITATION

ACCUMULATED MONTHLY STREAM EVAPORATION

ANNUAL NET EVAPOTRANSPIRATION

ANNUAL OVERLAND FLOW VOLUME

ANNUAL POTENTIAL EVAPOTRANSPIRATION

ANNUAL PRECIPITATION

AREA OF WATERSHED

TEMPORARY STORAGE FOR 1ST END AREA DURING ROUTING
TEMPORARY STORAGE FOR 2ND END AREA DURING ROUTING
ACCUMULATED ROUTED HYDROGRAPH FLOW )
ACCUMULATED RATIO OF SYNTHESIZED TO RECORDED FLOWS
ANNUAL STREAM EVAPORATION VOLUME

ACCUMULATED TOTAL FLOW

ANNUAL TOTAL FLOW VOLUME

AVERAGE FLOW END AREA FOR CURRENT REACH

AVERAGE END AREA AT TWO SUCCESSIVE ROUTING TIMES
DUMMY VARIABLE USED IN STORAGE ROUTING

DIFFERENCE IN DISCHARGE BETWEEN TWO SUCCESSIVE POINTS IN
STORAGE RATING TARLE

CURRENT BEST ESTIMATE OF BASIC MAXIMUM INFILTRATION RATE
CURRENT BEST ESTIMATE OF BASIC UPPER ZONE STORAGE
CAPACITY FACTOR

CURRENT BEST ESTIMATE OF BEGINNING OF YEAR LOWER ZONF
STORAGF

CURRENT BEST ESTIMATE OF EVAPOTRANSPIRATION LCSS FACTCR
BASE FLOW HOURLY RECESSTION CONSTANT

BASE FLOW RECESSION CONSTANT

BASE FLOW RECESSION LOGARITHM

BASIC INTERFLOW VOLUME FACTOR

STORAGE FOR AVERAGE BIVF



el

8L ZC R 1 1IN CURRENT BEST ESTIMATE OF LOWER ZONF STORAGE CAPACITY

BMIR R 1 IN/JHR BASIC MAXIMUM INFILTRATION RATE WITHIN WATERSHED

3MIRl R ‘1 IN/HR STORAGE FOR AVERAGE BMIR

BSIAC R 1 - CURRENT BEST ESTIMATE OF SEASONAL INFILTRATION ADJUSTMENT
FACTOR ‘

35UZC R 1 - CURRENT BEST ESTIMATE OF SEASONAL UPPER Z20ONE STORAGE
CAPACITY FACTOR

BUZIC R 1 - BASIC UPPER ZONE STORAGE CAPACITY FACTICR

BUZC1 R l - STORAGE FOR AVERAGE B©ZC

BYGWS R 1 IN BEGINMING OF YEAR GROUNDWATER STORAGE

BYLZS R 1 1IN BEGINNING OF YEAR LDWER ZONE STORAGE

B2 R 1 CF DIFFERENCE IN STORAGE BETWEEN TWO SUCCESSIVE POINTS

CBF . R 1 IN/ZHR CURRENT BASE FLOW

CIVM R 1 - CURRENT INTERFLOW VOLUME MULTIPLIER

CMIR R 1 IN CURRENT MAXIMUM INFILTRATION RATE DURING PERIQOD

CN 1 Y - 1 = Ae Meas 2 = Pe M,

CONOPT 1 7 - CONTROL OPTIDN

CONST R 1 - NONLINE AR ROUTING ITERATION CONSTANT

CRSBBF R 1 CFS CURRENT RECESSION SFQUENCE BEGINNING FASE FLOW

CRSBIF R 1 CFS CUKRENT RECESSION SEQUENCFE BEGINNING INTERFLOW

CRSBTF R 1 CFS CURRENT RECESSION SEQUENCE BEGINNING TOTAL FLOW

CRSTF R 50 CFS CURRENT RECESSION SEQUENCE TOTAL FLOWS

CRSOBF R 1 CFS CURRENT RECESSION SEQUENCE BASE FLOW 0ON DAY Z2ERDN

CRSCIF R 1 CFS CURRENT RECESSICN SEQUENCE INTERFLOW ON DAY ZERN

CVWINA R 1% SFD CUMULATIVE VWINA FOR PREVIQOUS REACHES

CVWINL R 1 SFO TEMPORARY STORAGE OF CVWINA FOR REACH 1}

CWCFSA R 15 CFS CUMULATIVE WCFSA FOR PREVIQUS REACHES

CWCFS1 R 1 CFS TEMPORARY STORAGE OF CWCFSA FOR REACH 1

C2 R 1 - DUMMY VARIABLE USED IN STORAGF ROUTING

Cau R 1 CUFT FUNCTICN OF KNOWN QUANTITIES IN STORAGE ROUTING
EQUATION

£h R 1 CUFT FUNCTION OF UNKNOWN QUANTITIES IN STORAGE ROUTING
EQUATION

DAREA R 150,50 SQFT TABLE OF END AREAS FOR CHANNEL ROUTING

DATE H 1 - CURRENT DAY DF THE MONTH



Pa1

DAY
DBFRC
DELTAT
DELTAX
DEVI
DEV2
DIFRC
DISCH
DIV
DPEY
OPRD
DPY
DRGPM
DRGPM1
DRHP
DRSF
DRSGP
DSSF
EDARE A
EHMSGD
EHSGDF
EID

ELEV '
EMAET
EMATF
EMFDP
EMGWS
EMIFS
EML2S
EMSIAM
EMUZC
EMUZS
EPAET
EPCM

MDDV DNR DDV ODNOR =T DT RX 0 TR -

SEC
FT

bt et et b, et

1000 CFS
1 CFS
366 IN
1 -
1 -
15,366 =
366 -
366426 IN
366 CFS
53266 1IN
366 LFS
150,21 SQ FT
l -
1 -
1 -—

10600 FT
13 SFD

12 IN
12 IN
12 IN
12 -
12 IN
12 IN

12 -~

CURRENT DAY OF THE YEAR

DOUBLE PRECISION BFRC

ROUTING TIME INTERVAL

FINITE DIFFERENCE LENGTH FOR CURRENT REACH

DEVIATION BETWEEN 1ST TRIAL VALUE AND EXPECTED SOLUTION
DEVIATION BETWEEN 2ND TRIAL VALUE AND EXPECTED SDLUTIDN
OOUBLE PRECISION TFRC

TABLE OF DISCHARGES

DIVERSICN INTO BASIN, MEAN DATLY FLOW

DATED POTENTIAL EVAPOTRANSPIRATION

CURKENT DAILY 15-MINUTE PERIOD

DAYS PER YEAR

‘DATED RECORDING GAGE PRECIPITATION MULTIPLIER

TEMPORARY STORAGE OF DRGPM FOR REACH 1

DATED RECDRDED HOURLY PRECIPITATION

DATED RECORDED STREAMFLOW

DATED RECOROED STORAGE GAGE PRECIPITATION

OATED SYNTHESIZED STREAMFLOW

END OF DAY FLOW END AREA

ENDING HOUR OF STORAGE GAGE DAY

ENDING HOUR OF STORAGE GAGE DAY = FLOATING POINT
EXPONENT OF INFILTRATION RATE DECAY WITH INCREASED SOIL
MOISTURE CONTENT

ELEVATION OF STORAGE ROUTING TABLF

ESTIMATED MAXIMUM ANNUAL EVAPOTRANSPIRATION

END OF MONTH ACCUMULATED TOTAL FLOWS

EXTREME MONTHLY FLOW DEVIATION PARAMETER

END OF MONTH GROUNDWATER STORAGE

END OF MONTH INTERFLOW STORAGE

END OF MONTH LOWER ZONE STORAGE

END OF MONTH SEASONAL INFILTRATION ADJUSTMENT MULTIPLIER
END OF MONTH UPPER ZONE STORAGE CAPACITY

END OF MONTH UPPER ZONE STORAGE

ESTIMATED POTENTIAL ANNUAL EVAPOTRANSPIRATION
EVAPCRATION PAN COEFFICYENT FOR MONTH
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EQD
EQDF

" EQDF1

EQOFIS

EQDFI1
EQDIS
ETLF
ETLF1
EXPM
EXPT
FEUZC
FETLF
FHPP
FIMPA
FIMPAL
FLZC
FMR
FNCTRH

FNOFM
FNWSTH
FPERA
FPERAL
FRERS
FSIAC
FSLTH
FSuZl
FTX
FUNC

CFUNC1

FUNCZ2
FWTR
FWTRA
FWTRAL
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EQUILIBRIUM DEPTH OF OVERLAND FLOW

EQUILIBRIUM DEPTH FACTCR FOR OVERLAND FLOW

TEMPORARY STORAGE OF EQDF FOR REACH 1

EQUILIBRIUM DEPTH FACTOR FOR OVERLAND FLOW,IMPERVIOUS
SURFACES

TEMPORARY STOKAGE OF EQDFIS FOR REACH 1

EQUILIBRIUM DEPTH OF OVERLAND FLOW ON IMPERVIOUS SURFACES
EVAPOTRANSPIRATION LOSS FACTOR

STORAGE FOR AVERAGE ETLF

CURRENT ROUTING EXPONENT - ™

TABLE OF M EXPONENTS

ADJUSTMENT FACTOR FOR BUZC

ADJUSTMENT FACTOR FOR ETLF

FRACTIONAL HOUR PER PERIOD

FRACTION OF SUBAREA BEING IMPERVICUS

TEMPORARY STORAGE OF FIMPA FOR REACH 1

ADJUSTMENT FACTOR FOR LZC

FRACTICON CF MOISTURE NOT RETAINED IN UPPER ZONE
FLOATING POINT NUMBER OF CURRENT TIME ROUTING HPUR,
WHICH IS EQUIVALENT TO FNWSTH IN MAIN PROGRAM
FLOATING POINT NUMBER OF OVERLAND FLOW MONTHS
FLOATING POINT NUMBER OF WATERSHED TRAVEL HOUR
FRACTION OF SUBAREA BEING PERVIOUS :

TEMPORARY STORAGE OF FPERA FOR REACH 1

FLOW RISE ENDING RECESSION SEQUENCE

ADJUSTMENT FACTOR FOR STAC

LENGTH GF FINITE SECTION

ADJUSTMENT FACTOR FOR SUZC

FALL TROUBLE INODEX

FUNCTION USED IN NONLINEAR ROUTING

FIRST DERVIATIVE OF FUNCTION USED IN NONLINEAR ROUTING
2ND DERVIATIVE OF FUNCTION USED IN NONLINEAR ROUTING
FRACTION OF WATERSHED BEING WATER

FRACTION OF SURAREA BEING WATER

TEMPORARY STORAGE OF FWTRA FOR RFEACH 1
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GAFL
GAREA
GHET
GWETF
GWS
GWSA
HOUR
HOURL
HRF
HRL
HS5E
HYDSTO

1 _
ICYC
IDAYL
1DAY2
1E
IEF
IEL
IFIELD
IFPRC
TFRC
1FRL
IFs
IFSA
IFST
IFT

IH
ILST
INLR
INLSY
IP
IPPH
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CFS
SQ MI

DAILY SYNTHESIZED STREAM FLOW FROM GAGED REACH
DRAINAGE AREA ABOVE THE GAGE

CURRENT HOURLY GROUNDWATER EVAPDOTRANSPIRATION
GROUNOWATER EVAPOTRANSPIRATION FACTOR

CURRENT GROUNDWATER STORAGE

GWS FOR SUBAREA

CURRENT HOUR OF THE DAY

LAST HOUR

FIRST HOUR OF LCOP

LAST HOUR OF LOOP |

CURRENT HUOURLY STREAM EVAPORATION

DAILY STORAGE FOR OUTFLOW HYDRQGRAPHS TO RE USED
AS INFLCW HYDROGRAPHS TO THE NEXT LOWFR REACH
DO=-LOCP COUNTER

IDENTIFICATION OF CYCLF NUMBER IN TYRIP 1

INDEX TC 10-DAY PERIOCD

INDEX WITHIN 10-DAY PERIOD

STORAGE ELEMENT COUNTER

FIRST ELEMENT IN STRUCTURE RATING CURVE

LAST ELEMENT IN STRUCTURE RATING CURVE

LENGTH 0OF AVAILABLE ARRAY FCR STORAGE ROUTING
INTERFLOW PERIOD RECESSION CONSTANT

INTERFLOW RECESSTON CONSTANT

INTERFLOW RECESSION LOGARITHM

INTERFLOW STORAGE

IFS FOR SUBAREA

FIRST ELEMENT IN STRUCTURE RATING CURVE STORAGE ARRAY
INDICATOR OF FALL TROUBLE (SKIP FIRST RECESSION IN
EVALUATION OF BMIR)

UPSTREAM HYDROGRAPH COUNTER

LAST ELEMENT IN STRUCTURE RATING CURVE STORAGE ARRAY
INDEX EQUAL TO 1 FOR NONLINEAR ROUTING

INITIAL STRUCTURE INFLOW

RATING CURVE POINT COUNTER

INTEGER PERIODS PER HOUR
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IRCUT
IRSTR
ISGA
ISGM
ISGRD
IUH
IWBG

KBRC
KDKS
Koy
KFFC
KFS
KG
KHOUR
KHYD
KMO
KM1-6
KNF S
KOuY
KPRD
KR
KRC
KRD
KRKFS
KRS
KS
KSD
KSQ
KTA
KWD
KWSM
LBFO

LEBMIR
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REACHES WHOSE DQUTFLOW IS TO BE PRINTED

IDENTITY OF REACH CONTAINING SYRUCTURE

STORAGE GAGE DESIGNATION _

INDEX OF STORAGE GAGE MOVEMENT DURING THE YEAR
CURRENT STORAGE GAGE RAINFALL DAY

IDENTITY OF UPSTREAM HYDROGRAPKHS TO BE ADDED
INDEX NUMBER OF WEATHER BURFAU PRECIPITATION GAGE
DC=LOOP COUNTER

COUNTER OF ROUGH CYCLES SINCE BEST ONE

COUNTER OF CURRENT DAY IN RECESSION SEQUENCE
COUNTER FCR DAY

COUNTER EQUALLING ONE ON FIRST FINE ADJSUSYMENT CYCLE
COUNTER FOR FINITE SECTION

STORAGE GAGE COUNTER

COUNTER FOR HOUR OF DAY

COUNTER SPECIFYING CURRENT HYDRCGRAPH

COUNTER INDEXING MONTH DF THE YEAR

MONTH COUNTERS

COUNTER FOR FINITE SECTION FROM HFAD OF 1ST RFACH

. COUNTER FOR REACH OUTPUT

COUNTER FOR PERIOQOC

REACH CCOUNTER

CCUNTER OF CURRENT ADJUSTMENT CYCLE

COUNTER FOR READING DATA ARRAYS

ONE DIMENSIONAL ARRAY FOR (KR ,KFS)

COUNTER FOR RECESSION SEQUENCE NUMBER
STRUCTURE COUNTER

COUNTER FOR RECESSION SEQUENCE DAYS

COUNTER FOR REVISED SEQUENCFES

COUNTER FOR TITLE ARRAY

COUNTFR FOR WRITING OATA ARRAYS

COUNTER OF WET SUMMER MONTHS

LOGICAL VARIABLE SET TRUE WHERE BASE FLOW ONLY
ENCOUNTERED

LOGICAL VARIARLEF SET TRUE WHEN EXFRCISING SUBSTITUTE
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APPROACH FOR EVALUATING BMIR

LBuzC L 1 - LOGICAL VARIABLE SET TRUE WHEN EXERCISIMG SUBSTITUTE
_ APPROACH FOR EVALUATING BUZC

LDARY R 1 - LOG OF END AREA FOR POINT 1

LDARZz R 1 - LOG OF END AREA FOR POINT 2

LOAY 1 1 - LAST DAY CF YEAR '

LDIS1 R 1 - LOG OF DISCHARGE FOR POINT 1

LDISZ2 R 1 - LOG OF DISCHARGE FOR POINT 2

LETLF L 1 - LOGICAL VARIAHLE SET TRUE WHEN CXERCISING SUBSTITUTE
APPROACH FOR EVALUATING ETLF

LHOUR 1 1l - LASY HOUR OF DAY

LLZC L 1i- LOGICAL VARIABLE SET TRUE WHEN FXERCISING SUBSTITUTE
APPROACH FOR EVALUATING LZC

LNPR L 1 ~ LOGICAL VARIABLE SET TRUE FOR NONEQUAL PERIOD RAINFALL

LRC L 1 - LOGICAL VARIABLE SET TRUE DURING RQUGH ADJUSTMENT CYCLES

LSTR L 1 - SET TRUE WHEN CURRENT REACH CNNTAINS STRUCTURE

tzC R 1 IN LOWER ZONE STORAGE CAPACITY

LZC1 R 1 IN STORAGE FOR AVERAGE LZC

LZRX R 1 - LOWER ZGONE MOISTURE RETENTION INDEX

L2sS R 1 IN CURRENT LOWER ZONE STORAGE

LZSA R 15 IN LZS FOR SUBAREA

LZ5R R i- CURRENT LOWER ZCNE STCRAGF RATID (LZS/L2C)

MBDS 1 1 - MONTH BEGINNIMNG DRY SEASON

MBWS 1 1 - MONTH BEGINNING WET SEASON

MDAY 1 1 - DAY OF YEAR OF LAST DAY OF PREVIOUS MONTH

MEDCY 1 12 - MONTH END DATES ~ CALENDAR YEAR

MEDWY 1 1z - MONTH END DATES - WATER YEAR

MEDWYP 1 1 - MEDWY OF PREVIOS MONTH

MFDP K 12 - MONTHLY FLOW DEVIATION PARAMETER

MNDRS 1 1 - MAXTIMUM NUMBER OF DAYS TN RECESSION SEQUENCE

MNRC I 1 - MINIMUM NUMBER OF ROUGH CYCLES

MNRD R 1 - MEAN ANNUAL NUMBER 0OF RAINY DAYS

MNX 1 1 - MCNTH INDEX

MONTH I 1 - CURRENT MONTH OF THE YEAR

MONTHY 1 1 - COUNTER FOR BEGINNING MONTH
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MRSL
MXA

MIR
M1SP
M11
M12
M2R
M2SP
N
NATRH

NB
NDAY
NDCR
NDPM
NDRS
NORSC
NDRSC1
NDRSC2
NELYV
NFRHA
NFS
NFSKR
NFSEPR
NFTR
NGR
NGR 1
NH
NHOUR
NI

NL

NLR
NLS
NLTR
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MINIMUM RECESSION SEQUENCE LENGTH

MONTH INDEX ARRAY (SPECIFYING MONTHS USED IN PARAMETER
ADJSJUSTMENT) ‘

MONTH WITH MOST RUNOFF

MONTH WITH MOST SUMMER PRECIPITATICN

SET AT 11 IF AUGUST IS A BASE FLOW MONTH

SET AT 12 IF SEPTEMBER IS A RASE FLOW MONTH

MONTH WITH SECOND MOST RUNCFF

MONTH WITH SECOND MOST SUMMER PRECIPITATION

DO-LOOP COUNTER

NUMBER 0OF ANTICEPPATED TIME ROUTING HCURS, WHICH 1S
EQUIVALENT TO NWSTH IN MAIN PROGRAM

NUMBER OF CURRENT UPSTREAM BRANCHES

NEXT DAY OF YEAR

DAY NUMBER FOR TERMINATING CHANNEL ROUTING

NUMBER OF DAYS PER MONTH

NIMBER COF DAYS IN RECESSION SFQUENCF

NUMRER COF DAYS IN CURRENT RECESSION SEQUENCE

NUMBER CF DAYS IN CURRENT RECESSICON SFQUENCE LESS 1
NUMBER (OF DAYS IN CURRENT RECESSION SEQUENCE LESS 2
NUMBER ©OF ELEVATIONS IN STRUCTURE RBATING CURVF

NUMBER OF FIRST RAINFALL HOUR ADJUSTED, PREVIOUS DAY
NUMBER (OF FINITE SECTIONS IN EACH REACH

NUMBER OF FINITE SECTION FOR REACH KR

NUMBER OF FINITE SECTIONS AT THE END COF PRFRIOUS REACH
NUMBER CF FIRST TRIP TO BE RUN FOR A GIVEN STATION YEAR
IDENTIFYING NUMBER OF GAGED REACH

TEMPORARY STORAGE FOR NGR

NUMBER OF HYDRDGRAPHS

NEXT HOUR OF DAY

COUNTER FOR NUMBER OF ITERATICNS IN NONLINFAR ROUTING
NUMBER OF FINITE DIFFERENCE PLUS 1

NUMBER OF LAST REACH

NUMBER OF LAST SECTION

NUMBER CF LAST TRIP TO BE RUN FOR A GIVEN STATION YEAR
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NNJ
NCFD

NOFM
NOUT
NP
NPPH
NR
NRHA
NRS
NR1
NSC
NSCS
NSG
NSGRD
NSTR
NSUM
NSYC
NSYT
NTRS
NUBR
NWSTH
NX
OCT18F
OFMN
OFMNIS
QFR
DFRF
OFRF1
QOFKFIS
OFRFI1
OFR1S
OFsSL
OFSS
OFUS
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ARRAY NUMBER OF NEXT JUNCTION TO BE CALCULATED

NUMBER

aF

SECTION

NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
TEMPORA
NUMBER
NSC FOR
NUMB ER
NUMGER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER

oF
OF
OF
oF
OF
oF
OF
RY
OF

FINTITE OIFFERE

OVERLAND FLOW
REACHES WHOSF
POINTS IN RATI
PERIODS PER HO
REACHES IN wAT
RAINFALL MOURS

NCE DIVISTON FOR EACH FINITE

MONTHS
QUTFLOWS ARE TO BE PRINTED
NG CURVF
UR OF ROUTING
ERSHED LAYOUTY
ADJUSTED, CURRENT DAY

RECESSION SEQUENCES

STORAGE FOR NR
SLCPE CHANGE 1}

(KRyKFS)

OF
OF
GF
OF
OF
GF
0F
arR
DF
CF

STORAGE GAGES

STORAGE GAGE R
STRUCTURES

SUM HYDROGRAPH
STATION YEAR,

STATION YEARS,
TENTATIVE RECE
UPSTREAM HYDRD
WATERSHED TRAV
CURRENT XAREA

OCTOBER FIRST BASE FLOW
OVERLAND FLOW MANNING'S N

OVERLAND FLOW MANNING'S N o IMPERVIDUS SURFACES
CURRENT OVERLAND FLOW RUNOFF

OVERLAND FLOW ROUTING FACTOR

TEMPORARY STORAGE OF (OFRF FOR REACH 1

OVERLAND FLOW ROUTING FACTOR, IMPERVIOUS SURFACFS
TEMPORARY STORAGE OF OFR
CURRENT OVERLAND FLOW RUNOFF, IMPERVIOUS SURFACES
OVERLAND FLOW SURFACE LENGTH

OVERLAND FLOW SURFACE SLOPFE

CURRENT OVER[AND FLOW UNRDUTED STCRAGE

N RATING CURVE

ATNFALL DAYS

CURRENT ONE BEING RUN

TOTAL INCLUDED IN A GIVEN JOB
SSTON SEQUENCES

GRAPHS TO BE ADDFO

EL HOURS

BEING CALCULATED

FIS FOR REACH 1
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OFUSIS

OMEGA
OUTL ST
PAE XS0
PAEXYH
PALPHA
PBIVFE
PBMIK
P3UZC

POAY
PEA]
RPEBI
PETS
PER
PET
PETLF
PETU
PEXPEM
PEGLP
PGW
PLZC
2LZS
PPy
PRI
#RD
PRLF
PRH
PRLH
PRM1
PRMZ
PRNH
PSIAC
PSUZC
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IN

CFS
IN
L

IN/HR

IN
iM
IN
IN
1N

N

IN
N
TH

IN

IN

IN
IN
IN
IN
N

CURRENT AOVERLAND FLOW UNROUTED STRRAGE, IMPERVICUS
SURFACFS

NONLINEAR ROUTING ITERATION VARIABLF

INITIAL QUTFLOW FROM STRUCTURF

PRESENT VALUE OF AEX90D

PRESENT VALUE OF AEX9s

VALUE OF ALPHA AT PREVINUS TIME

PRLEVINUS VALUFE 0OF BIVF

PREVIGUS VALUE OF BMIR

PREVICUS FSTIMATF COF 3ASIC UPPFE ZNNE STORAGF CAPACITY
FACTOR _ ‘

PREVICUS DAY NF THE YEAR

PRECIPITION EXCFESS AFTER INFILTRATICN

PRECIPTITATION EXCESS BEFNRFE TNFILTRATION
PRECIPITATION EXCESS ON IMPERVINUS SURFACTS
PRECIPITATION ESTIMATFED FNR PLRIOD

CURREMT DATILY POTENTIAL FVAPOTRANSPIRATION

PREVIDUS ESTIMATE DF EVAPOTHANSPIRATICON LOSS FACTPR
UNADJUSTED CUKRENT DALILY POTEMTIAL SVAPCTRANSPIZATION
VALUE OF EXPM AT PREVINUS TIME

PRECEPTITATICN ESTIMATES FOR & PERINDS

PERCOLATION TO GROUND WATER

PREVIOUS ESTIMATE OF LIC

PERCCLATINN TO LOWE? Z20NF STORAGE

PERICDS PER HOUK

PRECIPITATINN PASSING INTFRCEPTION

CURRENT PERION OF THE HOUR

CURRENT PERIOD OF THE HOUR~FLOATING PCINT
PRECIPITATION RECORDED FDR HQUR

PRECIPITATION RECDRDED FOR LAST HOUR

PRECIPITATION DURING WETTEST MONTH

PRECIPITATION DURING SECOND WETTEST MONTH
PRECEPITATION RECORDED FOR NEXT HOUR

PREVIOUS ZSTIMATE OF SEASONAL INFILTRATION ADJUSTMENT
PREVICUS ESTIMATD DF SEASONAL UPPFR ZPMNF STRRAGE CAPACITY
FACTOR
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PXAREA R 1 S€¢ FT  PREVIUUS FLOW END AREA AT CURRENT SECTION

RA R 1 - RECESSION ALPHA

RAA R 1 1IN RATINFALL ADJUSTHMENT ADDITIDN

~AM K 1 - RAINFALL ADJUSTMENT MULTIPLIER

RAT k. 1 - INTERPOLATING RATIO

RATFV w 1 SFD RECCROFD ANNUAL TOTAL FLOW VYOLUME

Ralt-6 R 1 - REGRESSION ACCUMULATORS

RB R 1 - RECESSION BETA

“BF R 1 CFS RECCRDED BASE FLOW

KBIVFE R 1t - RATIC OF BRIVF FOR SUBRAREA T0O AVERAGE BIVF

RBIVFE] R i - TEMPORARY STORAGE OF RBIVF FOR REACH 1}

KBMIK R 15 - RATIOQ OF BMIR FOR SUBAREA T AVERAGE HBMIR

KBMIR1 R i- TEMPORARY STORAGE OF RBMIR FOR REACH 1

r8uzl R 15 -~ RATIO OF 3UZC FOR SUBAREA T AVFRAGE PUZC

RBUZCYI K 1 - TEMPORARY STORAGE OF RRUZC FOR REACH 1

RCHLTH R 15 FT REACH LENGTH

20 R 1 - RECESSIUN DISCRIMINANT

20PT R ! IN RECORDED DATILY PRECIPITATION TDTAL

RETLF R 18 - RATIC OF ETLF FOCR SUBARFA TN AVERAGE ETLF

HETLFL R 1 - TEMRORARY STORAGE OF RETLFE FDOR REACH 1

HERISE K 1 IN RECORDED FLOW RISF .

RGPM R 1w - RECORODING GAGE PRECIPITATION MULTIPLIFR

<GPMB R 18 - RECORDNING GAGE PRECIPITATION MULTIPLIER - BASIC

S HF R I CFS RGUTED HYDRAGRAFH FLDMW

RIF R 1 CFS RECORDOED INTERFLOW _

RLZC R 15 = RATIO GF LZC FOK SURAREA TO AVERRE LZIC

RL2CY1 R 1 - TEMPORARY STORAGE OF RLZC FOR REACH 1

RMFX R | RECORDED MONTHLY FLOW IMDEYX

AMPF R 1 CFS REQUESTED MINIMUM DATLY PEAK FLOW TD RF P?INTED

RMWR R 1 IM RATNFALL MAXIMUM WITHOUT RUNDFF

ROLF1 R 15 CFS/FT RUNDFF (LOCAL INFLOW) PER LINEAR FQCT OF STREAM FNR
THE PREVIOUS TIME INTFRVAL

ROLFZ R 15 CFS/FT RUN OFF (LOCAL INFLNW) PER LINEAR FOOT OF STRFAM FOR

THE CURRENT TIME INTERVAL
RSbBBF R 20 CFS ESTIMATED BASE FLOW AT REGTINNING F RECESSION SEQUENCE
RSED 20 - RECFESSINON SEQUENCE SEGINNING DAY

—
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REBFRC R 20 - RECESSICN SEQUENCE BASE FLOW RECESSINN CONSTANT

2581+ R 20 CFS ESTIMATED INTERFLOW AT BEGINNING NF RECESSTON SFQUENCF

RASFM R } CFS RECESSTON SEQUENCE FLOW MINIMUM

REFN R 1 CFS RECORDED STREAMFLOW ON NEW DAY

RSF1 R 1 CFS RECORECED STREAMFLOW ON DAY 1

RSF2 R 1 CFS RECORDED STREAMFLCW ON DAY 2

RSIAC R 18 - RATIO OF SIAC FOR SUBAREFA TN AVERAGE STAC

RSTAC1 R 1= TEMPORARY STORAGE OF RSTAC FOR REACH 1

REIFRC R 20 - RECESSION SEQUENCE INTERFLOW RECESSION CONSTANT

HSL 1 1 LAY CURRENT RECESSION SEQUENCE LENGTH

~STF R 50420 CFS RECESSICON SEQUENCE TOTAL FLOWS

RS5TR R o= CORATID OF SYNTHESIZED TO RECCRDED FLDW

RSUZCL R 1% - RATIO OF SUZC FNR SUBAREA TO AVFRAGFE SUZC

RSUZCY R i - TEMPORARY STORAGE OF RSUZC FNR REACH )

HRWRAIN R 1 IN RECORDED WATERSHED RAINFALL

SAREA R 1% 50 M1  SUBAREA AREA IN SQUARE MILFES

SAREAL R 1 S6G MI  TCMPORARY STORAGE OF SAREA FOR REACH 1

SATFV R 1 3FD . SYNTHESIZED ANNUAL TOTAL FLOW VNLUME

SATFVI R 1 IN SYNTHESIZFD ANNUAL TOTAL FLOW VOLUME TN INCHES

LAVE L 1 - SET TRUE WHEN CURRENT REACH QUTFLPW IS SUSJECT TR PRINMT

SBF R 1 CFS SYNTHESIZED BASE FLOW

SBFRE R 2,20 CFS SYNTHESTZED BASE FLOW DURING THE FIRST THRFE DAYS OF FACH
RICESSION SEQUENCE

SET R 1 IN CURRENT HDOURLY SOIL EVAPDTRANSPIRATION

SFOX R 1 - SUMMER FLCW DEVIATION INDEX

SGMD I L - STORAGE GAGE MOVING DAY (WHEN IT IS MNVED DURING
WATER YEAR)

SGRT 1 5 - STORAGE GAGE READING TIME

SGRTz 1 £ - SECOND STNRAGE GAGE REANDING TIME

STAC R i - SCASONAL INFILTRATION ADJUSTMENT CONSTANT

5IAC1 R 1 - STORAGE FOR AVFKAGE SIAC

SIAM K ) SEASONAL INFILTRATION ADJUSTMENT MULTIPLIER

S1F R 1 CFS SYNTHESIZFED INTERFLOW

SIFRS R 3420 CFS SYNTHESIZED INTERFLOW DURING THE FIRST THREF DAYS OF EACH
RECFSSIUN SEQUENCE

5LOP: K 1 - SLOPE OF STNRAGE OVER ELEVATION
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SMF R 1 SFD SUM OF MONTHLY SYNTHESIZED FLOW

SMFX R I - SYNTHESTZED MONTHLY FLOW INDEX

SOFMD 2 I - SHUM OF CGVERLAND FLOW MONTH OEVIATIONS

SsSaM R 1 - SUM OF THE SQUARES OF THE MONTHLY FLOW DEVIATIONS

SSRT R 1 - SQUARE RONT OF OVERULAND FLOW SURFACE SLOPE

585aM R 1 - CURRENT SMALLRST ESTIMATE OF SSOM

STOLST R 1% CU FT INTTTAL STORAGE IN STRUCTURF

STURAG R 1000 AC FT  TABLE OF STRUCTURE STCRAGES FROM RATING CURVE

SURWF R 1 SIBSURFACE WATER FLOW DUT OF RASIN

SURWFA R 1% IN SUBWF FROM SUBAREA

SUBWFY R 1 IN TEMRORARY STORAGE OF SUBWFA FNR RFACH 1

suzc R - SEASONAL UPPER 20NE STORAGE CAPACITY FACTCR

SUZCi R - STORAGE FOR AVERAGE SUZC

SWSMD R 1 - SUM OF WET SUMMER MONTH DEVIATIONS

TBRD R 1 - TOTAL BASE FLOW RFCESSION DAYS

TDFP12 R 1 - TIMF OF DAILY FLOUD PFAY, 12-~HDUR CLDCK

TDFPZ24 R 1 - TIME OF DAILY FLOOD PEAK, 24=HOUR CLCCK

TDSF R 1 CFS TCTAL DAILY STREAMFLOW

TFCFs R 1 CFS CURRENT TNTAL FLOW

TFMAX R ! CFS MAXTIMUM TOTAL FLOW DURING CURRENT DAY

THETA R 1 #T/35FC DRFLTAX/DELTAT

THSF R 24 CFS TOT2L HOURLY STREAMFLOW

TIRD R 1 - TOTAL INTERFLOW RECESSION DAYS '

TITLE A 24 - TITLE OF CURRENT STATION YEBR (STREAM GAGE LOCATINN AND
DATE)

TMEF R 12 IN TOTALS (OF MONTHLY BASE FLNW

TM1F K 1é 1IN TOTALS OF MONTHLY INTYFRFLNW

TMNEY R 12 1IN TOTALS OF MONTHLY NET EVAPQTRANSPIRATION

TMOF R 12 IN TOTALS COF MONTHLY OVERLAND FLOW

TMPEET R 12 1IN TOTALS OF MONTHLY POTENTIAL EVAPOTRANSPIRATION

TMPRFC R 12 IN TOTALS OF MONTHLY PRECIPITATINN

TMRTF R 12 SFED TGTALS OF MONTHLY RECORDED TNTAL FLOW

TMSE K Z IN TOTALS OF MONTHLY STREAM EVAPMRATION

TMSTF R 12 SFD TOTYALS OF MONTHLY SYNTHESIZED TOTAL FLOW

TMSTFTI R 12 1IN TOTALS OF MONTHLY SYNTHESIZED TOTAL FLOW IN INCHES

IMTFCY R 12 SFO TOTALS OF MONTHLY TOTAL FLOW RY CALENDAR YFAR
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SFD TUTALS GF MONTHLY TOTAL FLCOW RY WATER YFAR

TMTFWY R 12

TOFR R i1 IN CURRENT TOTAL OVERLAND FLOW RUNDFEF

TPLR R 15 - TCTAL TO PERVIOUS LAND RATIO

TPLR1 R 1 - TEMPORARY STORAGE CF TPLR FMR RFACH 1

TRIP I ! - COUNTER SPECIFYING PROGRAM PORTIDONS

URHF R 1IN CURRENT UNROUTED HYDROGRAPH FLDW

HZC R 1IN UPPER ZONE STORAGE CAPACITY

UZINLZ R L TH/HE CURRENT UPPER ZONE INFILTRATION TO LCWER ZONE
UZKX R 1 - UPPER ZINNE MOISTURE RETENTION INDFY

JZ5 R 1 IN CURRENT UPPER ZGNE STORAGE

UZsa R 15 1IN ZS FOR SUBAREA

vocy R o6~ VALUE DATED BY CALENDAR DAY

vOMD R lz - VALUE DATED BY MONTH DAY

VINCR R 1% IN VEGETATIVE INTERCEPTION = CURRENT RATF PER PERIND
VINMRA K 12 IN/HE  VEGETATIVE INTERCEPTINN — MAXIMUM RATE

YINMEL R 1 IN/HRZ TEMPCRARY STORAGE OF VINMRA FNR RFACH ]

YWIN R I SFU VOLME GF AN INCH OF RUNDFF FROM WATERSHED

VWINE R 1% SFD VWIN FOR SURARERA

VHIMNAL R 1 SFD TEMPORARY STORAGE OQF WWINA FOR REACH 3

WCFS R 1 CFRS WATZRSHED CFS FQUALLING ONE INCH PEFR HOUR

WCFSa R 15 CFL WCFL FCR SUBAREA

ACFSE]1 R 1 CFS TeMPOR ARY STORAGE 0OF WCFSA FOR RFACH 1

WHEIFS R 1IN WATER ENTERIMG INTERFLOW STORAGH

WFDX R - WINTER FLOW DEVTATTON INDEX

Al R T IN WATER REMAINING AFTER INFILTRATION INCLUDYNG TNTERFLOW
WSG K 15 ~ WEIGHTING FACTOR FOR STORAGE RAIN GAGE

WS5G2 K 156 - SECONI WEIGHTING FACTOR FOR STORAGE RAIN CAGE

WSM R - NUMAER CF WET SUMMER MONTHS

XAKEA R 1%G4+21 SO FT  END ARES NF WATER DURING ROUTING

XAREAL1 R 1 SG FT  1ST SCLUTINN OF EMD AREA DURTNG NONLINFAR ROUTING
XKAREAZ R 1 SQ FT  ZND SCLJUTION OF END ARFA DURING NMNLINEAR ROUTING
XMPFT R 1z - INDEX OF MONTHLY PREDOMINATFE FLOW TYPE

YEAR 1 1 - LAST TWw DIGITS OF CURRENT YEAR

YR1 I 1 - LAST TWO DIGITS OF FIRST CALENDAR YEAR IN WATER YFAR
YRZ ] 1 - LAST TWO DIGITS OF SECOND CALFNNDAR YEAR IN WATER YEAR



991

APPENDIX C

INPUT DATA FOR SOUTH FORK BEARGRASS CREEFK AT LOUTISVILLE,
1970 WATER YEAR

of ok ool kol o ol o oo ok ok ook K ok o gk R kR R K & oK
* NUMBER OF CASES AND TITLE CARD *
Aok o Ml Rk Aok ok ok o Mok ok ok ok
1
SOUTH FORK BEARGRASS CREEK
2 g o ol o o el o o o ok o o ook
* CONTROL OPTIONE %
5 e R0 3 4 3 K 0 oo o ok o
Z 1 o D i 1 0
30 3 3 3 o a3 ok 3k e o e e s o o o O %
* (XTHER CONTROL uATA *
P L L TR E R T L T

& 1 2 400
5 3 10 1 5
C 0 <
1 2
& 2
1 2
50,00

EAREERKBREREET AT RREE R E RN
* CHANNEL CROSS SECTIONS *
AREERRERE R ERA AR RS XXXk

5 .0 1 23000000

KY e



L9T

3.2 1627 33.

264 128,23
1329 le33
5 0 1 3000.,0000
5e 40 227 57 5
408 o 126472
0e57 lab7
5 O 1 32000.0000
1l. Gell ‘106467
858 o 27068
1.14  le33
5 G 1 3000.0000
24 ab 18 469 24b o
1968, 515,32
Qets? leb7
€ 0 1 30000000
2945 18,26 29642
2370, 9TR 65
Ce32 let?
5 0] 1 3000.00600
3V e 1b,44 300a
2400 ¢ L4469 458
Ca3 l1e67
s 0 1 200040000
35 .6 2643 156 46
2520, 544 47R
le5 1233
5 0 1 3000,0000
40 o4& 27«5 415,
33204 1038 .69
De3 le67
5 0 1 3000.0000
46 o 29,9 460,
3680, 21534866

022 le67

32442

66422

37.31

6leE1

133,06

1545

96651

145496

623487

bbe

102.

2136

492 o

59245

6004

7133

830«

9204

44 402
73419
80.?#
116409
231,05

125496

238455

Tl4 .24

132.

204,

429

R4,

1185,

1200 .

142646

16604

2R28,

T8e39

Ota.52

148,53

2372824

Lb B el 2

229447

285 499

4B5 466

1039,.27
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5 0 1 3000.000C

£S5 L) et 650 o
5207« 22T a4 ot
Oebt 1.33
P 1 526400
Oebh 1,22 699446,
) 0 1 28000000
79 « 572 03 790 e
6320 . 2H05 o658
Ol 167
5 6] T 2BCO L0000
79 ¢ 41l et 0 90
64204 17735433
O¢2 167
5 0 1 2000 G500
84 o 5189 2401 e
6720 e 1825932
Oell Tebl
5 0 1 ZRO0G 0000
g4 e 54 o5 H40
6720 ¢ 2225 eFE
Qech 1ot
b 4] 1 2200
8t e 39605 B6le
bHBUe Fe9n %8
Oet 122

I I I TR T I P E T T T

¥ HYURAULIC STRUCTURFES *

Bk fokok Aok Rk ok R ok Rk Rk
C

2okl ok o o Rl Ok Rk

% REACH PARAMETERS =

kR ok ko ok kok ok kR

29300 Tel

22400 Gebils

Oe023
GeOL7

20226

234 447

204.-(36

26G ekt

RJ
N
Lad
L
Sl
N

2040473

Oe035
0035

1301.82

15880 .

1580,

198G »

14804

172Ce

111944890
91743501

AET o 1B

LH07 bl

ATCetele

LEF 412

L2751

52564

0a01F
04015

25964

21560,

3160«

A2AD

L
[F%]
bl
2
.

2640,

G068
Da034

917486

10581.03

T5G 4,87

922430

ca3 4

217107

NeN0E
0. 00°%
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i450C. £eaib
102 096
Ge9? 1a0h
0c%Y9 1.02
le is
Ce Oe
bal2 0e00

e e o ol Bk 3 o % o ok o o ok ko
w CLIMATOLOGICAL DATA =*
LRI R T RE TR R G Ry

TG 71

bbe

10¢F

[ 2

0el23
e
le
1.

"
1w

Oell

RECOKDED DAILY STRDAM FLOW
e R LS R L LTS T LY TP

320
.00
<2600
5620
4 o170
G4 600
"1’()50
270
+ %00
1700
16 .00
2000
TebSU
&3 00
£9«00
3000
43 400
1900
0.0
0.0
2e7)

2620
48,00
11e0C
800
3a00
240G
HLe20
1 10-00
152,00
1500
14.00C
- 18006
BebO
2600
“1«00
5«00
3000
Oe4?

00

0e0

2ehC

180

146,00
BeGO
TeDO
1430

20 GU
EPTAs
55400
221.C0
1300
12.00
14,00
Be4l(
20400
6900
210G
22400
Ge29
040
O 006)
3s10

1460
4B L 00
6e2C
600G
290
1500
530
1740t
17.C0
1200
11400
14,00
be80
22400
T2+CC
2200
20.00
QeOR
0.0
57400
4420

D«035

Te
le
1.

0400

160
29.00
540
500G
21.00
12¢00
TeQUC
13,06
48.0C
16 000
112.00
12.00
Lol
59,00
tHé o 00
18.00
17.00
De0&
007
1.40
2,00

803602

le
le
1.

D610

lat0
2100
4490
4e20
1600
11.00
4elll
11,00
29000
9100
7100
11.00
CHelO
58,00
113.00
15:G0
58600
0402
De&b
20400
230

0e015

1.306
1500
bebl
R0
11,00
G 30
260
£2.00
200
000
4100
1000
53400
36400
59.00
34,00
23.00
0.01
Lol
l.90

0eO0

LG
1200
1700

3420

230

TBO

2430
2R G 00
2700
23,00
32400

TR0
79,00
294,00
45 400
2600
1900

Neld

0e04

4,10

72«00

CeNOR2

|
-

l.

18,00
TeB0
1100
3.50
T eRD
5450
2,00
294,00
22400
2100
27400
6‘30
23,00
29 .00
49 4,00
20600
17,00
Ne02
04,07
76400

0.005

17 00
40 .00
B.00
4 400
700
£elD
290
24 000
19400
19,00
?3 .00
7«80
26,00
26 .00
28,00
1700
79400
0402
0402
330 °
7200



OLT

T80
34 4,00
1500
16600

2«70

100

3490

Be50

840400
14400
23.00

1.80

160
80400

054

T 00

STROAGE

4020
26000
9630
14400
170
4«80
390
AT «00
198.00
2500
17.00
1900
1e40
4420
Ge53
3«40

GAGE

0 o R K

1
i00
281
293
306
324
asl

&

34
42
57
Th
96
125
132
147
166

0
Oe52
1400
Gel4
Oeb5
0622
lel5
029
Oel7
Oe.38
De72
0e.28
0.02
Oe22
Ge57
1.05

17
283
294
313
338
355

14
35
44
62
78
104
126
133
153
167

260
24400
7400
11.00
1.60
3490
410
43 400
50.00
1700
12,00
350
130
2«50
Ca51
140

Oe27
0.0%
007
Ca325
Ue95
O0e52
0405
De26
Qa3
Ou.17
130
Ge58
Oe25
220

12,00
27400
5.30
930
1460
179.00
2400
486000
36,00
106400
11,00
1.80
1.30
le70
0«53
146

286
29%
314
345
356
23
356
4A
65
a5
113
127
140
163
172

2460
62400
4e80
1200
6430
33.00
630
24000
2700
350
Te00
1.60
13.00
lel0
58400
1.20

255
0a0S
D.18
0«30
108
0e07
0e26
0406
De4l
Oel3
0.20
0«99
0e28
Oe13
.46

287
301
318
346
357
28
38
51
66
91
118
128
144
164
173

200
3200
17,00

6430

170
16,00

340
5200
21.00
1100

5e10

290

1«70

Te00

3640

024
Nel5
0«45
Oat7
0e06
0003
0e01
CeS54
0e04
Oe.28
OeB7
007
006
Oel?2
0el17

3.00
24400
180400
5.00
33,00
9«30
2470
42400
17.00
103.00
4e40
1.80
180
Se430
2460

288
302
319
350
365
30
39
53
69
92
122
131
145
165
182

278,00
19,00
2100

4420
170400
630
5e30
1300
18400
112,00
320
1.70
1.20

l1e30

170

De26
Oe33
O0ul?
CaT4
Ce05
Qe25
DeS4
2a68
0458
0.32
De26
Oell
077
Oal2
0617

132.00
15,00
41400

2490
2900
4+80
46000
TR0
22.00
46400
2470
1,40
1410
071
1e40

50.00
12 .00
22 «00
2420
12 .00
4«10
16 400
5«30
18000
31.00
220
12 .00
097
0457
210



LY

186 D14 187
195 Cs24 200
211 Oa16 214
234 .03 238
254 103 260
1 0e51
2 Qe
3 Oe27
RECOKDING GAGE
tF TR E LSRR ES £0 )
4954 70 16 8
0.0 0.01 0.07
4954 TO 11U 8
0403 0407 0.0
4954 70 10 9
001 040 0«0
4954 T0 10 12
001 0.0 0e0
4954 TO 10 12
0.0 00 0.0
4954 TG 10 13
0.03 0.0 0.0
4954 T0 12 13
0e0 00 0.0
4954 TJ0 10 14
005 0404 0al0
495%4 70 10 14
0.0 ‘0«0 0.0
4954 70 10 19
0.0 0«0 0.0
4954 70 10 20
0407 0Qel3 0,13
4954 T0 10 20
0.02 0,0 0,02
4954 70 10 28

0e97
2 e43
030
D51
0«07

. . . . . " s )
— (= 2 = ] o o O o o
w + o B

HONOHONONOERONOROMNO=ONONGCMm
]
(=]

191
205
215
243
263

0«04
Gel0
0428
D431
0«90

Oel4
Q.0
013
0e0
0.0
0.0
0.0
0.0
0.02

0.0

i92
207
216
245
269

0«01
0.0
Ce.0
Oe0
0.04

017

0.0

040
0602
0.0
0405

0.0

1,02
0«90
0e62
0.58
Cel?

002
0.0
Ce09
0.0
012
0.18
0.0
0.0
0.0

0.0

0.01

163
210
231
249
270

004
0.0
0,03
040
0.35

0402

0e0
00
0.0
040

0.03

Ne22
Oub1
1P T.)
De48
0005

0,01
0.0
0.0
0.0
0e20
0.03

0.0

0.0
001
0,03

0.0

D0
0.0
00
0401
0402
0.01

Oe0

0.0
0.03
0,01

0.0

0e0
040
0401
0o 45
0e0
0.01
00
0.0
0.05
0.0%

0.0



GLl

0.0 0«0 0.0

4954 70 10 28
0607 0,01 0,03
4954 TC 10 29
0e02 0e02 0401
4954 70 11 2
040 Ce0 0.0

4954 70 1} 9
Ga0 00 0.05
4954 70 11 10
0«01 0e0 00

4954 70 11 14
0.0 0.0 0.0

4954 70 11 14
005 0403 0403
4954 70 11 19

0.0 0.0 00 0.0 OO 0.0 0,01 0,023 0,04
2
0
1
o
1
0
2
0
1
0
1
0
2
o
2
Oe0 0«0 Ca0 Oe
1
0
1
0
1
0
2
0
1
0
P4
0
2
0
1
0
1
0

«03 0,0 0.0 0e0 0.0 0.0 0«0 0.0 0.01
208 0405 010 04,01 0.0 0,01 0.0 0«0 0.01
o0 0.0 Ce0 0601 04,07 04,08 0a04 0.0 040

401 0.03 0403 040 00 0e0 0e0 0e06 0o03

L]
o

0a0 060 0«0 Oe0 0.0 0«0 0.0 060

»
o

0.0 0603 0403 04,04 0,06 0409 0405 04,02

.
<
—

004 0.0B 04,05 0,02 0401 001 0401 0.0

o

00 Oe0 0«0 Ce0 0ea02 0401 008 0418
4954 70 11 20 '
0«08 0417 0402
4954 70 11 22
0e0 0e0 0¢0
4954 70 11 23
0.0 0.0 0.0
4954 70 11 29
0.0 0.0 Ce0
4954 70 12 3
0.0 '0.0 0.09
4954 70 12 3
0«0 0.0 040
4954 70 12 11
0401 0Osl3 GCel®
4954 70 12 12
Dol 0606 0409
4954 70 12 16
0.0 0,05 0el0

.
o
o
()
o
o
.
(o]
o
*
o
o
L
o
e

040 0«0 0«0 0.0

«0 0«0 Oe0 0.0 00 0.02 004 040 0.0

»
(=
o
»
(=}
(=)
L ]
o
o
| ]
o
o
L )
o

002 060 0.0 Ce0

]
Q
o
*
o
o
[ ]
o
o
.
o
=
[ ]
o
for

0.0 040 0.0 0.0

)
(=]
o]
)
Q
o
.
=
o
L)
(=
o
[ ]
o

0.0 '0.0 0.0 0.0

L)
o

0.0 0.0 0.0 0«0 0.0 Oaléd 00 0.0
«0 0,02 040 0.0 0.0 00 0402 0,03 0Osla
002 040 Ce0 00 0.0 Ce0 0.0 0e0 0.0

«10 0610 Ooa04 0407 008 06401 0404 002 0401



LT

4954
0«0
4954
0.01
4954
Oe02
4954
Oelb
4954
0e0
4954
00
4954
0.0
495 4
0.01
4954
040
4954
Del5
LG54
0.03
4954
0«0
L4954
00
4954
000
4954
0.0
4954
00
4954
040
4954

70 12 16
Ce0 0.0

0 12 21
0«02 0403
T 1z 21
Oe0 0«0

0 12 22
Ce0? 0601
70 12 23
0.0 0.0

70 12 31
Ou0 001
71 1 2
0a0 0e0

T 1 4
0«10 Dald
71 1 12
0.0 0.0

71 1 iz
0.20 0.1f
71 1 14
001 0404
71 1 22
0.0 0.0

71 1 24
0.0 0.0

71 1 28
0e0 0.0

71 1 30
0.0 005
Tl 2 3
0.0 00

71 2 3
004 0406
71 2 4

0«08t

0,04

. L] L 4 L | [ ] L ]
Q o o o o Q
~4 — o

L]
(=]

[Y - [ ] L] L] .3
o o o (=) o <
W — —

=_-ON OO RO MORONOFONOHO=ONOHOOHON
[ L)
o (=)
o wn

001

Oels

006

00

0.0

0.0

0.0

Ce0

0.0

0.0

00

0.0

0.04

0.0

Ce0

0.01
0«06
D.02

0.01

CeC
Oel4

Oel3

0.0

0.0

0.09
0.0
0404
040

0.0

0.0
0«10
Da0

0.0



FLI

Qe2?2
4954
0«0

4954
0.02
4954
00

4554
Gal

4954
001
4954
0405
LG5 4
0401
4954
4954
0e04
4954
040

4954
Oe0

5954
00

L4954
022
4954
00

4954
Qs0

4954
0e0

4954
0053

0«03
T
Oe0
71
0.0
71
0e0
71
0.0
71
0.05
71
Oe 04
71
0.0
71
0.01
Ti
0«03
T1
De0
7
0e0
71
0.0
71
Oe26
71
00
71
0.08
71
0.0
71
Ce05

0e02

00

0.0

001

OCMNOMOMNO=O=ON
] [ ] ® . »
o O O O o
F

O=ONONORONONONO=QOHONDK
. . ) . L) . . a . ) )
o [« JE = o o L= o o o Qo o
® O ‘N w O

[
=]

040
0.0
0e0
040
0.06
0401
0401
0406
0401
040
0403
00
0.03
001

00

00

002
0e0
Cel
0«0
0.0
0.03

0.01

0. 09
001
0403
0.10
0.0
0.0
0.03
0e0
0.0

0.0

0.0

0.0

040

0403

0.01
0.0
0.0
0.0l
0.0

0.02

0.02
0.10
0.0
0.0
0.07
D622
0.0
0.0
00
0.0

0.08

040
040
0.0
040
0.08
040
040
0.10
0.02
00
0.0
020
0.0
0.0
00
040

0.04

0.0
027
0«0
0.0
0.02
010
0.0
0402
007
0.01
0.0
0.0

0437

0.0
0405
040
0.0
0401
0.08
(W
0401
0023
0e0
0e0
0,0
0450
0.0
0.0
0.0
0402

0,03



SLT

4954
0e0
4954
0e0
4954
0el3
4954
0a0
4954
0402
4954
040
4954
040
L9954
0.04
4954
0.01
4954
0.0
4954
040
4954
0e0
4954
0.0
4954
010
4954
0.0
4954
0401
4954
040
4954

71 3 3
0s01 0602
. 3 6
0‘.0 0.0
71 3 6
0e0l 0«01
71 3 ¢
0.0 0«01
mn 3 1o
0‘_.0 00
7 3 1%
O« 0«0
T 3 18
Ue0 0«0
71 2 19
0eCl 0407
" 3 19
0.0 0.0
Tl 3 20
0«0 G0
T 2 25
OeQ 0eD
T1 3 26
0.0 0.0
T 4 1
Oe0 00
71 4 1
010 0404
T &4 6
Oe0 0e0
71 & 6
0.05 0.01
23 4 13
0e0 0«0

71 4 21

s ) . ) . . .
o O o o o o =]
W 1t

a
<
~nN

. () . . L . L)
o (=] o o O Q =
W v

NONONOMMONDHOmONOMONOHONOMOMNMOONO=ON
[ . [ ]
o o

0.0

0.0

Oe04
0.0
Oeu?
0.0
0«01
001
0.0
0.0

0.0

006
0.0
0.03

0«0

0«0
00
0e03
0.06
0a0
0.0
0.0
Ce0
Ce0
0.0
Ce0
0.02
0.0
Ce03
0a0
00

0.0

0.0

0«01

0.08

OeC
00
0.0
0.01
0.01

0.01

0.0
0401
0.0
0.0

007

00
00
Ce02
007
00
0e0
0.0
Oe0

0e01

0.01

0.01

Cel5
0.0
00

0.08

0.0
0.0
0.06
040
0.0

0.0

0«0
0«0
0«05

0404

0.0

0.0
00
0.03
0.0
0.0

0«08

D11
0«0
003

0.0

0«03
0«0
0«0

0e0

0.0
0.0
0e0
0,09
Ca0

0.0



9L1

0.0 0.0 0.0 0.0 0.0 0.0 0.0 015 003 0.0 00 0.0
4954 71} 4 27 2

0a0 0s0 040 Ce0 00 0.0 0e22 0.60 040 0.02 0,0 0.0
4954 71 5 1 2 '

060 0.0 0.0 0.0 0.0 0.0 040 0.0 Oe0 0e0 0.0 0.01
4954  T1 5 ¢ 1

004 0413 0401 0.0 0.0 0.02 0401 040 0.0 0.0 00 0.0
4954 71 5 5 1

0.0 s PR 0c04 Oe0 0e0 0e0 0.0 G0 0401 04,01 04,0 0.0
4954 71 5 5 2

0«0 0.0 00 0.0 Ce0 O0eCl 040 003 040 0.0 0.0 0.0
4954 71 5 & 1

0«0 0.0 0.0 0«08 0,03 040 0.0 0eO Ce28 0440 04,0 0«0
4354 71 5 & 2

0e26 0e03 (Ge01 Oa0 0.0 0e40 0Oel3 0015 0602 0403 0401 0,01
4954 71 5 7 1 :

0.0 00 0.0 0.0 0.0 0e¢O O]l 0404 0401 0.0 002 0,419
4954 71 5 T 2

00 0.0 0.0 0«02 0.0 0.0 0.0 C.0 0.0 0.0 0.0 0,02
4954 71 5 71

0a 0.0 0e0 0«0 0.0 0.0 0e03 GCa0 002 060 0.0 0«0
4954 71 5 11 1 .
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APPENDIX D

PERMEABILITY AND AVAILABILITY WATER

CAPA CITY OF KENTUCKY SOILS
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Soil Perm. AWC Soil Perm, AWC
Series in. /hr  in. Series in, /hr in,
Adler 2.53 7. 54 Crevasse 10. 00 4,22
Allegheny 2.93 .17 Crider 1.34 11. 25
Armour 0. 91 10. 26 Cruze 2.11 8.27
Ashton 2.53 10. 25 Cuba 1.3l 13. 39
Ashwood 0.50 2. 97 Culleoka 2.07 5,68
Atkins 3.12 9.11 Cumberland 1.31 8.47
Cynthiana 1.32 3.17
Barbourville 5.50 5, 99
Baxter 2.08 6. 87 Danridge l.32 3.02
Beasley 1.74 7.75 Dekalb 3.79 3.79
Redferd 1.19 11.18 Dekoven 1.32 8. 40
Beknap 1.32 9,50 Dewey 1.32 8. 06
Berks 3.47 3.22 Dickson 1.84 10, 04
Beulah 7.50 3.90 Donahue 4.15 4,37
Bewleyville 3.75 5,84 Donerail 1,32 8.73
Birds 1.48 11.66 Dowellton 1.32 8.76
Blago 3.75 g8.19% Dubbs 1.65 8. 94
Bondine 4,34 2.64 Dundee 1.65 8. 88
Bonnie 1.30 12.13 Dunning 1.08 7.82
Brandon 1.40 7.41
Brashear 0,91 8.56 Eden 0.388 5.14
Braxton 1.36 7.11 Egan 1,40 8. 12
. Brookside 1.30 8.52 Elk 1,47 9.19
Bruno 7.7 3.95 Enders 1.40 6, 24
Burgin 0.13 7.22 Ennsi 3.50 5.40
Epley 1.30 9,74
Calloway 1.43 10.19 Etowah 2.12 9., 86
Caneyville 2.22 5.26
Captina 1.62 8. 65 Fairmount 1.20 2.57
Chagrin 1.30 6. 90 Falaya 1.16 11.37
Chavies 4.15 9.10 Faywood 1.32 6.12
Christian 2.77 7.09 Fleming 1.88 5.32
Clarksville 2.78 5.09 Forestdale 0.50 7.75
Clifty 2.02 5.55 Frankstown 3.78 4,72
Clymer 4.15 5.29 Frederick i.30 16. 36
Colbert 0. 86 6. 61 Fredonia 1.10 4, 54
Collins 1.95 10. 20 Frondort 1.3l 4, 64
Colyer 2. 26 1,92
Commerce 1.08 9.72 Garmon 1.3l 3.47
Cookeville 3.75 13.53 Gilpin l1.35 4,71
Corydon 1.36 4, 04 Ginat 1.34 8. 20
Cotaco 4.12 7.15 Grenada 1.42 10,10
Cranston 4,15 8.7%5 Guthrie 1.98 8. 39



Soil Perm. AWC Soil Perm. AWC
Series in. /hr in. Series in. /hr in.
Hagerstown 2. 88 9. 63 Newark 2.03 8. 99
Hamblen 1.32 10, 28 Nicholson 2.53 7.70
Hampshire 0.95 9.66 Nolickucky 3.54 11,58
Hartsells 4.12 4,54 Nolin 1. 30 12.98
Hayter 2.45 9.55
Heitt 1.32 6.18 Otway 1.01 3.38
Henry 0.50 13.54 Otwell 1.32 8. 49
Henshaw 1,32 10.45
Holston 2.45 8.47% Patton 1,33 11.16
Humphreys 3.88 5.46 Pembroke 1.73 10. 69
Huntington 3.35 7.98 Philo 2. 86 8. 49
Pickwick 1.30 13.97
Jacob 0. 42 6.71 Pope 4,70 7.28
Jefferson 4,53 5.72 Purdy 1.22 8.173
Johnsburg 1.94 9.64
Ramsey 5.68 1.57
Karnak 0.13 7.35 Rarden 1.97 5,45
, Renox 2.26 7.63
Lakin 6. 30 4. 07 Righley 4.15 5.87
Landisburg 2.61 7.96 - Robertsville 1.43 8. 90
Lanton 0. 66 8. 85 Robinsonville 3.22 6. 82
Latham 1.31 5.42 Rockcastle 0. 99 4. 44
Lawrence 1.39 9.93 Roellen 1.32 7.61
Lindside 1.54 9,26 Russellville 1.37 11.81
Linker 4. 00 6. 40
Litz 2.04 4. 71 Sadler 1.30 9,93
Loradale 2.04 8, 94 Sango 2.13 8. 60
Loring 1.42 9, 96 Salvisa 2,77 3.91
Loudon 1.32 8.565 Sciotoville 1.34 8.186
Lowell 1,74 6. 21 Sees 1. 865 7. 86
Sequatchie 3.95 6.44
Markland 1.34 6.75 Sharkey 0. 39 8. 59
Maury 3.93 11.51 Shelbyville 2.88 8. 20
McAfee 3.79 3.68 Shelocta 1.31 8.06
McGary 1.36 7.51 Shrouts 1.03 3.9
Melvin 1.37 9.74 Skidmore 4.15 4, 31
Memphis 1.35 10.91 Staser 3.14 6.77
Mercer 2.04 8.79 Steff 1.30" 7.79
Monogahela 2,77 8.40 Steinsburg 4.15 2.21
Montevallo 7. 50 1.92 St erdal 4.11 7.786
Montgomery 0.42 7.42
Morehead 1.32 10, 97 Taft 1.60 8.62
Morganfield 1,32 9.24 Talbott 1.66 6. 96
Mountview 1,92 9,44 Torklin 1. 31 6. 52
Mullinsg 1.87 8.90 Tate 3. 47 7.68
Muse 1.90 8.42 Tilsit 1.27 9.15
Muskingum 5.23 4,76 Trappist 2.07 5. 45
Trimble 1.31 11,74
Needmore 1.82 5.72 Tunica 0.13 7.35
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Soil Perm. AWC
Series in. /hr in. -
Tyler 2.68 8.92
Uniontown 1.32 9,77
Upshur 0,13 6. 54
Vicksburg 2.45 10. 06
Wakeland 1. 43 11,47
Waver ly 1.42 9. 84
Waynesboro 1. 30 14. 85
Weibach 1.04 - 8.44
Weikert 1.32 1.58
Wellston 1.64 7.33
Westmoreland 3.63 3. 24
Wheeling 1.34 8. 35
Whitley 1.31 8.91
Whitewell 4.10 8.28
Wilbour 1.32 9. 50
Wolftever 1,75 7.46
Woolper 1.29 7.76
Zaleski 1.40 8.05
Zanesville 1. 34 10. 54
Zipp 0.50 6. 02

182



	University of Kentucky
	UKnowledge
	1-1977

	Effects of Stream Channel Improvements on Downstream Floods
	Yang H. Huang
	Ronald K. Gaynor
	Repository Citation


	1
	1
	2
	3
	4

	2

