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APPENDIX I

MILHY3 PROGRAMMING DETAILS

Laura Baird

University of Bristol

May 19%9

SynopsiE: Details of MILEY computer code. The subroutines
are documented in the same order in which they
appear in the programme. Functions are
documented after the subroutine.

Contents: Programme changes since MILHY2
MAIN
Subroutines:

HONDO
STHYD
RECHD
CMPHYD
SOILM
HYDCON
TWO
GRAD
SMCURV
PRTHYD
PUHYD
HPLOT
ADHYD
SRC
CMPRC
STT
CMPTT
ROUTE
RESVO
ERROR
SEDT

Functions:
GIT
RMAX

RM! N.

BLOCK DATA.
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PROGRAMME CHANGES SINCE 
MILHY2

I have made major changes in MILHY2 (coded by Dr S Howes, University of

Bristol) to improve the predictive capability of the downstream conveyance

estimation, specifically under out-of-bank conditions. , Therefore,

turbulent exchanges of momentum between segments of flow in a cross-section

and multiple-routing reaches have been incorporated.

However, the overall structure of the MILHY3 code remains unchanged since

MILHY2. A11 new computations occur within existing subroutines, some of

which have been extensively rewritten. The subroutines which have

significantly changed are:-

CMPRC

ROUTE

PRTHYD

Minor changes have occurred in subroutines:-

CPMPHYD

ADHYD

STHYD

STT

BLKrTA

To allow for the nnew computations, BLKDTA has been amended to allow more

data to be read from 'datal', and a new common block, 'COMNON/BLOCK2' has

been added to allow this new data to be transferred between subroutines.

The definition of some arrays in 'COMON/BLOCKI' have been changed. These

are:-

A(20, 70) end area

Q(20, 70) discharge

DEEP (20, 70) elevation of water surface

C(20, 6) absolute elevation

- - i
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The array size of A, Q and DEEP has been increased to allow for the

generation of rating curves for each segment of flow across a section,

necessary if multiple routing reaches are invoked. The identification

number of a segment is firstly the cross-section identification number,

followed by the segment number (numbered from left to right across the

section looking downstream).

The size and definition of the array C (20, 6) has been changed.

It was previously carried in 'COMMON/BLOCK V' as the travel time

coefficient, but is now the water surface elevation plus minimum

cross-sectional elevatihn. The travel time coefficient is now carried in

COMMON/BLOCK2 as CC(20).

ROIN has to be redefined to ensure that the runoff volume is correctly

interpreted. In MILHY2 the array ROIN was the hydrograph volume divided by

the subcatchment area, hence giving the depth of inundation over the

catchment. With the introduction of multiple routing reaches, however, it

was found that there was some difficulty in carrying the correct catchment

area due to the repeated ROUTE command. For simplicity, therefore,

catchment area was not included in the computation of ROIN and in MILHY3

ROIN is the total volume of discharge (i.e. the area under the hydrograph).

Before application of MILHY3 the user is recommended to study the dataset

details for data I, as there are significant changes in the manner in which

the commands need to be entered and changes in the order of the data

entries.

The programme code and dataset have been written to enable the user to

choose which of the conveyance methods are most suitable for the

application. Guidelines for the selection of these methods are given in

the final report, DAJA ... ... ....
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'I wSUBROUTINE NAME: MkIN

SYNOPSIS: Opens files for input and output. Initialises certain
variables. Calls appropriate subroutine according to
command.

COMMAND:

INPUT: Two data files called 'datal' and 'data2' must exist.

'datal' - contains programme controls and data

'data2' - additional information for the infiltration
algorithm

See appendix I and II for details of these two data
files

OUTPUT: Opens the output file 'results' to which the details of
tee simulation are to be sent.

VARIABLES USED:

Variables held in common block 'BLOCKI':

OCFS(300,6) discharge
DATA(311) data input for each command
CFS(300) unit hydrograph discharge
CTBLE(50,11) command table
RAIN(300) cumulative precipitation at equal time intervals
ROIN(6) volume of discharge hydrograph
A(20,70) end area (for rating curve)
Q(20,70) discharge (for rating curve)
DEEP(20,70) elevation of water surface (for rating curve)
ITBLE(50,2) integer table
DP(20) flow depth for previously computed travel time

flow relationship
SCFS(20) discharge for previously computed travel time

flow relationship
C(20,6) absolute stage elevations (for rating curve)
ZALPHA(20) alphanumeric code table
IEND(6) number of points in the hydrograph

DA(6) drainage area
DIST(6) segment boundary point for each segment of a

floodplain and chennel cross-section
SEGN(6) Mannings 'n' for segment of a floodplain and

channel cross-section
DT(6) time increment for precipitation or discharge

data
PEAK(6) peak discharge of hydrograph
ISG(6) last elevation input for each segment
NPU punch code
NHD identification number of hydrograph
NER error
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MAXNO maximum number of data entries for any one command

NCOMM number of command

ICC continuation card

NCODE command number

TIME simulation start time

KCODE measurement unit of input data

if (KCODE=O) then imperial units else metric

ICODE required measurement unit of output

if (ICODE=O) then imperial units else metric

Variables held in common block 'BLOCK2':

PERQ(20,70) percentage discharge for segment of a floodplain and

channel cross-section (for rating curve)

TQ(20,6) total discharge for cross-section (for rating curve)

CC(20) travel time coefficient for previously computed

travel time relationship

LL(6) number of zero discharge values for segment of a

floodplain and channel cross-section

INRC identification number for upstream segment rating

curve
LRC identification number for downstream segment

rating curve

CONSTRAINTS: The most important constraints in this program involve

the limits to array size which are dimensioned in

COMMON. For example, program can only hold 6

hydrographs or 6 rating curves at any one time. 17

commands which are defined in BLOCK DATA are used by
MILHY3 (as in the original form of HYMO). The legal

MILHY values for these are provided in HONDO and

appendix I.

CALLED BY:

SUBROUTINES HONDO

CALLED: STHYD
RECHD

CMPHYD

PRTHYD
PUHYD

HPLOT
ADHYD

SRC
CMPRC

STT
CMPTT

ROUTE

RESVO
ERROR

SEDT
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FUNCTIONS CALLED:

NOTES There are changes to the array size of some variables

and changes to the definition of variables in

COMMON/BLOCKI from MILHY2.
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SUBROUTINE NAME: HONDO

SYNOPSIS: Reads in command and associated data from file 'datal'
and by comparison to the legal commands contained in
CTBLE (initialized in BLOCK DATA), it determines the
command number (NCODE). It collects up the variables
from the variable format data field.

COMMAND:

INPUT: Data is read in from file 'datal'.
Command must be located in the first 20 columns on each
line, and is read in variable ALPHA (11) (FORMAT

2AI,9A2). The data must be in columns 21 to 80, and is
read into variable CHAR (60) (FORMAT (60Al).

Legal commands are:

START
STORE HYD
RECALL HYD
COMPUTE HYD
PRINT HYD
PUNCH HYD
PLOT HYD
ADD HYD
STORE RATING CURVE
COMPUTE RATING CURVE
STORE TRAVEL TIME

COMPUTE TRAVEL TIME
ROUTE
ROUTE RESERVOIR
ERROR ANALYSIS
SEDIMENT YIELD
FINISH

Additional legal entries to fiic ''1 a' i 'r1d'

'' in column I - if the line is a comment line
'*' in column 80 - if a new page is required for output

OUTPUT: Writes out the command and associated data to file
'results', and returns the value of NCODE to MAIN which
is then used to select the next subroutine to be
called. All data which has been collected for the

command is held in common, in the array DATA (311).

VARIABLES USED: Variables held in common plus

CHAR(60) data and associated text
ALPHA(11) command
AU\A(10) array used to collect up data
AUXB(10) array used to collect up data
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CONSTRAINTS: The form of the data file 'datal' must be strictly
adhered to. HONDO will not toleratc spelling mistakes.

The command and data must also be entered into the

correct columns. The data must be in the order which is
expected by HONDO (these details are provided in
appendix I).

CALLED BY: MAIN

SUBROUTINES
CALLED:

I

FUNCTIONS GIT
CALLED:

a NOTES

t

I
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SUBROUTINE NAME; STHYD

SYNOPSIS: A model control procedure. Stores the coordinates of a
measured hydrograph and adds a constant baseflow

discharge to all data points.

COMMAND:

INPUT: The data input for this command has been read into

DATA(311) by HONDO and is transferred from this array
into the following variables which are used in this

subroutine:

ID

NHD

DT(ID)

DA(ID)

BSF

OCFS(300,ID)

OUTPUT: Stores discharge hydrograph (time and associated

discharge values), runoff volume, and peak discharge:

OCFS(300,ID)

ROIN(ID)

PEAK(ID)

VARIABLES USED: Variables held in common plus

ID storage location number
NHD hydrograph identification number
BSF baseflow discharge

DUMY(300) discharge values converted to

metric units

CONSTRAINTS: Only 6 hydrographs at any one time can be stored by this

program. In any one hydrograph, a maximum of 300 points
are allowed.

CALLED BY: MAIN

SUBROUTINES

CALLED:

FUNCTIONS
CALLED:

NOTES: If the addition of baseflow is not required, a zero
value must be entered.
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SUBROUTINE NAME: RECHD

SYNOPSIS: Model control procedure.
Recalls previously computed and punched hydrographs.

COMMAND: RECALL HYD

INPUT: The data input for this command has been read into

DATA(311) by HONDO and is transferred from this array

into the following variables which are used in this

subroutine:

ID
NHD
DT(ID)

4 DA(ID)
PEAK(ID)
ROIN(ID)
IEND(ID)
OCFS(300,ID)

OUTPUT: Stores hydrograph OCFS(3OO,TD)

VARIABLES USED: Variables held in common plus

ID storage location number

NHD Hydrograph identification number

CONSTRAINTS: Only 6 hydrographs at any one time can be stored by this

program. In any one hydrograph, a maximum of 300 points

are allowed.

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS
CALLED:

NOTES:

C

I

)
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SUBROUTINE NAME: CMPHYD

SYNOPSIS: Hydrological procedure.
Developes unit hydrograph and convolves it with

incremental runoff to produce the discharge hydrograph.
Runoff is derived by calling subroutine SOILM,
utilizing the infiltration, or using the curve number

routine

COMMAND: COMPUTE HYD

INPUT: Data has been read into DATA(310) by HONDO and is
transferred from this array into the following variables

which are used in this subroutine:

ID

NHD

DT(ID)
DA(ID)

CN

HT

XL
RAIN(300)

OUTPUT: Stores the calculated discharge hydrograph, runoff
volume, and peak discharge

OCFS(300,ID)
ROIN(ID)

PEAK(ID)

VARIABLES USED: Variables held in common plus

ID storage location number
NHD hydrograph identification number
HT difference in elevation

XL length of main channel

CONSTRAINTS: A maximum of 6 hydrographs can be stored.
A maximum of 200 data can be included in the
precipitation data.

CALLED BY: MAIN

SUBROUTINES SOILM
CALLED:

FUNCTIONS

CALLED:

NOTES: This subroutine has been updated to permit the user to select
the curve number routine or the infiltration algorithm.
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SUBROUTINE NAME: SOILM

SYNOPSIS: Simulation of infiltration and hence incremental runoff
associated with a particular storm event, and
redistribution of soil water after precipitation ceases.
Includes a stochastic methodology for incorporating
spatial variability of soil hydrological properties.

COMMAND:

INPUT: Certain data has been passed from CMPHYD to SOILM:

DT(ID)
IR
CUMRAIN

Remaining variables are read directly into SOILM from
data file 'data2'. Appendix II provides the details of
the form of this data file and the information which is
required by SOILM.

OUTPUT: Provides incremental runoff which is located in
DATA(311) and which is passed back to CMPHYD. This
runoff is at the same time interval as the precipitation
data which has been supplied (DT(ID)).

VARIABLES USED: DT(ID) Time increment for precipitation and
hence runoff data

IR number of rainfall observations
CUMRAIN(251) cumulative rainfall totals
TIME time when simulation begins
SIMDUR simulation duration (hours)
ALR rain start time (hours)
AMR rain stop time (hours)
AF simulation iteration period (seconds)
NLA number of cells in layer 1 in soil

column
NLB number of cells in layer 2 in soil

column
NL number of cells in soil column
TCOM(20) thickness of each cell (metres)
NSCOL number of soil columns
IPCAREA percent are occupied by soil column
SRI soil water content at saturation,

layer 1 in soil column
SR2 soil water content at saturation,

layer 2 in soil column
SR3 soil water content at saturation,

layer 3 in soil column
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ASRI Same variable definitions as the

ASR2 three above, but variable types

ASR3 are DOUBLE PRECISION rather than REAL

SSRI Standard deviation of SRI

SSR2 Standard deviation of SR2

SSR3 Standard deviation of SR3

SATCON saturated hydraulic conductivity

(met-es per second) layer I
SATCON2 saturated hydraulic conductivity

(metres per second) layer 2

SATCON3 saturated hydraulic conductivity

(metres per second) layer 3

ASATCON Same variable definitions as the
ASATCON2 three above, but variable types are mean
ASATCON3 values in DOUBLE PRECISION rather than

REAL

SSATCONI Standard deviation of SATCONI
SSATCON2 Standard deviation of SATCON2

SSATCON3 Standard deviation of SATCON3

DETCAP surface detention capacity (metres)

ADETCAP DOUBLE PRECISION surface detention

capacity

SDETCAP Standard deviation of detention

capacity

THETA(20) initial soil water content for each

cell (cubic metres per cubic metres)

ATHETA(20) DOUBLE PRECISION initial soil water

content (cubic metres per cubic metres)
mean value

STHETA Standard deviation of THETA(20)

NO number of observations on soil moisture

characteristics curve
X(20) moisture values on soil moisture

characteristic curve for layer I
(cubic metres per cubic metres)

Y(20) suction values on soil moisture
characteristic curve for layer I

(metres)
X2(20) moisture values on soil moisture

characteristic curve for layer 2
(cubic metres per cubic metres)

Y2(20) suction values on soil moisture
characteristic curve for layer 2

(metres)
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X3(20) moisture values on soil moisture
characteristic curve for layer 3
(cubic metres per cubic metres)

Y3(20) suction values on soil moisture
characteristic curve for layer 3
(metres)

AX(20) Same variable definitions as the

AX2(20) X(20), X2(20), and X3(20) above,
but variable types are mean values

AX3(20) in DOUBLE PRECISION rather than REAL

SCURVI Standard deviation of soil moisture
characteristic curve for layer 1

SCURV2 Standard deviation of soil moisture

characteristic curve for layer 2
SCURV3 Standard deviation of soil moistire

characteristic curve for layer 3

EMAX maximum evaporation during the day

(metres per second)

WT write-out time interval (hours)
lOUT determines amount of output

if (IOUT=1) total output
if (IOUT=O) shorter output

CONSTRAINTS: A maximum of 10 soil columns for any one subcatchment
area is permitted.
The soil moisture characteristic curve can be defined by
up to a maximum of 20 points.
The soil column can have a maximum of 20 cells.
The initial soil moisture contents, defined for each
cell at the start of simulation, must lie within the
range of the soil moisture characteristic curve.

CALLED BY: CMPHYD

SUBROUTINES HYDCON
CALLED: TWO

GRAD
SMCURV
GO5DDF(NAG subroutine)

FUNCTIONS RMAX
CALLED: RMIN

NOTES:

" - O ... Af
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SUBROUTINE NAME: HYDCON

SYNOPSIS: Calculates hydraulic conductivity for a particular layer
in the soil column from the soil moisture characteristic

curve, using the Millington and Quirk method.

COMMAND:

INPUT: Variables passed from SOILM:

X(20)
Y(20)
SATCON

SR

OUTPUT: Unsaturated hydraulic conductivity values are passed
back to SOILM in Z(20).

VARIABLES USED: X(20) moisture values on soil moisture
characteristic curve for the particular
layer (cubic metres per cubic metres)

Y(20) suction values on soil moisture
characteristic curve for the particulat

layer (metres)
SATCON saturated hydraulic conductivity for

the particular layer
SR saturated soil moisture content for the

particular layer
Z(20) unsaturated hydraulic conductivity

values corresponding to X(20) above.

CONSTRAINTS: Maximum points on the soil moisture characteristic
curve, and hence the hydraulic function is 20.

CALLED BY: SOILM

SUBROUTINES

CALLED:

FUNCTIONS

CALLED:

NOTES:
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SUBROUTINE NAME: TWO

SYNOPSIS: Calculates the soil water pressure, hydraulic potential,
and hydraulic conductivity for each cell in the soil
column, associated with a particular soil water content.

COMMAND:

INPUT, Variables passed from SOILM:

NA

NB
G(20)

GZ(20)k Z(20)
i x(zo)

~DEPTH(Z0)

OUTPUT: Soil water pressure, hydraulic potential, and hydraulic

conductivity are passed back to SOILM

SWP(20)
HPOT(20)
COND(20)

VARIABLES USED: NA number of cells in layer I
NB number of cells in layer 2

THETA(20) initial soil moisture content of
each cell

G(20) gradient of soil moisture characteristic
curve, ie grad between each pair of
points

GZ(20) gradient of hydraulic function, ie
grad between each pair of points

X(20) moisture values on soil moisture
characteristic curve for the particular

layer (cubic metres per cubic metres)

Y(20) suction values on soil moisture
characteristic curve for the particular

layer (metres) values

Z(20) unsaturatea hydraulic conductivity
values corresponding to X(20) above

DEPTH(20) distance from surface to the midpoint
of each cell

SWP(20) soil water pressure of each cell

SHPOT(20) hydraulic potential of each cell
COND(20) conductivity of each cell

CONSTRAINTS: A maximum of 20 cells in the soil column is permitted

CALLED BY: SOILM
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SUBROUTINES
COMM4AND:

FUNCTIONS
CO0MMANlD:

NOTES:
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SUBROUTINE NAME: GRAD

SYNOPSIS: Calculates the gradient of the soil moisture
characteristic curve, and hydraulic conductivity
function.

INPUT: Variables passed from SOILM:

x(20)
Y(20)
Z(20)

OUTPUT: Variables containing gradients passed back to SOILM.

G(20)
GZ(20)

VARIABLES USED: X(20) moisture values on soil moisture
characteristic curve for the particular
layer (cubic metres per cubic metres)

Y(20) suction values on soil moisture
characteristic curve for the particular
layer (metres) values

Z(20) unsaturated hydraulic conductivity
values corresponding to X(20) above

G(20) gradient of soil moisture characteristic
curve, i.e. gradient between each pair
of points

GZ(20) gradient of hydraulic function, i.e.
gradient between each pair of points

CONSTRAINTS: A maximum of 20 cells in the soil column is permitted

CALLED BY: SOILM

SUBROUTINES
COMMAND:

FUNCTIONS
COMMAND:

NOTES:
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SUBROUTINE NAME: SMCURV

SYNOPSIS: Generates new soil moisture characteristic curve based
on the randomly generated moisture values.

INPUT: Variables passed from SOILM:

AX(20)

Y(20)
SCURV

SR

NQ

OUTPUT: Coordinates of new soil moisture characteristic curve

passed back to SOILM:

XNEW(20)
YNEW(20)

VARIABLES USED: AX(20) values of soil moisture on input soil
moisture characteristic curve DOUBLE

PRECISION variable type

Y(20) values of suction on input soil moisture

characteristic curve

SCURV standard deviation of soil moisture

characteristic curve in DOUBLE PRECISION

SR saturated soil moisture content

NQ number of coordinates defining soil

moisture characteristic curve

XNEW(20) generated soil moisture content on new
soil moisture characteristic curve

YNEW(20) generated suction values on new soil
moisture characteristic curve

CONSTRAINTS: A maximum of 20 points to define the soil moisture

characteristic curve

CALLED BY: SOILM

SUBROUTINES GO5DDF (NAG subroutine)

CALLED:

FUNCTIONS RMIN

CALLED: RMAX

NOTES:
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SUBROUTINE NAME; PRTHYD

SYNOPSIS: Model control procedure.
Prints out the coordinates of a hydrograph and/or
the peak value and runoff volume.
Converts OCFS(300,ID) to a stage array, S(300,1D)
using a recalled rating curve.

COMMAND: PRINT HYD.

INPUT: The data input for this commandn has been read into
OCFS(300,ID) by HONDO and is transferred from this array
into the following variables which are used in this
subroutine:

ID
NPK
IDR
IN

Details of the hydrograph are held in common and are
referenced by ID.

OUTPUT: Discharge, DUMMY(300) or stage, S300,ID) hydrograph
are written to output file 'results'.

DUMMY(300)
S(300,ID)
ROINI
PEAKI
PEAK5

VARIABLES USED: Variables in common plus

ID storage location number
NPK form of output required

0 peak and volume only
1 discharge hydrograph
2 stage hydrograph

IDR identification number of rating curve
or segment to be used for conversion to
a stage hydrograph

IN format of output
0 five columns across page
1 single column

DLQtMY(300) discharge array (converted to metric
units if required)

S(300,ID) stage array (converted to setric units
if required)

PEAKI peak discharge
ROINI volume of hydrograph
PEAK5 peak stage

a-' . . -r. .. . .• . . . .
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CONSTRAINTS: Maximum of 300 points define the hydrograph. For
conversion to stage hydrograph, rating curve must
have been computed. A stage hydrograph cannot be

computed if multiple routing is invoked.

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS
CALLED:

NOTES:

Conversion to a stage hydrograph uses a previously computed rating
curve.

f1
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SUBROUTINE NAME: PUHYD

SYNOPSIS: Model control procedure.

Punches hydrograph coordinates on cards so that they
can be recalled by RECHD

COMMAND: RECALL HYD

INPUT: The data input for this command has been read into

DATA(311) by HONDO and is transferred from this array

into the following variables which are used in this
subroutine:

ID

* Details of the hydrograph are held in common variables

and are referenced by ID.

OUTPUT: Punched version of OCFS(300,ID)

VARIABLES USED: Variables held in common plus

ID storage location number
DUMMY(300) discharge values converted to

jmetric units

CONSTRAINTS: Maximum of 300 points define the hydrograph.
Maximum of 6 hydrographs in store at any one time.

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS

CALLED:

NOTES:

4-

I
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SUBROUTINE NAME: HPLOT

SYNOPSIS: Model control procedure.
Plots either I or 2 hydrographs on a set of axis.

COMMAND: PLOT HYD.

INPrTT: The data input for this command has been read into
DATA(311) by HONDO and is transferred from this array
into the following variables which are used in this
subroutine:-

IDI
ID2

Details of the 2 hydrographs are held in common
variables and are references by IDI and ID2

OUTPUT: Discharge plots and axis are written to output file
'results'.

CFS(300)

VARIABLES USED: Variables in common plus

ID1
ID2

CONSTRAINTS: If the time interval of the two hydrographs to be
plotted is not equal, the larger increment is selected
and the other hydrograph points are interpolated at this
increment.

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS
CALLED:

NOTES:
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* SUBROUTINE NAME: ADHYD

SYNOPSIS: Model control procedure
Adds together the coordinates of two hydrographs

COMMAND: ADD HYD

INPUT: The data input for this command has been read into
DATA(311) by HONDO and is transferred from this array
into the following variables which are used in this
subroutine:

ID
NHD
ID1
ID2

Details of the 2 hydrographs are held in common
variables and are referenced by IDI and ID2

OUTPUT: The discharge coordinates, peak discharge, and runoff
volume of the resultant hydrograph:

OCFS(300,ID)
PEAK(ID)
ROIN(ID)

VARIABLES USED: Variables in common plus

ID storage location number for
resultant hydrograph

NHD hydrograph identification number
of resultant hydrograph

IDI, ID2 stocage location numbers of the
two hydrographs to be added

CONSTRAINTS: If the time interval of the two hydrographs to be added
is not equal, then the smaller increment is selected and
the other hydrograph points are interpolated at this
increment.

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS
CALLED:

NOTES:
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SUBROUTINE NAME: SRC

SYNOPSIS: A model control procedure
Stores a rating curve in form of elevation, end area,
discharge table

COMMAND: STORE RATING CURVE

INPUT: The data input for this command has been read into
DATA(311) by HONDO and is transferred from this array
into the followjng variables which are used in this
subroutine:

ID
VS
DEEP(20,ID)
A(20,ID)
Q(20,ID)

OUTPUT: Stores the rating curve in variables held in common:

DEEP(20,ID)
A(20,ID)
Q(20,ID)

VARIABLES USED: Variables held in common plus

ID storage location number of rating
curve

VS valley cross section number

CONSTRAINTS: Only 6 rating curves can be held within the program
at any one time.
Maximum number of points defining rating curve are 20.

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS
CALLED:

NOTES:
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SUBROUTINE NAME: CMPRC

SYNOPSIS: A hydrological procedure.
Computes rating curve for valley cross section using
Mannings equation. If turbulent exchange routines are
invoked calculates rating curve incorporating momentum
transfer between channel and floodplain flows during
out-of-bank conditions. If multiple routing reaches are
invoked calculates separate rating curves for each
segment of the cross-section and computes the percentage
of total flow which would occur in each segment at the
twenty stage computation points.

COMMAND: COMPUTE RATING CURVE

INPUT: The data input for this command has been read into
DATA(311) by HONDO and is transferred from this array
into the following variables which are used in this
subroutine:

ID
IT
MR
VS
NSEG
ELO
EMAX
SLOPE1
SLOPE2
SEGN(NSEG)
DIST(NSEG)
DATA(1O:310)

OUTPUT: Stores the rating curve and percentage flow in each
segment in variables held in common

A(20,ID)
Q(20,ID)
C(20,ID)
DEEP(20,ID)
PERQ(20,ID)
TQ(20,ID)

VARIABLES USED: Variables heid in common plus

ID storage location number for rating curve
IT turbulent exchange between main channel
and floodplains invoked
MR multiply routing reaches invoked
VS valley section identification number
NSEG number of segments in valley section
ELO lowest elevation
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EMAX maximum elevation
SLOPEI channel slope
SLOPE2 flood plain slope
DATA (10:310) alternate distances and elevations

(defining cross section)

CONSTRAINTS: Maximum number of segments in a cross section is 6.
Maximum number of points in a rating curve is 20.

Turbulent exchange and multiple routing reaches may be
invoked independently but for either to operate there
must be a floodplain segment on either side of channel
segments. For accuracy the user is recommended to have
cross-sectional positional data at both extremities of
flow segments.

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS
CALLED:

NOTES: The user is recommended to consult MILHY3: datal on
the form of dataset 'datal' must take for application
of multiple routing reaches.

j! - -
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SUBROUTINE NAME: STT

SYNOPSIS: Model control procedure.
Stores a depth, flow, travel time table (used in flood
routing).

COMMAND: STORE TRAVEL TIME

INPUT: The data input for this command has been read into
DATA(311) by HONDO and is transferred from this array
into the following variables which are used in this
subroutine:

ID
REACH
XL
SLOPE
METI
DP(20)
SCFS(20)
CC(20)

OUTPUT: Stores travel time table in following common variables:

DP(20)
SCFS(20)
CC(20)

VARIABLES USED: Variables held in common plus

ID storage location number
REACH reach identification number
XL length of reach
SLOPE slope of reach

CONSTRAINTS: A maximum of 20 points are allowed to define a travel
time table.

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS
CALLED:

NOTES:
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SUBROUTINE NAME: CMPTT

SYNOPSIS: Hydrological procedure.
Compute travel time table.

COMMAND: COMPUTE TRAVEL TIME

INPUT: Data has been read into DATA(3110) by HONDO and is
transferred from this array into the following variables
which are used in this subroutine:

ID
REACH
NOVS
XL
SLOPE
MR
INRC
LRC

OUTPUT: Stores the travel time table in following common
variables:

DP(20)
SCFS(20)
CC(20)

VARIABLES USED: Variables held in common plus

ID storage location number
REACH reach identification number
NOVS number of valley sections in the reach
XL length of reach
SLOPE Slope of reach
MR multiple routing invoked
INRC upstream segment rating curve

identification number
LRC downstream segment rating curve

identification number

CONSTRAINTS: A maximum of 20 points are allowed to define a travel
time table.
A maximum of 6 valley sections are permitted in a reach,
except where multiple routing reaches are invoked where
two segment section must be identified.

CALLED BY: MAIN

SUBROUTINES
CALLED:
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FUNCTIONS
CALLED:

NOTES: If multiple routing reaches are invoked, a compute
travel time table and route command must be entered for
each segment routing reach.

A

b

{
f
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SUBROUTINE NAME: ROUTE

SYNOPSIS: A hydrological procedure.
Routes a hydrograph through a reach using the variable
storage coefficient method.
If multiple routing reaches are invoked, routes a
hydrograph through a segment routing reach.
Also calculates inflow hydrograph for segment reach

using PERQ(20) from rating curve.

COMMAND: ROUTE

INPUT: The data input for this command has been read into
DATA(311) by HONDO and is transferred from this array
into the following variables which are used in this
subroutine:

ID
NHD
IDH
DT(ID)
MR

Details of the hydrograph to be routed are held in

common variables and are references by IDH.
Details of the inflow segments rating curve are held in
common variables and are referenced by:

PERQ(20)
TQ(20)
C(20,INRC)
INRC.

OUTPUT: Stores the calculated outflow hydrograph, its peak
discharge, and runoff volume in common variables:

OCFS(300,ID)
PEAK(ID)
ROIN(ID)

Proportional discharge for each time increment value (if
multiple routing reaches are invoked) written to output

file 'results'.

DOCF(300,ID)

VARIABLES USED: Variables held in common plus

ID storage location number of calculated
outflow hydrograph

NED hydrograph identification number of

outflow hydrograph
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IDH storage location number of inflow

hydrograph DT(ID) iteration period of outflow

hydrograph
MR multiple routing invoked

DOCFS dummy discharge area to prevent
overwriting of inflow array

P percentage of inflow in multiple routing

reach segment

CONSTRAINTS: Discharges included in the inflow hydrograph must be

within the limits of the travel time table, otherwise

there is no way to define the travel time coefficient.

If the solution to the routing equations fails to

converge after 10 iterations, convergence is forced.

If multiple routing reaches are invoked the inflow

hydrograph must not exceed the rating curve used to

compute proportional inflow in segment.

CALLED BY: MAIN

SUBROUTINES

CALLED:

FUNCTIONS
CALLED:

NOTES: If multiple routing reaches are invoked, a compute

travel time table and route command must be entered for

each segment routing reach. Also the identification

number of the inflow and outflow hydrographs must not be

the same.
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SUBROUTINE NAME: RESVO

SYNOPSIS: A hydrological procedure.
Routes hydrograph through a reservoir.

COMMAND: ROUTE RESERVOIR

INPUT: The data input for this command has been read into
DATA(311) by HONDO and is transferred from this array
into the following variables which are used in this
subroutine:

ID
NHD
IDH
SCFS(20)
STORE

Details of the inflow hydrograph are held in common
variables and are referenced by ID:

DT(ID)
DA(ID)

OUTPUT: The calculated uutdlow hydrograph, peak discharge, and
runoff volume is stored in common variables:

OCFS(300,ID)
PEAK(ID)
ROIN(ID)

VARIABLES USED: Variables held in common plus

ID storage location number of calculated
outflow hydrograph

NHD hydrograph identification number of
outflow hydrograph

IDH storage location number of inflow
hydrograph

SCFS(20) discharge values of the storage discharge
relationship defined for the reservoir

STORE storage values of the storage discharge
relationship defined from the reservoir

CONSTRAINTS: The discharge of the inflow hydrograph must be within
the storage discharge relationship defined from the
reservoir. A maximum of 20 points are allowed to define
this relationhip.

CALLED BY: MAIN
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SUBROUTINES
CALLED:

FUNCTIONS
CALLED:

NOTES:

k
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SUBROUTINE NAME: ERROR

SYNOPSIS: Model control procedure.
Calculates a number of indices or objective functions
which detail the degree of fit between two hydrographs.

COMMAND: ERROR

INPUT: The data input for this command has been read into
DATA(311) by HONDO and is transferred from this array
into the following variables which are used in this
subroutine:

ID1
ID2

Details of the 2 hydrographs are held in common
variables and are referenced by IDI and ID2

OUTPUT: The values of HYMO's original error statistics plus an
additional 13 objective functions are written to output
file 'results'.

ESDEV
PCTER
OF1
OF2
OF3

OF4
OF5
OF6
OF7
OF8
OF9
OFIO
OFLI

VARIABLES USED: Variables in common plus

IDI storqge location number of first
hydrograph (usually assumed to be
measured)

ID2 storage location number of second
hydrograph (usually assumed to be
calculated)

ERR error (measured - calculated discharge)
ESOEV error standard deviation
PCTER percentage peak discharge error
OFi absolute s-am of errors
OF2 ordinary least squares
OF3 log of ordinary least squares
OF4 relative sum of errors
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OF5 absolute error difference
OF6 relative error difference
OF7 absolute error divided by variance
OF8 relative error divided by variance
OF9 absolute error difference divided

by variance

OF10 relative error difference divided
by variance

OFII Pearsons correlation coefficient

CONSTRAINTS: The first hydrograph (IDI) is taken to be the measured.
All indices are printed out in file 'results' in metric
units.

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS CALLED:

NOTES:
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SUBROUTINE NAME: SEDT

SYNOPSIS: A hydrological procedure.
Computes sudiment yield for a fleld using the
Universal soil loss equation.

COMMAND: SEDIMENT YIELD

INPUT: The data input for this command has been read into
DATA(311) by HONDO and is transferred from this array
into the following variables which are used in this
subroutine:

ID
SOIL
CROP
CP

SL

Details of the hydrograph are held in common variables
and are referenced by ID:

ROIN(ID)
DA(ID)
PEAK(ID)

OUTPUT: Writes out the sediment yield to the output file
'results':

SED

VARIABLES USED: Variables held in common plus

ID storage location number of hydrographs
SOIL soil erodibility factor
CROP the cropping management factor
CP the erosion control practice factor
SL the slope length and gradient factor

CONSTRAINTS:

CALLED BY: MAIN

SUBROUTINES
CALLED:

FUNCTIONS
CALLED:

NOTES:
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I FUNCTION NAME: GIT (TCARD, J, JLAST, SHIFT).

SYNOPSIS: Converts alphabetic array to floating point number.

INPUT: TCARD(10)J

JLAST
SHIFT
A(10)

OUTPUT: GIT

VARIABLES USED: TCARD
J

JLAST

ISHIFT

I A(10)

CONSTRAINTS:

CALLED BY: HONDO

NOTES:

1>
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FUNCTION NAME: RMAX(X,NQ)

SYNOPSIS: Returns the maximum element in a REAL array.

INPUT: X(NQ) X is a REAL array )f size NQ

OUTPUT: LMAX

VARIABLES USED: X(NQ)
RMAX

CONSTRAINTS:

CALLED BY: SOILM

NOTES:

FUNCTION NAME: RMIN(X,NQ)

SYNOPSIS: Returns the minimum element in a REAL array.

INPUT: X(NQ) X is a REAL array of size NQ

OUTPUT: RMAX

VARIABLES USED: X(NQ)
RMAX

CONSTRAINTS:

CALLED BY: SOILM

NOTES:
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SUBROUTINE NAME: BLOCK DATA

SYNOPSIS: Initializes certain variables. These variables are used
to determine the number of commands, the command, the
command number, the maximum number of data entries which
are associated with the command, and the data which is
entered in the variable format data entry area.

INPUT:

OUTPUT: Initialized arrays:

ZALPHA(20)
CTBLE(50,11)

ITBLE(50,2)
NCOMM

VARIABLES USED: ZALPHA(20) alphanumeric code table containing:

1234567890 *.,-(filled with blanks)

CTBLE(50,11) command table containing:

START (filled with blanks)

STORE HYD
RECALL HYD
COMPUTE HYD
PRINT HYD
PUNCH HYD
PLOT HYD
ADD HYD

STORE RATING CURVE
COMPUTE RATING CURVE
STORE TRAVEL TIME
COMPUTE TRAVEL TIME
ROUTE
ROUTE RESERVOIR
ERROR ANALYSIS
SEDIMENT YIELD
FINISH
(filled with blanks)

ITBLE(50,2) integer table containing:

14
2310
3310
4310
54
61
72
84
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9100
10311
11100
12 8
13 7
14 25
15 2
16 5
17 0

NCOMM number of commands contains:

7

CONSTRAINTS:

CALLED BY:

SUBROUTINES CALLED:

FUNCTIONS CALLED:

NOTES:
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APPENDIX 2 datal

The commands permitted by MILHY3 are the same as those for the original MILHY.
They perform two functions: model control and hydrological procedures. The
legal commands are:

Model control procedures:

START
STORE HYD
RECALL HYD
STORE RATING CURVE
STORE TRAVEL TIME
ADD HYD
PRINT HYD
PLOT HYD
PUNCH HYD
ERROR ANALYSIS
FINISH

Hydrological procedures:

COMPUTE HYD
COMPUTE RATING CURVE
COMPUTE TRAVEL TIME
ROUTE
ROUTE RESERVOIR
SEDIMENT YIELD

An '*' in column I means that the line is a comment.
An '* in column 80 means skip to a new page before writing to file.

The command must be in columns 1-20, and the data in 21-80.

The variables in the data area MUST be in the correct order, but can be
surrounded by text (i.e. units and variable labels).

The following two pages list the variables which are required for each
command, and the order in which they are required.

At_ 
_
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Data requirements of HYM03
(data to be located in 'data 1')

HYDROLOGICAL PROCEDURE Variable used in subroutine

COMPUTE HYD

Storage location number for hydrograph ID
Hydrograph identification number NHD
Time increment for rainfall data (hours) DT(ID)
Watershed area (sqmi/km ) DA(ID)
Curve number (enter zero if not invoked) CN
Watershed height, maximum difference (ft/m) HT
Main stream length (mi/km) XL
Rainfall, cumulative totals (inches/mm) RAIN(300)

COMPUTE RATING CURVE

Storage location number for rating curve ID
Turbulent exchange of momentum between IT

segments (not invoked enter zero)
(invoked, enter 1-4 depending on method)

Multiple routing reaches MR
(not invoked enter zero)
(invoked enter one)

Valley section location number VS
Number of segments in channel (max. of 6) NSEG
Minimum elevation (ft/m) ELO
Maximum elevation (ft/m) EMAX

Channel slope SLOPE1
Floodplain slope SLOPE2
Manning 'n' for each segment SEGN(NSEG)

(negative value for channel segments)
Segment boundary points (horizontal distance) DIST(NSEG)

(ft/m)
Cross-section co-ordinates (distance then DATA(12,311)

elevation) (ft/m)

/Compute Travel Time
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COMPUTE TRAVEL TIME

Storage location of travel time table ID
Reach identification number REACH
Number of valley sections in reach NOVS
Reach length (ft/m) XL
Slope (average for flow segments) SLOPE
Multiple routing reaches MR

(not invoked do not enter)
(invoked enter one)

Inflow rating curve identification INRC
Outflow rating curve identification LRC

(first digit is storage location of the
rating curve, the second digit is the
segment number)

N.B. If multiple routing reaches not invoked
do not enter values for INRC and LRC

ROUTE

Storge location number of outflow hydrograph ID
Hydrograph identification number of outflow NHD

hydrograph
Storage location number of inflow hydrograph IDH
Time increment (hrs) DT(ID)
Multiple routing reaches MR

(not invoked, do not enter)
(invoked enter one)

ROUTE RESERVOIR

Storage location number of outflow hydrograph ID
Hydrograph identification number of outflow NHD

hydrograph
Storage location number of inflow hydrograph IDH

Reservoir outflow storage relation (max 20 DT(ID)
points)

SEDIMENT YIELD

Storage location of number of hydrograph ID
Soil, crop, conservation and gradient factors SOIL, CROP, CP, SL

/Model Control Procedures
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MODEL CONTROL PROCEDURES

Start

Start time (hours) TIME
Punch code NPU

(not invoked enter zero)
(invoked enter one)

Data input KCODE
imperial enter zero
metric enter one

Data output ICODE
imperial enter zero
metric enter one

STORE HYD

Storage location number for hydrograph ID
Hydrograph identification number NHD
Time increment for discharge data (hrs) DT(ID)

Watershed area (sq.mi/km ) DA(ID)

Baseflow (added to discharge) (cfs m3  ) BSF
Discharge (300 points max.) (cfs/m s- ) OCFS(300,ID)

RECALL HYD

Storage location number for hydrograph ID
Hydrograph identification number NHD
Time increment for discharge data (hours) DT(ID)
Watershed area (sq.mi,/kT) DA(ID)
Peak discharge (cfs~m s ) PEAK(ID)
Runoff volume (cf/m ) ROIN(ID)
Number of points 3 in hydrograph IEND(ID)
Discharge (cfs/m s- ) OCFS(300,ID)

STORAGE RATING CURVE

Storage location number for rating curve ID
Valley section number VS
Rating curve points

elevation (f /m DEEP(20,ID)
end area (ft /m A(20,ID)
flow rate (cfs/m s ) Q(20,ID)

/Storage Travel Time
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STORAGE TRAVEL TIME

Storage location number for travel time table ID
Reach identification number NHD
Length of reach (ft/m) XL
Slope either channel or flood plain or SLOPE

weighted average of the two
Depth (ft/m) 3 1 DP(ID)
Discharge (cfs/m s- ) SCFS(20)
Storage coefficient C(20)

ADD HYD

Storage location nume for resultant ID

hydrograph
Hydrograph identification number of NHD

resultant
Storage location of two hydrographs ID1, ID2

to be added

PRINT HYD

Storage location number of hydrographs ID
Specification of type of output NPK

0 peak and volume only (cfs/m3 s-I)
I discharge hydrograph (cfs/m s- I)

2 stage hydrograph (ft/m)

Rating curve identification for conversion of IDR

hydrograph

PLOT HYD

Storage location number of the I or 2 ID1, ID2
hydrographs to be plotted

PUNCH HYD

Storage location number of hydrograph ID

ERROR ANALYSIS

Storage location numbers of 2 IDI, ID2
hydrographs to be compared

FINISH

No information required

|-£
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Setting up datal: changes from MILHY2

Listed in the previous few pages are the legal commands and variables for

dataset 'datal'. Whilst the commands remain unchanged the attention of the

user is drawn to order of the variables and the introduction of new variables.

These new variables are all model control variables allowing the user to

select the method of incorporating turbulent exchange between cross-sectional

flow segments and to introduce multiple-routing reaches.

If the multiple routing reaches or the turbulent exchange algorithms are

invoked along a particular reach then any channel cross-sectional segment in

that reach must have floodplain segments on either side. In addition, if

multiple routing is invoked there may be only two cross-sections along the

reach. After the rating curves have been computed for these two cross

sections each segment of flow must be separately routed. This means there

must be the same number of segments in both the upstream and downstream

cross-sections. For each segment a separate 'TRAVEL TIME' and 'ROUTE' command

are entered and the outflow hydrographs from segment are added to give the

total discharge across the cross section. Care must be taken to ensure

storage location number (ID's) of inflow hydrographs are not reused in the

application of multiple-routing reaches. The variables INRC and LRC in the

'TRAVEL TIME' command identify the inflow and outflow segments for one reach

of a multiple-routing reach. These identification numbers consist of the

cross-section ID number followed by the segment number, numbered left to right

looking downstream. In the ROUTE subroutine the inflow hydrograph is

distributed between the segments of the upstream cross-section using the

rating curve identified by INRC. It is important therefore that the upstream

cross-section is positioned at or near the upstream extremity of the reach.

An example 'datal' dataset is given for a single reach where both multiple

routing and turbulent exchange algorithms are invoked.
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C

C

C MILHY3 - a mathematical flood forecasting model for

C ungauged catchments

C
C

C

C Program: MILHY3
C (MILHY2) including two-stage channel modelling.
C With improved out-of-bank flood modelling incorporating

C TURBULENT EXCHANGE between in and out of bank flows and
C MULTIPLE ROUTING REACHES -allowing separate pathways for

C channel and floodplain flows.

C

C Coded by: L.Baird

C University of Bristol
C

C NOTES Altered subrouz-es

C ADHYD

C STHYD

C CMPHYD

C CMPRC

C STT

C CMPTT

C ROUTE

C PRTHYD

C BLKDTA

C

C Notes The structure of the code remains unaltered.
C All additional computations occur within existing

C subroutines.

C HOWEVER. there are significant changes in the manner in

C which the dataset DATAl must be set out to facilitate

C utilisation of the new capabilities.

C

C UNITS All computations (except in the infiltration algorithm)
C are carried out in imperial units, irrespective of KCODE
C and ICODE. COMMON/BLOCK1 and COMMON/BLOCK2 use imperial.
C .......................................................................

COMMON/BLOCK1/ OCFS(300,6).DATA(311),CFS(300),CTBLE(50,11),

&RAIN(300).ROIN(6),

&A(Z0.70),Q(20,70),DEEP(20,70),ITBLE(50,2).DP(20),SCFS(20) C(20,6),
&Z.ALPNLA(20).,UENO(6).OA(S).,OIST(6),SEGN(6).OT(6),PEAK(6).ISO(6).

&NPU,NHD,NER,MAXNONCOMM.ICCNCODE,TIMKCODEICODE

Cakt1ON/BLOCK2/ PERQ(20,70).TQ(20,6),CC(20),LL(6),INRC,LRC

C Definition of variables in common 1

C OCFS Hydrograph discharge
C DATA Data associated with each coesand

C CFS Unit hydrograph discharge

C CTBLE Command table

C RAIN Cumulative precipitation values

C ROIN Volume of discharge hydrograph
C note: this variable is no longer divided by area
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C A End area

C Q Flow rate for rating curve

C DEEP Elevation of water surface (for rating curve)

C ITBLE Integer table

C DP Flow depth for previously computed travel time flow relationship

C SCFS Discharge for previously computed travel time flow relationship

C C Absolute stage elevations computed in rating curve

C ZALFA Alphnumeric code table

C TEND Number of points i., the hydrograph

C DA Drainage area

C DIST Segment boundary point for each segment of a cross section

C SEGN Mannings 'n' for each segment of a cross section

C DT Time increment for rainfall or discharge

C PEAK Peak discharge for hydrograph

C IS( Last elevation input in each segment position

C NPU Punch code

C NED Hydrograph identification number

C NER Error number

C MAXNO Maximum number of date entires to be expected for any command

C HCGMi Number of commands

C ICC Continuation line

C NCODE Nurebr 'f comnmand
C TIME Start time of simulation

C KCODE Measurement unit of input

C 0 - imperial

C not 0 - metric

C ICODE Measurement unit of output

C 0 - imperial

C not 0 - metric

C Variables common 2

C PERO Percentage discharge (rating curve computation)

C TO Total discharge (rating curve computation)

C CC Travel time coefficient

C L Number of zero discharge values in rating curve segment

C INRC Inflow rating curve (multiple routing)

C LRC Outflow rating curve (multiple routing)

OPEN (1,STATUS-'old',FILE-'dat)')

OPEN(25,FILE-'data',STATUS-'old')

OPEN(6.STATUS-new'.FILE-'results')

NCODE-O

NPU-0

ICC0

I NER-O

CALL HONDO

IF (NER) 2.2.19

2 GO TO (3.4.5, ,7.8,9,10,11,12,13.14.15.16,17,18,19). NCODE

3 TIME-DATA(1)

NPU-DATA(2)

KCODE-DATA(3)

ICODE-DATA(4)

GO TO 1

CALL SYHYD

GO TO I

5 CALL RECHD

GO TO t

6 CALL CPHYO

GO TO I
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7 CALL PRTHYD

GO TO 1

8 CALL PUHYD

GO TO 1

9 CALL BPLOT

GO TO 1

10 CALL ADHYD

GO TO 1

11 CALL SRC

GO TO 1

12 CALL CMPRC

IGO TO 1

13 CALL STT

GO TO I

14 CALL COPTT

GO TO 1

15 CALL ROUTE

GO TO 1

16 CALL RESVO

GO TO 1

17 CALL ERROR

GO TO 1
18 CALL SEDT

GO TO 1

19 STOP

END

SUBROUTINE HONDO

C This subroutine reads in the data from 'datal'. searches an alphanumeric

C code table to determine the NCODE of the required operation, and collects

C variables from the freafloating data field.

C The command table (CTBLE), integer table (ITBLE), number of commands

C (NCOMM) and alphanumeric array (ZALPHA) are initialized in BLOCK DATA

C located at the end of this listing.

COMMON/BLOCK1/ OCFS(300,6),DATA(311).CFS(300),CTBLE(O, 11),

&RAIN(30),ROfN(6),

&A(20.70) .Q(20.70) DEEP(20,70), ITBLE(50,2 ,P(20) ,SCFS(20) ,C(20.6),

&ZALPHA(20). IEND(6), DA(6),DIST(6) .SEGN(6),DT(6). PEAY(6), ISG(6),

&NPU.NHDERMAXNO.NC ,..ICC.NCODE, ciME,KCODE.ICODE

COMMON/BLOCXK2/ PERQ(20.70).TQ(20,6).CC(20),LL(6),INRC,LRC

DIMENSION CHAR(60), ALPHA(11).AUXA(10),AUXB(10)

IF (ICC) 1,1,3

C READ IN DATA CARD

1 READ (1.42) (ALPHA(I),I-1.11),(CHAR(I),I-1.60)

C IF FIRST CHARACTER IS BLANK THE CARD IS A CONTINUATION OF

C PREVIOUS CARD.
IF (ALPHA(1)-ZALPHA(11)) 2.9.2

2 IF (ICC) 3.3,40

C ASTERISK IN COL. 80 MEANS SKIP TO NEW PAGE BEFORE PRINTING CARD

3 IF (CAR(60)-ZALPHA(1I)) 4,5.4

A . --



4 WRITE (6,43)

5 WRITE (6,44) (ALPHA(I).-1,11),(CHM(I),I-1,60)

C IF FIRST CHARACTER IS A * THE PREVIOUS CARD WAS A CCMMENT CARD
IF (ALPHA(1)-ZALPHA(12)) 10.6,10

C IF PUNCH CODE POSITIVE, COMMENT CARDS ARE PUNCHED,

6 IF (NPU) 8,8,7

7 WRITE (7,45) (ALPA(),I-,l11),(CHAR(I),I1-,60)

8 ICC-0

GO TO 1
9 WRITE (6,44) (ALPA(I),-1.11),(CHAR(I),I

1-,60)

GO TO 24
C SEARCH FIRST TWO ALPHIERIC CHARACTERS TO SEE IF THEY ARE NUMBERS
10 ICC-1

DO 12 1-1,10

IF (ALPEIA(1)-ZALPHA(I)) 11.15.11

11 IF (ALPHA(2)-ZALPA(I)) 12,15,12
12 CONTINUE
C STATEMENT NUMBER 7 IS BRANCHED TO IF NUMBERS ARE PRESENT
C IF NOT NUMBER SEARCH COMMAND TABLE FOR MATCH
C CALL FIRST 10 VALUES FROM PERMANENT DATA STORAGE

DO 14 I-1,NCOt4

DO 13 J-1,11
IF (CTBLE(I,J)-ALPHA(J)) 14,13.14

C SN 10-PART MATCH

13 CONTINUE
C IF THIS LOOP IS CCOMPLETED WE RAVE COMPLETE MATCH- CALL NCODE
C AND MAX NUMBER AND EXIT LOOP

NCODE-ITBLE(I. 1)

MAXNO>ITBLE(I,2)

GO TO 21
14 CONTINUE

C IF MAJOR LOOPS FINISHED WITHOUT A MATCH WRITE ERROR MESSAGE

C AND SET NER - 1

NER-1

WRITE (6,46)

RETURN
C CONVERT DIGIT INPUT CODE FROM ALPHAMERIC TO INTEGER FORM

15 NCODE-GIT(ALPHA,1,2,1.)+0.5
C FIND MAX NUMBER OF DATA ITEM FOR TRIS NCODE

DO 17 I-j.NCM

IF (ITBLE(I,1)-RCODE) 17,16,17
16 MAXNO-ITBLE(I,2)

GO TO 21

17 CONTINUE

C SEARCH DATA ROUTINE

C SEE IF ANY DATA FOR THIS CARD

DO 19 I-1.NCOHM

IF (ITBLE(I,l)-NCODE) 19,18.19

18 MAXNO>ITLE(I,2)

GO TO 20

19 CONTINUE

20 CONTINUE

21 IF (MAXNO) 23.22,23

22 RETURN
C ZERO ARRAYS AND COUNTERS

23 DO 47 I1,310

47 DATA (M)-0.

NDATA-1
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24 NCHAR-O

25 DO 26 1-1,10

AUXA(I)-0.

26 AUXB(I)-0.
1T1-1
IT2-1

SIGN-i.

LDGIT:O
KDGIT 0

C CARRY OUT DIGIT BY DIGIT SEARCH AND ACCUMULATION

27 NCHAR-NCHAR+1

C HAVE WE CONSIDERED ALL CHARACTERS - RETURN IF SO
t IF (R'CHAR-60) 28,32,1

28 DO 29 1-1,15

IF (CHAR(NCHAR)-ZALPHA(I)) 29,30,29

29 CONTINUE

a GO TO 32

30 GO TO (33,33,33,33,33,33,33,33.33,33,32,27,36,32,31,27), 1

C SN 39 HANDLES SIGN CONTROL ON 1130 VERSION

31 SIGN-1.0

GO TO 27

C CHARACTER IS BLANK OR CC"IA - DOES IT FOLLOW A DIGIT

32 GO TO (27,48), IT1

C CHARACTER IS A DIGIT - HAS A DECIMAL BEEN ENCOUNTERED

33 GO TO (34,35), IT2

34 LDGIT0LDGIT I

tIT1-2
t AUXA(LDGIT),CHAR(NCHAR)

GO TO 27

35 KDIT-KDGIT+l

AUXB(KDGIT)"CHAR(NCHAR)

GO TO 27

C CHARACTER IS A DECIMAL - DOES IT FOLLOW A DIGIT

36 GO TO (37,38), IT1

37 IT1"2

LDGIT-1

38 IT2"2

GO TO 27

C ROUTINE TO CONVERT ALPHABETIC ARRAY TO FLOATING POINT NUMBER

48 DATA (NDATA),GIT(AUXA,,LDGIT,
1
.
)+
GIT(AU

X
B.

.10
.

0
.)

DATA (NDATA)-DATA(NDATA) *SIGN

C IS ALL DATA FURNISHED YES-RETURN NO INCREASE N DATA KEEP ON

IF (NDATA-4AXNO) 41,39,39

C 39 ICC-0

40 RETURN

41 NDATA-NDATA 1

GO TO 25~C
42 FORMAT (2A1,9A2,60A1)

43 FORMAT (11I)

44 FORMAT (5X.2A1.9A2,60A1)

45 FORMAT (2A1,9A2.60AI)

46 FORMAT (10X,2OOHCC4AND NOT IN TABLE)

END

FuNcIION GIT (TCARD.J.JLAST.sHIFT(
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C Converts alphabetic array to floating point number

DIMENSION TCAR(10), A(10)

DATA A(1)/lHl/,A(2)/1H2/,A(3)/lH3/ ,A(4)/1H4/.A(5)/1H5/,A(6)/1H6/

DATA A(7)/lH7/,A(8)/IH8/,A(9)/lH9/,A(10)/lO/

GIT-0.

TEN-il.

SU?-0.

DO 3 JNOW-J,J.AST

TTEST-TCARD(IJNOW)

C CHECK FOR LAST ENTRY

IF (TTESTEQ.0.) GO TO 4

C FIND NUMBER AND COMPUTE VALUE

DO 2 NUMB-ill0

IF (TTEST-A(NUME)) 2,1,2

1 ZTEST-NUMB

IF (ZTEST.EQ.10.) ZTEST-0.

SUM-SUM*TEN+ZTEST

GO TO 3

2 CONTINUE

3 CONTINUE

4 IF (SHIFT) 6,5,6

5 FI-JNUM-1
SUMSUMW(0. 1FI)

6 GIT-SUM

RETURN

END

SUBROUTINE ITNYD

C THIS SUBROUTINE STORES THE COORDINATES OF HfYDRORAPHS.

C ADDS BASEFLOW TO HfYDOGRAPH STORED

COMMON/BLOCK1/ OCFS(300.6) .DATA(311) .CFS(300) .CTBLE(SI. 11),

&RAIN(300) ROIN(B),

&A(20, 70).Q(2I. 70),DEEFIZO. 70), ITBLE) 50 .2) OPIZI) ,SCFS(20) ,C(20, 6),

&ZALFHA(2O).IENO(6),DA(6),DIST(6),SEGN)6).DT(6),PEAX(6),ISG(6),

&NPU.NNID,NER.MAXN,NCOMM1 ICC.NCODE.TIME.KCDDE, ICODE

DIMENSION DUMMlY(300)

ID-DATAI 1)

NHD-DATA)2)

DT(ID)-DATA(3)

IF)KCODE.EQ.0)GO TO 10

DATA(&)-DATA(4)/Z. 50

DATA(5)-DATA(5)/0. 02832

DO 11 J-6,35

DATA(J)-DATA(J)f .02632

11 CONTINUE

10 DA)ID)-DATA(4)

BSF-DATA( 5)

C BASEFLOW
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J36

C REMAINING DATA ARE FLOW RATES

IF(BSF.GT.I)THEN

OFS( 1, ID)-DATA(J)+SSF

0070 51

ENDIF

OCFS(1.ID)-DATA(J)

51 PEAXCID) - 1.

RO - DATA(J

DO 4 1-2,300

3-J+1

IF(ESF.GT.0)THEN

OCFS(1, ID)-DATA(J)+BSF

GOTO 50

ENDIF

OFS(I.ID)-DATA(J)

50 NO - NO + OCFS(I,ID)

C IS FLOW RECEDING

IF (XCFS(I,ID)-OCFS(I-1,ID)) 1,2,2

C HAS FLOW RECEDED TO CUTOFF RATE

1 IF (XCFS(IID)) 5,5,4

C DETERMINE PEAK FLOW

2 IF(OFS(I,ID) - PEAK(ID)) 4,4.3

3 PEAK(ID) - OFS(I,ID)

4 CONTINUE

5 IEND(ID)-I-1

M-IEND(ID)

ROIN(ID) - RO*DT(ID)-3610

IF(NPU.LE.0)GO TO 7

IF(ICODE.EQ.I)OO TO 6

ROINI#ROIN(ID)* 0.02832

DA1-DA(ID)*2. 590

PEAJCI-PEAK(ID)*,02832

DO 13 3-tM

DUMtIY(3)-OCFS(J. ID)S0.02832

13 CONTINUE

WRITE(7, 14 (IDNHD,DT(ID) ,DA1, FEAKI.ROIN1, lEND) ID) ,ICODE

WRITE(7,15)(DULIY(I),I-l.M)

RETURN

C PUNCH CODE

6 WRITE(7,8)ID,NHDDT(ID),lAUID) PEAXCID) ,ROIN(ID),IEND(ID).ICODE

WRITE (7.9) (OFS(J.ID),3-1,M)

7 RETURN

C

8 FORMAT) 'RECALL HYD' .121, 'ID-', 11,T29,l'HID NO-' ,13,T42, 'DT-' ,F9.

&6,' fIRS' ,T61, 'D-' ,F8.3, ' SO MI'/T21, 'FEAX-' F7.0, 'CFS' TAO, 'RO-'.

876,3," CIS ",T59,"NO PIS -,1I3/T21, "CODE-".I1/T21,

&-FLOW RATES")

0 FORMAT CT21,7F8.0)

14 FORMAT("RECALL HYD",T21,"'ID-",11,T29,"HYD NO -"13,T42.

&"DT-",F9.6,"HRS",T61,"*DA'",F8.3,"SQ KM" I"T21, "PEAK", F7.2,

&"OE"-,TAO,"RO-",F6.0," CUMhECS ',T59."NO PTS--,13/T21,"CODE--.

811/T21,'"FLOW RATES")

15 FORMAT (T21,7F8.2)

END
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SUBROUTINE RECHO

C THIS SUBROUTINE RECALLS PREVIOUSLY COMPUTED AND PUNCHED

C HYDROGRAPHS

COMMN/BLOlCl/ OCFS(3006)DATA(31),CFS(300),CTBLE(50,11),

&RAIN(300) ,ROIN(6).

&A(20, 70) .0(20. 70) ,DEEP(20.70) ITBLE(SO.2) .DP(20) ,SCFS(20) ,C(20, 6),

&ZALPHA(20),*IEND(6) .DA(6) DIST(6) ,SEGN(6) ,DT(6) .PEAK(6) ,ISG(6),

&NPU, NHD, NR, MXNO, NCa4M, ICC, NCODE, TIME. KCODE. ICODE

MET1lOATA( 8)

IF(MET1.EQ.0)GO TO 2

DATA(4)-DATA(4)/2. 590

DATA(S)-DATA(S)/ .02832

DATA(6)-DATA(6)/25. 4

M-DATA(7)

DO 3 I-9,M+9

DATA(I)-DATA(I i/0.02832

3 CONTINUE

2 ID-DATA~l)

NHD-DATA(2)

DT(ID)-DATA(3)

DA(ID)-DATA(4)

PEAX(ID)-DATA(5)

ROIN(ID)-DATA(6)

IEND(IO)-DATA(7)

M-IEND( ID)

C REMAINING DATA ARE FLOW4 RATES

00 1 I-iNM

OCFS(I,IO)-DATA)J)

1 J-J+1

RETURN

END

SUBROUTINE C1PHYD

C This subroutine develops a unit hydrogrsph, converts rainfall data

C into runoff by calling the soil moisture finite difference nodel,

C or the Curve Number routine,

C and sume these two to produce the storm runoff hydrograph.

CO144N/BLOCX1/ DCFS(300,6) .DATA(311),CFS(300) ,CTBLE(5O, 11),

&RAIN(300),ROIN(6),

&A(20,70),Q(20,70),DEEP(20,70),ITBLE(50,2)DP(20)SCFS(2O) ,C(20,6),

&ZALPNA(20),IENOI6) DM(61,DIST(6),SEGN(6) ,DT(6).PE.AX(6), ISG(6).

&NPU,NND,NER,MAXNO,NC"t,ICC.NCODE,TIME.KCODE,ICODE

DIMENSION DUMflY(300)

TEMPO0.

C Input date reed into subroutine
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ID-DATAUl)

MM-DATA(Z)

DT(ID)-DATA(3)

IF)ICCODE.NE. DITHEN

C Convert metric to imperial

DATA) 4)-DATA) 4) /2.590

IF(DATA(6).LT,0)GO TO 40

DATA(S)-DATA(6)/0. 3048

DATA(7)-DATA(7)/1.6

ENDIF

40 DA(ID)-DATA(4)

C

CN-DATA( 5)

C Data items 6 and 7 normally hold watershed height end length and

C from these the constants XK(recession constant) and Tp(tima to peak)

C can be calculated.

C If XK and Tp are known however, they can ha entered instead

C and a negative sign is put before their values.

IF (DATA(6).LT.0.)TSEN

XK--DATA(6)

TN--DATA())

ELSE

6T-DATA( 6)

XIL-DATA(7)

SLOPE-HT/XL

XLDW-(XL--2. )/DA(ID)

XK-27.0*(DA(lD)*C.231)*(SLOPE**(-.777))*(XLDW. 124)

TP-4.63*(DA(ID)s*.422)*(SLOPE*C(-.46))(XLDWC. 133)

ENDIF

C The storm runoff array is intialisad to 0, and peak of hydrograph to I

DO 4 1-1,300

4 OCFS(I,ID)-O.

PEAX(ID)-1.

C Compute 'N' hy iteration

XN-5. 0

XKTN-XK/TP

DO 6 1-1,50

TINF-1.+sCRT(l.I)XN-1. ))

Xy)I.05I(XXTP-(ALG(TINF/)TINF+.05))+.O5))+1.

DIFF-ABS(XN1-XN)

IF (DIFF-.001) 7,7.5

5 X14-XNI

6 CONTINUE

WRITE (6.29)

29 FORM'AT(' N DID NOT CONVERGE AFTER 50 ITERATIONS.')

GO TO 28
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C Compute 'Cl'

7 DELT-TINF/100.

TC1-0.

X(N1P-XN-l.

XN1H1I. -XX

DO 8 1-2,101

TC1-T01+DELT

8 CFS(I)(TC1*XN1P)-EX(XNl(TCl1-.)

SUM-CFS(101)/2.

DO 9 1-2,100

9 SUN-SUM+CFS(I)

C1-SUM*DELT

C Compute 'B'

CFSIFCPFS( 101)

TTINF-TINF*TF

TREC1-TTINF+2. 
5
XK

EEEOCXP((TTINz '.CI)/XK)

XK1-3.X

E-645.3331(Cl+CFSII(XKTP*(1. -EEE)+EEE*(XC1/TP)))

C

C Compute 'QP' end 'CFSI'

C

QP..(B*DA(ID) (IT?

CFSI.QF*CFS( 101)

CFSR1-CFSI*EEE

IF(ICODE.EQ.0)GO TO 45

QP1-QP .02832

WRITE(6.38)XN,QP1

38 FORMAT(' Shape constant, N - ',F6.3/' Unit peak - ' FSlI1X

&, 'cue I)

GO TO 44

45 WRITE (6.30) XN,QP

30 FORMAT(' Shape constant, N - ',F6.3/' Unit peak - ',F10.1.lX

*'cue'/I

44 CONTINUE

C

C Determine the incremental runoff

C

IF(ICCODE. NE. e)lEEN

IF(DATA(81.LT.0IGO TO 13

C Convert rainfall data from nu to inches.

DO 34 K-8.308

DATA(K)-DATAIKI /25.4

34 CONTINUE

ENDIF

C

35 J-8

IF (DATA).])) 13,10,10

10 RAIN(11-DATA(JI

DO 11 1-2,300

J-J+1

RAIN(I)-DATA(JI

IF (RAIN(II-RAIN(I-1II 12.11.11

11 CONTINUE

12 NUME-I-1

C
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C

C Curve nutber routine

13 IF(CN.LE.0)0070 201

C STORAGE

R-1000. /CN-10

E1-.2-N
DO 15 I1NUME

IF(RAIN(I)-81)33,33, 54
33 DATA(I-0

01-0

0070 15
14 02-((RAIN(I)-B1)**2.)/(tArNcxs+.Ban)

DATA(I)-02-O1

Q1-Q2

is CONTINUE

0070 202

C

C

201 DO 5555 1-1,300

5555 DAT~Aii-0

TDIP-DT(IO)

C

CALL S01124)TD4P, NUMB, RAIN,DATA)

C If no runoff has been genersted then the simulation

C stops.

DO 100 I-1,N.MB

IF(DATA(I).EQ.0.)OOTO 100

0070 200

100 CONTINUE

)4RflE(6,300)

300 FORMAT(' model generated no runoff'/
W' Simuletion terminates'

STOP
200 CONTINUE

Compute unit hydrogreph

202 T2-0.

CFS (1)-a.

DO 20 1-2,300

T2-T2+OT( ID)

IF (T2-TTINF) 16, 16,17

16 CFS( I)-QP*((T2fTF)-*XXNIp)ocPcXNlM*c2,rp-1.n

GO TO 20

17 IF (T2-TRECl) 18.18,19

18 CFS(I)-CFSI*EXP(uTTINFT2lxKc)

00 TO 20

IF (CFSCI)-1.) 21,21.20

20 CONTINUE

1-300

21 ICND-I

C

C

C Compute the storm runoff hydrogreph by suzmsng the unit. hydrogreph and

C the runoff.
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C

C

DO 24 J-2,NUMB
N-J+ICND-2

IF (N-300) 23.23,22

22 N-300

23 1 -2

DO 24 K- J,N

OCFS(K.ID)-OFS(KID)+DATA(J)uCFS(I)

24 CONTINUE

C

C Compute the runoff volume and determine the peak.
C

C

RO - 0.

DO 26 1 - 2,N

1W - RO + OCFS(I.ID)

hIF (OCFS(I,ID)-PEAK(ID))26.26,25

26 CONTINUE

IEND (ID) - N

ROIN(ID)-RO-DT(Io)-3600

C PUNCH CODE

IF (NP))) 28,28.27

27 IF(ICODE.EQ.0)GO TO 39
ROINl-ROIN(ID)uo .02832

DAI-DA(ID)-2.590

PEAK1-PEAK(ID)*. 02832

DO 41 J-1,N

DUWTl(J)-XFS(I, ,IDO .02832
41 CONTINUE

WRITE(7,37)IDNTOJDT(ID) .DA1,PEAX1,ROIN1 IEND(ID),ICODE
WRZTE(7 ,4Z)(DUhtiY(u) 11,N)

RETURN
39 WRITE(

7
.31)ID,N,D(ID)A(ID)PEK(O),ROIN(ID),IEND(ID).ICoOE

WRITE (7,32) (OC'S<I.ID),I-1,N)

28 RETURN

C
31 FORMAT( 'RECALL Hy0' .TZ1. 'ID-', 11,T29. 'NY NC-' .I3.T42, 'IT-'.P9.

66,' HS' .161. 'IA- 8.3,' SQ MII/T21 'PEAK-' ,F7.0, 'CFS' .140. 'R0-'.
&F6,3,' CFS'.TS9,'NO PTS-',1

3
tT21,"CODE-",II/T21'FLOW RATES')

37 FORM4AT( 'RECALL NYD ' .21. 'ID-' .11,T29, 'NYD NO-' .03.142. 'Dl-',F9.
&6,' NRS' .1.'DA-',P8.3,' SQ K01/121 'PEAK-' P7.2, 'CIS ' .140, 'RO-',
&F6.0.' CUMECS '.15990 PTSs' ,1IT21tCODE-' I1/T2I,'FLp. RATES')

42 FORMAT (T21,7F8.2)

32 FORMAT (T21,7F8.0)

END

SUBROUTINE SOILM(DTIR.CTJMIAIN DATA)

C A physically based parameter infiltration model w.hich SiMU lates near surfac
s oil water movement, and hence runoff.
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C Variables used in this subroutine

C TIME Time when simulation begins (hours).

C SRi Soil water content at saturation layer 1.

C SR2 (m31m3) layer 2.

C SR3 layer 3.

C NLA Number of cells in layer I.

C NLB Number of cells in layer 2.

C NL Total number of cells in column

C SATCON Saturated permeability (ms-I) Layer 1.

C SATCON2 layer 2.

C SATCON3 layer 3.

C EW Maximum evaporation during the day (ma-i).

C SIMUR Simulation duration (hours).

C DETCAP Surface detention capacity (i).

C AF Simulation iteration period (sacs).

C WT Write-out time period (hrs).

C THETA Initial soil water content for each cell (m3/m3).

C TCOM Thickness of each cell.

C ALR Rain start time (hours).

C AMR Rain stop time.

C NQ Number of observations on suction moisture curve.

C X Moisture values .... layer 1 (m3/m3).

C Y Suction values ..... layer I (bars).

C X2 layer 2.

C Y2 layer 2.

C X3 layer 3.

C Y3 layer 3.

C IR Number of rainfall observations.

C DT Rainfall data time increments (hours).

C CUMRAIN Cumulative rainfall data at DT time increments (inches).

C NSCOL Number of soil colums.

C IPCAREA Percent area of soil column.

C IOUT Determines amount of output.

C 1 - total output

C 0 - shorter

C lote:

C If SRi, SR2. SR3, SATCON, SATCON2, SATCON3, DETCAP. THETA, X, X2. or X3

C are proceeded by an 'A', then the variable type is double precision

C rather than real. If SRi, S92, SR3. SATCON, SATCON2. SATCONZ, DETCAP,

C OR THETA are preceeded by an 'S',then the variable represents the

C standard deviation of that particular soil hydrological characteristic.

C SCURVI Standard deviation of soil moisture curve for layer 1

C SCURV layer 2

C SCURV3 layer 3

C ---------------

C INITIAL SECTION
C...............

cI)c
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C
DIMENSION FLUX(20).TCGI(20),SWP(20).THETA(20).CONO(Z0)

DIMENSION VOL(20),A1IPLUX(20),AVCOND(20),DEPTH(20),DIST(20)

DIMENSION X(20).Y(20).G(20),GZ(20).FSWP(20),CNT(20)

DIMENSION CUMEAIN(251),Z(20).PPT(250),XP(20),FS(20)

DIMENSION DATA(300),WDATA(300.10),HPOT(20)

DIMENSION G2(20).'f2(20).X2(20),GZ2(2O).12(20)

DIMENSION 03(20).Y3(2O).X3(20),GZ3(2O),Z3(20)

DIMENSION RSAT(20)

DIMENSION AX(20),AX2(Z0),AX3(20),A7SETA(20)

DIMENSION XNEW(Z0).YNEW(ZO).X2nEW(ZO),Y2NEW(20),

& X3NEW(20),Y NEW.I(20)

DOUBLE PRECISION G05DDF

DOUBLE PRECISION DLOG10
DOUBLE PRECISION ATHETA AX ,AIC2 AX3 ADETCAP,*ASR1,ASR2,ASR3-
. ASATCONASATCON2 ,ASATCON3,BSATCON, BSATCON2,BSATCON3.
. SDETCAP,SSR1 ,SSR2.SSR3 ,STNETASSATCON,SSATCON2.SSATCON3,

. SCURVi SCURVZ, SCURV3

C

C

C

C READ IN DATA

C - - - - - -

C

C

C
R~aZ(^5,'flME,ALR,AR.SIMUhR

READ (25.*) lOUT

REAl( 25, *)AF . T

READ(25,*)NSCOL

C The array RAIN which is passed to the subroutine as a cuisu lative

C rainfall total is in inches.This has to be transfered to array
C PPT which is in m and represents the total for each time incremient.

tRO-IR- 1

DO 100 I"1,IRR

1l0 PPT(I)-(CUMAIN(1-)-CJMRAIN(I))*.0254

DO 34543 W-1,NSCOL

C For each soil columni in turn, read in data and proceed through

C simulation to determine runoff

READ(25.-)IPCAREA

READl(25,0 (NI.NLA, NLB

READ(25,0) (TCC)M(I) 1-1,NL(

READl(25. -)EMAX.AflETCAP,SDETCAP

READ(25,*)ASR1.SSRI,ASR2,SSR2,p.SR3.SSR3

READ (25,* (ASATCON, ISATCON .ASATCON2 ,SSATCON2 ,ASATCON3 .S,;ATCON3

REAf(25,*)(ATNfETA(I) . I-1NL)

READ(25,*)STRETA

READ(25,-)NQ

READ(25.)(AX(),I-NO)

READ(25., (SCURV1
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READ (25,c (Y2 (I), 1-1,NQ)

READ (25 *)SCURV2
READ(25.*)(AX3(I) I-I,NQ)

READ(25.*)(Y3(I),2IINO)

READ(2S.*)SCURV3

NQJ-NQ

NLL-NL+l

IF(AM.LT.ALR)THEN

AkIR-A04R+24 .0

ENDIF

C

C

C CHECK DATA INPUTS
C-- - - - - - - -

C

NERROR-0

C Check num~ber of cells in soi column

IF(NLA+NLS .GE.NL)THEN
WRITE(6, 1015)

1015 FORM4AT(' Error-NLA,NLB.NI-)

NERROR-NERROR+l

C Check dimensions of input vectors
IF<NQ.T20OR~n GT.2 0.OR.IR.GT.250)THEN

WRITE(6,1020)
1020 FORMAT(' Error-limit exceeded HO H). IR,)

NERROR-t4EPOR+ 1

ENDIF

C

C Check rainfall passed from, (IPHfyD

EN-IR- 1

Do 50 I-1,KN
IF(CLhT.gIMcI+1) .LT.CU0l AINco))THfEN

WRITEIB 1030)
1030 FORMiAT(' Error-not cumulative rainfall total3,)

NWROR-NERROR+l

ENDIF

50 CONTINUE

C
C Check that initial moisture content of each cell lies within the range of
C the suction moisture curve and does not exceed stated satu.rated moisture
C content.

DO 51 I-INLA

IF(ATNETA(I) .GT.ASR1),kiEN

WRITE(6.1050)
1050 FORMAT(' Error-THETA larger then sat moisture content(j)')

NERROR-NERROR+ 1

ENDI0F
IF (ATHETA(I) .GT.AX(NQ, OR.ATffETA(0) .LT.AXC1))THEq

WRITE)6. 1055)
1055 FORMAT(' Error-THETA Outside range of curves-(I)'

ENDIF
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51 CONTINUE

NLAA-NLA+l

NLH-NLA+NLB

DO 52 I-LAA,NLH

IF(ATHETA(I) .GT.ASR2)THEN

WRITE(6,1060)

1060 FORMAT(' Error-TSETA larger than sat moisture content(2)')

NERROR-NflROR+1

ENDIF

IF(ATHETA(I) .GT.AX2(NQ) .OE.ATHETA(I) .LT.AX2(1) )THEN

WRITE(6.1065)

1065 FORMAT(' Error-THETA outside range of curve-(2)')

NERROR-NERROR+1

ENDIF

52 CONTINUE

NLBB-NLB+NLA+1

DO 53 I-NLBB,NL

IF(ATHETA(I).GT.ASR3)THEN

WRITE(6,1070)
1070 FORMAT(' Error-THETA larger than sat moisture content(3)')

STOP

ENDIF

IF(ATHETA(I).GT.AX3(NQ).OR.ATHETA(I) .LT.AX3(1))THEN

WRITE(6,1075)

1075 FORMAT)' Error-THETA outside range of curve -(2)')

NERROR-NERROR+1

ENDIF

53 CONTINUE

C

IF (NERROR.NE.0)THEN

WRITE(6, 1076)NERROR

1076 FORMAl(' SOILM: number of input data errors ',12,

&'Simulation terminates')

STOP

ENDIF

C

C

C

C

C DEPTH CALCULATION

C

C

C

C

C The variable DEPTH is calculated. This refers to the distance from

C ground level to any cell midpoint.

C DIST refers to the distance between any two adjacent cell midpoints.
C

DIST(1)-TCOM(1)/2.

DEPTH(l)-DIST(i)

DO 110 1-2.NL
DEITH ( I )DEPTH ( I- 1) 0.5 ( TCO ( I- 1 )+TCM ( I) )

110 DIST ( I)-0.5" (TCOM(I"I) +TCOM(I ))

C
C
C

C

C pARAMfTER VARIAS IUTY
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C --- - - - - - - - -

C
C Five input variables. detention capacity, soil water content at

C saturation, soil moisture content at given tansions, saturated conductivity

C and initial moisture content are varied stochastically.

C NAG functions re called which return a 'psuedo random' value from a

C distribution With a given standard deviation and mean.

C All are assumed to have a normal distribution except the saturated

C conductivity which takes on a lognormal.

C

C

C

C Generate only one set of stochastic variables to run in HYMO.

C

C RANDOM PARAMETER VALUE

C ----------------------

t WRITE(6,1079)1079 FORMAT(' INCREMNTAL RUNOFF-Parameter variability included'//)

C

C Detention capacity.

DETCAP-G05DDF(ADETCAPSDETCAP)

IF(DETCAP.LT.O.)DETCAP-O.0

SD-SDETCAP

WRITE(6,1180)SD

1180 FORMAT(' SD of detcap ',F5.3)

S C
C Soil water content at saturation

SRI-G05DDF(ASRI,SSRI)

SR2-GOSDDF(ASR2.SSR2)

SR3-GOIDDF(ASR3,SSR3)

SDI-SSRI

SD2-SSR2

SD3-SSR3

WSE(6,1181)SD1,SDZSD3
1181 FORMAT(, SD of saturated soil content',F.3,' layer 1'/

& ',F5.3,' layer 2'/

& '.F5.3,' layer 3')

C
C Soil moisture content at given tensions

C Layer I

CALL SWCURV(SR1,NQ,AX,yXNEW,YNEWSCURV1)
DO 120 1-1.20

XII )XNEW(I)

120 Y(I)'YNEW(I)

C Layer 2

CALL SCURV(SR2,NQ.,AX2.Y2,X2NEW,Y2NE,SCURV2)

DO 130 1-1,20
X2(1)-X2NEW(1I)

130 Y2(I)-Y2NEW(I)
C Layer 3

CALL SMCURV(SR3,NQ,AX3.Y3,X3NEW,Y3NEW,SURV3)

DO 140 1-1.20

X3(I1-X3NEW(I)

140 Y3(I)-Y3NEW(I)

SDI-SCURVi

SD2-qCURV2
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S03-SCURV3

WRITE (6,1182 )SDi SD , SD3

1182 FORMWAT SD of suction moisture curve', F5.3.'* Layer I'/

& I ,. F5.3.' layer 2'/

& , ,F5.3,' layer 3')

C

C Saturated conductivity for each layer

BSAT-ON-DLDO1O (ASATCON)

SATCON-605ODP(BSATCONSSATCON)

SATCON-10*-SATCON

BSATCON2-DLOG1O (ASATCON2)

SATCON2-GO5DDF(BSATCO?",S0,ATCON2)

SATCON2-10-SATCON2
BSATCO3DL010 (ASATCON3)

SATCON3-O5DDF(BSATCOK3 ,SSATCONl3)

SATCON3LO0**SATCON3

SDI-SSA'CO(

SD2-SSATCON2

SD3SSATCO43

WRITE(6, 1183 )SD1.SD2.S03

1183 FORMiAT(' SD of sat conductivity' ,F5.3.' lay'r I'/

&' ,F5.3, ' layer 2'/

* .F5.3,' layer 3')

C

C Initial moisture content

DO 150 1-itIL

150 THETA(I)-OO5DD)F(ATHErA(I) STRETA)

C Check on initial s*12 moisture values

DO 150 !-1,NIA

IF(THETA(l) .DE.X(20) )THETA(I)-X(20)-0 .001

160 IF(TSETA(I).LE.X(l))THETA(I)-)ylj+0.001

DO 170 I-t4LAA,14LH

IF(THETA(I) .GE.X2(20) )TSETA)"X2(20)-0J.001
170 IF(THETA(I).LE.X2(1flISETA(l)-X2(1).0.001

DO 180 I-NLBBNL

IF(THETA(r) GE.X3(20))T8ETA(I)-X3(2O)-O.01

180 IF(THETA(I1.LE.X3(1)) TRETA(I)-X3(1)+0.001

SD-STHETA

WRZTE(6,2184h 35

1184 FORMAT(' SD of initial -ater content' .F5.3)

C

C

C

C fYDHAULIC CONDUCTIVITY CALCULATION

C - - - - - - - - - - - - - - - - -

C

C

C

C The hydraulic conductivity is calculated from su'r ion moisture

C data for each 2ayer.

)IQJ-NQ

CALL HYDCON(SATCONSRIZY)

CALL H M ON(X2,SATCON2,SR2,12.YZ)

CALL HYDCO(X3,SATCON3SR3.13,Y3)

C

C

C

C
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C WRITE-OUT INITIAL CONDITIONS

C --- - - - - - - - - - - - -

C

C

C

C Write-out suction moisture curve and generated K-values.

CJ WRITE(B, 1080)
1080 FORMAT) 'OGENERATED K-I4DISTURE CURVE'/

6' Millington-Quirk Method'/

II 6'& Layer 1' ,28X, 'Layer 2'.26), 'Layer 3'/
63(' Moisture Suction Unset K ')

DO 175 1-1,20

175 WRITE(6.1090)X(I),Y(I) ,Z)I),X2(I),Y2(I),Z2(I),X3(I) f3l),Z3(1)

t 1090 FORMAT(1H ,3(F6.3,2X),F8.3,F15.12,2X))

C Write-out start conditions.

C

WRITECS. 1100)

1100 FORMAT('0START CONDITIONS')

WRITECS, ilSOITIME

1110 FORMAT(' Simulation start time',P4.1, 'bra')
WRITE(6, 1130)A.R'f

1130 FORMAT)' Precipitation basins at ',F4.1.,23,'and ends at ',F4.1)

WRITE(6.1140)DT

1140 FORMAT(' Rainfall data time increment - 'PF6.4,2), 'bra')

WRITE)8, 1120)AF

1120 FORMAT)' Time increment for itaraticn period - ',F6.1,

62), 'sacs'/I

WRITECS, 1150)DiA3),DETCAP

1150 FORMAT(' Maximum evaporation during the day - ',F10.8,2), 'ms-li/

6' SurfAce detention capacity - P,6.4,2), 'mu/)

C

C Calculate initial relative saturation of each call in soil col un

DO 1151 I-IN

IF(I.IE.NLA)RSAT() fTHETA)I)/SR1

IF(I .OT.NLA.AND. I.LT.NLSB)RSAT)I )-THETA)I)15R2

IF(I.OE.NLBB)RSAT(I)-THETA(I)/SR3

1151 CONTINUE

WRITECS, 1152)

1152 FORMAT)' INITIAL SOIL COLUMN CONDITIONS'//)

WRITE(6,1153)

1153 PORMAT)±l), 'SAT' 8), 'SAT NYU' .6), 'CELL',13),'DEPTH',

6.2), 'rNITAL' 2), 'RELl/

618 lOX, 'THETA' ,7X, 'COND' ,gX, 'NO' .10X, 'THETA',Z.23,'SAT'I

&N103IOX.'m3/m3' ,7X),'ma-lk)14, 'in',X'm31m3'/)

WRTTE)6, 1154 ISRS, SATCON ,DEPTH(S) ,THETA)),RSAT(1)

1154 FORMAT(' Layer 1 ' ,F7.4,13),F15.12,3X, '1'.,23)F6.4,1XF7.4,1XF5 3)

IF)NLA.GT. 1)THEN

DO 1155 I-2,NLA

WRITE(6, 1156)I,DEPTH(I),THETA)),RSAT(I)

1156 FORMAT)(1H ,JiX,12,23),F8.4,lXF7.4,1X,FS.3)

1155 CONTINUE

SNDIF

WRITE)6, 1157)SR2,SATCCN2.NLAADEPTHNLAA),HETA(,LAA)RSATN.AA)1> 1157 FORMAT)' Layer 2 ',F7.4,lXFI5.12.2),12,2XF6.4.l3).F7.4.SX,FS.3)
IF)NL8.OT. 1)THEN

DO 18 I-RLA-2.NLH
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WRITEC6, 1159)I,DEPTH(I),THETA(I),RSAT(I)

1159 FOPHATISH ,34X,I2.ZX.FF.4,1.X,F7.4, lX,F5.3)

1158 CONTINUE

END IF

WRITE(6,1160)SR3,SATCON3,NLB+1.DEPTH(NLB+1),THETAINLB+1),

&RSAT(NLE+1)

1160 FORMAT(' Layer 3 ',F7.4.LX,F15.12,2X,I2.2X,F6.4,1X,F7.4,OX.F5.31

IF( (NL-NfLN).GT. SITHEN

DO 1161 I-UtN+2,NL

WRITE(6,1162)I,DEPTN(I) ,TNETA(I).RSAT(I1

1162 FORNAT(18 34X, 12,2X,F6.4, 1X,F7.4, lX,F5.3)

1161 CONTINUE

ENDIF

C

C

C

C INITIALISATION OF VARIABLES

C -- - - - - - - - - - - - -

C

C

C

DO 184 1-1,300

184 iw.eW

WDATA I,i )0 .0

WATT-a .0

DO 185 I-2,NL

185 AOFLIX(IWO0.0

CT IME-TIME* 3600

RA1N1-0 .0

CUNDRNO0.

CINFIL-0.

SUMD-

ICOUNT -0

BR-AMR-ALR

OVAIO. 0

SOC-TNETA(1)/SRO

RTOT-0 .0

AIJFILThO .0

PPTTO . 0

TGO .0

C

C

C

C BALANCE CHECK
C-- - - - - -

C

C

C A calculation for the water balance check.

C The initial soil water content of the soil column .

C

DO 190 I-1,91l

190 WATI-TCaI(I)-THETA(I)+WATI

C

C

C

c CURVE GRADIENTS
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C -

C

C

C

C Calculations of the gradients of the suction-moisture curve and the

C K-moisture curve for each layer.

C

CALL GRAD(G,GZY,X.Z)
CALL GRAD(G2,GZ2,Y2,X2,Z2)

CALL GRAD(G3.GZ3,Y3,X3,Z3)

C

C

C

C

C DYNAMIC SECTION - SIMULATION

C

C

C

C This loop is completed for each time increment until end of simulation.

C

ITMAX-SIMUR*3600/AF

DO 9995 II-iITMAX

ICOUNT-ICOUNT+AF

TG-TG+AF

T=II

C

C

C CALCULATE WATER VOLUME OF EACH CELL

C

C

C

DO 200 I-INL

200 VOL(I)-TCOM(I)*THETA(I)

C

C

C

C

C 24-HOUR CLOCK

C -------------

C

C

C Calculate REAL TIME for current iteration period using the 24-hour clock

C

CTIME'CTIME+AF

IF (CTIME.GE.86400)THEN

CTIME-CTIME-86400

ENDIF

C

C

C SWPHPOTCOND CALCULATIONS

C

C

C

C

C Calculate the soil water pressure, hydraulic potential and conductivity

C for each cell as conditions change during the simulation.

C
CALL nWc( 1. LA. THEA. .WPY,OY .HPOT, DIPTN.Z. COD. Z)
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CALL TWO(NLAA.NLH,TETA,X2,SWP.Y2,G2.HPOTDEPTUGZ2.COND. Z2)

CALL TWO(NLBB.NL,THETA.X3,SWPY3,G3,POTDEPT,GZ3,COND ,Z3)

C

C

C

C
C DETERMINE RAINFALL

C -

C

C

C

C Determine rainfall per second at end of the current iteration

C period.

C Ti is the time in hours when the current iteration period ends.

C Check that Tl is between the rain start and stop.

C If it is, decide which element of PPT array the data is to be taken from

C and make SRAIN equal to that precipitation per second.

C If it is not within the storm period, set SRAIN to 0.

C

C

TI-T*AF/3600.0

IF(TILE.(ALR-TIME).OR.T1.GT. (AM-TIME ))THEN

SRAIN-0.0

ELSE

T2'T1-(AF/3600.)
ZELEM-((T2I(ALR-TIM))/DT)+l

SRAIN-PFTtIELEM)/(DT-3600.O)

ENDIF

c

C Increment precipitation total by amount of precipitation in current

C iteration period.

C

PPTT-PPTT+(SRAIN-AF)

C

C

C
C AVERAGE HYDRAULIC CONDUCTIVITY

C --- -- ----- ------------ --- -----

C

C

C

C Average hyraulic conductivity for flow through boundary between

C adjoining cells is weighted according to its thickness.

C

DO 210 I-2,NL

210 AVCOND(I)-(COiD(E-1,oCOM(-1)+COND(Ii)TCM(I))
&I(TCOM(1-1)+TCOM(I))

C

C

C
C BOTTOM BOUNDARY CONDITION

C -------------- -----------

C
C

C Determine the bottom boundary condition under the assumption that

C water is flowing out of the soil column under gravity.

C
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FLUX (NLL )-OND (iL)

C

C

C

C FLUX BETWEEN CELLS

C - - - - - - - - -

C

C

C

C The flux betw.een each cell then follows Darcy's law in discrete forms.

C

DO 220 I-2.N(L

220 FLUX((I)-(HPOT(I-l)-HPOT(I))*AVCON(I)/DIST(l)

C

C

C

C DETERM4INE TOP BOUNDARY CONDITIONS

C - - - - - - - - - - - - - - - - -

C

C

C

C Calculate the infiltration capacity.

C

BNCAP-(00O-HPOT(l) )*5 5(SATCON4COND(1) )/DIST(1)

C

C Calculate precipitation excess

C

IF(SRAIN1.EQ.SHAIN)THEN

SUMD- (SRAIN-ANFTLT ) -A+S))MD

ELSE

S1114-0. 0+50)40

ENDIF

SRAIN1lSRAIN

C

C Calculate amount detained on the surface.

C

IF(SUMD.LT. OQITHEN

DEIA13-0 .0

ELSE

DETAIN-SUh40

C

C Calculate evaporation, the flux into cell 1 and runoff.

C

IF(SRAIN.GT.0.0) THEN

C

EVAP- 0.0

C

IF(SRAIN.LT.BNCAP.AND.DETAIN.LE. O.STNEN

ANFILT-SRAIN

ELSE

ANFILT-ENCAP

ENDIF

FLUX(1)-AIFILT

C

IF(DETAIN .GT.DETCAP)THEN

SUMD-DETCAP

DETAIN-DETCAP
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RUNOFF-0.C

IF(SRAIN .0 .SNCAP)RNOFF.(sRAIN-BNCAP)-AF

RTOT-RTOT+RUNOFF

ELSE

RUNOFF-S .0

ENDIF

C

ELSE

C

RUNOFF-S .0

C

IF(CTIME.GT. 6A800.AIfl.CTIME.LE.21600)ThIEi

EVAP-EMAX/ 100.

ELSE

EVAP.EAXSIN(2.-3.i4159-(CTINE-21600.)I86400. )

ENDIF

C

IF(DETAINI.E.S.)THEN

ANFILT. .0

FLUX(l)-EVAP*i-l.)

ELSE

)JIFILT-BNCAP

FLUX? I)-ANFILT

DETAIN-DETAIN- (EVAP-AF)

ENDIF

C

ENIIF

C

C

C C RANGDES IN SOIL MOISTURE CONTENT

C - - - - - - - - - - - - - - - -

C

C

C

SW? CNLL)--102.0

DO 230 I-1,NfL

C If SWP in cell is greater then 0. it is saturated and flux mast

C therefore be 0.

IF(S4P(I+1) .GE.0.0)FLUX(I11)-0.0

C ANFLUX represents the not change in moisture content in the cell.

ANFLUX? I )FLUX( I) -FLIJXCI+1)

ANFLUX( I )-AFLUX(I)-AF

C Recalculate theta according to the charge influx~per unit area).

C Cue to recalculation, theta nay be greater than possibie water content

C at saturation and therefore it is necessary to react SWP to

C 0 and theta to the water content at saturation, the vaiue of which in

C entered Into the modal.

IF (TETA(I).GE.SRl.AND.I.LE.NLA)SW?(I)0O.S

IF (THETA(I).GE.SR2 AfD.1,GT.NLA.AND.I.LE.NLH)SWP(I)-0.0

IP(TNETA(I) .GE.SR3.ANO. I.GT.NLN)ShJP(I)-C .0

IFCTNETACI) GE.SR1AND, I.LE.NLA)TNETA(I)-SR1

IFCI10ETA(1),GE.SRZA140I.GT.NLA.AND.I.LE.NLH)THETAiI)-SR2

230 IF(? ETA(I).GE.SR3.AND.I.GI.NLT)?0ETA(1)-SR3

C

C

C

C
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C CALCULATE CUMULATIVE TOTALS

C

C

C

CUNDERfrCUNDRN+FLUX (NLL )*A

EVAPI-EVAP*AF+EVAPI

CINFIL-CINFIL+ANFILT*AP'
SO-THETA(1)/SRl

C

C

C

C

C

C

C

C

C

C

C-- - - - - - - - - - - - -

C TERMINAL SECTION WRITE OUT

C- - - - - - - - - - - - - -

C

C

C

C

C

C To print; cut data for every time increent for which PPT data is

C entered, check ICOUNT to sea if that period has passed by.

IF(ICOUNT.LT.(DT3600)) GOTO 9995

ICOUNTO0

C

C

C CALCULATE TIME FROM THE START

C-- - - - - - - - - - - - - -

T=T*AP /3600

WRITECS, 1170)T

1170 FORMAT('OSOIL COLUMN CONDITIONS ',F7.3,OX. 'HRS SINCE

&SIMULATION BEGN'/)

IF(TG.EQ.86400.0)TG-0.0

C

C

C WRITE-OUT CONDITIONS OF SOIL COLIUN

C - - - - - - - - - - - - - - - - - -

C

C

IF(IOUT.EQ.0)OTO 305

WRITE(6, 7780)

7780 FORMAT) Cell Depth 042 Theta Hyd cord Net'.'X

&'flur Ral sat')

DO 300 P-1,NL

IF)! .LE.NLA)SW'.TNETA()ISRO

IFCI .GT.NLA.AND. I.LT.NLBB)SOG-THETA(I)15R2

IFCI .GE.NtBB)SOGOTHETA(I)/SR3

300 WRITECS, Il0rOI.DEFTN)I).SWP)I).TNETA(I).CONiD(I),ANF-LX)I) 
.SG

1190 FOHMAT(I6,3F8.4,ZFl4,9,F9.3)

C
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C

C WATER BALANCE CHECK

C -

C

C Philips (1964) simple water balance;

C -- ---

C

C

C Amount added

C (Initial soil)-(Current soil) - by - Evaporation- Drainage

C ( moisture ) ( moisture ) infiltration loss loss

C

305 WATN-0.

DO 310 I-1,NL

310 WATN-TCOM(I)*THETA(I)+WATN

BAL-WATN-WATI-CINFIL4EVAPI+CLUMRN

WRITE(6,1200)BAL

1200 FORMAT('OBalance check on soil column water status -,F12.7)

BAL)(BAL*100.)/WATN

WRITE(6,1210)BAL

1210 FORMAT(' Balance check as column water vol. - 712.7,' 1'I)

C

C

IF(IOUT.EQ.0)GOTO 306

WRITE(6,1220)EVAPIPPTT,CINFIL,CUMDRN

1220 FORMAT(' Cumulative evaporation - ',F12.8/

&' Cumulative precipitation - ',F8.4/

' Cumulative infiltration - ',F10.61

' Cumulative drainage - ',F10.6/)

306 IF(DETAIN.EQ.DETCAP)THEN

WRITE(6,1222)

1222 FORMAT(' Detention capacity exceeded')
WRITE(6,1230)RTOT,RTOT/.0254,T

1230 FORMAT)' Runoff total in the last period',Fl0.7,2X,'m'/

& ' Runoff total in the last period',F10.7,2X,'ins',

$ F7.3/)

ELSE

WRITE(6,1221)DETAIN

1221 FORMAT(' Surface water - ',F10.6)

WRITE(6,1226)

1226 FORMAT' No runoff')

ENDIF

C

C

C

C CREATION OF ARRAY DATA

C
C

C

C Runoff is recorded in array WDATA

C The runoff for each soil column is weighted according to the

C percentage area which it occupies in the catchment area

0www-W

WDATA(MMiew )-(RTOT/.0254)*(IPCAREA/100.)

RTOT0.0

9995 CONTINUE
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C End of simulation of single soil column. it more than one, then return to

C to the beginning of this subroutine to repeat for next soil colusm

34543 CONTINUE

DO 76567 1-1,MMM

C Ssm the weighted runoff for each soil column to derive total runoff

C passed back to CMPEYD as DATA

Ct2MATA-0.

DO 54345 3-lNSCOL

CUMDATA-WDATA(IJ)4CUMDATA

54345 CONTINUE

DATA(1)-CUMDATA

76567 CONTINUE

IR4994-1

RETURN

END

SUBROUTINE HYDCON(XSATCONSRZY)

C This subroutine calculates hydraulic conductivity for each layer

C from the given soil moisture characteristic curve.

C Uses the Millington and Quirk method

DIMENSION X(20).Y(20),Z(20)

DO 845 1-1,20

IIJ-20-1+1

XII-X(IIJ)

TOPS-0.

HOTS-0.

DO 846 J-1,20

J3Y20-J+1

YJJ-Y(JF)

846 BOTS-((2*J-1)YJJ*(-2))+BOTS

I11-I
DO 847 J-II,20

3"P-20-J+l

YJJ-Y(JF)

847 TOPS-((2*J+1-2*I)*YJJ**(-2))+TOPS

JT-20-I+l

845 Z(JT)=SATCON*(X(II)/SR)*TOPS/BOTS

RETURN

END

SUBROUTINE TWO(NA,N6.THETAX.SWPY.G.HPOT.DEPTHGZ.COND.Z)

C This Subroutine calculates soil water pressure, hydraulic potential

C and hydraulic conductivity for each cell as conditions change

p~ .. ...... ...-- -
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C during simulation.

DIMENSION THETAC20),X(20),SWP(20).'f(20),G(201.HPOT(20),

&DEPTH(ZOI .GZ(ZO) COND(20),Z(20)

DO 15 I-NA,NB

DO 18 J-1.19

IF(TIETA(I).GE.X(Jl.AlID.THETA(l.LT.X(J+1))SWP(I)-Y(J)+G(J)*

" (TBETA(I)-X(J))

18 CONTINUE

HIOT(I)-SWP(Il-DEPTH(l)

DO 17 3-1.19

IF(THETA(I) .GT.X(J).AI1D.TEETA(I) .LE.X(J+11 ICOND(IImZ(J)+GZ(J)*

& (THETA(I)-X(J))

17 CONTINUE

15 CONTINUE

RETURN

END

SUBROUTINE GRAD(G,GZ.Y.X.1)

C This subroutine calculates the gradients of the suction-moisture

C and hydraulic conductivity-moisture curves.

C

DIMENSION G(20),GZ(20),Y(20),X(20),Z(20)

DO 261 1-1,19

261 GZ(I)-(Z(I+1)-Z(I))/(X(1+1)-X(Il)

RETURN

END

SUBROUTINE SWURV(SR,NQ,AX. XNSI4,YNV.SCURV)

C Generates a stochastic suction moisture curve to be fed into

C soil moisture model

C

C

DOUBLE PRECISION G05DF

DOUBLE PRECISION AX,SCURV

DIMENSION AX(20),X(20),XNEW2),YNEI(20),G(20),Y(20)

C

C

C Determine the stochastic values of mo isture

C

X(l)-G05ODF(AX(l) ,SCURV)

IF(X(1).LT.S. )X(l)-0.00l

C

DO 100 1-2.NQ

X(Il-GO500F(AX(I),SCURV)

100 IF(X( ) .LE.X(I-1) lX(I)-X(1I1)+0 .011

IFIX(NQ) .GE.SR)SRmX(NO(90.0C1

C

C Calculate gradients of this now. suction-moisture curve
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NNQ-NQ- 1

DO 200 I-I,NNQ

2O0 G(I)-(Y(I+1)-Y(I))/(X(I+1)"X(I))

C

C Calculate max and sin moisture values, and determine the size of

C equal intervals.

C

XMAX-RHAX ( X, NQ )

XMIl-h IN(XNQ)

XINT" 14AX-XMI) /19.

C

C Determine the new values of moisture-equal intervals

C

DIEW(1)X-IN

DO 300 1-2,19

300 XNEW(I)-XNEW(1)+(XINT(I-1))

XNEW(20)-4AX

C

C Determine the associated new values of suction

C

DO 350 1-1,19

DO 400 J-I,NNQ

IF(XNEW(I) .GE.X(J) .AND.XNEW(I) .LT.X(J+1))

& YNEW(I)-Y(J)+G(J)*(XNEW(I)-X(J))

400 CONTINUE

350 CONTINUE

YNEW(20)-Y(NQ)

C

C

C

C

RETURN

END

FUNCTION RMAX (X,NQ)

C Determines the maximum resl in an array

DIMENSION X(NQ)

C

RMAX-X(1)

DO 10 I-2,NQ

10 IF(X(1).GT RMAX)RMAX-X(I)

C

RETURN

END

FUNCTION RMIN(XNQ)

C Determines minimum real in an array

DIMENSION X(NO)

C

RMIN-X(1)
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Do 10 -2,NQ

10 IF(X(I).LT.RZ4IN)RMIN-X(I)

C

RETURN'

END

SUBROUTINE PRI HYD

C CONVERTS Q HyDROGRAPH TO STAGE HYDROGRAPH FOR

C SPECIFIED CROSS SECTION

C ID-Q OnD INPUT

C IDR-CROSS SECTION ID

C NPK-2 OR GREATOR FOR CONVERSION QISTAGE

z mPK-1 Q HYD

C NFK-oQ pM EAN D VOLUME ONLY

C IN - FORMAT OF OUTPUT

C IN -0 REGULAR FORMAT

C IN-1 PRINT DISCHARGE ONLY IN SINGLE ENTRY PER LINE

C THIS SUBROUTINE PRINTS THE COORDINATES OF A HYDROGRAPH.

CaMORINBLOCKI/ OFS(300,),DATA(311).CFS(30O),CTLE(fl 
11),

&RAIN(3OD) ROININ),

&A(20,
7
O) ,Q(20,7O) ,DEEP(20,70),ITELE(5O.2) ,DP(20) ,SCFS(20) 

C(2O

&ZALLPH(20),IEND(6),DA(6),DIST(6),SEGN(6),DT(H),PEAIX(6),IRO(6)

&NPU.kND, HER. MAXNO. NccmflICc NCODE, TIME. ECODE, ICODE

CcBIEDN/BLcJCK2I FERO(2 O,70),TQ(20.6)CC2).LL(6).IRCLC

DIMENSION DUIIOO0),S3006),NEAKA

DIMENSION ISG(6)

C Neow variables useed

C S stage equivalent of OCFS

C PEAKS peak stage (equivalent of PEAK)

C Input data is read into the s14broutine.

ID-DATA(1)

NPK-DATA(2)

IDR-DATAM3

IN-DATA( 4)

M-IEND(ID)

WRITE(6,40)ID.NFK

TIME1-O

IF)NFK.LT.1)GOTO 32

IF(NPK.LT.2)GOTO 2

C CONVERSION TO STAGE HYDROGR.AFH

C CHECK RATING CURVE ENTERED

rFFIDR.EQ.O)TREN

WRITE(6,-)NEED TO ENTER RATING CURVE ID,

RETURN

5NDIF

C CHECK IF MULTIPLE ROUTING INVOKED

IF(IDR.GT.6)GOTO 51

IF(TQrOD, IDR) .GT.O)THEN

DO 50 1-1,20

50 Q(I,IDR)-T0(I.IOR)

ENOIF

JJ-IDR

00T0 7
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C SEGM4ENT HfYDROGRAPH

£ 51 3.1-IDE/i!

7 D03 !-1,M

6 !F(o0?s(I,iD).LE.Q(3,IDR))GOTO 4

.1-J+1

IF (3 GT.20)THEN

WRITE(6,*) RATING CURVE EXCEEDED, STOPPED'

RETURN

J END!?

4GOCT0 6

4 !?(OCS(!.ID).EQ.Q(.IDR)TEN

S(!I!D)-C(J3JJ)

G010 3

END!?

C INTERPOLATE

S(I,ID)-C(3-1.33)+(( (OCS(! 101-0(3-1, IDE) )(C(3,JJ)-

43 CONTINUE

C TIM2 ARRAY

2 DO 8 1-1,M1

DATA(1)-TIME1

8' TIME1-TIMEO+DTCID)

3-0

MA #4+4

M5-%4/ 5

!FCNPK.LT.2)GOTO 27

IF(ICODE.EQ.!ITREN

WRITE(6.9)

0010 10

END!?

WR!TE(6.11)

10 IP(IN.OT.0)TNEN

IF(ICODE.EQ.0)THEN

DO 38 !-1,M

38 WRITE(6,26)S(1,!D)

RETURN

END!?

DO 43 I-iNM

SC!. 10)-SC!. 101*0.3046

43 WRITEC6,28C!C!,!D)

RETURN

END!?

IP(ICODE.OT. O)TMEN

DO 45 1-1,M

45 SC!,!D)-S(!,!D)*0.3Q48

END!?

39 3-3+1

WR!TEC6.30)CDATAC!CS,!c DC .!-J.M.M5C

I?13-MS)39. 13,13

13 RO!NL-RO!NCID)

DO 16 1-1,20

!FCQCI!IDR)-PEAXC!D) 116.17,17

16 CONTINUCE

17 !?(0CI,IDR).EO.PEAXC!DCCTNEN

PEAKJC(C,JJ)

0010 18

) END!?
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PEAKCSFEA](ID)*( (C(I-1,3J)-C(I,JJ) )/(Q(I-l,IDR)

&-Q(I,IDR)) I+C(I-1,JJ)-((Q(I-1.IDR)*(C(I1I.J3)-

&C(I,33)))/(QCI-1, IDR)-Q(I,IDR)))

18 IF(ICOUE.EQ.0)THEN

WRITEIS. 14)R01N1,FEACS

RETURN

ENDIF

FEAICSFEAJCS*0.3048

ROCN1-ROCN(CD)-0.0283158

WRITE(6, 15)ROINC, PEARCS

RETURN

C DISCHARGE HYDROGRAPHS

27 IF(ICODE.EQ.1)THEN

C METRIC

WRITE(8 21)

DO 23 C-CM

23 DIUfY())OCPS(C,CD)*0.0283168

PEAC1-PEAX(ID)*0 .0283168

RohXI-ROrN(I)-O .uL8oCIS

GOTO 20

ENDIP

C IMPERIAL

19 WRCTE(6,25)

DO 26 C-1,M

26 DUWFICI)-OCFS(I.CD)

PEAXL-PEAC(CD)

ROINI-ROIN(ID)

20 CF(CR.GT.0)THEN

DO 29 I-1,M

20 WRITE(6,28)DUDIIY(I)

RETURN

ENDIF

31 3-3+1

WRITE(6.30)(DATA(I)DU9IY(C) I.M.M,15)

IF(J-MS)31,32,32

32 IF(ICOOE.KE.0)GCTO 34

ROIN1-ROIN(ID)

PEAKI-PEAX(ID)

WRCTE(6, 35)ROIN1,PEAX1

RETURN

34 ROCN1-ROIN(ID)-0.0283168

PEAX1-PEAIC(ID)*0.0283168

WRITE(6 ,36)ROIN1 ,PEAKl

RETURN

22 FORI4AT(10X,"TIME",6X,- FLOW'-,ICX,-'TIME-,SX. FLOW. CCX. TIM.

r6X "FO" 1,"IE,6,"LW, 1,"I" X FO- 1.RS.

&7X," ME", 12X."HRS' ,7X;- ME"-)

25 FORNAT(10X.'TIME.S6X.' FLOW--lCX,TM',6X,'- FLOW'.lI1X.-TCME.

&6X,"FLOW",llX,"TIME.,6X.'FLOW'.1X,TIME".
4
X."FLOW'/11X,HRS".

AiX,' CYS 'lO0X,"MRS-,7X," CFS *. iox,-HRS',7" CFS dO CX. MHRS,

AiX, " CFS ', lOX, "MRS'. 7X. - CFS

30 FORMAT (5CSX,F10.3.FlO.3))

40 FORMAT( 'PRINT NYU' .121.' ID-', 11.120.'NPH-'.CCI

36 FORM'AT(HO.9X.-HYDR(YIRAPN VOLUME-,F20.0.' CUNEC '11CR. FEA

) ~~~~~& DISCHARGE RATE -. I.,''S//

35 FOR$AT(1M0.9X.-HYIROGRAPH VOLCME-',FCO.C,' CF ''1CR 'PEAE
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" DISCHARGE RATE-, F10.0. "CFS"l)

14 FORMAT(180.9I."HYDRGRAPH VOLUME-" ,F20.0." CF "*/10X,"PEAK

" ELEVATION -%,F1O.O," FEET"/Il

15 FORM4T(1Bo,9X. "BYDR0GRAPH VOLUME-' ,FZO.0, "CUMECS/IOX. "PEAR

" ELEVATION -",F10.0."METRES-fII)

11 FORMAT 1X,'TIME", 6X. "ELEV" , I X, "TIZME". 6X, "ELEV". 11X, "TIME",

" 6X. "ELEY". 1iX, "TIME", 6X, 'ELEV", 11X. "TIME". 6X. "ELEY", / lIX, "BRS".

" 7X,"M -.l2X,"ES",7X.M ", 1ZX,"HRS",7X."M ",12X."HRS',

I 7X,"M ".l2X,"HRS".7X,"M ")

9 FORMAT(10X, "TIME", 6X. "ELEV", 11lX, "TIME", 6X, ELEV'. 11X, "TIME",

" SX, "ELEV, .LiX."TIME" 6X "ELV", 11X."TIME", 6X, "ELEV". /11X,"sRs".

" 7X, "FT', 12X,"ERS", 7X. "FT" , 12X, "ERS", 7X, "FT' , 12X,"BHRS".

& 7X,"F", 12X"HRS", F'

28 FORMAT(F1O.3)

END

SUBROUTINE PUHYD

C THIS SUBROUTINE PUNCHES HYDROGRAPHS IN FORM TO BE USED BY

C SUBROUTINE RECED

CCt'8ON/BLOCXSI OCFSc300,6)IATA(31),CFS(30)CTBLE(5I.11).

&RAIN(300) ROIN(6).

&A(20,70),Q(20,70),DEEP(20,70),ITBLE(50,2).DP(20),SCFS(20),C(2O.H),

&ZALPHA(20),IEND(6) DA(6).DIST)6) SEGN(6).DT(6).PEAC(6),ISG(6).

&NPU.NHD NERMAXNONC" lICCNCODE,TIMEKCOE,ICDE

DIMENSION DUPBIY(300)

ID-DATA12)

M-IEKD(ID)

IF(ICODE.EQ.O)GO TO 3

DAl-DA(ID)-2. 590

PEAKI-PEAJ(ID)*0.02832

ROIIl-ROIN(ID)-0.02832

DO 4 1-1,M

DUtMY(I)OFS(I. ID)1 .02832

4. CONTINUE

WRITE(7,5)ID,NHIDT)ID).DAl.PEAKI.ROIN1. IEND(ID) ICDlE

WRITE(7,6)(IMY(I) I-iNM)

RETURN

3 WRITE(7 i)IDNHDI)~.IA(II) .FEAK(ID) RIIN(ID),IENO(ID) ICODE

WRITE (7,2) (OCFS(I.ID),I-1M)

RETURN

C

1 FORMAT( 'RECALL HYD' ,T21, 'ID-'.Il.T29. 'RYD NO-.13,T4Z. 'IT-,F9,

48.' 5RS' T61. 'IA-' .F8.3. ' SQ MI'/T21, 'PEAK-' .F7.0, 'CFS' T40. 'RO-',

&20.0,' CF ",T60,'140 PTS-' 13/21X,"CODE'.Ii/T2i,

&*'FLOW RATES")

5 FORMAT) 'RECALL HfYD' ,T2). 'II- I1.T29, 'HYO NO- .3.T42 '1T-'.F9.

&6,' HRS' ,T6i, 'IA-' ,F8.3,' S)3 IO''/T21. 'PEA-' ,F7.2. 'OS' .T&I, 'RO-',

20.0.' CUMEC ",T60ONO PTS-.I3l2lX,"CODE-".Ii/T21,

&**FLOW RATES")

2 FORMAT (T21,7F8.I)

6 FORMAT (T2i.7F8,2)

END
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SUBROUTINE HPLOT

C THIS SUBROUTINE PLOTS EITHER I OR 2 HYDROGRAPES ON A SET OF AXIS

COMMCN/BLOII1/ OCFS(3S0,6).DATA(311),CFSc300),CTBLEcoo 11),
&RAIN(300),ROIN(b),

&A(20, 70).Q(20, 70).DEEP(20. 70).ITBLE(50,2) ,DP(20).SCPS(20).C(20.6).
&ZALPRA(20),IEND(6),DAIS),DIST(S),SEGN(6) OTIS) PEAl(6) ISG(S),
6SEP11,NED. HER, MAXHO, NCGI4ICC, NCODE ,TIME,KECODE, ICODE

101-DATA))

102-DATA (2)
DATA ZERO, PLUS, BLANK, DASH, DOT/S', '4',''-'/

MAX- 12 1

,1-1
C ARE THERE 1 OR 2 HYOROGRAPHS

IF (102) 1,1,2

C DETERMINE HIGHEST PEAK IF 2 NYDOGRAPHS

1 QMAX-PEAX(ID)

GO TO 14

2 IF (PEAIC(I01)-PEAX(1D2)) 3,3.4

3 QMAX-PEAX(IDz)

GO To 5

4 C5IA-PEAK(Ifl)

C IF 2 NfYDOIRAPHS DETERMIINE LARGEST OT AND INTERPOLATE OTHER
C NYOROGRAPH IF NECESSARY
5 IF )DT(ID1)-IT(1D2)) 6,13.7

6 L1ID1

K1ID2

GO TO S

7 L10T2

K-ID1

S M-IEND)L)

TIO-DT(K)

TIDH-0-

DO 11 1-2,M

TIDH-T10N4OT(L)

IF (TIO-TII)H) 10,9.11

CFSCJ)-OFSc I, L)

TII-TID-DT IK)

GO TO 11

10 ,frJ+1

11 CONTINUE

I END IL -J

DTlL 10T11 I

DO 12 1-2.J

13 MI INDID)-EID) 1'4

GO TO 16

c DETERO4INE ',:-I -,c~kL-

CC:L VlC- I
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YSCL-QlAX/ 10.

C PLOT ffYDRORAES

DO 20 1IA

20 CFS(I)-DASH

IF(ICOOE.EQ.0)rOO TO 49

WRITE(6,50)

50 FORMAT(T2, FLOW RATE (CMSI)

QiAX-1-A0 .02832

WRITE(6. 41)QMAX1,DOT. (CFS(I) ,I-1,MAX) D)OT

GO TOl 51

49 WRIT(6,48)

48 FORMATIT2. 'FLOW RATE (CFS)')

WRITEIB. 41)Q9AXDOT, (CFS(I).I-IMAX),DOT

51 Q1I-QAX

Jl-10

DO 37 J-1,50

IF (J-JI) 23,21.23

21 DO 22 I-IMAX

22 CFS(I)-ASH

GO TO 25

23 DO 24 1-iMAX

24 CFS(I)BLANK

25 Q2-Ql-YSCL

DO 28 I-2.M

IF (OCFS(I,!Dl)-Ql) 26,27.28

26 IF (OCFS(I,IDl)-Q2) 28.28,27

27 XI-I

K -XI I XSCL +1.

CFS(K)-ZERO

28 CONTINUE

WRITE (8.44) DOT.)CFS(I).I-1.MAX).IOT

IF (102) 34,34,29

29 DO 18I 1 1. MAX

18 CFS(I) -BLANlK

DO 33 I-tM

IF (OXFS(I.102)-Ql) 30,31.33

30 IF OFSI.1D2)0Q2) 33.33,31

31 XI -I

K =XI / XSC1. - 1.

CFS(K) PLUS

33 CONTINUE
WRITE (8.42) (CFS()).21.M4AX)

34 IF (J-31) 36.35,36

35 J1*J1'0

IF)ICODE.EQI)OO TO 52

QD-02-0.02932

WRITE)8. 43 (00

DO TO 36

52 WRITE6.43)QZ

36 01--Q2

37 CONTINUE

CFS) 1)-TIME

OTT-DT)I)-01 - I1) 12

- PUT TME ARRAY IN CFS AND WRITE TZMX CCALE

Do 39 1-2.13

WRITE (6,45) 'CF5(11.I-1.13)

WRITE 16
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IF (NPU) 40,40.39
39 WRITE (7,47) ID1,ID2

40 RETUREN

C

41 FOPJIAT(lX,F7.0,123A1)

42 FORflAT(lH+,8X.121A1)

43 FORMiAT (2H+,F7.0)

44 FORflAT(8X,123Al)

45 FORMAT(T3,13F10.z)

46 FOMAT(49X. 'TIME HOURS'///)
47 FORM4AT( 'PLOT HMD' .121, 'ID I-' .1TZ9, 'ID II-' Il)

END

SUBROUTINE ADHYD

C THIS SUBROUTINE ADDS TWO HYDRORAPHS.
C

C INCLUDES CORRECTION

C IF DT(IDD) AND DT(ID2) ARE DIFFERENT "AND"
C ID) IS EITHER EQUAL. TO IDI OR 102 THEN
C EXSISTING CODE WOULD HP.'E LOST ITERATION PERIOD OF ONE OF
C THE INFLOW$ HYDS - THIS IS NOW.. CORRECTED

C0144NIBLrYZKl/ OCFS(300.6) ,DATA(311),CFS(300),CTBLE(50, 11).
&RAIN(300) ,ROIN(6),

&A(20,7O) .0(20, 70) DEEP(20.70),ITBLE(50.2) DPC20) SCFS(20) C(20,6),
&ZAL PHA (2),IEND(6)DA(6)DIST6)SEGN()DT(6)LEAX(H),I(H),

&NPUNHD.NER,MAJ(NONCCl.ICC.NCODE,TIM4E,KCODEICODE

ID-DATAC 1)

NHD-DATA(2)

IDl-DATA(3)

102-DATA()'.

ElI-0

C CHECK ARRAYS ARE NOT EMPFTY

IF)IEND)IDS, .EQ.D.OR.IEND(ID2) .EO.o)THEN
WRITE(H.-)'ONE HYDROGRAPH BEIND ADDED IS ZERO'
IF(UEND(IDI) EGOlIHEN

K-ID2

GOTO 53

END IF

K-ID 1

53 DO 52 I-l.IEND(K)

52 OFS(I.ID)-XCFS(I.K)

PEAK) ID)-PEAK(K)

ROIN(ID)-ROIN(K)

IA) ID)-DA)K)

IEND) ID )-IENI(K)

IT) ID)-DT(K)

GOTO 27

ENDIF

IF(DTITDIIQ Z'TI2)DOTO 54
IF)ID NE ID1 AND.110 NE :1)0010T 54

C DANGER IF IINFIIS:ON IN OT. AL-ER 1'3 TC a
DO I 56 )IX-i.5
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DF(1O.EQ.1D1)OOTO 56

IF(IOC.EQ.IO2)GOTO 56

GOTO 57

56 CONTINUE

57 ID#31

56 PEAK(ID) - 1.

C MAKE TIME INCREMENTS EQUAL IF NOT EQUAL. USE SMALLER INCREMENT

IF (DT(1D1)-OT(IDZ)) 1.3,2

1 DT(ID)0DT(101)

L-IDI

K-I02

GO TO 6

2 OT(ID)-DT(102)

K-ID1

GO TO 6

3 DT(IO)0DT(101)

IF (IENO(I01)-IENO(IO2)) 4.4,5

4 M3-IENO(ID1)

Kl- 102

IEND(ID)-IEND(ID2)

GO TO 18

5 M3-IEND(1D2)

El-ID1

IEND(ID)-IEND(ID1)

GO TO 18

C DETERMIINE DURATIONS OF FLOW4

6 XIENO1-IEND(ID1)-1

XIEND2-IENDID2)-1

DUR1-XIENO1*OT( 001)

DURfrXIEND2*DT(1D2)

IF (DUR1-DIJR2) 7,8,8

7 IENO(ID)-D!JR2/DT(ID)+1.

M3-DUR1/DT(ID)+1.

E1-1D2

G0 TO 9

8 IEND(ID)-DUR1/DT(ID)l1.

M3-DUR2/DT(ID)+1.

E1-ID1

9 IF (IEND(ID)-300) 11,11.10

10 IEND(ID)-300

11 M2-IEND(E)

.3-1

C INTERPOLATE ONE NfYDRGRAFN IF NECESSARY

T1D8I0.

TID-DT) ID)

DO 15 I-2.M2

TIDN-TIDN+DT(K)

12 IF (TION-TID) 15,13,14

13 J-3+1

DATA (J)-OCFS(I.K)

TID-TID+DT( :1)

IF (J3-300) 15.16.16

14 .-3+1

DATA (J)-OFSI-1,K-(utII-TDXDT(K)) !cTx: -(OCCTS(I.K)-XTDS1-1.

&K))

TID-TID-DT(:,D)

IF C3-300) :2.'E,.:6
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i5 CONTINUE

16 IEND(K)-J

DO 17 I-2,J

17 ECFS(I,K)-DATA(I)

18 N-IEND(ID)

RO - 0.

C ADD HYDRa3RAPHS

C CONVERT 301 TO ID

IF(IOC.OT.0)THEN

ID-DATA( 1)

DI (ID )-DT(L)

ENDIF

DO 20 1-1,M3

IF IOCFS(I,ID) - PEAXIID)) 20,20,19

19 PEAKCID) - XCFS(I.ID)

20 NO - HO + OFS(IID)

DA) ID)-DA(ID1) 'DA (102)

IF (PEAKCID) - PEAK(Ki)) 21,22,22

21 PEAK(ID) - PEAK(IIl)

22 IF (M-N3) 25,25.23

23 M3 -M3 +1

DO 24 1 - M3,M

OFS(I,ID) - OCFS (Ilxi)

24 RO - HO + OCFS(I.ID)

25 ROINCID) -HO - DT(ID)*3600

IF (NPl!) 27,27,26

26 WRITE (7.28) IDNHD,ID1,I02

27 RETURN

C
28 FORM4AT( 'ADD HYD' T21, 'ID-' ,I),T29, ' HYD NO-' ,I3,T45,'ID I'.1

6160, 'ID 1-' .11)

END

SUBROUTINE SRC

C THIS SUBROUTINE STORES AN ELEVATION - END AREA - FLOW TABLE.

COt*CN/BL1C1/ OCFS(300.6) .IATA(311),CFS(300).CTBLE(50. 11).

&RAINI300) ,ROIN(6),

&A(20,70),Q(20,70),DEEP(20,70),ITBLE(50.2),DF(20),SCFS(20).C(20.6).
&ZAFA(20),IED(6),DA(6),DIST(6),SEON(6).DT)6),FEAI(6).ISO(6).

&OPUNHDNER,MAXNO,NCa't1, ICC,NCODE,TIPZ.KCODE.ICODE

ID-DATA 1 )

VS-DATA12)

C VALLEY SECTION NUMBER

C REMAINING DATA ARE ELEVATION, AREA, AND FLOW FOR EACH POINT Or

C THE RATING CURVE

IF)1CCODE.EQ.0)OO TO 2

J3-3

DO 3 1-1.20

DATA(J)-DATA(J)/0.30'.8

DATA(J.1)-DATA(S*))/ 0193

DATA(J+2)-DATA(J*2)/0 02832

J-J+3

3 CONTINUE
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2 EMIN-DATA(3)

J-3

DO 1 1-1,20

DEEP(I,ID)-DATA(J)-EMIN

A(I,ID)-DATA(J+1)

Q(II D)-DATA(J+2)

J3J+3

I CONTINUE

RETURN

END

SUBROUTINE CMPRC

C THIS SUBROUTINE COMPUTES THE DISCHARGE END-AREA ELEVATION

C RELATIONSHIP FOR A VAL.h SECTION.

C

C IF MUTIPLE ROUTING INVOKED -

C COMPUTES SEPARATE RATING CURVES FOR EACH SEGMENT
C ALSO COMPUTES I FLOW AT EACH ELEVATION FOR SEPARATE SEGMENTS

C

C IF TURBULENT EXCHANGE INVOKED

C COM4PUTES THE RATING CURVE USING REDEFINED AREA AND WETTED

C PERIMETER CALCULATION - KNIGHT TECHNIQUE

C FOUR OPTIONS

C

C NOTE --- TURBULENT EXCHANGE REDEFINITIONS USED "ONLY

C FOR OUT-OF-BANK ELEVATIONS

C

C MULTIPLE ROUTING AND TURBULENT EXCHANGE OPERATES INDEPENDANTLY

COMMONIBLOCKI/ OCFS(300,6),DATA(311).CFS(300),CTBLE(50,11),

&RAIN(300),ROIN(6),

&A(20.70),Q(20,70),DEEP(20.70).ITHLE(50,).DP(20).SCFS(20).C(20,).
&ZALPA(20),IEND().DA(6).DIST(6),SEGN(6),DT(S).PEAK(6),ISG(6).

&NPU.NHD,NER,MAXNO,NCOM,ICC,NCODETIMEKCODE.ICODE
DPT OMMM(6),W(6),)(M(70)

COMMIN/BLOCK2/ PERQ(20,70),TQ(20,6),CC(20),LL(6)INRC.LRC

C new variables used

C "f- used to mark segments for turbulent exchange

C I-left floodplain 2-channel 3-right floodplain

C W width of channel segment

C H channel depth

C MF- min slev in segment

C

ID-DATA(1)

C STORAGE LOCATION NUMBER. (1-6)

IT-DATA(2)

C TURBULENT EXCRANGE INCLUSION

M--DATA(3)

C MULTIPLE ROUTING INCLUSION

VS-DATA(4)

C VALLEY SECTION IDENTIFICATION NUM-BER.

NSEG-DATA(5)

C NUMBER OF SEGMENTS IN THE VALLEY SECTION

IF(KCODE.EQ.I)GO TO 26

DATA(6)-DATA(6)f0 3048

DATA(7)-DATA(7)/0 3048

25 ELO-DATA(6)

£&
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EAAX-DATA( 7)

C MAXIMUM ELEVATION FOR COMPUTATIONS.

SLOPEl-DATA(S)
C CHANNEL SLOPE.

SLOPE2-DATA(9)

C FLOODPLAIN SLOPE.

DIF-(EAX-ELO)/19.

C(I,2D)-EL0

DO 1 1-2,20

1 C(I.ID)-C((I-1).ID)+DIF

C SET AREA AND DISCHARGE ARRAYS o .

IF(MR.GT.0) GOTO 53

DO 2 1-1.20

A(I,ID)-0.

2 Q(IID)-0.

DO 76 K-1.NSEG

W(K)0o

76 !t44(K)-0

0070 54

53 DO 55 J-10-ID+1,10-ID+NSEG

DO 56 1-1,20

A(I3J)-0

Q(I,3)-0

TQ(I,ID)'0

56 PERQ(I,J)0O

55 CONTINUE

54 J-10

C READ N VALUES AND SEGMENT BORDER POINTS.

DO 3 I1iNSEG

SEGN(I )-OATA (3)

IF(KCODE.NE.0)DATA(3+1)-DATA(J+1)/0. 5046

DIST(I)-DATA(J+l)

3 3-3+2

C REMAINING DATA ITM ARE DISTANCES AND ELEVATIONS.

IF(KCODE.EQ.0)GO TO 27

DO 28 I-J,310

DATA(I)-DATA(I)/S. 3046

26 CONTINUE

27 333-3

DO 6 I1iNSEG

4 3-3+2

IF (DATA(3) - DIST(I)) 4,5.5

5 ISG(I) - 3 + 1

6 CONTINUE

C COMPUTE CHANNEL WIDTH

IF(IT.LT.1)GOTO 78

J-10

35 DO 61 K-1.NSEG

SELEV-0

IF(SEGN(K) )62, 63.63

63 IF(K.EO.1)GOTO 65

IF(SEGN(K-1) )64, 65,65

65 IF(K.EQ.NSEG)GOTO 61

IF(SEGN(K+1) )66.61,61

66 IF(X.LT.2)GOTO 67

C LEFT HAND FLOIPLAIN

M4Fl(K)- 1

0070 61
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C CHANNEL

62 IF(K.EQ.1.OR.K.EQ.NSEG)ThEN

WRITE(6,70)

RETURN

ENDIF

W(K)-(DATA(ISG(K)-1)-DATA(ISO(K-1)-1) )/2

GOTO 61

C RIGHT HAND FLOODPLAIN

64 MMtI(K)-3

GOTO 61

C LEFT BAND FLOODPLAIN

61 CONTINUE

C COMPUTE DISCHARGES AND END AREAS FOR EACE SEGMENT.

76 IF(IT.NE.0)THEN

WRITE(6, 170)IT

ENDIF

DO 22 K-1,NSEG
.3-J33

,JJ1l-JJJ+1

IF (SEGN(K)) 7.7,8

7 SLOPE-SLOPE1

GO TO 9

8 SLOPE-SLOPE2

9 SLPN1.486-SLOPE**.S

C COMPUTE AREA AND DISCHARGE FOR SEGM4ENT.

DO 21 1-2,20

AA0.

P-0.

.I-JJJ- 1

DEP2-0.

10 J-J+2

IF (J-ISO(K)) 12,12,11

11 IF(AA- .001)21,21,20

12 IF(DATA(J)-C(I.ID)) 13,10.10

13 DEF1-C(I,ID)-DATA(J)

IF (J-JJJ1) 16,16.14

14 XL-DATA(J-1)-DATA(J-3)

DEP3-ABS(DATA(J-2)-DATA(J))

XL-XL-DEPI IDEP3

15 AA-AA+XL-(DEP1+DEP2) /2.

P-P+SQRT((DEPl-DEP2)*-2+XL-*2)

16 DEP2ODEP1

J.J+2

IF (J-ISO(K)) 17,17,20

17 IF (DATA(J)-C(I.ID)) 18.18.19

18 DEP1-C(I,ID)-DATA(J)

XL-DATA(J-1)-DATA(J-3 I

GOTO 15

19 DEP1-0

XL-DATA(J-1)-DATA(3-3)

DEP3-ABS(DATA(J-2)-DATA(J))

XL-XL*OEP2/DEP3

AA-AA+XL*(DEP1+IEP2) /2.

P-P+SORTU(DEPI-DEP2)--2+XL--2)

DEP2-0.

GO TO 10



284

C CHECK IF TURBULENT EXCHANGE INVOED

C CHECK IF OUT-DF-BMIK

20 IFI)494(K).LT. I)GOTO 98

IF(MHIIK).EQ.1)GOTO 90

IF(9*1(K).E.3)GOTO 91

C CHNE

C CHECK OUT-OF-EANK

IF(C(IID) .LE.DATAIISGIK)) .ANIDC(I,

&ID).LE.DATA(ISG(Il-1)))GOTO 98

9- (DATA(ISG(K) )+DATA(ISO(K-1) ) /2-ELD

IE(IT.LL.)0T3 82

C AREA METHOD 3 MID 4

AA-AA/2+(W(K) .8)
92 IPIIT.EQ.1.DR.IT.EQ.3)THEN

C WETTED PERIMETER METHOD 1 AND 3

ENDIF

h IF(IT.EQ.4)THEN
C WETTED PERIMETER mETHOD.

ENDIFk. GOTO 98
C LEFT HAND FLOODPLAIN
90 L-K+1

GOTO 95

C RIGHT HAND FLOODPLAIN

91 L-K-1

95 IF(IT.LT.3)GOTO 96

AA-AA+( (C(I,ID)-CI(I-1) ID) )WIL)I2)

96 IF(IT.EQ.2)THEN

P-P+(C(I,IDI-CUI1-1),ID))

ENDIF

98 R-AAIP

IF(SEGN(" T.0.0)THEN

SGN--S 1)

GOTO 130

ENDIF

SON-SEGN (K)

130 IF(MR.LT.1) 0010 37

C COMPUTE SEPARATE R.CURVES FOR EACH SEGZIENT

11-10ID-K

Q(I.II)-QlI,II),AA*R*6667SLPNfSGN

All, 11)-Al.II)+AA

GOTO 21

C ADD DISCHARGES AID AREAS FOR ALL SEGMIENTS TO OBTAIN TOTALS FOR

C VALLEY SECTION.

37 Q(IID)-Q(I,ID)AAR*.66667SLP/IGN

r AIID0)-A1. ID).AA
21 CONTINUE

JJJ-J-3

22 CONTINUE

IF(ICODE.EQ.0)GO TO 29

IF(ME.LT.1)GOTO 40

c FIND MIN ELEV IN EACH SEGMENT

J-13+2*NEG

DO 80 M-1,NSEO

IFIM.EQ. 1)THEN



285

GOTO 81

LOW IF

81 IF(3.GT.ISG(M))GOTO 80

IF(DATA('J).LT JI( 1O*ID*M) )THEN

XM4(lIOID)DATA(J)

ENDIF

J-J+2

GOTO 81

80 CONTINUE

Do 41 J-10*ID+1.10*ID+NSEG

WRITE(6,47)J

Do 42 1-1,20

ci-C(I.ID)-0.30
48

Al-A(I.J)*0.0
93

Qi-Q(I J)-0.02832

IF(DEEP(I.J) .LT.0)T1IEN

DEEP(I.J)0O

LEfOIF

WRITE(6,32) Cl.Al.Q

42 CONTINUE

41 CONTINUE

GOTO 49

40 WRITE(6,31)VS

Do 30 1-1.20

Cl-C(I.ID)-0.3
0 48

Al-A(I,ID)*0.093

Q1-Q(I .ID)-0 .02832

DEEP(I .ID)-CC1 .I)-ELO

WRITE(6,32)Cl.Al.Ql

30 CONTINUE

RETURN

29 IF(lR.LT.1)GOTO 43

C FIND MIN ELEV IN SEGMNT

3-13+2-NSEG

Do 82 M-1,NSEG

IF(M.EQ. 1)THEN

)0 (10ID*I)-DATA(ISG(M))

GOTO 83

ENDIF

M0( 10ID01)-DATAC ISG)M- 1))

83 IFIJ.GT.ISO())OTO 82

IF(DATA(J) .LT.X(10IlD+))THEN

XM.(10ID*1V-DATA(J)

EOODIF

J-J+2

GOTO 83

82 CONTINUE

D0 44 J-10IrD+1,I0-IO+NSEG

WRITE(6.48) J1

Do 45 1-1.20

DEP(I .J)-C(I. ID)-0lM(3)

IF)DEEP( I,.J),IT .0)THEN

DEEP(I.J)-0

END IF

WRITE)8. )
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45 CONTINUE

44 CONTINUE

GOTO 49

43 WRITE(6,24)VS

DO 46 1-1.20

DEEP(I,ID)-C(I.ID)-ELO

WRITE (6.25) CllOD) ,A(I.ID),Q(I.ID)

WRITE (6.*)

46 CONTINUE

RETURN

C COMPUTE 2 FLOW IN EACH SEGMENT

49 DO 50 I-10ID+1.10lD+NSEG

DO 50 J-1.20

TQ(J.ID)-TQ(J, IU),f(J, I)

50 CONTINUE

DO 57 I1iNSED

I I-10*IDtI

WRITEI6.59)II

WRITEIG, *)

DO 57 J-1,20

PERQ 3, II )Q(J, III /TQ(J, ID)

IF(J.EQI) THEN

PERQ(3II)0O

ENDIF

IF(PERQ(2.II) .EQ.1.IITNEN

Pfl4Q(1. 11)-l.0

ENDIF

IF(ICODE.GT.0)THEN

C13,ID)-C(3,ID)*0.3046

ENDIF

WRITE(6,60) C(3,IDLFPERQ(J,II)

WRITEI6.*)

IF) ICODE.OT .0(THEN

CIJ, ID)-C13. 10)/0.3048

ENDIF

57 CONTINUE

RETURN

24 FORMAT(1H1,T42,'RATINO CURVE VALLEY SECTION ',F5.1/T46,'WATER'.T16.

A'FLOW' .766. 'FLOi4'/T4), 'SUrRFACE' .7)6. 'AREA .746, 'RATE'/746. 'ELEY',

4756, 'SQ FT' .766.'CYS')

48 FORMAT(1H1,T42. RATING CURVE FOR SEGMENT ',15.l/T46, 'WATER' .T56,

&'FLOW' ,T66. 'FLOW'/T4), 'SURFACE' .7)6. 'ARIEA'.T66. 'RATE'/746. 'ELEV'.

~T56,'SQ FT'.T66.'CFS')
31 FORMAT(1H1,T42,'RATINO CURVE VALLEY SECTION'.F5.h/T46.

&'WATER' ,T56, 'PLO'' 66, 'FLO4''/T4), 'SURFACE .7)4, 'AREA'.

&T66,'RATE'/T46.'ELEV' 756, 'SQ H' .766, 'CM'S')

47 PORMAT(1H0,T42, 'RATING CURVE FOR SEGMENT ',15.1/T46,

&'WATfl'.T56. 'PLO.T66,'PLCM'/T45. 'SUR.FACE' .7)6. 'AREA'.

&T66,'RATE'/T46.'ELEV',T)6.'SQ M'.T66.'CNS')

25 FORMAT (40XF1D.2.2F11.l)

32 FORMAT (40X,3F10.2)

59 FORMAT (180.747,'? DISCHARGE IN SEQ4EN-,12.1/746,

&'ELEV'.T55.'PERCENT')

60 FORMAT(40X.FI.2F11.3)

73 FORMAT(1H0.T10. 'ERROR - NEED FLD PLAIN SEQ BOTH I

&IDES OF CHANNEL')
'S FCRMAT(.HI.'20. 'TUEBULENT EXr7HANOE 7-iTUOD' ZX. T! 1
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END

SUBROUTINE SIT

C THIS SUBROUTINE STORES A DEPTH -FLOW -TRAVEL TIME TABLE.

Ccttr3NIBLOCDI/ OCFS(300,6),DATA(311),CFS(300),CTBLE(50,1l).

&RAIN(300) ,ROIN(6),

&A(20.70).Q(20,701 ,DEEP(20. 70). DTBLE(50,2) ,DP(20) ,SCFS(2O),Cr20, 6)

&ZALPEIA(20),IEND(6),DA(6) ,DIST(6).SEGNCBI ,DT(6),PEAK(6) .150(6),

&1NPU. NED HER, MAXNONCCfl,ICC, NCODE *TIME,KICODE, ICODE

CrarJNBLOZC2I PERQ(20,70),TO(20.6).CC(20),LL(6),INRC,LRC

ID-DATA C )

REACH-DATA(2)

MET1-DATA(5)

IF(MET1.EQ.0100 TO 2

DATA(3)-DATA(31/0. 3048

J3-6

DO 3 1-1,19

DATA(J)-DATA(J)/0.3048

DATA(J+1 )-DATA(.3-1 /I. 02832

3 3-3+3

2 X(L-DATA(3)

SLOPE-DATACO C

DISTCID)-SLOPE-XL

J-6

DO 1 1-1,19

DPCI)-DATA(J)

SCFS(I)-DATA(J1I)

CC(I)-DATA(J+2)

J-J+3

RETURN

END

SUBROUTINE CCIPT7

C THIS SUBROUTINE COMPUTES THE 'RAVEL TIME A' GIVEN

C DISCHARGE RATES

C

C IF MUL71PLE ROUTING INVOKED, COMPUTES TRAVEL TIM TABLE FOR

C THE ONE SEGMENT SPECIFIED - OTHERWISE ALL SEGMNTS TOGETHER

C

C NOTE - - FOR MULTIPLE RO1"INE NEED TO REPEAT THIS ROUTINE AND ROUTE

C FOR -EACH* SEGMENT

COUt-IN/BLOCK11 OCFSC300.6) .OATA)311),CFS(300),CTBLE(CO11),

&RAINC 3001. ROIN(6),

&A(20. 701 .Q(20,71C .IEEP(20. 70). ITBLE(50.2) ,IF(20) .SCFSC2O0)2( 06).

&ZALPHA(201.IEND)6),DA(6).DIST(67,SEGNC6).DT)6),PEAX)6).ISG)6).

&NPU.NHD.NER.MAXNONCO84.ICC NCODE,TIME.KCODE.ICODE

COMMONIBLC21 FTRQ(20.70),TO)(20,H),CC(2I).LL(6).,NRC,LRC

1D-IATA(I1
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REACE-DATA(2)

NOVS-DATA(3)

IF(KCOOE.NE.D)DATA(4)-DATA(4)/0. 3048

XCADATA(A)

SLOPE-DATAC 5)

DIST(ID)-SLOPE-XL

XLD36 - XL 1 3600.

MR-DATA( 6)

C MULTIPLE ROUTING

INRC-DATA( 7)

C RATING CURVE AT TOP OF REACH

LRC-DATA(8)

C RATING CURVE AT DOWNSTREAM END

C ZERO ARRAYS

DO 1 J-1,20

DATA (J)0O.

I CFS(J)'0.

C MULTIPLE ROUTING C014PUTATION

IF(MR.LT.l)GOTO 30

WRITE(6,37)

IDI1INRC

GOTO 2

30 1011l

C FIND RATING CURVE WITH SMALLEST MAX(IMUM FLOW RATE

2 QMIN-0(20.ID)

MIN ID1

GO TO 4

31 1Dl-LRC

G010 32

3 ID1-101+1

32 IF (QMIN-Q(20.IDl)) 4.4,2

4 IF(MR.LT.1)GOTO33

IF(ID1.EQ.INRC)GOTO 31

IF(IDl.EQ.LRC)GOTOS

WRITE(6.*)ERROR only two rcurves allowed for m.rou~tins'

RETURN

33 IF (IDlNOVS) 3,.5

5 -

LL( ID)-0

C SET SCFS ARRAY EQU!AL 70 Q ARRAY OF LOWEST RATING IJ-RE

DO 6 J-220

SCFS(I )-(J,MIN)

IF(MR.LT.1)G0TO 6

IF(PERQ(J.MIN).LT.0001)THEN

LL)ID)-LL(1D11l

ENDIF

6 IIr~1

c COMPUT END AREA AND DEPTH

DO 9 ID11I.NOVS

IF(MR.LT.I) 0070 34

IF(XDI.EO I)THEN

IDI-) NRC

0070 34

ENDIF

IDI1LRC

3, M-ItL(ID)

N2Z+LL CID)

DO 36 -M,Iq
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DO 7 I-N.20

IF (Q(I.1Dl)-SCFS(J)) 7,17,8

7 CONTINUE

17 DATA (J)-A(I,101)+DATA(J)

CFS(J);DEEP(I . 11)+CFS(J)

GO TO 36

8 XY-(CFS(J)-Q(I-1,IDI))/(O(I.I1l)-QI1,IDl))

DATA(J(I1I1*A111A(',D)DAA1

CFS(J)-DEEP(I-1,I01)+XY-(DEEP(I.I01)-DEEP(I-1,IDI) ).CFS(J)

436 CONTINUE

IF(MR.LT.1) GOTO 8

IF (IDl.EQ.LRC)GOTO 35

IDl-1

9 CONTINUE

35 XNOVS-NOVS

IF(ICODE.EQ.0)GO TO 19

WRITE(G.20)REACH

DO TO 21

19 WRITE(6,13)REACH

IDI-t4IN

21 DO 10 I-M,19

AVAREA - DATA (I) / XNOVS

DP (I) - CFS(I) / XNOVS

S - AVAP.EA * XLD36

CC(I)-S/SCFS(I)

IF(SCFS(I).EQ.0) THEN

CCII)0o

* ENDIF

IF(ICODE.EQ.I)GO TO 24

DPI1DP(I)*0.3048

SCFSI-SCFS(110 .02832

WRITE(6. 14)DP1.SCPOI,CCII)

GO TO 10

24 WRITE(6.14)DP(I).SCFS(I).CC(I)

10 CONTINUE

C PUNCH CODE

IP(NPU)12. 12. 21

21 IF(ICOOE.EO.O)GO TO 11

XL1-XL*0.3048

WIRTE(7.2Z)ID.REACH.XLI,SLCPE. ICODE

DO 23 1-1,10

DPI-DP(E -0.3048

SCFS1-SCFS(I )*0.02832

WRITE(7,2610P1.OCFS1 CCCI)

23 CONTINUE

RETURN4

11 WRITE(7, 15)ID.REACH.XL.1LCPE.ICCDE

WRITE (7,16) (OPCI) .SCPS(l),CC(I).I-1.1HC

12 RETURNI

C

13 FORM'AT(lHO.T46, 'RAVEL TIME 7ABLE'ITS'. 'REACH PFS ',/,'-46 'WATER' .7

&S6,'FLOW' ,T65, TRAVEL'/T46. 'DEPTH' .716, 'RATE .766. TI.ME' 4,P7

' ,T56, 'CFS- .T66. 'RRS-)

14 FORMAT (40X,FIO.2.P11 O.F10.2)

15 FORMAT('STORE TRAVEL TIE .NO- 'I-' '1TH 'EC 9 P 741.

V'1ENGTH-J 9.0.' FT'1T21. 'TlOPE-' P8.6. 'PT'FT'.'CODE-...

F'ORMATI Hn. T4..'TRAVEL TM!E TAILE' 'T54., REACHES F I T- WA7F5'
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&56, 'FLOW'.TOS. 'TRAVEL'/T46. 'DEPTH'.TiS, 'RATE' ,756. 'TIME'/T'.6,

22 FORMAT(STORE TRAVEL TIME'.T2,'ID-'Il1T29,'REACH N0-'.F5..,T64,

&'LENGTH-' ,Pg0,' M'ITZI, 'SLOPE-' F8.6. 'N/N' "CODE-"', I/T2
&1,'DEPTH(Mi' .T3S,'FLOW(QS)'T49,'TME(R)'

16 FORMAT (T21.F7.2,F15.2,FIS.3)

26 FORMAT (T2l.P7.2ZF15.3)

37 PORMAT(IH,T2.,'MULI.TPLE ROUTING INVOKCED')

END

SUBROUTINE ROUTE

C THIS SUBROUTINE ROUTES A HYDROGRAPH THROUGH A REACH WITH THE

C NEW VSC METHOD OF FLOOD ROUTING THIS METHOD ACCOUNTS FOR THE

C VARIATION IN WATER SURFACE SLOPE.

C

C IF MULTIPLE ROUTING INVOKED - COMPUTES PROPORTION INFLOW

C FOR ONE SEGMENT

C

C HUT--ONLY ROUTES ONES SEGM4ENT AT A TIME

C REPEAT TRAVEL TIME TABLE AND ROUTE COMM4ANDS FOR EACH SEGMNT

C AND ADD OUTFLOWS

CM4ON/BLOCI/ OCFS(3OS.6)DATA(311),CFS(300).CTBLE(5,11).

&RAIN(300) .ROIN(6).'

&A(20.70),Q(20,7O),DEEP(2,7)ITBLE(50O2),DP(2O),SCFS(2S).C(20,6).

&ZALPHLA(20),IEND(6),DA(6).DIST(6) ,SEGN(6),DT(6),PEAC(6) ISG(6),

&NPU,NHD ,NER.MAXNO.NCC*6, ICC,NCODE.TIM ICODE, ICODE

COMM'N/BLC2I PERQ(20O70).TQ(20,6),CC(20),LL(6),INRC.L.RC

DIMENSION DOCFS(300. 6)

C New variables used

C DOCFS copy inflow array (preserve original CFS)

C P percentage of OCFS (multiple routing)

C DTDT copy inflow time increment (preserves DT(IDH))

C 17M increments DT

ID-DATA(l)

NHD'.DATA(2)

IDH-DATA(3)

DT(ZD)-DATA(4)

DTDT-DT(IDH)

DA(ID)-DA(ION)

M-IEND(IDH)

MR-OATA(5)

C CHECK:~ IF M.ROUTING ID.NE.IDH

IF(MR.GT.O.AND.rD010. IDH)THEN

WRrTE(6.)' ERROR - FOR M.ROUTING ID MUST NOT HE SAME AS IDH'

RETURN

ENDIF

C MULTIPLE ROUTING INCLUDED

C SET UP DUM14Y ARRAY

0O 51 I-1,IEND(IDH)

51 DCCFS (I. IDH) -ODFS(I, IDS)

C MULTIPLE ROUTING

C COMPUTE DISTRIBUTED FLOW IN SEGMNT

IF(MR LT.)GOTO 50
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IE(rCODE.GT.o)GOTo 53

VRITE(6, 60)NN

GOTO 55

53 WRITE(6,61)N

55 TM-TIME-DTDT

,IJJJ-0

D0 52 ,-1.IENDi(IDN)

Til-TM-DTDT

Do 56 X-2,20

IF(DOCFS(JIDH)-TQ(K,tI))57, 58,56

56 CONTINUE

WITE(6.-)*AILED - RATING CURVE EXCEEDED'

RETURN

58 DOCFS(J,ID0)-PERQ(J,INRC)*DOFS(J,IDH)

GOTO 54

&(xjil)-To(K-1. IT-

P-PERV(K,INRC)-(( (C(11,I)-ST) (PERQ(K,INKRC)-PERQ( (K-i),

DOCFS(J, IDH)-P*DOCFS(J, IDR)

54 IF(DOCFS(J,IDH).EQ.0)THEN

3jjj-j3JJ+1

IF(J33J.EQ. SEND(IDN) )THEN

WRITE(6.*)'NO FLOW IN SEGMENT'

RETURN

GOTO 52

ENDIF

IF(ICODE.GT.0)THEN

DOCFS(J, IDH)-DOCFS(J, IDN)-0.0283168

ENDIF

I4RITE(6,59) TM.P,DOCFS(i,IO)

)4RITE(6,*)

IF(ICODE.GT.0)THEN

DOCFS(J. IDH)-DOCFS(J,IDH)/0.0283168

ENDIF

52 CONTINUE

C IF ID AND ION ARE EQUAL, ADD 1 TO IDN

50 IF(MR.LT.1)THEN

LL(ID)0O

ENDIF

IF (ID-ION) 3.1,3

1 IDH-IDN+1

DO 2 I-1,M

2 DcCFS(2.IDH)-DOCFS(1,IDN-1)

DT(IDH)-DT( IDN-1)

PEAX(IDH)-PEAX(IDH-1)

3 NERRT-0

FEAJC(IO) - 1.

RO - 0.

N-19

S -0.

TI -CCcl)

J-1

GUES - 1.
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CFSM5-0.

C IF ROUTING INTERVAL IS NOT EQUAL. TO TIME INCREENT OF INFLOWJ

C MYROGRAPH, INTERPOLATE

IF (DT(ID)-DT(IDH)) 8,15,4

'. TID-DT(ID)

TIDH0O.

DO 7 I-2.M

TIDRSTltH+DT(ID01)

IF (TID-TION) 6,5,7

s J-i+l

CFS(J)IDOCFS(IIDH)

TID-TID+DOTIID

GO TO 7

6 J-J+l

TID-TID+DT(ID)

7 CONTINUE

T " 13

8 TIDN-0.

TID-DT(ID)

DO 12 I 2.M

TIDR-TIDH.DT( 109f)

9 IF (TIDN-TID) 12.10,11

10 7-.7+1

CFS(J)-DcCFS(I, IDHI

TID-TID+DT)ID))

IF (J-300) 12,13.13

11 J-J41

&FS(I,IDH)-DCFI(I-1. MDR))

TID-TDADT(ID)
IF (J-300) 9,13.13

12 CONTINUE
13 DT(IDH)-DT(ID)

DO 14 1-2,M

C IF INFLOW IS ZERO, SO IS OUTFLOW

15 DO 16 L-2,M

IF (DOCFI(L,IDH)) 16.16.49

16 OCFS(L.ID)0O.

C ROUTE

49 DATA (L-1) - 0,

DO 42 I-L.300

IF (I-M) 18,18.i7

SIA - AVIN + S

J-1

C DETEwrKIE oFPTH Avn TR.4vFT. T1'E irF ?JF'LGI

IF (DOCFSII.IDHI-SCFS(I+LLcIDII) 19.23,20

19 D12 - (DOCFS(I,IDH) / SCFS(1 LL(1DI)I) DP(I-LL(IDII

T12 - CCI1-LLIIDI)

GO TO 25

20 .123-2

IF(LL(ID).GTII)THEN

.133-LLII))2
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ENDIF

0O 21 3-333KM
IF (DOCFS(I,1D6)-SCFS(3) 24,23,21

21 CONTINUE

IF (KURRT) 22,22,36

22 WRITE (6.46)

KURRT-i

GO TO 36

23 012-DF(3)

T12 - CC(J)

GO TO 25
24 RATIO-(DOFS(I.ID)-SCrSca-1))/cSCrSca).-SCF(.I))

DI2-DP(J-1)+RATIO-cDP(a)-oP(a-1))

TI2-c(3(J1)+RATIO*((c()-CCc3-))

25 DO 35 17-1.15

J-1

C DETERMINE DEPTH AND TRAVEL TIM OF OUTFLOW
IF (GUES-SCFS(1sLL(ID))) 26,26,27

26 D02 - (OURS / SCFS(1+LL(ID))n* DP(1tLL(ID))

T02 - CC(1+LL(ID))

GO TO 31

27 DO 26 3-333.N

IF (GUES-SCFS(3)) 30,29,28

28 CONTINUE

3-N

29 D02-DP(3)

T02-CC(J)

GO TO 31
30 RA7IO-(GU1ES-SCFS(a-1)(SCpS(s)-SFS(J-i))

DO2-DP(3-1)+RATIO*(DP(3)-DP(J-1))

TO2-CC(3-s)+RA7IO*(Ccia)-CCc(a-In

C FIND WATER SURFACE SLOPE

31 DDD-OIST(ID)/(DIST(ID)+DI2-DO2)

IF (DDD-.01) 32,32,33
32 GIUES-DOFS(I-1.IDN)

GO TO 35

33 T2 -. 5*-(T12 +T02)

T2-T2-SORT(DDD)

T - Ti + 72
C COMPUTE ROUTING COEFFICIENT

COEF -(2. * DT(ID)) / (T+DT(ID))

02 - COEF * SIA

TRY1 - GUES
RATIO-021 (GUESt. IE-20)

DIFF-ABS) 1.-RATIO)

C TEST FOR CONVERGENCE

IF (31FF-CO00l) 37,734

34 GUES-02

35 CONTINUE

XCFS(I, ID)-DATA(I-1)*SrA

DATA(S) - DATA(I-1)

WRITE (6,47) I,OFS(I,ID)

CO TO 38

36 OFS(I.ID).DATA(I-1)-SIA

DATA(I) - DATA(I-1)

GO TO 38

37 OCFS(IIO)-02

DATA (I) -COEF
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C COKFUTE NEW STORAGE

38 S -SIA - OCFS(IID)

TI T2

Ro NoR + OCFS (1,10)
IF (OCYS(I.ID) - OCFS(I1I.ID)) 39,40.40

40 IF(OCPS(I.ID) -PEA(IOD)) 42,42,41

42 CONTINUE

1-300

43 IEN(ID)-I

ROIN(ID) - RO-DT(ID)*3600

C PUNCH CODE

IF (NPU) 45,45.44

44 WRITE (7,48) IDNED.IDH,DT(ID)

45 DT(IDH)-DTDT

RETURN

46 FORMATIOHo. 'TRAVEL TIME TABLE EXCEEDED')

47 FORMAT(TIO, 'FROBLEM FAILED TO CONVERGE AFTERIO ITERATIONS. COUrVERG

&ENCE WAS FORCED.' 1T20, 'OUTFLOW N!B4ER - ,14, 'RATE - FI2

48 FORM'AT( 'ROUTE' .T21, 'ID-', I1,T29. 'HYD N-' ,13,T45, 'INFLOW ID-', I

&1,T65. 'DT-' ,F8.6. 'HRS')

60 FORMAT(IHO,T40, 'INFLOW FOR SEGMENT'-,15.l/T30,-'HOTRS' ,T40,

&'I'ERCENT' ,T52. 'CFS')

61 FORM'AT(lHO.T40. 'INFLOW FOR SEGMENT' ,I5.1/T30, 'HOURS',

&T40, 'PECENT' ,T52,'CUMECS')

59 FORMAT(25X,Fl0.3,2Flo.3,3Fjr 3)

END

SUBROUTINE RESVO

C THIS SUBROUTINE ROUTES A HYDROGRAPH THROUGH A RESERVOIR WITH THE

C STORAGE-INDICATION METHOD.

COMMONIBLOCX/ OCFS(300.6),DATA(311).CFS(300),CTBLE(50,11).

&RAIN(300) ,ROIN(6).

&A(2070),Q(20,70),DEEP(20.70),ITBLE(5,2).DP(20),SCFS(20).C(20.6),

&ZALIPA(20) .IEND(6) .DA(6) .DIST(6) ,SEON(6),01)6) ,PEAK(6),.ISG(6).

&NPU.NHD.NER.MAXNO.NC" lICCNCOnE.TIMEKCODEICODE

COMMO8N/BLOCK2! PERQ(20.70),TQ'2'.,6).CC(20),LL(5),INRC.LRC

ID-DATA( 1)

NND-DATA(2)

109-DATA (3)

NERES-0

DT(ID)-DT(IDH)

NO - 0.

DA( ID)-DA(IDH)

PEAX(ID) - 1,

J-1

1-4

C REM AINING DATA ARE FLOW AND STORAGE VALUES

IF(KCODE.EQ.0)GO TO 25

DATAC )-DATA(I )I0.02832
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25 SCFS(J)-D)ATACI)

STORE-TACI 1)1.lz2
STORE-STORE 1

C COMPUTE STORAGE COEFFICIENT ARRAY C
1 CC(J)-(SCFscJ)/2 )+csToREDT(ID,)

1-1+2

J-Jt1

IF (J-20) 2,2,3
2 IF(brCODEE.O)GO TO 26

OATA(I)-OATACI, 10.02832
DATA(I+1)-DArACI+I,/1.2198

26 SCFSCJ)-DATACI)

STORE-DATACI+1).
12 .1

IF (SCFS(J)- 001) 3,3,1
3 8-3-1

OCFSc1, 103-0.

S-STORE1/oTcIn)

C ROUTE

DO 15 1-2,150

IF (1-IENOCIoN)) 5,5,4

5 AVIN-(XCFS(I IDN)+OXFS(I. 11))/2.
SIA-S+AVIN

C DETERMINE PROPER C

DO 6 J-1,N

IF (SIA-CC(J)) 10,9,6
6 CONTINUE

IF (NERES) 7,7,8
7 WRITE (6,19)

NERES-1

8 R.ESC-SCFS(N)ICCCN)

C CCMPUT OUTFLOW

OCFS(I ,ID)-RESC*SIA

GO TO 11
9 OFS(I.ID(-SCFSCJ)

GO TO 11
10 OFS(I.ID)-SCr513.1)+((SIACC(Jl1)(C~)C~

C DETERMINE NEW STORAGE

RO -RO + O025(I,ID)
IF (OCFS(I.ID)-OCFS(Il .ID)) 12,13.13

12 IF (OCFS(I,ID)-l.1 16,16,15
13 IF(OCFS(I ID) - pEAJC(ID)( 15,15,14
14 PEAK(ID) - OCFS(I,ID)
is CONTINUE

I-Is0

16 IENO(ID)-(

ROIN(ID) - RO - DT(ID)*36oo

C PUNCH CODE

IF (8211) 18,18.17
17 II-2*N+3

IF(ICODE.EQoo)GO TO 22
WRITE(7,24)ID NHD IDN.KCo0E
DO 23 1I5.II.2

DATA(I)-DATACI)*o 02832
DATA(I+1 (-DATA(I+1 1*1.21968

23 CONTINUE
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WpITE(7,27)(OATA(I) .1-5,I1)

RETURN

22 WRITE(7.20)ID,NHD,IDH,ICODE

WRITE (7.21) (DATA(I),1-5.II)

18 RETURN

C

19 FORMAT (lH0,33HSTORAGL-DISCHARGE TABLE EXCEEDED.)

20 FORMAT( 'ROUTE RESENVOIR' ,T21. 'ID-' ,I1,T29, 'ED) NO- ,I3,T42. INF

&LOWi ID-' IliTBO, CODE--,I1 /T21. 'OUTFLOW(CFB)' ,T37, 'STOR

&AGE(AC FT)')

24 FORMATC 'ROUTE RESERVOIR' ,T21. 'ID-' ,I1,T29. 'HY NO-' ,13.T42, 'INY

&LOW ID-' ,I1.T60, "CODE-". I /T21. 'OUTFLOWlM)' .T37. 'STOR
&Ar.E(1000CU M)')

21 FORMAT (T21,F10.1,F13.1)

27 FORMAT (T21.FlO.2,F13.2)

END

SUBROUTINE ERROR

C This subroutine determines the error standard deviation and the peakc flow

C error for 2 hydrographs (original programs retained).

C Assumes that measured is 1

C In addition, 10 other measures of goodness of fit are calculated.

C Alt ihdicies are printed out in metric units.

COMMNR/BLOCKI/ OCFS(300.6),DATA(311),CFS(300).CTBLE(5O,11).

&RAIN(300),ROIN(O),

&A(20.70).Q(20,70),DEEP(20,70),ITBLE(50,2).DP(20),SCFS(20).C(20,6).

&ZAAIPUA(20),IEND(6),DA(6) .DIST(6),SEGN(6) ,DT(5),PEA](6).ISG(6),

&NPU RHONER MAXNO, NC" 1ICC, NCODETIME .KCODE, ICODE

ID1-DATA( 1)

ID2-DATA(2)

SSE-0.

WRITE(6,21)

21 FORMAT(1H0,T33, 'TIME' TIS. 'FLOW 1' .T76,
" 'FLOW 2' T95, 'ERROR'1T34.

" 'HR' .T57.'CMS' ,T78,'CM-S' .T97,'CMS')

22 1-1

C If the time increments are not equal, interpolate.

IF (DT(ID1)-DT(ID2)) 1,8.2

1 L-1D1

K-1D2

GO TO 3

2 L-I02

K-TOT

3 M-IENO(L)

TID-DT(K)

TIDS-0.

DO 6 I'2,M

TIDH-TIDB+OT IL)

IF (TID-TIDR) 5.4,6

4 J-J+1

CFS(J)-MFS(I.L)

TIO-TID+OT(K)
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GO TO 6

5 3-3+1

CFS(J)GOPSCI-I.L)4((TID-4IDRDT(L) )/DTCL) )*(OFS(IL)GOFS(I-1.L)

TID-TID+DT(C)

6 CONTINUE

IEND(L)-J

DTCL )-DT(K)

DO 7 1-2,3

7 DCFS(I,L)-CFS(I)

8 IF (IEND(IDSP-IEND(IDZ)) 9.9,10

9 M-CEND(1D1)

10 M-IEND(1D2)

11 Ta-TIME

IF (KCODE.EO.D)TEEN

DO 997 I-iNM

997 OCFS(I,IDZ)GOPFS(I,IDZ)-.0ZS$Z

END!?

C Determine error -original method

DO 12 1-1,M

fR-WFS(I.ID1)-GOFSCI, IDZ)

WRITEC6,16)TZ,OFSCIID1) ,OCFS(I.ID2),ER

16 FORMAT (6X,F12.3.3F12.0)

25 T2-T2+DTCID1)

C Sum of squares of error

12 SSE-SSE+ERRERR

C Error variance

EVAR-SSE/G1

C Error standard deviation

ESDEV-SQRT(CEVAR)

C Percent error for peak discharge

EPZC-ASCPEAICCID1)-PEAX(IDZ))

PCTEN-(ERPX/PEAK(L 10) )-2OO.

C Other goodness of fit calculations ...

5UM01-0

SUMA0.

SUNSO0

5UM6-0
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5UH8-0.

SUHQQ0.

SUIOO0.

SUM1l1-0

5U120.

DO 77 t-1.H

ERRO0CFS(I. 1D1)-XCFS(I 1D2)

rF(OcFS(I.IDI).EQ. D.O.AND.OCFSCI. 12) .NE,.D)THEN

LDCDSRRALG(OCFS(I
1
ID2))

ELSE IE(OCFS(I,ID1).NTE.O.O.AND.OCFS(I.IDZ).EQ.O.O)TEN

LORR-AZX(XFS(I, ID!))

ELSE IE(OCFS(IID1) .FQ.O.O.AND.OCFS(I.IDZ).EQ.OQITHEN

LOGEmN-o.

ELSE

LOGERR-ALOQCOCFS(I ID1))-ALOG(XcFS(IID2)l

ENDIP

SCJH-XFS(I. IDI)fSUM0

SUMO1-XFS(I ,IDZ)+SIJHO1

SUMI-ER4SUMI

SUH2-ENE-*2+SUH2

SUM3-LOGERRE*+SUM3

SUH4-(CERR/OCFS(I.IDI))**2)tSUMk

77 CONTINUE

DO 13 I-ZH

SUHS4( (D1FF1-DIFF2)-*2)+SUH5

SIJH7-DIFPX+SUH7

IF(DIFFI.EQ..)D1F71-1.

SUMS-C C DIFl1-DIFl2)/DIFF1?*2)+SUH6

13 CONTINUE

SIMIE:AN"SUHO 1/H

OSEAN-SJHO I

DIFVH1-SUM7/H

DO 14 I-ZNM

SCCHB- ((CFS(I. ID1)OFSCI-1,IDI) hDIFFH1)**2VS18

SCCHS (((OCFS(,D)hX55(t1I.IDI)C/DIFFMI)CI)-l)+SH@g

14 CONTINUE

DO 73 I-I.M

StJH1O'.(CFSCI, ID1)-OESHEANl1*2)+SUMlO

5)5412-C (CFSCI ,ID2)-I~SMICAN)*-2)+SUMl2

73 CONTINUE

SDMISQRVCSUHIQI (H-I))

SDS-SQRTCSUHI2/ (H-I))

DO 113 I11N

115 SCJH3((XCFS(I.IDlhO5SEA)/SDM)-((CFS(IID2)-

& SIH4EAN4I/SDS)+SUHL3
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OFI-S0541

02SL?42

0F3-SUM3

0F4-SUM4

OF5SSUM5

OF6-SR46

0F7-SJ'e2ISUMSO
0F8-SUjMA/SUmS1

OF9-SU4SISUM8

OF10-S0M6/SU?49

OF 11-(l. /M 4SLR113

WRITE(6. 95)

95 FORKAT(lH0.10 -- - - - - -- - - - - -- - - - - -- - - - - -
WRITE(6. 50)

50 FOR?4AT(15X.' MEASURS OF FIT '/1)

WRITE(6, 91)

91 FORATS X , ' '

WRITE(6,51)0F1

51 FOR94AT(IOX. 'SUM OF ERRORS ',.F20.5)

WRITE(6, 52)OF2

52 FORMAT(1OX. 'OLSQ Fe5)

WRITE(6, 53)0F3

53 FORMAT(10X, 'LOG LSQ -,F20 5)

WRITE(6,54)OF4

54 FORM'AT(IOX, 'RELATIVE ERROR ' .F20.5)

WRITE(6. S5)OF5

55 FORK'AT(10X. 'ABS ERROR DI0FF ' ,F20.5)

WRITE(6, 56)0F6

56 FORMAT(10X, 'REL ERROR - 0FF 'F20.5)

WRITE(6,57)0F7

57 FORMAT(1OX,'ABS ERROR/VAR ',F2,.S)

WRITE(6,58)OF8

58 FORMAT(1OX. 'REL ERROR/VAR '.,F20.5)

WRITE(6,59)0F9

59 FORMAT(IOX. 'ABS ERROR~diff)/VAR '.F20.5)

WRITE(6.60)OF10

60 FORMAT(10X. 'REL ERROR(diff)/VAR ',F20.5)

WRITE(6.61)OFll

61 FORMAT(IOX.'FEARSONS r ,'55

WRITE(6,92)ESDEV

92 FORM'AT(IOX. 'ERR STAN1DARD 0EV '.F20.5)

4fITE(693)PCTER

93 FORM'AT(10X. 'PEAK Q ERROR 'J,20.5)

WRITE(6.96)

96 FORMAT(SOX. '---------------------------

WRITE (6.98)

96 FORMAT (/I/OX 'NOTE: All indicies are in a~tric u.nits')I

IF IKCOOE.EQ.S)THEN

DO 9969 1-1, M

OCFS(I,IDl)'OFSIID1)I .02932

9969 OCFS(I.ID2)-OFS(I,I2)/.02832

ENOIF
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RETURN

C

END

SUBROUTINE SED?

C THIS SUBROUTINE COMPUTES THE SEDIMENT YIELD FOR A FLO

&RAINI200) .ROIN(6),
&A(20.'0),0120,70),DEEP(2,7),ITBLESO.2).DP(20),SCFS2)C(20.6),

&ZALPHAIZO),IEN(D(6),DA(6).DISTIB).SEGN(6),DT(6).PEAXI6).ISG(6),

&2NFU.NSD.NER.MAXNO.NCOMM4 ICCNCODE,TIME CODE, ICODE

ID-DATA))

SOIL-DATAIZI

CROP-DATA(3)

CP-DATA) 4)

SL-DATA() 

WRITE)8.-)'- CHECK THIS IS CORRECT AREA .DA)ID)

WRITE)6.-)'ESPECIALLY IF MULTIPLE ROUTING UTILIZED'

C COMIPUTE SEDIMNT YIELD

X-ROIN(ID)*DA(ID)*53 .333-PEAX(ID)

SED-95.X--56-SOIL*CROP-CPSL

IF(ICODE EQ0O)GO TO 5

SEDI-SED*0.9072

WRITE(6.6)SED1

GO TO 7

5 WRITE (6.3) SED

C PUNCH CODE

7 IFINPU)2.,1

I WRITE (7,6) ID,SOIL.CROPCP.SL

2 RETURNJ

3 FORMIAT (IOX, 'SEDIMENT YIELD -,Fil0.1' TONS')

4FORMAT) 'SEDIMENT YIELD' .T21. 1D-' Il.TZH. 'SOIL-'.F5.3,T42. 'CROP

F FORM'AT1X-SEDIMENT YIELD--,FlI.IMETRIC TON")

END

BLOCK DATA

C BLOCK DATA SUBPRORAMI UZED TO INITIALIZE ZALPHA.CTBLE,I-.BLE

C AND NCOMM .

CCHMtN/BLOCKI/ OCFS)300.6) .DATA2II1)CS(310),CTILE(55. II).

&RAIN(3C0) .ROON(6).
&A(20. 70) .0)20. 70) .DEEP(20. 70). ITBLE) 50,2).DP(20) ,SCFS(20) ,C(0. 6),

&ZALPHA(20).IEND(6).I)A(6).DIST(6).SEGHN).DT(6) .PEAK(),ISG(6),

&NPU.NHfl.NER.MAXNO.NCC44.ICC.NCO)E.TIMEKCODE. ICODE

COMtONIBLXZX2I PERQ(lS.'I),TO(20),C(20)LL6).INRC,LRC

DATA ZALFRAf*R.1H2.1H3.IHAIHS.IHf6,)HZ.Ifl8.:N.lI,IH



301

DATA NCOW/1171

DATA CTBLE/ IRS,IHS, IFE, lC, 1HP. IfiF Pf.18P.A, IS, 1HC. IRS, IC, IHR

&18R,18E. 18S. 18F,33*1H

&lHT.18NT, ME. 1HO. IHR. 1813. 181L, IHD,18T. 180 I, 150i . 1801, l 18.IR.

&l8[E,18I,33-IH
UH~AR, Z80R. 2HCA. 21W.P,2HIN. 28C. 280T, 2RD .2H08, 8?P. 2801t. 2MP,

&28UT,281T,28RO,2DI,a88I.33-2z8

&20T ZHE 208LL.2ffUT,2HT 2HH .2H F1,2BY.=8 Z811",2HE 29Umr,

&20E T2HE ZHR .2M1e,2HSH,33*2H

&29 2,fffY.2B H.2HE ,2EffY.2HffY,28YD,TaP .2HRA.ZHE Tlth.2HE
&2R 2HPE,2W 828NT,2H ,33-2H

&2H.2HTD ZT8YM,2E8y,2HD TEHD .2H .2H 2HTI.ZHRA,ZHAV,2HTR.

&2H 2THSE.ZFAL,2H Y,28 ,33-2H ,

&28 .2H T28 2HD .2H .2H 2H .211 ,2HNG,ZTl,2.HEL,2RAV,

&2H 2THRV.2'iyS,2HlE.2H .33-2H ,

&8-EH ZH C,2HNG.ZB T,2HEL.2B .2H01.2BIS,2810.34-28

&8-2H ZHM .21H C.2HIM,2H T.24 .25R *36-ZH

&8*2H 2hlVE,2HJR,2HE 2THIM.38*2H

&9-2H 2H8VE.2H .2RE .38-2H

DATA ITBLE/,Ti.4.5,6,7.8.9.10.11.12,13,14!5..617.331B

&4,310,310,310,4.1.2,4, 100,310.,100,8.7,25.2.,.0,33-18 1

EN
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ExA76PLE d4.1l DATASET

START 00.00 0 0 1

" RUNOFF $UBCATCHMENT 406, MARBACH

* SUBCATCHMENT 406

STORE HYD ID-2 HYD NO-406 DT-2.0 HmS DA-57.1 SQ MI

BASEFLOW - .54 CFS

FLOW RATES - 717 653 635 632 580 613

907 1095 950 483 295 322 296 173 99 65 63

67 43 27 18 13 10 7 5 4 3 2 85 185 98 42 18

13 9 20 33 18 9 103 274 239 185 315 356 186

141 168 99 53 31 23 101 197 107 147 238 131

61 30 22 16 12 9 7 5 4 3 2 1 1

* ..- ++±+ ..-t+.++++++-t+
4

++ ++++*j+++.++1;........................

* ROUTE RUNOFF TO HERMANNSPIEGAL

* COMPUTE RATING CURVE FOR MARBACH

COMPUTE RATING CURVE ID-1 IT-I MR-i VS-6 NO SEGS53

MIN ELEV-831.OFT MAX ELEV-669.4FT

CH SLP-0.006 FLDPN SLP-0.0075

N-0.05 DIST-111.6FT

N--.03 DIST-141.IFT

N-0.05 DIST-344.8FT

DIST ELEV DIST ELEV

FT FT FT FT

0.0 869.4 32.8 856.3

40.0 855.3 52.5 854,3

65.6 647.8 80.4 845,

91.9 841.9 105.0 837,9

111.6 836.9 114.8 835.3

121.4 831.0 134.5 831,0

141.1 836.6 144.4 636.0

157.5 839.6 170.6 840.2

180.4 845.5 344.8 859.6

COMPUTE RATING CURVE FOR HERMANNSPIEGAL

COMPUTE RATING CURVE ID-2 IT-1 MR-i

VS-7 NO SEGS-3 MIN ELEV-687.7FT

MAX ELEV-702.Ift

CH SLP - 0.006 FLDPL SLP-0.0075

8-0.05 DIST-118.4FT

N--.03 DIST-171.6FT

N-0.05 DIST-220.1FT

DIST ELEV DIST ELEV

FT FT FT FT

0.0 702.1 49.2 697.5

105.6 696.5 118.4 696.2

124.7 693.9 132.2 688.3

133,5 688.3 136.2 687.7

147.6 688,0 154.2 688.3

.8.5 689.0 157.5 689.6

167.3 695.5 171.6 696.2

187.0 606.2 200.1 696.5

212.3 696.2 216.5 698.5

220.1 722.1

LEFT SEGMENT

COMPUTE TRAVEL TIME I0-3 REACH NO-4 NO VS-2

L-110564.3 FT SLF'0,007 MR-I
INRC-1I LRC-21

ROUTE ID-3 HYD NO'141 INFLOW ID-2

DT-0 5 HRS MR-1
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• CHANNEL SEGMENT
COMPUTE TRAVEL TIME ID-4 REACH NO-4 NO VS-2

L-110564.3 FT SLP-0.007 MR-i
INRC-12 LRC-22

ROUTE ID-4 870 NO-142 INFLCW-2

DT-0.5 HRS MR-i
•RIGRT SEGMENT

COMPUTE TRAVEL TIME ID-5 REACH NO-4 NO VS-2
L-110564.3 FT SLP-0.007 MR-1

INRC-l3 LRC-23
ROUTE ID-5 87YD NO-143 INFLOW-2

DT-0.5 MRS HR-i
* ADD SEGMENTS

ADD HYD ID-2 8YD NO-407 IDI-3 IDII 4
ADD HYD ID-2 NYD NO-407 IDI-2 IDI-5

----------- --------

* RUNOFF SU8CATCIHIENT 407

* SUBCATCH HENT 407
STORE 8HY ID-3 8YD NO-407 DT-2.0 MRS DA-105.7 SO MI

BASEFLOW - 83 CFS
FLOW RATES- 1022 1155 2318 1403 1401 1320
1380 1698 2019 1807 1261 840 775 717 550 389
281 210 160 133 112 93 78 66 55 46 38 32 56
187 248 197 122 75 47 53 155 203 161 124 217

354 322 458 618 602 448 414 478 433 305 199
143 154 157 191 456 578 452 279 173 109 71 58
48 40 34 28 24 20 16 14 11 9 8 6 5 4 4 3 3 2 1

-----------------------------------------

* OUTFLOW HERMANNSPIEGAL

ADD HYD ID-2 H8D NO-407 IDI-3 IDII-2

PRINT HYD rD-2 NrP-i IDR-0 IN-0

FINISH


