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FOREWORD

This training document was written to assist users of Computer Program
HEC-2, Water Surface Profiles, in the analysis of split flows. Pinancial
assistance for writing this document was provided by the Flood Plain Management
Branch, Office of the Chief of Engineers.

The author wishes to acknowledge contributions by Vernon R. Bonner and

Bill 8. Bichert to the material contained in this document and for their

reviews and comments.
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APPLICATION OF THE HEC-2 SPLIT FLOW OPTION

INTRODUCTION

Purpose and Scope.
~ > The purpose of this training Jdocument is to provide information on the
capabilities and limitations of the computer program HEC-2 Split Flow option.
This Aocument provides a detailed description of the input requirements, output
results, computational methods and example applications for the split flow
option. f'“ It is assumed that the user has a knowledge of the basic HEC-2 input
requirems{ats. Information on HEC-2 input reguirements is available in the
"HEC-2 Waé\?r Surface Profiles-Users Manual®™ (reference 1).

\
Program Mmmtatim.

The split flow option was added to the HEC-2 Computer Program by
Modification 55 which was implemented April 1982, The orimary documentation for
HEC-2 is the January 1981 Users Manual which describes the program capabilities,
input requirements, and output. To use the program, one would need a users

manual, as this document does not give details on many program features and

input formats. The users manual is avajilable from the Hydrologic Engineering

Center.
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HEC-2 SPLIT PLOW OPTION

Split flows are flows that leave the main river flow and take completely
separate paths from the path taken by the main river flow. The split flows may
return further downstream or may be completely lost. The HEC-2 program assumes
that none of the split flows return and automatically reduces the dJdischarges
downstream from the split flow location unless the user specifies where to

return the flow and what vercent of it to return.

Capahilities.

The HEC-2 split flow option has the following capabilities:

« Can solve up to 100 sepafate split flows simultaneously.

« Up to 15 profiles may be solved in one execution.

« Three methods for Adetermining the split flows are availahle,
1. Weir flow assumption
2, Normal depth assumption
3. Rating curve assumption

« All or a percentage of the split flow can he returned.

« Option of either using the water surface or enerqy

elevation for computing the split flows.

« Allows the use of rating cucrves for starting the hackwater,

This capability is now a general HEC-=2 capability and may

he used without having to use the split flow option.
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The snlit flow option is compatable with multiple profiles and most of the

standard HEC-2 options. The only options not available to the user, {f the

aplit flow option is used, are encroachment methods 3, 4, 5, and 6.

There are many tvnes of gplit flows that occur in rivers. The following is

a list of the more commonly encountered tvpes of split flows.

.
. . « Split €lows caused hv islands or high ground,
% « Split flows caused hy levee overtonping.
% . Split flows caused hy watershed divide overtopping.
; . Split flows caused hv diversion structures.
é The HEC-2 split flow option is capable of analyzing all of the above split ]
f flows, with the exception of the island or high ground type of split flows.
: ; Appendix III has been provided in this document to assist the user that has a

split flow caused by islands or high around. The solution procedure is the

classic AivideA flow analvsis technique.
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Computation Procedure.

The computation procedure used to solve the problem of split flows is

basically a one dimensional steadvy state method of trial and error, as follows:

1,

2,

3.

The program comnutes the water surface nrofile and adjusts the
discharges to reflect the assumed overflows. No overflows are assumed

to occur for the first iteration unless the user has specified overflow

values on JS carAds.

FIGURE 1

The location of each split flow reach (Figure 1) is defined in relation

to the model by the upstream and Aownstream cross section numbers,
Based on the cross secinn niumbers, the water surface or energv
elevations are determined from the water surface profile nerformed in
step one and are used to calculate the overflow.

The computed and assumed overflows for each snlit flow reach and their
cumilative values are compared. If the differance hetween any of the
values for commuted and assumed is greater than 2 percent, the Dproqgram
makes a new assumption of averflows and repeats atens 1 throuah 3 until
an acceptable tolerance is met or unti) the proaram has performed 20

{terations.

SPLIT FLOW REACH
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3.

10.

11.

Program Limitations.

The following assumptions are implicit in the analvtical exvressions used

in the REC-2 program and the split flow option:

Flow is steady because time dependent terms are not included.

Flow is gradually varied hecause a hydrostatic pressure Adistribution is
assumed in the energy eaquation.

Flow 1is one-dimensional bhecause the total energy head is the same for
all points at a cross section location.

The river has a channel slope of no more than 10 percent.

The split flows can be estimated hy the standard weir equation, the
normal depth equation, or a rating cucrve of outflow -vs- elevation,
Submergence of the overflow weir by tailwater is insignificant.

The weir flow is linearly integrated along the length of the weir based
on the upstream and downstream water surface or energv elevations.

The normal Aepth convevyance is linearly integqrated alonq the length of
the norma)l depth cross section bhased on the upstream and downstream
water surface el wations.

The Airection of the main stream flow is at right angle to the split
flow.

Split flow is ocnntrolleAd by either the water surface elevation or the
enerqgy elevation.

Plow boundaries are fixed, This is to say that the cross section and

weir geometries Ao not erode or change with time.




12,

Split flows that are not returned to the system are removed from the

entire model downstream from the split flow location., 3ecause HEC-2

does not take into account the variation of flow with time, the user
must he careful in using the HEC-2 split flow ontion in cases where the
split flow. at an upstream location does not have a constant effect on
the peak Aischarges further downstream. An explanation of this prohlem
and a solution strateqy is given in the section titled Hvdrologic

Considerations.
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HEC-2 SPLIT FLOW INPUT DESCRIPTION

The split flow inmut data must he entered as the first data of an HEC-2
run, with the exception of the ED card (EnNIT2 nrogram). The split flow innut
Aata must alwavs start with an SF car® and end w th an FE carA, The ER card
must be followed by the reqular HEC-2 innut Adata cards,

The split flow input data uses the standa + HEC innut format, in which the

first fiel® contains a two character car - ‘» ifiar, and has s8ix columns for
data while the next nine fields contair -- - =~ each. The aY%ove format is
for numeric data. The format for title car'~ - '~ cnlumns for card identifier

and the remaining seventy eight columns for aloha-numeric information.

The split flow data input varies from the standard HEC-2 format in that a
set of data cards is always preceded hv a title card and the title card is
required. The order in which the cards are entered must he followed exactly for
each set or qroup of cards. The sets of cards need not he in any specific
order, but it is recommended that snlit flow reaches he entered in a downstream
direction to make the output more readahle. A detailed description of the split
flow dAdata card inout format is qgiven in Appendix I. The following is a

description of the general card tvpes.

Split Flow Title Card.
The SF card is a title card used to activate the snlit flow ootion. It |is

a required card and must be the first innut Aata card in the Adeck.
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Joh Card Set.

The 3job carA set consists of the JC and JP cards, The job card set is
optional and is used to control the processing of the split flow data. A job
card set may be pladed anywhere in the solit flow input Aata. The JC card is
the first card of the set and is used as a title card. The JP card is used ¢to
set the 1level of printout, allowe?® error tolerance, maximum number of
iterations, use of either water surface or energy elevation, and percent of

split flow to return.

Weir Reach Card Set.

The weir reach set is composed of three types of cards. The first card of
the set is the ™ card., The T™ card is a title card and must be the first card
of the set., The second card is the WS card, which contains information dealing
with the number of points Adescribing the weir, weirflow coefficient, location of
the downstream and upstream limits of the weir in relation to section numhers
and the section number where the flow returns. The third card of the set, the
WC card, describes the weir geometry by the use of station and elevation
coordinates. The coordinate points must start at the downstream end and proceed

in an upstream Ajirection.
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Normal Depth Reach Card Set.

The normal deoth reach set is composed of three types of cards. The first
card of the set is the TN card, which is a title card and must he the first card
of the set. The seacond card, the NS card, is similar to the WS card, with the
excention that instea? of having the weirflow coefficient, it has the energy
slope anA 'n' value. The third card, the NG card, is used to describe the
normal depth cross section aeometry by the use of station and elevation

coordinates, with the coordinates starting at the downstream end,

Diversion Reach Card Set.

The diversion reach set is composed of three types of cards. T™he first
card of the set is the TC card, which is a title card® and must he the first card
of the set. The second card, the CS card, contains information dealing with the
number of points describing the diversion reting ~surve, loaction of the
diversion in relation to section numhers, and the section numher where the
Adiverted flow cveturns. The thirA card, the CR card, is used to descriha the

rating curve hv the use of Adischarge and elevation coorAdinates.

End Split Flow.

The EE card is required to terminate the split flow input data.
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Additional HEC-2 Cards.

Several additional input Aata cards have heen added to the standard HEC-2

input to facilitate the use nf the split flow option. The new cards are the JR,

_Js, and RC cards.

The JR card is used to input a rating curve that is used to stacrt the
backwater. The JR card follows the J1 card and is real when the Jl card
variable STRT is greater than one. The STRT value in this case is used to
indicate the number of rating curve values that will bhe read on the JR card.

The RC card is used to input a rating curve at any cross section, which
will be used instead of a calculated hackwater answer. It operates in the same
manner as an X5 card.

The JS card is used to specify the startina assﬁmeﬂ snlit f£low for each
reach Adefined in the split flow data sets. The JS card follows the J1 or JR
cards, It is an optional card and if omitted, the program assumes for its first

trial that no flow is being lost.

10




GENFRAL MODELING CONSIDERATIONS

The snlit flow ootion requires that the cross section numbers (X1 card)
continually increase in value from downstream to umstream, It is recommended
that station values in feet or miles measured along the main channel be used for
cross section numbers. This is important hecause the HEC-2 program uses the
cross section numbers specified on the split flow reaches to determine what
water surface or enerqv grade line elevations to use in determining the amount
of flow lost. FEach split flow reach is located based on cross section numhers
at the downstream and unstream ends of the reach, If the downstream and
upstream split flow locations do not match a cross section number, the proqram
will linearly interpolate between cross section numhers to determine the water
surfaces or energy grade line elevations. A wise practice would be to start and
end the split flow reaches at cross section numbers that appear in the HEC-2

hydraulic model.

Split Plow Reach Length Consideration,

The overflow reaches should be kept as short as possible, The 1longer the
split flow reaches, the less accurate will he the split flows and backwater
answers. The split flow prohlem can be compared to the integration of a curve
by the Trapezoidal Rule, which is an approximate method of subdividing the curve
into a number of straight line segments and calculating the areas under each
straight line segment and then adding up the subareas to calculate the total
area under the curve. The smaller the straight line segments and the larger the

number of segqments, the more accurate will he the calculated area. The same




¢ 3uNnOId

‘9082 ‘0ore ‘o002 ‘0091

JONviSIa ¥INIM

*0092 ‘ooeR “0e81 ‘oorl ‘0001 ‘009 ‘002
‘002t ‘o008 o0y ‘o

> " b &

v v 4 v v ad — *

I3

014 11dS

‘00t

4 -ver

-
g
WD E-=OT

4 011

4 211

4 °FI3

4 °91

B 11

e s A S ————— . i B b

12




< g

e

B Gt SO M AR bl M SNl By e
PR TR IS e

TN

logic avplies to the calculation of the solit flows. The shorter the split flow
reaches and the additional cross sections defining them, the more accurate will
be the calculated outflows and water surface elevations.

The effact of subdividing a split flow reach and addition of cross sections
can he seen in the following examnle. PFigure 2 shows a profile vlnt of a stream
and a split flow reach which has a tots' reach length of 1000 feet. The split
flow reach was modeled in four Aifferent ways, The first model represented the
split flow reach as a single 1000 foot long reach., The second mndel Adivided the
split flow reach into two S00 foot reaches. The third rodel divided the split
flow reach into four 250 foot reaches and the fourth model Adivided it into ten
100 foot reaches, Note that each reach has a cross section defining it uvstream
and Adownstream. Additional cross seactions must he used because the split flow
Adischarges are calculated based on a lineatr interpolation of the upstream and
Adownstream cross section water surface or eneray elevations. The effect of
Aividing up the split flow reach into shorter and shorter segments, is ¢to
orodice answers which are more accurate. The results from thesebfour models are
presented on Piqure 3, which shows plaotas of the flow in the main river -vs-
river Aistance. The results clearlv show that the 1000 foot reach should be
divided into shorter reaches, The fourth model oroduced the mnst accurate
results, but it is also clear from the plotted results, that the second and
third models gave acceptable results.

The examnle alsno shows that the upstream portion of a uniform split flow

reach should he Aivided into shorter seaments than the downstream pnortion,

because a larger provortion of the flow will he lost on the upper portion.
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HyArologic Considerations.

A common ptactice €or hvAraulic analvsis is to use the flood hydroaraph
veak discharge values for the backwater calculations and ignore the fact that in
most cases the peaks of the hvdroqraphs Ao not occur at the same time. In many
cases the effect of this assumption on the calculate? water surface profile is
well within the accuracy for profile calculations. Most HEC-2 models are
assembled in this manner. When it comes to a split flow analvsis, the effect of
using the peak Aischaraes as steady flow should not he ignored,

The HEC-2 snlit €flow option, as a default, reduces all discharge values
downstream from a split flow reach hy the calculated split flow values. Por
examnle, {f 1000 cfs is lost at the headwaters of a stream, the program will
reduce all the Aischarges by 1000 cfs all the wav downstream to the start of
model or to the section number where the user has specified that it returns.
The onlv way to Jdetermine the validitv of reducina the Ajscharges in this manner
is to look at the entire hydrograch, to see how the loss from the split flow
effects the vpeak discharges downstream. It may be that the peak Adischarge
further downstream will only be partially effected hy the split flow loss. The
peak discharges downstream may be more devendent on the timing of tributary and
loca). inflows.

To illustrate this prohlem, the following simple example is presented., As
shown on Figure 4, the Upper Main Stem has a split fow reach just upstream from
the confluence with Tributary No 1, Fiqure 5 1is a plot of the original
hydrographs for the Upper Main Stem, Tributarv No 1, and their combined
hydrographs on the Lower Main Stem. 1If flows that exreed 3000 cfs on the Uvper

Main Stem are lost, then the modified hydrographs plotted on Pigure 6 occur.

15
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Comparing the original hydrographs with the modified shows the peak discharge on

the Lower Main Stem reduced by 1000 cfs, veak flow on Trihutary No 1 unaffected,

an1 the peak Adischarge on the Lower Main Stem reduced by 500 cfs. The HEC-2

split flow option woul® have reduced the Lower Main Stem peak Aischarge by 1000

cfs and not by the correct amount of 500 cfs.

SPLIT FLOW REACH

FIGURE 4

Consideration must also be given to the effect of storage routings, The
effect of routing a flood wave is to reduce the peak Aischarge. Therefore a

peak Aischarge further downstream hased on routing will not he reduce® hv the .

total amount that was lost upstream, 5
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The following procedure can be used to account for the “wydroloaic aspects

of a split flow problem.

1.

2,

Make an initial HEC-2 run which reduces the split flows all the way
dowmstream.

Alter the hvdrologic model (HEC-1), at the split flow reach, to reflect
the lost flow and execute it again. Analyze the effect that the split
flows had on the peak discharges downstream from the split flow reach.
If the assumption of reducing the lost flow is valiA, then no further
analysis are needed. If the lost flow is only partially effective
downstream, then the lost flows should be returned further downstream.
This can be accomplished by modifying the HEC-2 discharge cards to
reflect the expected reductions downstream from the split flow reach and
returning the split flows back into the model.

An HEC~2 run should be made and steps 2 and 3 repeated until an

acceptahle solution is achieved.

This procedure is applicable for simple split flou problems which
do not have more than three or four separate split flow reaches. For
the more complicated split flow problem, an unsteady state ovrogram
should bhe used. The DVOPER (Dynamic Wave Operational Model) program
developed hy the National Weather Service (reference 8) is a one

dimension unsteady state program that can be used to solve the split

flow problem.
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APPENDIX 1

SPLIT FLOW INPUT AND OUTPUT DATA DESCRIPTION
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SLIT FLOW TITLE CARD

CARD SP - SPLIT FLOW CARD (REQUTRED IF SPLIT FLOW OPTION IS TO BE USED)

The SF card is used to flag the split flow option. Onlvy nne SF card can
be used. The SF card has to be the first card in an HEC-2 Adeck.

Field Variahle Value Description
0 IA SP Card identification characters.
1-10 Aloha-numerin Title Aata.

CARD JC - TITLE JOB CARD FOR SPLIT FLOW (OPTIONAL)

The JC card is used to indicate that JP card follows. The JP card must
follow the JC card.

FielA Variahle Vajue Description
0 1A JC Card identification characters,
1-10 Alpha-numeric Title Aata.

I-1




P

CARD JP - JOB PARAMETER CARD

The JP card is used to set several job parameters dealing with the

3 split flow computations. The JC and JP cards are optional and can he
3 placed anywhere in the split flow Aata or completely left out., Thev
fﬂ should be placed normally after the SF cards.
% Field Variable Value Description
‘2 0 IA Jp Card identification characters. ,
E
3 1 ISFTR 0 Printout control of split flow
computations will be held to a minimum.
] 1 Trace each split flow iteration.
,‘: 10 Trace hoth the split flow and hackwater
5 iterations.
I 2 AEROR 0 The program will use a value of
4 2 nercent allowed error for convergence.
u) + The user may specify the allowed percent
%% tolerance for convergence.
b | 3 NAITER 0 The maximum numher of iterations
# for split flow to be executed per
. profile (20 is the default value).
3 .
" + The user may specify the maximum

numher of iterations.

4 IUEG -1,0 The program will use the water
surface to determine the overflow.

1 The orogram will use the energy grade
line to determine the overflow.

S PERFR 0 One hundred percent of the overflow
is to be returned at SNOFR (WS.4, NS.4,
anA CS.4).
+ Percent of overflow to be returned at

SNOFR (WS.4, NS.4, anA CS.4).

LR
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CARD ™W - TITLE CARD FOR WEIR LOCATION

The TW car? is required for each set of weir outflow Aata set. The
™ card must he followe? hy a set of WS and WC cards.

Field Variable value Description
0 IA ™ CarA identification characters.
1-10 Alpha-numeric Title Aata.

I1-3




CARD WS - WEIR PARAMETFR DATA CARD

The WS card is required for each TW card used and must follow it.
The WS card contains information Aealing with the numher of points
describing the weir, weir flow coefficient, location of the upstream

and downstream limits of the weir in relation to section numbers as
used in the X1 cards, and the section numher where the flow returns.
If the flow does not return, a value of -1 should he used. It is
required that the section numbers used to set-up the backwater
model increase from downstream to uostream. The same rule applies
for supercritical models.

Pield Variable Value Description
0 IA WS Card identification characters.
1 NWPL + Number of coordinate noints that describhe
the weir on the WC card,
2 NSSNO 0,+ Downstream section number where the
first weir coordinate apolies.
3 USSNO 0,+ Upstream section number where the
1ast weic coordinate applies.
4 SNOFR 0,+ Section number where the lost weir ]
flow returns.
-1 The weir flow does not return.
5 COEFL + Coefficient of Aischarge for use in weir

flow equation,

6-10 Not used,

At T s @ ok RS
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CARD WC - THE WEIR COORDINATE CARD

The WC card is used to input the weir conrdinates. The weir coordinates
must start at the downstream end and proceed upstream. The maximum number

of coordinates is 100,

Field Variahle value Description

0 IA wC Card identification characters.
13,5, STA(I) + Station Value of weir coordinate.
7,9

2,4,6, ELO(I) + Elevation value of weir coordinate.
8,10

S




CARD ™ - TITLE CARD FOR NORMAL NEPTH LOCATION

The ™ card is required for each set of normal Aepth outflow data set.
The ™ card must be followed by a set of NS and NG cards,

Pield Variabhle Value Descripvtion
0 IA ™ Card identification characters.

1-10 Alpha-numeric Title Aata,




i i

CARD NS ~ NORMAY, DEPTH PARAMETER DATA CARD

The MS card is similar to the WS carA with the exceotion that instead of
having the weir flow coefficient, it has the enecrqy slope anA ‘n' value,

Pield Variahle Value Nescriotion

0 TA NS Card identification characters,

1 NWPL + Number of coordinate points that describe the
normal denth flow cross section on the NG card

2 NSSNO 0,+ NDownstream section numher where the first
coordinate point on the NG card anplies. F

3 USSNO 0,+ Upstream section numher where the last
coordinate point on the NG card applies.

4 SNOFR 0,+ Section number where the lost flow returns,

-1 The lost flow does not return.

5 XNVND + The 'n' value to he used for normal Aepth
calculation.

6 SLOPND + The enerqv slove to he used for normal

deoth calculations.

7-10 Not used,
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CARD NG - THE GROUND COORDINATE CARD

The NG card is used to input the normal Aepth croas section coordinates.
The coordinate must start at the Aownstream end and proceed upstream.
The maximum number of coorAdinates is 100,

Pield Variable ' Value Description

0 IA NG CarAd identification characters.
1,3,5, STA(I) + Station Value of cross section.
7,9

2,4,6, ELO(I) + Elevation value of cross section.




CARD TC - TITLE CARD POR RATING CURVE LOCATION

The TC card is required for each set of rating curve outflow Adata
set. The TN card® must be followed by a set of CS and CR cards,

FielA Variahle Value Description
0 IA ™ Card jdentification characters.
1-10 Alpha-numeric Title Aata.

CARD CS -~ RATING CURVE PARAMETER DATA CARD

The CS car? is similar to the WS car? with the exception that the
location (ungstream an? Adownstream) is a noint location and therefore
the value entareA for USSNO and DSSNO should nocmally he equal.

Pield Variahle Value Nescription
0 IA CSs Card jdentification characters.
1 NWPL + Number of discharqge elevation pairs to he

read from the CR cards to follow.

2 DPSSNO 0,+ Downstream section number where the
rating curve amplies.

3 USSNO 0,+ Upstream section numher where the
rating curve applies.

4 SNOFR 0,+ Section numher where the loat flow returns.
=1 The lost flow does not return.

5-10 Not used.
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CARD CR ~ RATING CURVE CARD

The CR card is used to input the rating curve of ocutflows. The
location of the rating curve has to be at a specific location on
the river. Therefore the location has to be specified at only one
point. The variables DSSNO anAd TUSSNO should he set equa)., If they
are not, the program will use the mean of the two locations.

The maximum number of rating curve points is 100,

Pield Variable Value Description

0 IA CR Card@ identification characters.
1,3,S, STA(I) + Discharqge values for rating curve.
7,9

2,4,6, ELO(I) + Elevation values for cvating curve.
8,10

CARD EE - END OF SPLIT FLOW DATA CARD

The EE card is required to terminate the reading of the split flow

data. The EE card should be in front of the first regular HEC-2
card, such as the AC, C, or Tl cards.

Pield Variahle Value Descriot;on
0 IA EE Card identification characters.
1-10 Not used,

1-10
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MONIFICATION TO J1 CARD

The J1 card variahle STRT (Field S) has heen altered so that the program
will accept a rating cucve as a starting hackwater condition. The option
is activated hy entering in field five (STRT variahle) of the J1 card the
numher of discharge elevation rating curve points. The rating curve is
entered after the Jl carA using JR rards,

CARD JR - STARTING RATING CURVE CARD

The JR cards are used to input a starting rating curve. A set can he
placed for each orofile heing run. Thev must follow the J1 card and
the number of rating curve points must he greater than two, It is
required that the numher of ratinag cucve points he entered on the J1
card, field five. A maximum of twenty Aischarge elevation values

is allowed. The proaram linearlv interpolates hetween given rating
curve values and® extrapolates for values outside the rating curve.

Pield Variable Value Descrintion

0 IA JR CarAd identification characters,

1,3,5, oJ1L() + Discharge values,

7,9

:,;,6, XJ1(1) -,0,+ Water surface elevation values.
+10

1-11
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JS ~ CARD STARTING SPLIT PLOW ASSUMPTION CARD

The JS carA is used to specify the starting assumed lnst Aischarges
for each reach defined in the split flow data set. 1If the JS card

is not entered for a profile, then the program assumes that the first
trial assumed lost flow is zero for all the split flow reaches. The
JS card should follow the J1 card or the JR card if used, A maximum
of 100 values are allowed.

Pield Variable Value Description
0 IA Js Card identification characters.
1 N + Numher of assumed lost discharges to reaAd,
2 ARLO (4,1) + Asgsumed lost discharge for first reach.
3 ARLO(4,2) + Agssumed lnst discharge for second reach.
ARLO(4,N) + Assumad lost Aischarge for last
reach,

Continue on in field one of adAitional JS cards uo to ARLO(4,N).

1-12




CARD RC - RATING CURVE CARD

| The RC card can he entered at anv cCross section and the program will

. determine the water surface elevation hased on the rating curve and
not on bhackwater computations. The RC card should he placed after the

‘ X1 card, A maximum of twenty discharge elevation values are allowed.

' The program linearly interpolates between given rating curve values

and extrapolates for values outside the rating curve.

P L TR

. Field Variable Value Description
; 0 IA RC CarAd identification characters.
i 1 NRCP + Number of rating curve points being
3 read in.
‘ 2 ORC (1) + Discharge value.
3 XRC (1) -,0,+ Water surface elevation value.
E 4 ORC(2) + Discharge value.
S XRC (2) -,0,+ Water surface elevation value,
)
,ﬁ . . . .
ORC (MRCP) + Last discharge value.
XRC (NRCP) -,0,+ Last water surface elevation value.

Continue on in field one of additiona) RC cards up to ORC(NRCP) and 4
XRC (NRCP) . 1

?

! J
-

| i

| | i
 : 1
N

| f
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Variable

ASQ

0 COMP

TASQ

TABER

NITER

USWs
DSSNO
USSNO

TOTAL AREA

AVG VELOCITY

MAX DEPTH

AV DEPTH

TOF WIDTH

TOP WIDTH

HEC-2 SPLIT FLOW OPTION OUTPUT VARIABLES

Descr intion

The assumed split flow value used hy the program to compite the
water surface elevations.

The computed split flow value based on the computed water surface
elevation.

The percent error hetween the assumed discharge and comnuted
discharae,

The total assumed split flow for the entire HEC~2 model.
The total computed gplit flow for the entire HEC-2 model.

Percent of error between the total assumed split flow and total
computed split flow.

The numher of iterations that the orogram has executed in computing
the answer.

The computed downstream water surface elevation.

The computed upstream water surface elevation.

The downstream section number where the split flow reach beqins.
The upstream section numher where the split flow reach ends.

The tota) cross sectional area for a normai depth overflow
reach.

The averade velocity of the normal depth overflow reach.

The maximum depth that occurs on the normal depth overflow
section.

The average depth of flow for the normal depth section hasgeAd
on the total area Aivided hy the water surface topwidth.

The width of the normal deoth overflow section.

The width of the overflow section base® on the computed
water surface.

I-14
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APPENDIX II
SPLIT FLOW EXAMPLE PROBLEM
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EXAMPLE OF INPUT PREPERATION

The €ollowing P:ohlem is provided to 1illustrate the input prenaration
required when using the snlit flow option. The innut is shown on Fiqure 9 and
is described below. A comnlete HEC-2 computer outnut listing for this example
is also provideAd,

A plan view of the levee system and floodway of the Red Fox River is shown
in Figure 7. A profile view of the stream bed, levees and overflow weir are
shown in Fiqure 8. As can he seen on the profile view, the right bank or south
lewvee 1is the critical levee for a split flow analvsis. This is hecause it has
the overflow weir and is several feet lower than the north lavee.

The starting water surface for this examnle will he bhased on a normal denth
calculation using a slope of .005 ft/ft. The weir canefficient for the levee
will be 3.4 and for the overflow weir, 2.7. The weir coefficient for the
overflow weir is low to account for the suhmerqence cansed hy the tailwater in
the floodwav.

The first card of the split flow input Aata is the SF card. The split flow
reach {n this example is Aivided into three shorter reaches. The first snlit
flow reach to be modeled is the most unstream reach which lies between sections
3 and 4, The TW card follows the SF card and is used to i{dentifv the reach.
The WS card follows the TW card anAd is used to specifv the number of coorfinates
that describe the levees geometrv, location of the downstream and upstream
limits and the section number whera the snlit flow returns. The solit flow Aoes
not return and a value of -1 is used to so indicate. Station and elevation

coordinate data is entered on the WC card to descrihe the weir qeometrv, The

I1-1
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coordinate Aata start at section 3 and proceed upstream to section 4.

The same nrrocedure used for the first upstream reach is used for the
overflow weir reach, which lieg hetween sections 2 and 3, and for the Aownstream
levea reach which lies hetween section 1 and 2.,

In this example problem it was agssumed that the weir equation was the more
amoronriate to use for calculating the split flows, If a normal Aeoth or
diversion assumption had heen nreferred, then the onlv difference in input would
have been that the normal dAepth or diversion snlit flow cards would have been

used,

11-2
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FIGURE 7 Plan

Color

view of the Red Fox River,
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APPENDIX III1

GRAPHICAL METHOD FOR SOLVING ISLAND DIVIDED FLOWS
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ISLAND SPLIT FLOW

Where an island or other obstruction in the river separates flow into
two or more channels over a substantial length (several cross sections),
the quantity of water passing on each side of the island must be determined
since total energy loss, past the island, must be the same for both sides.

The example in fig, III.1 illustrates how to solve the divided flow
problem graphically. The total discharge is proportioned between the north
and south channels, arbitrarily. The water surface elevation for the total
flow is determined for river mile 10.0, and a water surface profile is
calculated for each assumed discharge through the north channel and through
the south channel. The resulting potential water surface elevations at river
mile 10.8 are plotted in fig. III.2. A "total" discharge curve is obtained
at river mile 10.8 by summing north and south channel discharges for common
water surface elevations. This total flow curve intersects the total river
discharge, 5000 cfs, at elevation 104.32, thereby defining the upstream
water surface elevation. By intersecting the north and south channel curves

at elevation 104.32, their respective discharges can be read from the figure.
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