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ABSTRACT

Depth of flow at various sections are needed for
different discharges under different situations. Some of
the situations encountered 1in practice are (i) bridges
in the river environment (ii) channel improvement schemes
(1ii) food plain encroachment etc. Some times it would
be necessary to predict up to what extent the back waters
would reach by downstream daming or for fixing the FRL
for a dam. Also flood plain marking would be needed. In
such situations water surface prifile computations are
made. It 1is wusual practice to use standard step method

in such situations.

In USA and other countries a programme HEC-2 deve-
loped by Hydrologic Engineering Center, USA 1is extensively

used for the above computations.

HEC-2 can compute water surface profiles for a
gradually varied flow. The effect of obstrctions such as
bridges, weirs and other structures 1in flood plain can
be studied. In a single run upto 14 profiles using the
same cross sectional data can be computed. The program
can take into account the reduction of the flow carrying

capacity due to encroachment of flood plain.

The data requirement includes flow regime, starting
elevation, discharge, loss coefficient, i.e. subcritical,
super critical etc, cross sectional geometry and reach

length. The computation of water surface profile 1in the

tributary system, if necessary can be made after the compu-




tation of the main stream. The Manning’s "n" values for

flood plain and channel can be varies.

The programme 1is 1mplemented on VAX-II Computer
of N.I.H. and tested. The program is used to compute the
water surface profile for several discharges in Omar river

a tributary of the river Narmada.
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J:A0 INTRODUCTION

Knowledge on the depth of flow for various discharge
which a stream carries 1s essential not only to the water
resources engineers, but also to navigators. The river
training works modify the existing flow situation. For
example construction of levees for the protection of the
a yillage or town increases the depth of flood flow. Cons-
truction of obstructions 1like dams, bridges etc. change
the flow regime. Release of water from reservoir requires
an idea of depth of flow which the down stream river reach
would encounter so that unwanted inundation 1is avoided.
In such situations water surface profile are computed using
the information on the channel geometry and roughness coeffi-

cient for the necessary discharge values. The Standarded

Step Method is used for the needed computations.

A well documented and tested programme, which
is often used in USA and in other countries in HEC-2. S5ince
this programme also has number of capabilities and compute
water surface profile under various situations, it has
been chosen for the computations of water surface profiles.
These capabilities are discussed in the following sections.
The computer programme was implemented on to VAX-11 system.
Because of the change of machine certain modifications
were made to run the programme on UAX-11/780 Computer.
The implemented programme was also tested with the test
date provided in the Manual supplied by Hydrologic Enginee-

ring Centre.




For the application on to an Indian river for

testing, Omar river of Narmada basin was taken up since

RDSO, Lucknow made available the needed data.

The analysis and the results are discussed 1n.
the section 4.2. The results obtained include plots of
water level marked on the cross sections and water surface
profiles. The results were transformed ﬁo IBM PC and nece-
ssary pl,ots are made. It can be noted ,that this documented
computed programme can be used for water surface profile

computations when the flow 1s subcritical.



2.0

HEC-2 COMPUTER PROGRAMME

The HEC-2 programme was developed 11n Hydraulic

Engineering Center by Bill. 5. Eichert. The can comput

water

flow.

surface profiles for steady and gradually varied

This programme can be used to predict the effect

of obstructions such as bridges, weirs, and other structures

in the

effect

surface

studlies.

floodplain. Because of 1ts capability to find the

of levees

profile,

and flood plain enchrochment on water

1t can be used for flood plain management

The method wused 1n thlis programme are briaefly

explained 1n the subsequent sections.

2l

METHOODOLOGY ADOPTED

The following procedure 1s used in HEC-2:

Assume a

section

water surface elevation Sf at upstream

in  the “case of siuberifieal. flow or at

downstream section for supercritical flow

(for e.g

slope).

. assumes EL2 = El| - length* energy

Using the assumed elevation total conveyance K

and veloclity head are computed.

The energy slope S 1s calculated from which head

loss He L* S_ + C (Vv

£

2 s 2

Water surface elevation WS computed using the

2

following equation

o
Ws + 2(

V22/2g) = WS

2
+ | lVl gt He

1




5. A new water surface elevation 1s assumed as an
avager of the computed value obtained trom step 4

and the originally assumed value.

6. Steps 2 to 5 are repeated until assumed value
agrees within 0.01 m to get a balanced water surface

elevation.

Herel,
K 1s conveyance
n is the Manning 's coefficient
r is the hydraulic radious (m)
H is the head loss (m)
L 1s the reach length (m)

2

a 1s the area of flow (m
v 1s velocity (m/s)
T is top width (m)

g is acceleration due to gravity (m/secz)

The programme compares the calculated water surface
elevation with critical depth. In the case of sub-critical
flow the programme assumes the water surface a2levation
to be critical depth if the calculated one is below the
critical. But for the case of supercritical flow, 1f the

computed one is above critical depth 'the above assumption

1s made.
2ig.2 Major Ootions
D2t 1 Determination of critical depth

The critical water surface elevation (depth) 1is

that elevation for which the total energy as per equation

4




3 is minimum.

The ecritical depth for a cross section will be cal-

culated under the following situations:

(i) Optional request
(1) Occurance of supercritical flow
(iii) Verification of critical depth because of

change in flow regime while computation pro-
ceds.

(iv) Critical depth situation at the boundary.

Assuming different water surface elevation (WS) total
energy 1is computed by equation 3. The elevation for which
the total energy is minimum is assumed to be critical depth.

H - WS + o (v2/20) e

The above iterative procedure is speeded up by para-

bolic interpolation after three consecutive values.
Ll Friction loss equation

User can select any of the following for the compu-

tation of energy loss:

(a) average conveyance

5f = (Q1+Q2) i (Q1+Q2)/(K1+K2) * (KI+K2) o o (0EE )
(b) average friction loss

Sg = (Sgq *+ Sgp)/2 P )

(Suitable for Mi’ S S2 profiles)

13

(c) Geometric mean friction slope




(d) Hormonic mean friction slope

Sf = 2 (Sfl * sz)/(Sfl + sz) & e 070

(most suitable for M2 profile)

(Appendix 3 explains M,, M, etc. profiles)

The program user can choose any of the above equation
for the computation, through a value to be given as an input
data. When no option is given equation 4 will be used. It
may be noted that any of the above equation will provide suffi-
ciently accurate estimates provided the reach length is not
too long. However, advantage can be taken to maximise reach

length by appropriate choice of above equations.
“

223 Mul tiple profile choice
In a single run upto 14 profiles using the same cross

sectional data can be computed.
2.2.4 Ineffective flow areas

Area below the specified sediment deposition depth
will not be considered as an effective area of flow. This

depth can be modified if opted by the user through input data.

Cross section with low lying profile over bank or
with levees can be accounted by an option. Normally, areas
below the water surface elevation in the main channel (c)
as shown in fig. 1 1is taken as area of flow, since in the
portion mark (L) in the figure will contain almost stagnant
water. In case the field situation is not so the user can
opt as stated above. In certain situations where flow can

not enter into this low lying portions due to natural or man

6




CHANNEL

FIG. 1 : AREA OF FLOW NORMALLY USED

made levees, the areas marked 'L' should not be included in
the area of flow computations. When user specified option
X3.1 is 10, so long as the water surface elevation is less
than levees (or bank) elevation the flow area of channel 'C'
only will be taken. When the water surface elevation raises
above the bank or levees the rea outside the main channel
will be included. However, a computational imbalance would
occur with regard to water surface elevation just below and
just above the banks. If this computed and assumed elevation

do not match. The elevation closest to the balanced will be




printed out. Some of the ineffective areas of flow are as

shown in Fig. 2.

I

EFFECTIVE FLOW AREA
[l FLOOD PLAIN ENCROACHMENT
E=S FLOW BELOW BANK ELEVATION
SEDIMENT DEPOSITION

B :3RIDGE DECK

FIG. 2: INEFFECTIVE FLOW AREAS
LA Loss at the bridge structure

Energy loss -due to expansion or due to contraction
on either side of the bridge is calculated and used in the
standard step method. A loss due to the structure is also
accounted either through a normal bridge or through special

bridge method.

In the normal bridge method, the ineffective area
of deck as shown in Fig. 2 is subtracted from the total area
and the wetted perimeter 1s increased when required (where

water surface elevation exceed the lowest chord). This method

8




is suitable for bridges without piers, low flow through cir-

cular or arch culvert and for bridges under high submergence.

The special bridge method is wused for bridge with
piers. This method can also be used for any bridge. The special
bridge method computes losses through the structure for low
flow, weir flow, and pressure flow or for any combination
of these using hydraulic formulae. Explanation of HEC-2 bridge

capabilities can be seen in Appendix IV of the USER'S MANNUAL.
2.2.6 Floodplain encroachment

Encroachments reduce the flow carying capacity. This
can be specified by station and elevation values on eilther
side of the bank through input data. Six options are per-
~mitted. For exanmple, fixed top width, encroachment in the
form of 7 of conveyance etc. This programme can also compute
limit of encroachment in the flood plain, such that the requ-
ired flow (100 years flood) 1is with in a higher elevation

specified.
2.2 i Channel improvement

Various channel improvements can be studied modifying
cross section data automatically through options. New reach

length (revised L), Left/right side bank slope, new rough-

ness coefficient 'n', center line location etc. can be speci-
fied.
2.2:85 Interpolation of cross section

It may be necessary to give additional cross sections

between the specified ones in order to accurately determine




energy gradient. User can specify maximum allowable changes
in velocity head exceeding which additional cross sections
are interpolated (up to three) between the given cross sec-
tions if so opted. Interpolated cross sections are determined
by raising or lowering and expanding or contracting the curr-
ent cross sections shape. In the following cases interpolation
will not be done (a) reach length is less than fifty feet,
(b) encroachment have been encountered, (c) previous section

is a special bridge cross section.
2add Tributary system profile

The computation of water surgace profile in the tri-
butary system, if necessary can be made after the computa-
tion of the main stream form the starting elevation for the
tributary. A tributary to a tributary can also be considered.
Tributary stream profile can not be calculated simultaneously

with encroachment calculations.
2.2.10 Roughness coefficient 'n'

I1f the Manning's 'n' value is not specified through
NC card, this can be computed for the second or subsequent
sections. The ratio of 'n' between channel and the flood plain
is given for the first or other sections also. High water
marks are given through J1 card. Average friction slope equa-
tion 1-b is used for 'n'. When an adverse slope is encountered

computations are restarted using previous section 'n' value.

Another method used in HEC-2 is to specify the dis-

charge and an assumed set of 'n' values and have the programme

to compute the water surface profile to compare high water
10




markings. A variation in 'n' can be assumed for next or sub-

sequent profile trials.
2+3 Data Requirements

The data need include : flow regime, starting ele-
vation, discharge, loss coefficient, cross sectional geo-

metry and reach lengths.

Subcritical and supercritical flow will be identi-
fied by input data. Normally, a change in flow regime is
not permitted in the programme except for certain bridge
analysis. Computation proceeds upstream for subcritical flow.
When the flow change the regime profile need to be computed

twice.

Starting elevation may be specified as (1) critical
depth (2) as known elevation (3) by the slope area method,
through input data. At sections of rapids, weirs waterfall
etc. critical depth can be specified. An approximate energy

slope value is given for estimate of starting elevation.

Discharge may be specified for a single profile
run. This discharge can be changed at any cross section.

A table of discharge can be given as an input data.

Energy loss coefficients are given through the
Manning's 'n' wvalues, contraction or expansion or transition
losses and bridge 1loss coefficients. Horizontal variation
in the Manning's 'n' can be given. A variation of 'n' with
respect to elevation can be given. Expansion and contraction

loss can be given. They will be typically of the order of

0.3, 0.1 respectively. The bridge loss coefficient are treat-
I




ed separately.

Cross section geometry is defined by reduced dis-
tance and reduced level along with the reach length. Cross
section should include the entire flood plain and should
be perpendicular to the flow. Cross sections are required
at representative locations throughout a stream. They should
clearly provide a picture of the changes occur in the dis-
charge, slope, shape or roughness. They should be represen-
- tative of leevee reach, weir, bridges. Where abrupt changes
occur, several sections should be used irrespective of the
distance. The purpose of the study also affects the spacing
of cross sections. For example, navigational studies requi-
res a close spacing of about five hundred feet, where as
for sedimentation studies to determine deposition in reser-
voir a 5 to 10 miles spacing are sufficient. Maximum spacing
can be used with average friction slope equation for MLl pro-
file and with hormonic mean friction slope equation for M2
profiles. Upto 100 data points can be given to describe a
cross section geometry. Data are arranged left to right look-

ing downstream.

The distance between cross sections 1is referred
to as reach length. The reach length between left over bank,
righ over bank and channel can be specified. Overbank rach

length can be taken as an anticipated flow path.



3.0 DATA

Data of Omar river a mountain stream in the eastern
Madhya . Pradesh has been used for the purpose of this study.
Information on cross—-section of the river at 12 sites at
an interval of 1645m was obtained from the records of RDSO,
Lucknow. Slope of the river was obtained from the L section

of the river made available by RDSO.
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4.0 APPLICATION

The following is a sample application made wusing

the above described programme.
il Description of the Study Area

The Omar river is a small tributary of the river
which joins the river Narmada downstream of Jabalpur. The
Railway bridge no. 153, is located on the Itarsi-Jabalpur
route of Central Railway (figure 3). This mountainous catch-
ment is situated on the northern slopes of Satpura ranges

in Seoni district of Madhya Pradesh.
4.2 Analysis and Results

The observed discharge and the computed Manning's
'n' from velocity measurements are plotted as shown in Fig.4.
This Figure shows two different pattern of wvariation; one
for discharge less than 60 cumecs and the other for high-
er discharges. This plot is used to estimate the Manning's
'n'" to be input to the programme. The cross section drawings
were discretised and the necessary reduced distances, reduced
levels were tabulated. They were given as input to the pro-

gramme in the required format as shown in the Appendix-1.

The profiels were cgﬁputed for discharges 50 m®/s and
150 m*/s. The results obtained are depth of flow at various
sections along the river, cross section pldts as opted and
also water surface profile plot. The results were transfered
to IBM PC and plots were made. These plots are shown in

Figures Some of the direct outputs of HEC-2 are also show

15




in Appendix 2 as a sample output.

The results show that critical flow occurs in the
river at the chainage 38624.25 m from the bridge and also
at another section for a discharge of 150 m®/s. The cross
sections are narrow at these places. The occurrance of cri-
tical flow could not be verified since field data are not
available. However for an actual problem verification of
the information on the cross section and also the flow situa-

tion are needed.
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5.0 REMARKS

The programme HEC-2 was implemented on VAX 11/780
computed system and applied on to a small river Omar in Nar-
mada basin, is capable of computing water levels at various
sections along a river. In this process pertinent hydrolic
parameters determined are depth of flow, water surface width,
elevation of total energy line, friction slope, flow velocity,

critical depth and volume beneath the computed profile.

Flow at a bridge is a complex hydraulic process,
which is approximated by one dimensional equations and certain
discharge coefficients. However, HEC-2 manual claims that
this complex situation is handled successfully by two SUB-
ROUTINES. This needs to be tested for such flow situation

in Indian rivers.

A secondary purpose of HEC-2 is to calculate the
permissible encroachment width for specified discharges.
This capability also needs testing so that use can be made
for flood plain zoning with additional information from topo-

grafic maps.

A proper sediment transport routines can be 1linked
to HEC-2 and can be used for alluvial rivers also. Such attem-
pts were made (PALANIAPPAN 1987) by Simon and Li at CSU,
USA, 1in developing HEC-2SR. They need proper modifications
to account the sediment transport. Further: i) The programme
is very long contain 8000 statementss (ii) Computations using

this general purpose programme is high for simple water sur-

24



face profile computations. (iii) The input data preparation
is time consuming and error prone which could be avoided

by proper changes in the programme. However, no such change

is made herein.
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PROFILE FOR STREAK HARMADA BASIN
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PLOTYED POINTS (BY PRIORITY)-E-ENERGY,W-WATER SURFACE,I-INVERT,C-CRITICAL W.S.,L
-LEFT BANK,R-RIGHT BANK,N-LOWER END STA

ELEVATION
SECH0

1.00

2.00

3.00

4.00

5.00

6.00

310.
COMDIS

0.
200.
400.
600.
800.

1000.
1200,
- 1400,
1600.
1800.
2000,
2200,
2400.
2600,
2800.
3000.
3200.
3400,
3600,
3800.
4000.
4200.
4400.
4600.
4800.
9000.
9200.
H400.
5600.
9800.
6000.
6200,
6400
6600.
6800.
7000,
1200.
1400.
1600.
7800,
8000.
8200.
8400.

<3~ CACACACAICACIAICACACACACACIACHICICACAICAICACAICACHICHIC - €adacacadacacacacacacacacacacacac

330. 0. 350. 360.

310.

380.

390,

400.



8600,

8800.

8000.

§200.

8400.

8600,

7.00 8800,
10000.
10200,
10400,
10600,
10800,
11000.
11200,

8.00 11400,
11600.
11800.
12000,
12200.
12400,
12600.
12800.

9.00 13000.
13200.
13400.
13600,
13800,
14000,
14200,
14400,
10.00 14600,
14800,
15000.
15200.
15400.
15600.
15800.
16000,
11,00 16200.
12.00 16400,

- €3CACACACACACICACACACACICACACICICACACACICACIAICACACICACICACACACACACICACACICAICIC
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DAUD: (PALANI. HEJHECZ2.0UT;23 4-MAY-1988
4-MAY-88 1= 385G

e e e e e o e L P L e P SR I I
MW H AN W H AN H A AN AN A AR A AN A A A A AN H KA AN AH A A KA R AR W TR W

HEC2 RELEASE DATED NOV. 76 UPDATED APRIL 1980
ERROR CORR - 01,02,03,04
MODIFICATION - 50,51,52,53,54

D L P I N I e P I e B b P e P, B e s P N PP R )
03 W

aleale oL L B e N e ]
S I i i N I i i i R S e A T

NOTE - ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES
MESSAGE IN SUMMARY

NARMADA BASIN

SUMMARY PRINTOUT

SECNO DEPTH TOPWID AREA CWSEL CRIWS
1.000 2.01 45.18 47.40 321.00 0.00
2.000 1.64 37, 72 36.43 324.68 0.00
3.000 0. 94 5812 31.06 332.60 0.00
4.000 s 43.25 46.43 ° 336.68 0.00
5.000 0.80 58.72 29.96 340.87 0.00
6.000 2.03 150.83 59.42 347.57 0.00
7.000 1.70 51.05 31.88 353.69 0.00
8.000 2.04 31.36 34.64 361.00 0.00
9.000 1S 64.16 37.04 367.75 0.00
10.000 2.86 29.01 27.63 376.39 0.00
11.000 1.88 39.40 29.29 383.85 0.00
12.000 1.76 51.77 17.89 390.99 390.99
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DAUD: (PALANI. HEJHECZ2.0UT;?2 5-MAY-1988 10

5-MAY-86 095910

B s, i i N s P L I, S, N, T e DR, P A S i e I S e e, Sy S S S i S S S o S s S S e O S S 1
WA W WA W W

HEC2 RELEASE DATA NOV. 76 UPDATED APRL 1980
ERROR CORR - 01,02,03,04
MODIEFTCATION — 50,51,52,53,54

B e b L L I, o IS [P N, L S A S ISP P S SR A S S e PN O P S e JOS O e
w N W AW W WA WKW R WKW WS v

NOTE - ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES
MESSAGE IN SUMMARY

NARMADA BASIN
SUMMARY PRINTOUT

SECNO DEPTH TOPWID AREA CWSEL CRIWS
1.000 S B0 74.14 105.99 32208 0.00
2.000 darl 49.82 83.20 325, 75 0.00
3.000 2537 36.32 58 .21 333,73 330 71
4.000 3.44 72.89 87.43 335 w3t 0.00
5.000 1.64 161 .42 I 5 341.71 0.00
6.000 2 sl 195.88 109,93 347.85 347.49
7.000 252 188.70 116,11 354.51 0.00
8.000 2l 43.52 60.89 361. 71 0.00
9.000 1.93 1 e 8] 11252 3681 53 0.00
10.000 3.36 48.32 47.25 376.89 0.00
11.000 2.80 125.24 99. 90 384.77 0.00
12.000 2.12 76.32 41.21 291.35 SO 35




-DAUD: (PALANI.HEJHEC2.0UT ;4 13-MAY-1988 14

13-MAY-88 14:43:51

ala .l l B e _L .'_ .'- -'_ -'. -l | .‘- ..l. J‘ PUREN ' | l B S e e B e e SR s )
v OIS WWWWW W WKW W

NI W W AW W W

HhCZ RELEASE DATED NOV. 76 UPDATED APRL 1980
ERROR CORR - 01,02,03,04
MODIFILATION o 50 a1, 53 54

l, l I .j I l ‘ | t t G l l l B L e N L e e
* Ak F A TeTo T T dek

NOTE - ASTERISK (#*) AT LEFT OF CROSS-SECTION NUMBER INDICATES
MESSAGE IN SUMMARY

NARMADA BASIN

SUMMARY PRINTOUT

SECNO____DEPTH______ TOBWID ___. AREA .  CWSEL " CRIWS
1.000 01 411.48 980.29 325.00 0.00
2.000 34 45.61 65.47 325.38 325.38
3.000 4.67 82.24 213,13 334.03 381479
4.000 4.31 106.45 165.92, 338.24 0.00
5.000 2.61 298.94 339.40 342.68 0.00
6.000 2. 70 271.64 196. 39 348.24 0.00
7.000 Fo 81 243.84 295.50 355,30 0.00
8.000 355 82.52 110.02 362.51 0.00
9.000 2.9 210.00 292.23 369.53 0.00
10,000 3.93 69.02 80.11 377.46 377.46
11.000 3.78 24131 302.57 385.75 0.00
12.000 2.69 139,61 96.80 391,92 39192
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