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ABSTRACT

Flow regime of any river for different discharge condition is essential
to the water resources engineers, planners and managers. To know the depth
of flow at different downstream reaches water surface profiles are computed
using the information on the channel geometry and roughness coefficient for
the river reach. Water surface profiles can be calculated by different meth-
ods. The most common and simple method is to calculate the water surface
profile by standard step method in which profile is calculated reach by reach.
The programme HEC-2 calculates water surface profiles for gradually varied
fiow by standard step method. Tt computes the water surface elevations and
related hydraulic parameters at all locations of interests for given flow
values. The data needed to perform these computations include flow regime,
starting elevations, discharge, loss coefficients, cross section geometry, reach
lengths etc. The effect of obstruction such as bridges, weirs and other struc-
tures in flood plain can be studied. In a single run, upto 14 profiles using
the same cross section data can be computed. The programme can take into
account the reduction of the flow carrying capacity due to encroachment of
flood plain. The computation of water surface profiles in the tributary system,
if necessary can, be made after the computation of the main stream. The
Manning' "n" values for flood plain and channel can be varied.

In this report the programme HEC-2 has been implemented on river
Digaru to compute water surface profile for several discharge conditions. In
this reach, two bridges have been considered. The computed water surface
elevations, critical water surface elevations, energy grade elevations and
slope, velocity in the channel, flow area, top width and Froude Number in the
reach are hereby reported in this report.

—-iv~-



1.0 INTRODUCTION

There are severai reasons for the floods to occur like heavy rain in the
upstream catchment, landslide, dam break, cloud break etc. Whatever may be
the cause of flood, its movement generally follows a similar pattern as it
moves down. At a given site, the water level rises to reach a peak and then
slowly decreases. As the water level increases, discharge of water also in-
creases, together with an increase in the storage of water in the channel and
adjoining plains. Hence a flow entering a reach may pass through the reach
or may go into temporary storage. From this storage, it will be released
slowly. It is mecessary that the continuity equation used in flood routing
accounts such balance between inflow and out flow. In this process of flow,
the peak discharge entering a reach gets lowered before leaving the reach.
This acts a natural regulator of flood, moderating it. Such decrease in flow is
known as attenuation. This occurs in all channels, although at varying extent,
These process have been explained from the figure la. to 1.d

The figure I.a depicts the observed hydrograph at both the ends of a
reach. The difference between inflow and outflow goes into storage until the
time of maximum storage T as marked S. Aftzr this time T the outflow exceeds
the inflow until both are equal at H for a single flood peak. During this
period flood water is released from the temporary storage. In general §
should be equal to R but it may be noted that depending on the topographic
nature, some part of S may escape the river system. This kind of escape is
not treated in this report. The attenuation in the term of inflow can be
expressed as

Qare = 100 (Py - P )P

The figure L.b explains how flood water enters into storage in the
longitudinal point of view. The figure I.d explains the plan view of flood move-

ment,



Expect for prismatic channel, the superimposed cross sections at var-
ious sites of a reach would look very similar to figure I.c. This figure is only
a typical situation. Number of tributaries may join the river and the dis-
charge increased4s as one moves downstream unless large withdrawals are
made in between.

Any obstruction in the waterway causes backwater effect which may
even extend up to 60 km upstream and water spread area may get increased.
Floodplains provide ample space for storage of flood water.

The velocity of flow in the floodplains are much different from that of
channet. This is due to the fact that roughness present in floodplain is much
larger and the depth of flow in the plains is shallower than that of channel.
Thouglt these characteristics complicate the flood routing, HEC-2 program

handle these cases very efficientiy.
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1.1 IMPORTANCE OF THE STUDY

The flood plain is the area adjoining the main river channel which gets
inundated when the water level increases beyond the bank-full storage. The
movement of flood along the flood plains is gquiet complex. The flood plain
acts as conveying as welil as stovage medium for passage of floods. The valley
storage naturally regulates the flood flow as it moves tovards the downstream
end of the reach. The flow over the flood plains 1s relatively siower than the
main channel. This 5 mainiy due 1o relatively low depth of flow and also due
to the increased -frictiopal resistance.

During flood season, when the stream is in spate (sudden rush of
water), the water level increases. the flow overtops the river channel banks
and moves into the flood. plains. In case of wide floodplains, the flood water
gets stored and cause large atienuation. Over the flood-plain the flood moves
in relatively shallow depths. The vegetation and bed roughness of the plains
retard the flow and as such energy loss is different in the flood plains than
that in the channel.

Flow regime of any river for different discharge condition is essential
to the water resources engineers, planners and managers. The river training
works modify the existing flow situation. For example, construction of levees
for the protection of a village or town increases the depth of flood flow. The
human activities and encroachments in the flood plain affects the river envi-
ronment and flood flow. Embankments are constructed in order to avoid disas-
trous inundations, But such activities drastically change the river regime,
which has to attain new equilibrium under changed conditions. Construction of
any obstruction across a river like dams, weirs, barrages bridges etc. change
the flow regime. For releasing water from any reservoir, knowledge of depth
of flow at different downstream reach is essentisl for avoiding damage of

lives and properties due to inundation. To know the depth of flow at differ—



ent downstream reaches water surface profiles are computed using the infor-
mation on the channel geometry and voughness coefficient for the river reach
of the region.

1.2 LITERATURE REVIEW

The method of determining the flood hydrograph at a section, using the
data on the same at an upstream site is known as flood routing. These meth-
ods are needed for many hydrologic applications like flood forecasting, flood
protection, reservoir design, spillway design etc.

There have been a variety of flood routing procedure which have been
developed involving various assumptions about the flow and channel charac-
‘teristics depending wupon available data.

Theoretical foundation for flood routing was laid by Saint-Venant in
1871, with the development of cne dimensional equation of unsteady flow. The

St. Venant equation express the ceonservation of mass and momentum as fol-

lows
Continuity :
2Q/dx +aA/it€=0 L (I.1)
Momentum . .
dA+(Q)Q +Ag (Y -8, +8) =0 ... (1.2)
gt A x ox
where,

Q is the discharge (m3/s),

A is the area of cross section of flow (mz),

Y is the depth of flow (m),

£ is the acceleration due to gravity (m/sz)

8 is the bed slope,
S¢ is the energy slope,

X,t are space and time coordinates.



These equations are too complex to solve and hence various
simplitied forms are derived to solve flood propagation. A bibli-
cgraphy of the works carried out on flood routing is avaitable in
Miller, et al (1975), The solution procedures for the flood
propagation can be classified under two categories viz (i} hydro-
logic flood routing, (ii) hydraulic flood routing.

Hydraulic routing considers the flow to be gradually varied unsteady
and solves the partial differential equations. Hydrologic routing aims at
computationally simplified approach by using routing parameters.lThese
parameters are chosen so that they are able to reproduce the outflow hydro-
graph. Two distinct effects, on the hydrograph of these parameters are (i}
the translation of flood wave without change of form and {ii} the attenuation,

which is a reduction in flood peak.

1.3 AVAILABLE METHODOLOGY AND ADVANTAGE OF HEC-2 OVER THEM

Hydrologic routing methods use simplified forms of eguations
1 and 2. The continuity equation takes the form :

1 - 0 = ds/dt v {1.3)

Instead of the usuwal momenivm eguation given earlier, hydrologic flood
routing methods adopt storage equation as follows :

S=kix1-{1-x}0 L. (1.4)
where

I is an average inflow over time dt

0 is an average outflow over time dt

§ is storage

k, x are routing parameters determined from flood records.



The Muskingam method uses a trial and error method to arrive at the two
parameters. There are other methods evolved to determine physically meaning-
ful parameters.

The Muskingam Cunge Procedure is one of such procedure which considers
the attenuation effect of the flow during its passage through a river reach
due to irregularities in the cross section and storage effect. The Muskingam
procedure also considers the effect of channel geometry. Because of the use
of information on the river geometry this method provides s scope of extend-

ing ils application to flood largzer than earlier observations.

In case of hydraulic flood routing the §t. Venant equations are solved

with appropriate boundary conditions by any of the following methods :

1. Finite Difference Method
2. Method of characteristics
3. Finite element methods.

A review of hydraulic routing method can be seen in Hydraulic Routing
Techniql;es, NIH RN-21 {1985-86}.
1.3.1 Flood Routing Models

Routing of floods can be achieved through black box models or through
mathematical models. The black box models require data of a number of past
high floods involving movement in ficod plains. More the availability of data
of such floods, better is the establishment of the routing parameters, assum-—
ing that channel processes have not gignificantly altered the river regime.
The mathematical models require data on cross section of the river at close
intervals and estimate of roughness coefficient. Their requirement on data of
past flood is minimal, Based on data availability any one of the method can be

chosen.



Black Box Models

This method makes use of the past recorded fioods and finds the set of
routine parameters that would best produce the out Tlow given the inflow.
These parameters takes care of the flood and the geometry of the rtiver. In
case the floods, used in computing the parameters are large such that move-
ment in the flood plains occurred, the parameters could conveniently be used
to route the flood taking floed plains into account. Otherwise the routing
parameters can not be used and Muskingam Method is of little use.

I'n such case, a variance of this method, the Muskingam Cunge Method
takes the geometrical features of flood plain and channel for establishing the
flood routing parameters, and is therefore, preferred over Muskingam method.
Mathematical Models

There are three kinds of models available in the literature to treat
flood plains, They are described briefly below :

i off-channel storage

This mode! assume that floodplains function only as a storage. The
velocity of flow in the floodplain is assumed to be negligible and momentum
effects are not considered.

2. Composite channel

This treats the channel and flood plains as one unit. A single Manning's
"n" value is assumed, An excellent text on this Manning’s "n" is given in
Chow (1959). This model takeé the carrying capacity of the plains also in
jumped form.

3. Channel-plain model

This model distinguishes the two functions of the flood plains and

accounts both of them. These functions are storage and convevance. As such

the wetted area A is the sum of area of flow in the channel, area of flow in



the plains and the area of dead storage.

In order to illustrate its use, application of HEC-2 to route some flood
; experienced in river Digaru has been made. The information on river geometry
) has been collected form the field survey covering the river reach upstream

and downstream of the two bridges considered in the study.



1.4 OBJECTIVE

The stream~flow measurement with floats in the case of large floods
which inundate flood plain involves lot of error in the records. While using
such records, care has to be taken to assess and possibly to remove such
errors from the data used for the analysis. A careful! analysis of stage-
discharge relations would help to this end. The aim shouid be to develop
rating curve at different reaches of the river so that hydrograph can be
generated at any cross section of the river of the interest.

The application of any flood routing method has to properly account for
these factors, when dealing with high floods. The method used to route a
flood can be broadly classified into two categories, viz (i) Black Box Models,
(ii) Mathematical Models. Flood Routing by HEC-2 method belongs to the later
category and is now being used in many countries. This method uses the data
of river cross sections to define river channel geometry, roughness coeffi-
cient for the main channel as well as flood plain to define flow characteris-
tics, initial boundary conditions to arrive at the necessary flood hydrograph
parameters at different reaches. Even if the observed floods are not large
enough so as to include measurement in flood plains also. the program HEC-2
works fine and gives correct result to apply at another section. Different

approaches used in HEC-2 have also been explained in subsequent sections.

Water surface profiles can be calculated by different methods. The most
common and simple method is to calculate the water surface profile by stand-
ard step method in which profile is calculated reach by reach, The HEC-2
calculates water surface profiles for gradually varied flow by standard step
method. The program'’s objective is quite simple - compute the water surface

elevation at all locations of interests for given fiow values.



2.0 HEC-2 COMPUTER PROGRAMME

2.1 DATA REQUIREMENT
The data needed to perform these computations include flow regime,

starting elevations, discharge, loss coefficients, cross section geometry and

reach lengths.

2.1.1 Flow Regime

Subcritical profile computed by the program are constrained to the
critical depth or above and super-critical profile are constrained to critical
depth or below. The program does not allow profile computations to cross
critical depth except for certain bridge analysis problem. In case where flow

passes from one flow regime to another as shown in figure 1, it is necessary
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to compute the profile twice, alternatively assuming subcritical and super-

critical flow. HEC-2 does not contain the capability to determine the position

of the Hydraulic Jump or energy losses associated with the jump.

2.1.2

Starting Elevation

The water surface elevation for the beginning cross section may be

specified in one of the four way :

1)
2)
3)

4)

As critical depth.

As a known water surface elevation.
By the slope area method and

By a rating curve.

For beginning by the slope area method, estimated slope of the energy

grade line is set equal to the slope of the ground and initial estimate of the

water surface elevation is used. The flows computed for the fixed slope is

adjusted until the computed flow is within one percent of the starting flow.

The water surface elevation thus determined may be used as the starting

water surface elevation for subsequent water surface profile computation,

2.1.3

2.1.4

Discharge
Discharge may be specified and altered in several way,
Energy Loss Coefficients

Several types of loss Coefficient are utilized by the program to evaluate

head losses.

1)

2)

3)

Manning's ’n’ or equivalent roughens heights 'k’ values for (friction
loss.

Contraction and expansion coefficient to evaluate transition (shock)
losses.

Bridge and culvert loss coefficient to evaluate loses reiated to wear
shape, pier configuration and pressure flow, and entrance and exit

conditions.

11



2.1,4.1 Manning’s 'n’

Since Manning’s coefficient of roughness depends on such factors as
type and amount of vegetation, channel configuration and stage, several op-
tions are available to vary ’n’. Channel and over bank roughness may be
sufficient to describe the ’'n' value, otherwise more ’n’ values may be ade~
gquately described to define the lateral roughness variation in the cross sec-
tion. ’n’ may be given for individual cross section or for the reach as a
whole. Data indicating variation of 'n' with river stage may also be used in
the program. The program has capability to modify it by any desirable factor.
2.1.4.2 Equivalent Roughness ’k’

An equivalent roughness parameter 'k’ commonly used in the hydraulic
design of channels is provided for describing roughness in HEC-2.

The advantage of using 'k’ instead of 'n' is that 'k’ rejects changes in
the friction factor due to stage where as Manning's ’n' alone does not.
This influence can be seen in the definition of Chewy ’c’ (English unit) for a

rough channel

12.2 R
€ = 32.6 logyqy [———] veenes (1)
where, C = Chewy roﬁghness Co-efficient
R = Hydraulic radius (feet)
k = Equivalent roughness (feet)

From this equation it is evident that as R increase the friction factor

'C" increases. In HEC-2, 'k’ is converted to a Manning’s 'n' by the foliowing

equation:
r1/6
n = coreer {2)
12.2 R
18.0 logjq [ 1
k

Where ’'n’ = Manning’s roughness Coefficient. Values of 'k’ can be de-

12



scribed in the program in the same way as for Manning's 'n’.
2.1.4.3 Contraction And Expansion Co_efficient

Losses due to contraction and expansion ‘of flow between cross-section
are determined by Standard Step Profile calculations., Manning's equation is
used to calculate friction losses and all other losses are described in terms of
a coefficient times the absolute value of the change in velocity head between
adjacent cross sections. When the velocity head increases in the downstream
direction a contraction co-efficient is used and when the velocity head de-
creases, an expansion co-efficient is used.
2.1.4.4 Bridge Losses

HEC-2 computes energy losses caused by structures such as bridges
and culverts in two parts. One part consists of the losses that occur in
reaches immediately upstream and downstream from the structures where the
contraction and expansion of the flow is taking place. The second part con-
sists of losses at the structure itself and is calculated with either the normal
bridge method or the special bridge method. As an alternative to having the
losses being calculated by the program it is also possible to input the losses
(or water surface elevations) determined externally from the program.
2.1.5 Cross Section Geometry

Boundary geometry for the analysis of flow in & natural streams is
specified in terms of ground surface profile {cross-sections) and the meas-
ured distance between them (reach lengths). Cross-sections are located at
intervals along a stream to characterize the flow carrying capability of the
stream and its adjacent flood plains. They should extend across the entire
flood plain and should be perpendicular to the anticipated flow line. Every
effort should be made to obtain cross sections that accurately represent the

stream and flood plain geometry. However, ineffective flow areas as the flood

13



plain such as stream inlets, small ponds or indents in the valley floor should
generally not be included in the cross sections geometry.

Cross—sections are required at representative locations throughout a
stream reach and at a location where change occur in discharge, slope or end
and at bridges or control structures such as weir. Where abrupt changes
occur, several cross-sections should be used to describe the change regard-
less of the distance. Cross-section spacing is also a function of stream size,
slope, and the uniformity of the cross section shape. In general, large uni-
form rivers of flat slope normally require the fewest member of cross sections
per mile. The purpose of the study also affect spacing of the cross sections.
2.1.6 Reach Lengths

The measured distance between cross-sections are referred as reach
length. The reach length for the left over bank, right over bank and channel
are specified separately. Channel reach length is typically measured along the
thalweg. Over bank reach length should be measured along the anticipated
path of the center of mass of the over bank flow. Often these three values
will be equal. But in the condition such as at river bends or where the
channel meanders considerably and the over banks are straight, these three
valyes will differ. When these three lengths are different, a discharge wetted
reach length is determined based on the discharge in the main channel and
left and right over bank segments of the reach.

2.2 HEC-2 CAPABILITIES

Hec-2 has numerous capabilities that allow the user to determine flood
plains and floodways; to evaluate energy loss at obstruction such as weirs,
culverts and bridges and to analyze improvemenis to drainage systems. Other

program option include the capabilities to select from alte rnative friction loss

14



equations, calculate critical depth, solve directly for Manning's 'n’, automati-
cally insert program generated cross sections, specify ineffective flow areas,
analyze tributary streams, perform multiple profile analysis in a single execu-
tion of the program, analyze flow in ice covered stream.
2.2.1. Multipie Profile Analysis

In a single run HEC-2 can compute up to 14 profiles using the same
cross-sectional data. After the last profile of a multiple profile run, a sum-
mary print out is generated which provides a concise summary of results for
all profiles for each cross section.
2.2.2 Critical Depth

Several options related to the computation of critical depth are available
in HEC-2. Critical depth may be required for each cross section of a subcriti-
cal run. Critical depth is calculated automatically for cross section of subcrit-
ical profiles whenever the calculated velocity head exceeds a test velocity
head. The tolerance normally used is 2.5 % of the depth. The user can specify
an alternate tolerance to be used for the automatic calculation of critical
depth by indicating a positive value for tolerance,
2.2.3 Effective Flow Option

HEC-2 has capability t¢ restrict flow to the effective flow areas of cross
section. There are option to simulate sediment deposition, confine flow to the
leveed channels, to block (;ut road filis and bridge decks and to analyze flood
plain encroachments. These options are illustrated in figure 2. Cross section
with low over bank areas or levees require special consideration in computing
water surface profile because of possible overflow into areas outside the main
channel. Normally, computations are based on the assumption that all area
below the water surface elevation is effective in passing the discharge.

However, if the water surface elevation at a particular cross-section is less

15
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Figure 2 : Types of Effective Flow Options

than the top of levee elevation and if the water can not enter or leave the
over bank upstream of cross section, the flow areas in these over bank
should not be used in the computation. It is important for the user to study
carefully the flow pattern of the river where levees exist.
2.2.4 Encroachmeni Option

Six methods of specifying encroachments for floodway studies can be
used:
e Stations and elevation of the left and/or right encroachment can be

specified for individual cross section as desired (figure 3a).
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Figure 3{a) : Encroachment Method 1
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A floodway with a fixed top can be specified which will be used for all
cross sections until changed. The left and right encroachment station
are made equidistant from the centerline of the channel which is half

way between the left and right bank stations {figure 3b).
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Figure 3(b) : Encroachment Method 2

Encroachment can be specified by percentage which indicate the desired
proportional reduction in the natural discharge carrying capacity of

each cross section (figure Jc).
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Figure 3{c} : Encroachment Method 3

Encroachment can be determined so that each modified cross-section wili

have the same discharge carrying capacity (at some higher elevation) as

L7



the natural cross section. This higher elevation is specified as a fixed

amount above the natural profile (figure 3d). The encroachment is
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Figure 3(d) : Encroachment Method 4

determined so that at higher elevation possibly an equal loss of con-

veyance occurs on each side of the channel.

Determination of water surface elevation so that difference between the

natural and encroached condition is such that target difference is

obtained as near as possible (figure 3e).
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- Determination of energy grade line elevation so that difference between
the natural and encroached condition is such that target difference is

obtained as near as possible {figure 3f).
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Figure 3(f) : Encroachment Method 6

2.2.5 Optional Frictional Loss Equations

The friction loss between adjacent cross section is computed as the
product of the representative rate of friction loss (friction slope) and the
weited reach length. The profile allows the user to -select from the following
Triction loss equation:

- Average Conveyance Equation,

- Average Friction Slope Equation.

- Harmonic Mean Friction Slope Equation,
- Geometric Mean Friction Slope Equation.

Any of the above equation will produce satisfactory estimate provided
that reach lengths are not too long. The advantage of ﬁsing alternate equa-
tion is to maximize reach length without sacrificing profile accuracy, since the
program selects the most appropriate of the preceding four equations on a

reach to reach basis depending upon the flow conditions within the reach.
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2.2.6 Channel Improvements

Cross sectional data may be modified automatically by the program to
analyze improvements made to natural stream sections. Up to five different
hottom widths may be specified for the execution of a single run and im-

provements of three cross-sections can be utilized. Figure 4 shows a sample

application of channel improvement option.

1s0
FL8TAI380
180 _\
\ ) /
_ llao 3 71
F 17
ﬂ ﬂj! A5%512
L
z KL55:3 lé 72
T 130 5 <
5 " !
I‘— =
Ed
: ! [
«l
Y nhzo "
C/ St -
7
g |7 7
o “ CELCH= LIIQ
1
"BWric0 |
oo
0 100 200 300 400 300 600

STATIONI LN FEET)

Figure 4 : A Stream Cross Section Before and After Channel Modification

2.2.7 Interpolated Cross Section

Occasionally it is necessary to insert cross-section between those speci-

fied py input, because the change in velocity head {8HV) is too great to

accurately determine the enerpy gradient.

coded manually or & program option may be requested to input interpolated

cross-section.
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Interpolated cross—sections are determined by raising or lowering and
expanding or contracting the current cross-section’s shape. They are inserted
uniformly between the two input cross-sections. A proportion of th;e elevation
difference determined from the minimum elevations of the two input cross-sec—
tions is added (or subtracted) to the elevation coordinates of the current
cross-section. The modification of the horizontal coordinate is a function of
the ratio of channel areas of the two input cross-section. The channel area
(between bank stations) of the current cross—section is determined with the
depth of flow from the previous cross—section.

The number of interpolated cross-sections added to each profile may
vary with discharge. Therefore, it is advisable not to run the programme for
multiple profile because the analysis will require the same cross-section data.
2.2.8 Tributary Stream Profile

Subcritical profile may be computed for tributary stream system for
single or multiple profiles in a single execution of the program. In a single
run, a profile for a stream system with second order tributary may be drawn.
This may be accomplished if data for the tributary, with the tributary, is
treated as a portion of the main stream. Then the main stream beyond the
Junction of the two stream is treated as a tributary. ’i‘his is illustrated in
figure 5; numbers 1 through 8 locate cross section on the main stream,
number 11 through 16 are cross section on the first order tributary and
number 21 through 22 are cross section on the second order tributary. Th:
arrangement of cross section data for the stream system in figure § fur a
tributary in a single execution of the program is as follows
1,2,3,4,11,12,13,14,15,186, -4,5,6,7,8, -14,21,22,

Tributary stream profile slould not be calculated simultaneously with

21



NUMBERS REFER To CROSS SECTION
' 2 LOCATIONS,

Figure § 1 Second Order Stream System

encroachmeni methods {3 to 6) and split flow option.
2.2.9 Solving For Manning’s 'n’

HEC-2 can compute 'n’ values automatically from high water data if the
discharge, relative ratios of the 'n’ values for the channel and over banks
and water surface elevation at each cross section are kwown. The best esti-
mate of 'n’ for the first cross—section must be entered, since it is not possi-
ble to compute 'n’ value for this cross-section. The relative ratio of ’'n’ values
between channel and over bank is set by the first section and wili be used
for all subsequent cross-section unless changed by another ratio. The aver-
age friction slope is utilized by the profile to solve for 'n' values. When an
advaerse slope is encountered, computations restart using 'n’ values from the
previous section.

Auother method is to specify the discharge and an lussumed set of 'n’
volues and have the program compule a waler surface profile which can be

compared with the high water profile.



2.2.10 Storage Flow Data

HEC-2 storage cutflow option can be used to generate input data for
hydrograph routing using the Modified Puls Method which requires stream
storage and corresponding discharge. Stream storage should be determined
for & range of discharge which cover the anticipated range of flows for
routed hydrographs.

The storage volume computed by the profile does not include any
volume blocked out as ineffective flow, If the reach for which storage dis-
charge data is being generated has ineffective flow areas, the storage data
should be adjusted accordingly. In some cases, it is convenient to use high
roughness coefficient to block out these ineffective flow areas. This approach
retains the storage volume associated with these areas.

2.2.11 Split Flow Option

This option provides for the automatic determinations of channel dis-
charges and profiles in situations where flow is lost from the main channel.
The split flow option can model flow over levees or weirs, overtopping of
watershed divides and flow splits created by diversion structure. This option
allows the user to determine flow splits with weir or normal depth analysis or
by direct input of rating curves.

2.2.12 Ice Covered Streams

HEC-2 has capability to determine water surface profile for streams with

stationary floating ice covers. In addition to hydraulic analysis, the option

determines the potential for ice . jams.

23



2.3 THEORETICAL BACKGROUND

The concept and equations used for basic profile calculation, cross
section subdivision for determining conveyance and velocity distribution,
friction loss evaluation, iterative procedure for solving the basic equations
and critical depth determination are discussed in the following sections :
2.3.1 Equations for basic profile calculations

The following two equations are solved by an iterative procedure of

standard step method to calculate an unknown water surface elevation.

an Vol wy. Vi.?
2 1
WS, + 22 = WS, + _,____l + h vevees (3)
2 1 e
2g 2g
- r‘ﬂszz a.V’——|
hg =1L 8p +C | - 1 1 | eeees (4)
— 2g 2g |
Where : WS;, WS; = Water surface elevations at ends of the reach.
Viy Vo = velocity Co-efficient for flow at ends of the reach.
g = Acceleration due to gravity.
he = Energy head loss.
o = discharge weighted reach length
Ef = Representative friction slope for each reach

C = Expansion or contraction loss Coefficient

The discharge weighted veach length, L is calculated as

E Q +E_ Q +E Q
L = tob Qiob * Lch Qch * Lrob Yrob e {5)

Q 1ob * Qch * Qrob
Where L ,— Lope L = Reach lengths apecified for flow in the left over
lob ch" reb ; . :
bank, main channel and right over bank, respective-
ly.

alob’ 6ch’ Quop, = Arithmetic average of flows at the ends of the reach
for the left over bank main channel and right over
bank respectively.
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Friction ioss i~ cvaluaterd as the product o1 bp ana L whete Sy is the
respective friction slope for reach and L. given by equation (5). In HEC-2, _
5¢ can also be obtained by any of the equations given below :-

Average Conveyance Equation

Ef = [ 8-1"..-—9'2"— 12 ciever {B)
Kl + K2

Average friction slope equation

- Sf + sz
Sp= b2 )
2

Geometric Mean Friction Slope Equation
§f = Sfl'sz) wernes (8)

Harmonic Meen Friction slope Equation.

_ 28 . 8
5, Sn e ——)

8fy + Sga

Equation {6) is the "default equation" used by the program, that is used
automatically unless a different equation is specified.

The friction loss between adjacent cross-section is compared as the
product of the representative rate of friction loss (friction slope) and the
weighted reach length. Any of the above four friction loss equations will
produce satisfactory estimate provided that the reach lengths are not too
long,

The important feature of the capability of the program is that it se-
lects the most appropriate of the preceding four equations on a reach basis
depending on flow conditions {e.g. M1, §1, etc.) within the reach.

2.3.2 Cross section Sub-Division

For determining total conveyance and the velocity coefficient for a

cross section, the flow should be subdivided into ‘units for which the velocity

is uniformly distributed. HEC-2 program sub divide the flow in the over bank
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areas using the input cross section stations as the basis for subdivision.
Conveyance is calculated within each subdivision by the following equation (in
English Unit)

K = 1.486 a r?/3

vorens {10)
n
where K = Conveyance for subdivision
n = Manning's 'n’ for sub-division
a s Flow area for sub division
r = Hydraulic radius for sub division

The total conveyance for the cross section is obtained by summing the incre
mental conveyance.

2,3.3 Velocity Coefficient

The velocity coefficient is computed by the following equation basec
the conveyance in the three flow elements : left over bank, main channel,

right over bank;

a = (a)? (Kyop)?  (Kep)? (Kpop)? 0
+ —— PPN 1
(“"lob)2 (Ach)i (Arob)z
(k)3
where At = Total flow area of the cross section.
Alob, Ach, Arob = Flow area for left over bank, main channel and

right over bank.
Klob, Kech, Krob = Conveyance of left over bank, main channel and
right over bank.
The important feature of the capability of the program is that it se-
lects the mos;t appropriate of the preceding four equations on a reach basis

depending on flow conditions (e.g. M1, S1, etc.) within the reach.
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2.3.4 Critical Depth Determination
Critical depth for a cross section will be determined if any of the fol-
lowing conditions are satisfied :
(1) The super critical flow regime has been specified.
(2) Calculation of critical depth has been .requested.
(3) This is the first cross section and critical depth starting
conditions have been specified.
(4) The critical depth check for a subcritical profile indicates that
critical depth needs to be determined to verify the flow regime
associated with the balanced elevation.

The total energy head for a cross section is defined by :

H = WS +aVi veeree (12}
where H = Total energy head
WS = Water surface elevation
aVZIZg = velocity head

The critical water elevation is the elevation for which the total energy head
is a minimum. The critical elevation is determined with an iterative procedure
whereby values of WS are assumed and the corresponding values of H are deter-
mined with equation (12) until a minimum values for H is reached.
2.4.0 METHODOLOGY ADOPTED
The unknown water surface elevation at & cross section is determined by
an iterative solution of the equation 1 and 2. The computational procedure is
as foliows :
1. Assume a water surface elevation at the upstream cross section in the
case of subcritical flow (or downstream cross section in the case of a
super critical flow profile).

2. Using the assumed elevation, total conveyance K and velocity head are
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computed.
3. With values from step 2, the energy slope is calculated from which
head loss hg is calculated,

4, With values from step 2 and 3, WS, is computed using the equation 1.
5. A new water surface elevation is assumed as an average of the comput
ed value obtained from step 4 and the originally assumed value.

6. Step 2 to 5 are repeated until assumed value agrees within 0.01 m to

get a balanced water surface elevation.

2.5 HEC-2 LIMITATIONS

The folliowing assumptions are implicit in the analytical expressions
used in the program :

(1) Flow is steady.

(2) Flow is gradually varied.

(3) Flow is one dimensional (i.e. velocity components in directions

other than the direction of flow are not accounted for).

(4) River channels have small slopes, say less than 1:10,

The program does not have the capability to deal with movable boundaries
(i.e. sediment transport) and requires that energy losses be definable with

the terms contained in equation 3.

2.6 Flow Through Bridges

2.6.1 Normal Bridge Method
The normal bridge method handles a bridge cross section in the same
manner as a natural river cross section except that the area of the bridge

below the water surface is subtracted from the total area and the wetted

28



perimeter is increased where the water is in contact with the bridge struc-
ture. The bridge deck is described either by entering the constant elevations
of the top of the roadway and low chord as variables or by specifying a table
of roadway stations and elevations and corresponding low chord elevaticons.
Pier losses are accounted for by the loss of area and the increased wetted
perimeter of the piers as described in terms of cross section co-ordinates.
2.6.2 Special Bridge Methods

The special bridge method computes losses through the structure for
either low flow, pressure flow, weir flow or for a combination of these. The
profile through the bridge is calculated using hydraulic formulas to determine
the change in energy and water surface elevation through the bridge.
2.6.2.1 Low Flow

The procedure used for low flow calculation in Special bridge method
depends on whether the bridge has piers. Without piers the flow seolution is
accomplished by Standard Step calculation as in the normal bridge method
because the equations used in the special bridge method for low flow are based
on the obstruction width due to piers. Without piers the Special Bridge Method
would indicate that no losses would occur. For a bridge with piers, the
program goes through a momentum balance for cross sections just outside and
inside the bridge to determine the class of flow.
2.6.2.2 Class A low flow occurs when the water surface through the bridge is
above the critical depth i.e. subcritical flow. In the momentum equations, a

trapezoidal approximation of the bridge opening is used to determine the area

Hy = 2K (K+10W-06) (a+15ah) vy2 i (13)
T2
where
Hy = Drop in water surface from upstream to downstream side of
the bridge

29



= Pier shape coefficient

w = Ratio of the velocity head to depth downstream from the
bridge.
12 = Obstructed area/Total unobstructed area.

The computed water surface elevation is simply the downstream water surface
elevation plus Hy. When the upstream surface elevation is known, the program
computes the corresponding velocity head and energy elevation for the upstream

section.

2.6,2.3 Class B low flow can exist for either a subcritical or super-critical
profile. For either profile, class B low flow cccurs when the profile passes
through critical depth in the bridge constriction. For a subcritical profile,
critical depth is determined in the bridge, a new downstream depth (below
critical) and the upstream depth{(above critical) are calculated by finding the
depths whose corresponding momentum flux equals the momentum flux in the
bridge for critical depth. With this solution the hydraulic jump occurs down-
stream as the downstream elevation becomes the super-critical elevation. The
program does not provide the location of the hydraulic jump. A super critical
profile could be computed starting at the downstream section with the super
critical water surface elevation given by the computation of class B low flow.
For super critical profile, the bridge is acting as a control and is causing the
upstream water surface elevation to be above critical depth. Momentum equa-
tions are again used to recompute an upstream water surface elevation (above
critical} and a downstream elevation below critical depth. For this solution a
new upstream elevation is given by the program with a noting that new
backwater is required, indicating a subcritical profile should be calculated

upstream from the bridge starting at elevation given by this computation.
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2.6.2.4 Class C low flow is computed for a super critical profile where the
water surface profile stays super critical through the bridge constriction. The
downstream depth and the depth in the bridge are computed by the momen-
tum equations based on the momentum flux in the constriction and the up-
stream depth.

2.6.2.5 Pressure Flow

The pressure flow computes the flow as orifice equations given by

Q = A { (2gH/k) v {14)
where
H = Difference between the energy gradient elevation upstream
and tail water elevation downstream.
k = Total loss coefficient
A = Net area of the orifice
24 = Gravitational acceleration
Q = Total orifice flow

The total loss coefficient k, for determining losses between the cross sec—
tions immediately upstream and downstream from the bridge is equal to 1.0 plus
the sum of the loss coefficients for intake, intermediate piers, friction and
other minor losses.
2.6.2.6 Weir Flow

Flow over the bridge and the roadway approaching the bridge is calculat~

ed by standard weir equation:

Q = cey¥2 (15)
Where
C = Coefficient of discharge.
1. = Effective length of weir controlling flow.
H = Difference between the energy grade line elevation and the

roadway crest elevation.
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Q = Total flow over the weir.

The approach velocity is included in using the energy grade line eleva-
tion in lieu of the upstream water surface elevation for computing the head,
H. Values for coefficient of discharge 'C’ are presented in the section on
loss coefficient. Where submergence by tail water exists, the coefficient 'C’
is reduced by the program. Submergence corrections are based on a trapezoidai
welr shape or optionally an Ogee spillway shape. A total weir flow, Q, is
computed by subdividing the weir crest into segments, computing L,H, a submer-
gence correction and Q for each segment, and summing the incremental dis-
charge.
2.6.2.7 Combination Flow

Sometimes combinations of low flow or pressure flow occur with weir
flow. In these cases, a trial and error procedure is used, with the equations
just described, to determine the amount of each type of flow. The procedure
consists of assuming energy elevations and computing the total discharge

until the computed discharge equals, within 1 percent, the discharge desired.
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2.7

Genera! Modeling Guidelines for flow through bridge

Figure 6 shows the basic configuration of cross sections for computing

losses through bridges.
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Figure 6 : Cross Section Locations in the Vicinity of Bridges

Cross seclion 1 is sufficiently downstream from the bridge where the flow has

fully expanded, not affected by the bridge. The basic input problem is to

determine tiow far downstream from the bLridge the cross section should be
A
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located. As a thumb rule it should be located about four times the average
length of the side constriction caused by the bridge abutments. Therefore,
cross section 1 would be located downstream from the bridge four times the
distance AB or CD as shown in the figure 6. Because the constriction of flow
may vary with the discharge, the downstream reach length should represent
the average condition if a range of discharge is used in the model.

Cross section 2 is a river cross section immediately ({within a foot or two)
downstream from the bridge. The cross section should represent the effective
flow (effective flow is that portion of flow where the main velocity is normal
to the cross section and in the downstream direction) area just outside the
bridge and its location could be considered as the downstream face of the
bridge. It is important to work with effective flow area because it is assumed
in the application of the emergy equation that the mean downstream velocity
for each subsection can be determined from Manning's equation, The standard
step solution at cross section 2 would include determination of the expansion
loss from cross section 2 to cross section 1.

Cross section 3 represents the effective flow area just upstream from the
bridge. The reach length from cross section 2 to cross section 3 is generally
equal to the width of the bridge. A standard step solution from a cross sec-
tion in the bridge to this croés section provides the energy elevation. The
energy loss between cross section 2 and 3 represents the loss through the
bridge structure itself.

Cross section 4 is an upstream cross section where the flow lines are approxi-
mately parallel and the full cross section is effective. Because the flow con-
traction can occur over a shorter distance than the flow expansion, the reach
length between cross-sections 3 and 4 can be about one time the average

bridge opening between the abutments (distance B-C in figure 6). However,
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this criterion of locating the upstream cross-section may result in too short a
reach length for situations where the ratio of the width of the bridge open~
ing to the width of the flood plain is small. An alternative criterion would be
to locate the upstream cross section at a& distance equal to the bridge con-~
traction { distance AB or CP in fig. 6). The program wili compute the contrac-
tion portion of the loss over the reach length by standard step calculations.
2.7.1 EFFECTIVE AREA OPTION

A basic problem in setting up the bridge routines is the definition of
effective flow area near the bridge structure. In figure 6, the dashed line
represent the effective flow boundary for low flow and pressure flow condi-
tion. Therefore, for cross section 2 and 3, ineffective flow areas to either side
of the bridge opening (along distance AB and CD} should not be included for
low flow or pressure flow. The elimination of the ineffective over bank area
can be accomplished by redefining the geometry at cross-sections 2 and 3 as
shown in part C of figure 7 or by using the natural ground profile and
requesting the program’s effective area option to eliminate the use of over
bank area.

By redefining the cross section, a fixed boundary is used at the sides
of the cross-section to contain the flow, when in fact a solid boundary is not
physically there. The use of the effective area option does not add perimeter
to the flow boundary above the given ground profile.

The effective area option of the program is used to keep all the flow in
the channel until the elevations associated with the left and/or right bank
stations are exceeded by the computed water surface elevations.

The bridge example shown in figure 7 is a typical solution where the
bridge spans the entire floodway and its abutment obstruct the natural flood-
way. The program converts the input profile of cross sections at 2 and 3 to

that part shown in part C of figure 7.
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The program allows controlling elevations on the Ieft and right bank
stations to be specified by the user. If these elevations are not read in,
elevations specified on the ground records data for the left and right bank
stations are used. These elevations would correspond to an elevation where
weir flow would just start cver the bridge.

The effective are option applies to the left and right bank station.
Therefore, those stations should coincide with the abutments of the bridge.
For cross section 2 and 3, the left and right bank station should line up with
the bridge abutment. For the downstream cross section, the threshold water
surface elevation for weir flow is not usually known on the initial run, so an
estimate must be made. For a reasonable estimate, average of elevation of low
chord and top-of-road could be used. The entire over bank becomes effective
as soon as the effective area elevation is exceeded. The assumption is that
under weir flow conditions, the water can generally flow across the whole
bridge length and the entire over bank in the vicinity of the bridge would
be effective for flow up to and over the bridge.

Cross—section 3 is put same as the cross-section 2. The only difference,
generally, is the elevations to use for the effective area option. For the
upstream cross section, the elevation would be the low point of the top—of-
road.

Effective area option provides for a constricted section when all of the
flow is going under the bridze. When the water surface elevation is higher
than the controlled elevations, the entire cross-section is used. The program
user should check the computed solutions on either side of the bridge section
to ensure that they are consistent with the type of flow. That is, for low flow
or pressure flow, the printout should show the effective areas restricted to
the main channel. When the bridgze data indicates weir flow, the solution

would show that the entire vross section is effective.
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2.7.2 LOSS COEFFICIENTS
Referring to figure 6, the new values of coefficients should be read in
just before section two and changed back to the original values after section
four. Typical values are shown below :
TABLE 1

CONTRACTION AND EXPANSION COEFFICIENTS

Contraction Expansion
No transition loss computed 0.0 0.0
Gradual transition 0.1 0.3
Bridge sections 0.3 0.5
Abrupt transition 0.6 0.8

The maximum values for the expansion coefficient would be 1.0
2.7.241 Special Bridge Coefficients

When using the special bridge methods, coefficients must be read in for
the orifice equation and the weir equation.
Pier Shape Coefficient is used far computing the change in water surface
elevation through a bridge for class A low flow. Because the calculation is
based on the presence of piers, both the coefficients and a total width {BWP)
must be specified. The table 2 gives values of coefficients for various pier

shape.
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TABLE 2

PIER SHAPE COEFFICIENTS

Pier Shape Coefficient
Semi circular nose and tail 0.90
Twin cylinder pier with connecting diaphragm 0.95
Twin cylinder piers without diaphragm 1.05
90 degree triangular nose and tail 1.05
Square nose and tail 1.25

Loss coefficient is used in the orifice flow equation

Q= A{(2 g H/K) cverer (18)
Coefficient of Discharge is used in the standard weir equation

Q=c1 H¥2 voees (17)
Under free flow condition, 'C' ranges from 2.5 to 3.1 (1.39 - 1.78 metric) for
broad crested weirs depending primarily on the gross head on the crest e
increases with head). Increased resistance to flow caused by obstruction such
as trash on bridge, railings, curbs and other barriers decreases the value of
'C’. For submerged flow (discharge affected by tail water), the *¢’ should be
reduced.
Assumptions of a rectangular weir for flow over the bridge deck, assuming the
bridge can withstand the forces, a coefficient of 2.6 is appropriate. 1f the
weir flow is over the road approaching to the bridge, & value of 3.0 seems

appropriate.
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3.0 APPLICATION
3.1 Description of the Study Area

Plenty of water resources is available in North Eastern Region. It is
necessary to utilize this water resource for generation of power, irrigation,
water supply and other developmental activities. For these purposes, the
basic hydrological data and investigation will be reguired for planning, inves-
tigation and design purposes.

The mighty river of North East, Brhamputra covers an area of about
5,80,000 sq. km. {approximately) right from its origin to the outfall in the
Bay of Bengal. It traverses a distance of mbout 1,700 km. in Tibet, 900 km. in
India and 300 km. in Bangladesh totaling length of 2,500 km.

In the upper reaches it is joined by a number of tributaries which
originate at different elevations in the hills encircling the catchment forming
watershed. Among the tributaries Subansiri, Manas, Jia—-Bharali, Pagladiyas,
Puthimari and Sankosh etc. are snow fed.

The river Brahmaputra originating from Himalayan lake MANAS SARCVAR
in Tibet flows eastwards. Initially known as "TSANGPO". The watershed area is
mostly on the northern side of the river in this region. After traveling a
distance of about 1700 km. eastward of the river "TSANGPO", the river turns
changing the courses from east to south and then entering the Indian terri-
tory. Its name also changes from "TSANGPO" to Dehang and Siang in Aruna-
chal Pradesh. The river then flows almost in southern direction for another
distance of 200 km. upto Passighat before touching plains where it is joined
by major Himalayan tributaries like Lohit. The combined flow of these ri;rers
is known as the Brahmaputra and passes through the plains of Assam and
Bangladesh before falling into the Bay of Bengal.

Geographically, the Brahmaputra valley is long and harrow. This valley

is bounded by the Lower Himalayan range on the north running along Assam,
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Burma on the east and by Garo, Khasi and Naga hill ranges c;n the south. A
number of major tributaries on both the sides join in India while the south-
ern tributaries viz. Buridehing, Dikhow and Desang etc. originate from Patkai,
Mikir, Khasi, Garo and Naga hills, The northern tributaries originate mainly
from the lower Himalayas. Most of the northern bank tributaries of the river
Brahmaputra are having very steep slope, shallow braided channels for a
considerable distance from the foothills and carry heavy silt, dischargze and
also carry flash floods.

The portion of the Brhamputra under consideration is bounded by the
eastern Himalayas to the north, its covered extension as Patkai Hills to the
east and Garo, Khashi, Mikkir and Naga hills to the south. All the tributaries
have mainly hilly catchment with main rivers flowing narrow plains having
opening to the west.

In the plain also the river Brhamputra and its major northern tribu-
taries have steep slope, narrow braided channel for a considerable distance
from the foot-hills. They have coarse sandy bed and heavy silt discharge.
The tributaries generally have flash floods and frequent lateral shifting of
channels.

The Brhamputra is a braided channel through out its length in Assam and
in a number of channels and cross channels between its high banks, There is a
constant silt movement resulting in shifting of these channels and sandy
shoale. In monsoon, all the channels combine together to form a vast sheet of
water. The average width of Brhamputra valley between foot hills is about 80
Km. of which the river itself has a width of 6 to 10 Km. in most places. There
are many islands in the river, Majuli with an area of about 875 sq. km. is the

biggest river island in the world
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The Digaru river is a small tributary of river Brhamputre which joins
the river brhamputra downstream of Sonapur. The road bridge at Sonapur is
focated on Guwahati-Shillong National Highway No.37 at about 20 km. south west
of Guwahati. Catchment area of river Digaru is 1210 sq, km. Geographical
location of the gauge and discharge site is longitude of 91°-58'-05" E anrd
latitude of 26°-06’-55" N., located at right bank of river. In the vicinity of
the discharge site, the average height of the bank is 3.00 m and the maximum
water width is 121.50 m. Width of the river from high bank to high bank is
61.00 m. The gauge and discharge site can be assessed either by rail or road
from Guwahati.

Data on daily discharge and water eilevation at Sonapur, observed sus-
pended sediment was obtained from Central Water Commission. Maximum and mini-
mum values of water level, discharge and silt for the discharge site at Sona-
pur is given in Table (3).

The location map of the site is shown in figure 8.
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Table 3

MAXIMUM AND MINIMUM VALUES OF WATER LEVEL, DISCHARGE AND SILT

Site :
Standard Bank :

Sonapur, River

Right,

: Digaru,
Zero of Gauge

Basin

Brhamputra
00 m.

.

Sr Particulars On record During the Remarks
No up to 12/91 year 2
1. Maximum Water Level ({(m) 55.500 54,420
R Date 15-10-91 01-05-92
,Times (Jirs.) 16:00 06:00 . ,
Corresponding discharge 428.00 217.0 "+’ Indic
oo }Cumecs -ted
Mimimum Water Level (m 50.260 50.140
. Date 15-03-91 12-03-92
Times (Hrs.) 08:00 08:00
4. Corresponding d%gcharg? 9.284 6.570 Computec
umecs
5. Maximum Discharge{Cumecs| 333,30 216.100
R Date 04-07-89 28-06-92
Times {(Hrs.) 08:00 08:00
6. Corresponding Waterlevel} 54.740 54.090 Values
m
7. Minimum Discharge(Cumecs| 9,284 6.570
. Date 15-03-91 12-03-92
_Times [(Hrs.) 08:00 08:00
8. Corresponding Waterlevel| 50.260 50.1490
m
9. Total Apnuyal S$ilt Load
in (MT) Max 328314
Year 1989 269719
. Min 252520
. Year 1191
10. Maximum one day silt 7537 3753
. Load EMT) )
i1, Corresponding runo 1.u0004 1.867
{1 Thousand H.M,
12, Minimum one daK siit 20.600 44.95
oad (MT)
Date 23-03-91 09-05-92
13. Corresponding run-off 0.111 0.078
{in Thousand H.M.)
14. Maximum intensity of 0.538 0,273
5ilt {g/L)
L . ) Date 05-07-90 04-09-92
15. Minimum 1nten21${ of 0.025 o nme
Silv (=7 ;
R, - 1 N 4
- e . [} i '
U ' I‘—"!I T i ! \
1 - } -~
o A i ]. ! o
t A o
- bogean )
, er Ml Ter Mg } f
! . RE 1 \
! : T i anT
! Yea 1991 550
Min, 606
) Year 1850
18. Annual yield of water
depth over the catchment
area (m). Max. 1,677
Year 1991 1.380
Min, 1,480
Year 1990
19, Annual sediment vield
over the catchment area
{mm} 0.159
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3.2 Data Used
Data of Digaru river, a tributary of river Brhamputra, has been used
for the purpose of this study. Information on cross—sections of the river al
six sites at different interval was obtained from the field survey. Slope of the
reach of the river was obtained from the longitudinal distance along the river
section obtained by field survey. The cross sectional distances along the
reach actually taken during field survey is shown in the table 4.
Table 4
Summary of Reach 4 Lengths
L I st mmm

Reach Length (m)
KERER KRR R ARk R E R R R kR kR R ¥ %

* Reach * River Sta. * Left # Channel* Right *
R R Y s il Tr
*1 * 20 * 580% 550% 520%
¥] * 18 * 360% 340% 320+
*1 * 16 ® 65% 60x* 55%
¥ * 14 ¥ Bridge# ¥ *
*1 * 12 * 470% 460% 450%
*1 * 8 * 85% 80+ T5%
*1 * 7 ¥ Bridge# ¥ *
*1 * 6 * 320% 300% 2B0%
*1 * 4 * 750% 700# 650%
¥ [ ¥ 2 * 0% 0* O*

L A Y T Y Y Y Y Y 22 i

Manning "n" values used at each cross section is given in
table 5 and contraction and expansion coefficients used in the

program are given in table 6.
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Table S

SUMMARY OF MANNING'S N VALULKS

FEE L AR AR AN R B R R R R A R R ARk kR kR R R LR R R F R R R AR kA

¥ e ach + River Sta, =# nli % n2 * ni *
HU I FE PR AL R R R A RN KR A AR TR R AR R A R F R R E KA F A I VI A Rk kA G
t] * 20 ¥ LO671% .0442% L0671 ¢
* 1 # 18 * L0671 L4424 Q6T
* | ¥ 16 ¥ 067 2% .0442% 0672+
*1 * 14 # Bridges ¥ ¥
*1 * 12 * L0672% .0442% Da72%
L * 8 * e72# L0442% 06724
* ] * 7 ¥ Bridge# ¥ ¥
¥ ] * 6 # L0672% 0442% LDET72%
*1 * 4 * .0672% L04424 06724
¥ * 2 * L0672% L0442+ 0672*

LA AR E R EE R ERE LIRS R R R RS R R RS R TR RS TSRS RN S E

Table 6

SUMMARY OF CONTRACTION & EXPANSION COEFFICIENTS

IR EE SR EEEEE R EE S E R E I R RS R R SRR RN R E R RS R

* Reach ¥ River Sta. % Contr.# Expan. #
KRR RE R KRR F SRR KRR KRR RE R RN L F R ARk A ARk k¥ X
*1 ¥ 20 % L3¥ ¥
L1 * 18 * L 3% 5%
*1 * 16 L3 L3 5%
*1 * 14 ¥ Bridge¥ *
*1 * 12 * AL 5%
*1 * g8 * LIk L 5%
*1 * 7 # Bridgex *
%1 * 6 * V3% 5%
*1 * 4 ¥ 3% L5%
%1 ¥ 2 * L% 5%

kkr kR Rk E Rk kb ko kb kkckkkk kk ok kkkkkk kR R Rk Rk kK k
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3.3 Analysis and Results

The observed discharge and the computed Manning’ 'n’ from Stage
Measurements are plotted as shown in figure 9. This figure shows different
pattern of variation; one for discharge less than about 30 cumecs and other
for higher discharges. This plot is used to estimate #he Manning’ 'n’ to be
input to the programme as given in table 5. The location of the cross-sections
in the reach is shown in figure 10. The cross—sectional drawings were discre-
tised and the necessary reduced distances, reduced levels were tabulated.
They are given as input to the programme in the required format.

Initial Conditions

Out of the several options as detailed in section 2.1.2 of this reoprt the
water surface elevation for the beginning cross section has been specified by
the slope area method. For beginning by the siope area method, estimated
slope of the energy grade line is set equal to the slope of the ground and
initial estimate of the water surface elevation is used. The slope at hte
downstream reach used in the computation is given below:

* Reach Profile * Upstream Downstream

PR Lt S s i b 2 22 R L2 2 R s R i PR bR EELTNTY

1 1% Normal § = .00042 *
* 1 2% Normal 5 = .00042 *
* 1 3+ Normal 8 = .00042 *

REBRBARRRERERERRORRREE R R RRRL AR R IR ER R AR KRRRR O R R XK R Rk kR ARk d Kk
The profiles 1,2 and 3 were computed for discharge of 9.284 cumecs, 100

cumecs and 250 cumecs respectively.

The flows computed for the fixed slope is adjusted until the computed flow is

within one percent of the starting flow. The water surface elevation thus

determined get used as the starting water surface elevation for subsequent

iteration for water surface profile computation by the program.
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The program uses the following computational criteria

Water surface calculation tolerance = 0.01
Critical depth calculaton tolerance = 0.01
Maximum number of interations = 20
Maximum difference tolerance = 0.3

Flow tolerance factor 0.001

Computational Flow Regime: Subcritical Flow
Encroachment Data: None
Flow Distribution Locations: None
FLOW DATA {m?)
R Rk R R o o o R ok Rk kb ko ook
¥ Reach Riv Sta * PF#1 PF#2 PF#3 *
ok ok ok AR R Rk Rk R ok R R R KK
¥ 1 20 ¥ 9,284 100 250 *
KKK KRR KRR Rk kR R R R R R R ok Sk Rk ok
Energy loss coefficients has been eipressed as Manning’s "n" taken
from tabel § for each cross section and contraction & expansion loss coeffi-
cients for each cross section taken from table o.
Bridge Data
Data for the bridges used in the analysis is given below :

Description: BRIDGE n0. | {WOODEN BRIDGE)

River Station = 14 of reach 1
Nistance from Upstream XS = 25 m.
Deck/Roadway Width = 10 m.

Weor Coefficient = 2.6

Bridge Deck/Roadway Skew = 0.0

Elevation at which weir flow begins = 56.6



Maximum allowable submergence for weir flow = .95

Submergence criteria :Broad Crested

Upstream Deck/Roadway Coordinates, No. = 7

EREEREERRARRRRER R R AR KRR KRR R KRR ERR R F R Rk Rk bk kh kR
Elevation (m) Elevation {m} Elevation {m)
Sta. Hi Cord Lo Cord Sta. Hi Cord Lo Cord Sta. Hi Cord Lo Cord
BEE R Rk kR R KRR AR R R Rk R R KRR R RS RRR R R RN
0 56.6 48.55 13 56.6 54.113 13 56.6  55.1
73 56.6 55.1 73 56.6 51.9 78 56.6 53.8

83 56.6  48.55
EEEFREFERRERRTREERTE TR R RERTERRR R T T RARE IR SRR RN ARFERRRERRERIRRR KK

Downstream Deck/Roadway Coordinates, No. = 7

S Tt T s e P P P P TS P PP T P L PRI T TS T e T T DI 2 2 22 R 2 S
Elevation {m) Elevation {m) Elevation (m}
Sta. Hi Cord Lo Cord Sta. Hi Cord Lo Cord Sta. Hi Cord Lo Cord
e L Ll e T T Tt L Lt it LS Lt I S T T2 2T 2]
] 56.6 48.55 13 56.6 54,113 13 56.6 55.1
73 56.6 55.1 73 56.6 51.9 78 56.6 538

83 56.6  48.55
L PR R eI R TSR 2 SR R P L L AL PR 2SR 2 2R L2 L b Ea

Pier Data
Number of Piers = 3
Pier Station Upstream = 23m. Downstream = 23m.
= 43m, = 43m.
= 63m. = 63m.
kAR RRRRA R RA R R R KRRk R R KRR IORk ke kR Rk kN
Pier No. Pier Station width
Elevation Width
(m) (M)
RRAREREE R R AR KRR R RN R AR AR SNSRI RRRR AR
1 23 48.5 1
35.1 1
2 43 48.5 i
55.1 1
3 63 48.5 1
55.1 1

EREREEREREEERERERTRERERRRRERERXRERERARERRRRETRIRRRRER R LR

Number of Bridge Coefficient Sets = 1

Low Flow Methods

Energy
Momentum cd = 2
Yarnell Kval = 1.25
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Selected Low Flow Methods = Highest Energy Answer

High Flow Method
Submerged Inlet + Outlet Cd = 8

Only low flow method has been used in the computation

additional Bridge Parameters
Add Friction component to Momentum
bo not add Weight component to Momentum
Class B flow critical depth computations use critical depth
inside the bridge at the downstream end
Criteria to check for pressure flow = Upstream water surface

Description: BRIDGE NO. 2 (G & D SITE BRIDE)

River Station = 8 of reach 1

Distance from Upstream XS = 20 m.

Deck/Roadway Width = 20 m.

Weir Ceefficient = 2.6

Bridge Deck/Roadway Skew = 0.0

Elevation at which weir flow begins = 62,78 m.
Maximum aliowable submergence for weir flow = .95

Submergence criteria :Broad Crested

Upstream Deck/Roadway Coordinates, No. = 7

LR P e P e I T Y P T L S L e T L T I LI I IIT
{Elevation {(m) Elevation (m) Elevation {m)
Sta. Hi Cord Lo Cord Sta. Hi Cord Lo Cord Sta. Hi Cord Lo Cord
okt ok ok ok ok ko ok kR Aok R Rk K KRR KRR O R Rk ok ok ok ok K

0 6278 45 20 62,78 54,35 20 62,78 59.28
120 62,78  59.28 120 62.78 54.2 135  62.78  55.53
147 62,78 49

otk otk ok ik kR ko hok Rk R ok Rk R Rk kR ok ko tck kR ok kokk ok ok kk kR kR k Rk

Downstream Deck/Roadway Coordinates, No, = 7

SRR AR R AR KR Ak R ko ok ok ok ok o R o ok R o o
Elevation (m) Elevation (m) Elevation (m}
Sta. Hi Cord Lo Cord Sta, Hi Cord Lo Cord Sta. Hi Cord Lo Cord
BREKREFRRRKERR R EFEFRRRERFERRR KRR RRR KRR R AR R OR A R RO Rk

0 62,78 49 20 62,78 54.35 20 62,78 59.28
120 62.78  59.28 120 62,78 54.2 135  62.78  55.5)
147 62,78 49

A oo e ko oo KoK R e ks stk S o sk ok ok KR ok sk o R o ks ok o o ok Rk o oK o ok o AR R e K K
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Pier Data

Number of Piers = 2

Pier Station Upstream = 48m. Downstream = 48m.
= 99m. = 99m.
RREEERAR R R R KRR RRRR R R R KRR Rk Rk
Pier No. Pier Station width
Elevation Width
{m) (M)
P e TP S PP TS PP TP T T 2T s T LSS R E P L
i 48 50.5 2
59.28 2
2 99 50.5 2
59.28 2

EE23 T IR RSS2 3SR PR R 2222222322 S22 LR LA E L L

Number of Bridge Coefficient Sets = 1

Low Flow Methods

Energy
Momentum cd = 2
Yarnell KVal = 1.25

Selected Low Flow Methods = Highest Energy Answer

High Flow Method
Submerged Inlet + Qutlet Cd = .8

Additional Bridge Parameters
Add Friction component to Momentum
Do not add Weight component to Momentum
Class B flow critical depth computations use critical depth
inside the bridge at the downstream end

‘Criteria to check for pressure flow = Upstream water surface
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The results obtained are depth of flow at various sections along the river,
cross section plots as opted and also water surface profile plot at each cross
section. These results were transferred to Graphic software and plots were
made. These plots are shown in figures 11 (a) to 11 {j}. Longitudinal view of
the water surface profile is shown in figure 12. Rating curves at each cross
section of the reach are shown in figures 13(a) to 13(I). Some of the direct
outputs of HEC-2 are given in Table-7, B. A quick glance of water surface
elevation for different discharge at each cross section is given in Table-9.
Water surface elevations only at the bridge site are given in Table-10. Com~
parison of water surface profile and flow parameters at the two bride is
given in Table-1t. The perspective flood plain of the reach is shown in figure
14 and perspective flovod plain with profiles for discharge of 9.284, 100 and

250 cumecs is shown in figure 15.

Comparison of the computed and observed Rating Curves

Stage versus Discharge curve for river Digaru at G & D bridge site at
Sonapur as computed by Central Water Commission, Guwahati and as computed
by HEC-2 programme is shown together in figure 16. Stage Vs Discherge
curve as computed by HEC-2 matches with that compute by CWC. Henceforth
results of HEC-2 as applied on river Digaru can be applicable for subsegquent

reaches of the river.

Sensitivity of the profiles to varying "n"
The calculated water surface profile is very much sensitive to the
"t

variation in the Manning's "n" values. This is explicit in the relation of the

depth of flow with "n" as given in the equation below:
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Y = ( Q. n/st/2 ) 33 wre(18)
for & wide natural river where top with is at least ten times the depth of
flow which is quiet valid for most of the natural rivers in India.
Here, Q is the discharge passing through the reach.
T is the top width of the river
§ is the ground slope of the reach.
After differentiating the above equation we find that
av=c.n?5ga (19)
where C involves the term of Q, S and T because they are not function of
"n". In incremental form differential equation can be written as
y=cno?s o {20)
Variation of "n" with discharge is given in figure 9. Since discharge is
a function of depth of flow Y. Hence the equation 20 also holds good for

11t

discharge versus "n". As the "n" values are increased the slope of the
curve of discharge versus "n", or depth of flow versus "n" reverses. There-
fare in the analysis of flow by using equation 18, a reverse slope is encoun-
tered and the computation starts again. This computation will keep on alter-
nating and the stable profile will not be obtained. For the given site value of
"n" with respect to depth of flow was obtained from the available information

on discharge versus "n" and discharge versus Y curve. These values are

given below:

Stage of Flow D Manning’s "n"

{m)

54.4 $.04419
53.9 0.04568
52.8 0.04598
51.5 0.04741
50.6 0.0517
50.2 0.06716

Covariance of depth of flow with respect to "n" values were found to
be -0.011.
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Profile Qutput ; 'i‘able -~ 7

|mmmmmmmmnmmmmummmnummmmsmummncummmmmnmunmmummum
¢ River Sta. ¢ Q Total WWin Ch El *W.5, Elev ¢Crit W.§. #8.6, Elev ¢E.G. Slope ¢ Vel Chal tFlow Ares $Tep Tidth ¢Frovde § C

¢ 1 (mdfs) ¢ (e) # {n) # {a] ¢ (¢ A{a/mb v (afs) ¢ (nd} ¢ (a) +
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4 L L) J L] ] ¢ i ¥ L] 1
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Profile Output : Table - 8
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Profile Output.: Table - 9
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* 20 * 9.28 ¢+ 48.90 %  50.62 *
* 20 * 100,00 # 48,90 * 52,92 %
* 20 * 250.00 # 48.90 ¢ 54,42 %
L ] L] * * 4
* 18 * 9.28 ¢ 49.30 *+  50.58 *
* 18 * 100.00 *  49.30 %+ 52,84 ¢
. 18 *  250.00 ¢ 49.30 %+ 54,38 *
* * * * *
* 16 * 9.28 +  48.70 %  50.54 &
+ 16 * 100,00 # 48,70 # 52,75 %
* 16 * 250.00 %+ 48.70 %  54.27 ¢
* * * * »
* 14 *  Bridge ¥ * .
¥ * * ® *
* 12 * 9.28 #  48.60 *  50.46 »
+ 12 *+ 100.00 # 4B.60 *  52.68 %
+ 12 *  250.00 # 48.60 ¢ 54,18 »
* * % x *
* 3 * 9,28 ¢ 48.95 % 50,43 »
+8 *  100.00 %  48.95 % 52,59 #
* 8 * 250,00 » 48.95 * 54,04 ¢
* x * * *
7 *  BPBridge * * *
* * x * *
*6 » 9.28 %  4B.95 %  50.43 »
*6 * 100,00 % 48.95 % 52,57 »
*6 * 25000 *# 48,95 % 54,01 ¢
* ] x *
%4 * 9.28 « 49,40 ¢+ 50,39 #
*4 * 100,00 % 49.40 % 52,48 *
*4 £ 250,00 % 49.40%  53.95 %
¥ * * * *
*2 * 9,28*% 49.10+# 50,06 *
.2 + 100,00 % 49.10 % 52,18 *
* 2 # 250.00 ¢ 49.10 ¢ 53,71 #
sk

ERREAREREBRHSREEERRIREEARRERXRREER RIS RERN

71



I'rofile dutpul (Boddge Only) @ Table - 10
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profite Oatput {(Brivdge Comparison) : Table - 11
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4.0 DISCREPANCIES AND CORRECTION

The programme implemented on PC system and applied to a small river
Digaru in Brhamputra Basin, is capable of computing water levels at various
sections along the river; The pertinent hydraulic parameters determined are
depth of flow, water surface width, water surface elevation, elevations of the
total energy line, friction slope, flow velocity, critical depth and volume
beneath the computed profile.

Flow under a bridge is a complex hydraulic process which is approxi-
mated by one dimensional equations and certain discharge coefficients. HEC-2
handles the complex situation by two SUB-ROUTINES. This has been tested for
the case of Indian rivers as applied to river Digaru.

A secondary purpose of HEC-2 is to caiculate the permissible encroach-
ment width for specified discharges. This capability also needs to be tested
50 that its use can be made for flood plain zoning with additional information
from topographic maps.

HEC-2 linked with sediment transport routine are useful for alluvial
rivers. Further the programme HEC-2 (i) is very long, contains more than
8000 statements, {ii) computations using this general purpose programme is
high for simple water surface profile computations, (iii) the input data prepa-
ration is time consuming and error prone which could be avoided by proper
change in the programme. This change has been accomplished by the pro-
gramme, "River Analysis System", micro soft window version of HEC-2. For the
programme "River Analysis System'" input of data is convenient, easy and

error free as compared to HEC-2,
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5.0 .RECOMMENDATIONS

HEC-2 gives water surface profile by considering flood plain, roughness
of main channel as well as flood plain. The computation can be down either
for sub-critical or super critical flow, The computed results are more or less
the same as the observed one. Hence HEC-2 can be directly appiied in the

field use,
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