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PREFACE

This pamphlet was prepared under the direction of Tate Dalrymple,
by J. S. Cragwall, Jr., hydraulic engineer. Walter Hofmann and Howard
F. Matthai, hydraulic engineers, and others participated in its prepara-
tion. '

The procedures given herein are intended to be provisional only, in-
asmuch as detailed experience in computing backwater at single opening
constrictions is limited, and because treatment for multiple-opening con-~
strictions is yet to be fully evolved by laboratory experimentation.

Engineers are encouraged to study and apply the alternate methods
of computation presented herein, and to devise further improvements and
simplifications as they gain experience in analyzing field problems.



B et < R O S e e [P RO X S |
CONTENTS
. | . Page
Introduction.............. R EEERRERERE Ceea I |
The backwater formula............. e Veaeeas EEREEE 2
Constriction-profile relationships......... e e i 3
~Coefficients. .......... ..., Ceeee e PR 3
Computation of backwater at proposed bridge sites.......... e 4
Trial method............o.... [P et 5
Semi-direct method........ Ceeeas e P . 7
Limitations of methods........... A A 8
Computation steps.......... Cere e e el 8
Trial method...... e PP 8
.Semi-direct method..... et ie e 11
The backwater result..........ccovuienennnnn e 12
. Mean velocity in the contracted section....... Ceeieveneeaneaes - 13
.Computation of backwater at multiple-opening sxtes.. ....... cessass 14
General flood curves. 14
Sample backwater computatxon Ceieie e Cireeaas B .15
ILLUSTRATIONS
o ' , : Page
Sample problem......... e e et e Cee e : 16
Figure 1. Definition sketch of the backwater reach......... crveew 21
2. Curves of backwater ratio, base type ....... et eeaa 22
3. The effect of constriction geometry.......... e 22
4. Cosine (u/3) vs cosine u...... e T 23
.
iii



[RE R S .

i P
1)

COMPUTATION OF BACKWATER AT OPEN-CHANNEL
CONSTRICTIONS, 5 o

e e Rt
LT B

Introduction ' T

H

As a part of our cooperatwe h1ghway programs in many states, the
Survey prepares reports on the hydrologic and hydraulic factors of flood
flow at specific sites of existing and proposed highway bridges. 1In most
instances, a bridge and its approach embankments create a constricting
effect upon flood flow, which, in turn, .causes an increase in stage upstream
from the highway crossing. This increase in stage above the normal or
unconstricted stage is termed backwater, and 1s a factor that is generally
of interest to a highway department

“Laboratory work concerned with flow through single-opening constric-
tions in open channels has been carried on for the past several years by
the Atlanta Research Unit of the Surface Water Branch. The laboratory
investigations resulted in.a better understanding of the behavior and defi-
nition of flow through open-channel constrictions. The relationships - . .-
developed in the laboratory have been summarized in USGS Circular 284,
“Computation of Peak Discharge at Contractions”, and in-ASCE Separate -
413, “Backwater Effects of Open-Channel Constrictions”. . The latter pam-
phlgt outlines a method for computing backwater at single-opening consric-

- tions when used in conjunction with Circular 284. It is the purpose of this

paper to elaborate in somewhat greater detail on the methods for comput-
ing backwater at spe01fic brldge sites. : G : wL T

In the following sections of this paper an attempt is made to provide
a consistent and, to a limited extent, simplified procedure for computing
backwater. The suggested procedure is illustrated by an example at a

’ spec;.fic site. Symbols and terminology are generally those used in

Circular 284 and Separate 413; the few additional symbols are defmed as
they are mtroduced in the text cee .

At this point the 'reader is eﬁcouraged to r_e.vtew and familiarize Ahi.m- .
self with the contents of Circular 284 and Separate 413 before proceeding
further, EEEIN ' o ; » : : :
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The Backwater'-Formula

“In Circular 284 (formula 1 p. 1) the d1scharge equatlon for flow through
a contractmn is g1ven as:

1Q=CA3'ly/2g (Ah*_“l—;'—lg— - hy)

Transforming this equation by substiiutiﬁg V3 for Q/A3, and solving
for ah, results in formula 1, p. 3, of Separate 413, which is:

2
A 2

| M (1)
Ah = -|- - al ——
. ZgE & 28
The amount of backwater (hl ) is shown in Separate 413 to be a defin-
able portion ( a ratio lefs than unity) of the fall in water surface (ah).
This ratio, given as (hy /ah) in Separate 413, is termed the backwater

ratio, and for simplification, is given the symbol Cp throughout thls paper,.
The formula for backwater can be written:

B hl = ¢y, (ah) . @

Substituting the right- hand side of equatwn 1 for ah in equatmn 2, gives:

| o V 2 . v. 2

Equatmn 3 can be conmdered the basic backwater formula. As‘defined

in Separate 413, the amount of backwater (h1 ) is the increase in water sur-

face elevation resulting from the constriction, above the normal, uncon-

. stricted elevation at a designated section 1 upstream. Section 1 is specified

(and so limited in the laboratory work) as being the natural-channel cross

section located one opening w1dth (b- dlstance) upstream from the constmc—
tion entrance.
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Constriction-Pfofile.Relati'onshipxs,,\w R

The amount of backwater (hff.) accounts for only a portion of the fall in
water surface between sections 1 and 3 (section 3 is designated herein as,
the most contracted section within the constriction, usuahy taken to be at
th=2 downstream end of the constr‘lctmn) The fall (ah) includes other com-
ponents. Not only does the constiriction influence the normal profile up-
stream from it, but downstream as well. The profile through the constric-

tion reach can best be described by reference to figure 1 (identical to figure

1 of Separate 413). From this figure it should be noted that at the down-

- gstream end of the constriction, section 3, the constricted water-surface

profile is somewhat lower than the normal. This d1fferent1a1 amount.(a
drawdown or negative backwater effect) is designated h3*...The third.com-

ponent of the fall is'the normal friction loss between sectlons 1 and 3, deﬂ--_:.

1gnated ahp. Trom flgure 1, therefore. :

" ah=h;* +hg +ahy; or h3 =ah -hi* -ahp ,: (‘4)’f__, )

Equations 3 and 4 become the tools for computmg backwater at a spec~ |

iﬁc site. The backwater equation (3) is sufficient by itself for- computmg .
backwater for some past flood at a bridge site where water- surface_ eleva-

tions are known, or can be determined from floodmarks, at sections 1 and .
3 (where ah is known). Equation 4 must necessarily be used in conjunction

nth equation 3 in computing backwater at proposed bridge sites where only
the normal (unconstricted) water-surface profile is available. C

Further inspection of f1gure 1 y1e1ds the followmg bas1c reldtionshlps ‘

useful in defining the water- surface profile within the constriction reach:

ra

e

hy=hpy th* =hg+ah () .

hy =hgy -hd =hy -ah

' "C(l)éffi'cients

The backwater equatioh (3) contains. two coefficients, C and Cp. The

* coefficient of discharge (C) is defined by certain pertinent factors and

their resulting relationships given in Circular 284, Computation of C can
be accomplished by following the- instructions g1ven on p 13 and by use of
figures 22-30 of that Circular. : s

TR

- hl = h3n + Ahn : o . !.';‘.(5)',



In Separate 413 various curves are presented for computmg the back-
water ratio (Cp). The backwater coefficient is shown to be primarily a
function of channel contraction (m), and, to a lesser degree, to vary with

~ channel roughness (n) and with constriction geometry.

Curves of backwater ratio (Cp) versus percent of channel contraction
(m), with channel roughness (n) as a secondary factor are shown in figure
2 (similar to figure 9 of Separate 413). These curves are for one constric-
tion type only, termed the base type, which corresponds to Type I geometry
of Circular 284 with square-edged, vertical-faced abutments. That is why
the ordinate in figure 2 is labeled Cp(1), meaning backwater ratio for the
base type. Note, also, that a channel roughness of 0.050 is the maximum
presented. Laboratory experimentation led to the conclusion that an n value
of 0.050 was the limiting (rnax1rnum) value influencing Cp.

Figure 3 (identical to figure 12 of Separate 413) defines the effect of .
constriction geometry on the backwater ratio. Constriction geometry for
the constriction under study is related to constriction geometry for the base
type by the ratio of their respective C's. The abscissa of figure 3 is in
these terms. The coefficient for the base type is selected using an mand
L/b identical to those of the constriction type under study. The C's for
each type should be determined in the manner described in Circular 284,
taking into account all applicable secondary effects such as kf, » Kp, Kw,
kg, Ko, kyo ki, and kj. The ordinate scale on figure 3.is an’adjustment
factor (k )f whlch when multiplied by Cyj) from figure 2, gives the back-
water ratio (Cyp) for the conatmctmn type under study.

The foregoing procedure for determining the backwater ratio (Cp) may
appear, to the reader to be unnecessarily tedious; however, once familiarity
with the process has been achieved, computation of the coefficient is rela-
tively simple. Attempts to simplify the backwater-ratio curves met with
some success, particularly for constriction types III and IV. The simpli-

. fication, however, involved averaging processes with some sacrifice in

accuracy without appreciable savings in time. In view of our inexperience

- with the effect of these averaging and rounding processes on any particular

backwater result, it was decided not to include any of the sxmphﬁed back-
water -ratio curves at the present tlrne :

Computation of Backwater at Pfoposed Bridge- Sites

In our highway brldge site reports certain features pertaining to the
stream and proposed structure are usually furnished or specified by the
highway department. Among these are (1) a cross section of the natural -
channel along the proposed highway centerline, §2) location and size of the

N i
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proposed opening, and (3) design flood or floods, In addition, for comput-

.ing backwater some data concerning geometry must be obtained in order to

classify the constriction as to type.

In the average or typical bridge-site report, the following factors are
computed by the Survey: (1) frequency curve, (2) stage-discharge relation,
(3) distribution of conveyance and discharge laterally across the approach

section (section 1), and (4) stage area and stage conveyance curves for the
opening (section 3).

With the above data available, backwater created by the proposed con-
striction for a given flood frequency or discharge can be computed. The
assumption is made that the stage-discharge relationship applies to the nor-

‘mal (unconstmcted) channel at section 3, whlch is the general case in most

site.reports. (The term normalis used to describe conditions pertaining
to the unconstricted, natural channel; the term constricted refers to condi-
tions with the constriction in place.) Referring again to figure 1, it can be

- seen that because of the drawdown at section 3, induced by the constriction,

the process of computing backwater, starting with a known normal elevation
at section 3, becomes one of trial and error, if an exact answer is to be
obtained. Limited studies have indicated that some simplification can be
made without any great sacrifice in accuracy of the computed result. Em-
ploying these simplifications, reasonably direct methods of computing back-
water have been evolved. An explanation of these methods, labeled “trial
method”, and “semi-direct method” follows. ' :

- Trial Method

“"The backwater formula is repeated:

= - -

This formula may be written in terms of hg* as:

,. 2 E . N 2

h3>-<=(1-Cb)( v~ +hf ~a1_¥§1_g_) Al 8)

2gC

The term ah, should be computed on basis of the norrnal condition,
The other terms of equation 8 (Cy,, C, V3, hg, and Vy), strictly speaking,
should be computed on basis of the constricted condition; hence, the appar-
ent necessity for a trial-and-error solution of hi* or hz* when only the
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' normal cond1t1ons are known It has been found however that the terms

hg and (ay Vl /28 ) are generally a small part, -quantitatively, of the expres-
sion are subject to only slight change in computed value between the normal
and constricted profiles; and in most cases, therefore, can be computed.

for the normal stages (h;, and hg ) without much sacrifice in accuracy of =~ .
the final result. The same is true for the coefficients C and Cb This ot
is the simp11f1cat10n referred to in the foregomg sectmn ~ SRR

Equation 8 then can be wrltten

(l-Cb)_YST _+ (1 —Cb) (hf ~a1 -21——) —Ahn or

2gC
h3 = (1 -Cy) +Y where 3 . N () R
Y =(1-Cp) (hy - o ;}’é__,) -Ahn _' L o)

In the above simphfled expressmn for h (equatlon 9), the term V3 |

. applies to the constricted condition (elevation hj3 at section 3) and is usual--

ly significantly greater than V3 for the normal condition (elevation hgp)
because of the drawdown at section 3 induced by the constriction. The
value of Vg for the normal elevation at section 3 is known, and is:

V3 (norm) = Q/A3, where Ag is the area of constricted section 3 at
the normal elevation (hgp). The area at sectmn 3 for the constricted condi-
tion (Ac) can be written as: A, = A3 bths , Where b is the top width of.
flow at elevation hg,. This expressmn is exact for a constrlcted section

- with vertlcal abutments and is suffunently accurate for slopmg abutments

Forx\fnula 9isa convement tool for computmg h3* and, from it hl » by
a successive trial-and-error procedure. - The first trial value of h3 can

be based on a value of V3 computed for the normal elevation at section 3

(h3p). A second trial value of h3 is obtained using a value of V3 based on
the lower elevation at section 3 1nd1cated by the first h3 value and so on
(see sample problem) When h3 computed equals the h3 value assumed in

C computmg V3, the equatmn is satlsfled

Once the flnal value of h3* has been computed hl _can be solved by'

| h1’f = hiié.@_. L S (1))
| ) Y Cp - 1 N o
Knowing h-l*, h3*,o h3n, and Ahn,' constrxcted elevatxons h; and h3 are '



simply computed by formulas 5, 6, and . C e

. Semi-Direct Method AR e

. From the preceeding section, “Trial Method", equatlon 9 and section-
3 area and velocity relationships are repeated-

hg ‘(1‘C) + Y ; and A (9)
’ ° 2gC§ o N LT

- 3
A, =Ag -bihg

The value of V3 for the constricted section may be written as:

VS(cqnstr.) = % = E:B@Eﬁgx-

Substituting this latter expression for V3 in formula 9 gives:

B

(1~Cb) ‘Q'

+ Y

This expreqsion results in a third- degrée equation and is éubject to aA~
serm -direct solution involving tmgonometmc functions. The solution for
h* was found to be: :

l.’ ’

h3*‘ =

(Y - dp) cos @ Y +32dm ' _. (12)

2
3
The terms of equation 12 are defined as follows:

Y is computed by formula 10;
d,, is the mean depth at section 3 for the normal elevatlon (h3n)

and is equal to (Ag/by); A
"~ u is an angle between 0° and 90°, .the cosine of which is p081t1ve

and is given by the formulas

cosu=1+ 27(1 -Cyp) Q>
. 4gC2p, 2 (v - dy)°

; and . < (13)
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Once the value of h3 has been computed hl can be solved by°

_ng +'Ahn e gy
ey -1 S

Knowing h.¥ ho¥ hans and Ahn constrlcted elevatmns hy; and hq are
g 12 3 » 43n 1 3
simply computed by formulas 5, 6,and 7.

Limitations of Methods

The value of h3* given by either the trial method or the semi-direct
method is not exact but will be very close to the true value in most cases.
It is not exact because certain factors in the backwater formula (C, Cp, hg,
and aj- ;‘1 ) were computed on basis of normal-proflle elevations.

g

Should the values of hl and h3‘ be very large w1th respect to depth of
flow, a second corréputatlon of hg* and hl might be desirable. The factors
C, Cy, by, and ay V,7/2g would be recomputed on basis of the constricted -
elevations (hj and h3) arrived at in the first computation; these new values
would be substituted in formulas 9, 10 and 11.(trial method) or in formulas
10,11,12, and 13 (semi-direct method) to yield new final values of h3 and
h{*. This second computation will not ordinarily be necessary.

-

Coﬁxputation Steps

~

" Trial Method

1. Discharge coefficient (C).- Compute C for the proposed opening,
. Cj for the equivalent base-type opening, and the ratio C/CI. The

T form, “Contracted-opening coefficients” (9-193-4), is convenient

for this purpose. The coefficients C and Cy can be computed on
basis of the normal elevation at section 3 (h3n)

No deta1ls are given herem for computmg C except as shown in
the sample computation. The coefficient should be computed as
outlined in Circular 284, including all appropriate k factors as de-
scribed and deflned in the Circular, '

\

cos (u/3) may be selected from the curve of fxgure 4, from the known
- value of cos u computed by formula 13

{
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The factor for effect ‘of piling- (k) should be inc¢luded. "If piling
or pier details are unknown a’ reasonable estimate of j should be
made. ’

In most bridge-site reports the design flood discharge has been

- laterally distributed across the approach section prior to comput -

ing backwater. From such a distribution diagram the channel-
contraction ratio (m) can be computed directly as (ﬂa_%ﬂh) , or

(1-&)

Backwater ratio (Cy). - Compute the backwater ratio (Cy) for the

"";proposed opening. The factor Cy equals the product of Cb(I) (from
~ figure 2) and k. (from figure 3). o

Normal friction loss (ah,). - Compute normal frlctlon loss between
sections 1 and 3, by the formula:

ah_ =(—%) (L + LW)

Constricted friction loss (hg).- Compute constricted frlctlon loss
between sections 1'and 3, by: :

Q% L,

by = (-
f =K K3 K3

Only the cross section almg the centerline of the proposed high-
way (nearest to section 3) is ordinarily available. It is assumed,

unless other information is available, that the channel is uniform

through the reach being considered, and the same cross-section
shape applies at both sections 1 and 3. For this reason, section

. properties (A and K) for 1 and 3'may be computed using the one

available cross section and the water-surface elevation hap.

Where an approach cross section is defined by field survey, sec-
tion properties at 1 and 3 are computed usmc water-surface eleva-
tlons hi, and hgp, respectlvely :

Conveyance K3 should be computed, according to Circular 284,
using piles or piers; however, in most bridge-site reports these
structural details are unknown. In such cases, the value of n for
section 3 should be increased by 0. 005 to 0.015, depending upon
estimated pier denS1ty, in computmg conveyance of the gross sec-
tlon . :

The length L, is taken as equal to constriction width b. The
length L ig taken as defined in Circular 284 for the various con-
atriction types, and has already been computed in step 1, com-
putation of C. '
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5. Approdch-section velomty head (ay Vl jzg) - Compute the ap-
- proach gection veloc1ty head (al Vl /Zg) where; - :

= -
'Vl Aq
. s (subsection K 3/a 2)
o, = = 1 1 = (V Q)
1 (total K;3/A1%) A

For simplification and because of its relatively slight effect upoh
the final value of backwater this term can be based on the normal
elevation.

6. Compute Y using formula 10, -

| o vy 2
2 Y = (1-Cp) (b - 81 —51—) - ahy
7. Compute hs* by successive trials using formula 9. -
. (1-C,) V,2
hs* - b V3 + Y ; where
Va2 .9
37 Ac T Ag-byhg*

8. 'éempute hl* using formula 11. -
' *
W *= h3 +Ahn

1 " 1/c,-1

9. Compute constricted elevations hy and hy. -

hy = hg, +ah + hl*
hz = h3p - h3*

10. If a second computation of backwater is thought necessary, repeat
steps 1,2,4-9, using first results of step 9 for h; and hz.  Step 1
will rarely need recomputing except for Type I and Type IV (2: 1),
where C is dependent uponf{, or for Type II where C is dependent
upon the depth coefficient (k ). The values of m, L/b, and other
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secondary k-factors will scarcély be affected by éhanges_ in eleva- -
tion at sections 1 and 3. The value of C,, as computed in step 2

might be changed a slight amount due to some change in the (C/CI)
ratio. ;

Semi-Direct Method ‘
Proceed with steps 1 6 as g1ven in the trial method

Compute dm at section 3 for the normal elevatlon (hqn) -

(A3/bt) ; Where
A3 = area of sectlon 3 at normal elevatlon (h3n) and

bt = top width of water surface at sectmn 3 at normal
elevation (hg,).

- Compute ¢os u by formulé. 13. -

27(1-Cp) Q2
4gC20,2(Y-d )

'cosuv:1+

Select value of cos (—3—) from curve of f1gure 4 correspondmg to
value of cos u computed in step 8.

Compute drawdown (hg") at .section 3. -

Lo Y-+2d
-%—(Y d )COS( )+-——-3-—-—~

Compute backwater (hl*) at section 1, -

h§*+' Ahn

ks D3t AN
By 1/Cy-1

Compute constricted elevations hy and h3.

hg = h3n - h3
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13. If a second computation of backwater is thought necessary, repeat

- pteps 1-2, 4-6, 8-9, and 10-12; . In recomputation of steps 8 and
9, note that the terms b, and d;, remain unchanged - these values
are for the normal elevation (hsn)

The Backwater Re.sult

The foregoing computation procedures yiild by either a.trial or semi-
direct solution, a final value of backwater (hl ) for a given discharge at a

~ specific site. This computed backwater figure is by definition the increase

in stage above the normal at section 1 resulting from the constriction,

‘The highway engineer is, of course, interested in this figure of back-
water, but even more important to him generally is the matter of water-
surface elevation along the upstream side of the embankment. To what

_height will the design flood reach on the upstream side of the fill back away

from the ‘waterway opening ?

This question can be answered only on basis bf. theoretical considera-

" tlons. No laboratory work has been done to answer this question specifi-

cally.

The maximum theoretical height that will be reached on the upstream

" side of the fill in the stagnation corner will be the water-surface elevation

in an approach section located upstream approximately at the beginning of
drawdown, plus the velocity head in that approach section. The foregoing
disregards any friction loss between that approach section and highway
embankment, and, moreover, assumes full (100 percent) transformation

of kinetic energy (velocity head) to potential energy (static head). It is
unlikely that the water-surface elevation against the fill will, in any natural
condition, reach the theoretical height (full-stagnation head). The theoret-
ical height does, however, give a figure conservatively safe for use by the
highway engineer in deciding upon road -grade requirements across the
stream channel

. . . . . P . 4‘.}"”: e
: In the laboratory work dealing with flow through a constriction, the
approach section was taken as one opening width (b-distance) upstream
from the constriction entrance in order to be at or above the beginning of"

. drawdown. Backwater (h >") has been defined on that basis, and, hence,

should be computed in the same way. It should be noted, however, that
the beginning of drawdown upstream from the constriction and along the
embankment face depends upon the percent of channel contraction (m).
This is illustrated by figure 2, p. 3, of Circular 284, wherein the

~
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distances, (D) upstream and (x) along the embankment, to beginning of

drawdown are defined in terms of opening width (b). The authors of Circu-
lar 284 have stressed the accuracy limitations of these curves as being too.
poor to use in pinpointing the beginning of drawdown. Yet the relationships
can be used to give a more reasonable estimate of water-surface elevation

.againgst the fill than by arbitrarily using the elevation (h;) of the approach

section b-distance upstream. Maximum probable water -surface elevation

- against {-hefill in the stagnation corner (hg) can be estimated as:

s=hy - () Ly - Py e vi¥ag e

The ratio D/b can be selected from figure 2 of Circular 284. ‘Other terms

in equation 14 have been computed in the foregoing computation of backwater.’
For channel contractions greater than 50 percent the second term on the ~* -

right side of equation 14 would be negligible and can be dlsregarded.

The distance x, defined in figure 2 of Circular 284, might serve as a
rough criterion to “the highway engineer for required length of embankment )
paving, where such pavmg is deemed necessary.

After backwater (hy ) has been computed for a proposed opening, the
question might arise as to whether or not the low steel of the proposed
structure will clear the constricted water surface of the design flood.
Again no quantitative method for evaluating the fall between section 1 and
the constriction entrance was defined by laboratory experimentation.
According to Circular 284 (p.5), a safe rule-of-thumb estimate would be
to assume that one-half the total fall (Ah) occurs between section 1 and
the upstream side of the bridge. ’

-

Mean "Velocity in the Contracted Section

In the past in bridge-site reports, mean velocity in a proposed open-
ing has been computed on basis of the normal elevation (hg,) at the con-
tracted section. In constriction problems involving high velocity at low
depths (high Froude numbers) or relatively low channel-contraction ratios,
the constricted elevation at section 3 (h‘3) may be considerably lower than:
the normal (h , and hence would give a mean velocity considerably larger,
Which figure o? mean veloc1ty should be shown in the report?

Because of the great diversity of problems encountered and our limit-
ed experience in backwater computations, it is felt that no definite recom-
mendations need be outlined at this time. If a site report is being prepared

. "‘\\
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where backwater obviously will be slight and of no interest to fhe'highway
engineer, mean velocity figures based on the normal elévation at section 3

(h ) would be satisfactory. If, however, backwater computations are made,

it would be desirable to show mean velocity based on the constricted eleva-
tion at section 3 (hg). The latter gives the h1gher figure which naturally

* 18 more conservative from the deS1gn engineer's wewpomt

Computatioh of Backwater at Multiple-Opening Sites

_The foregoing sections have dealt only with backwater, its definition
and computation, at single-opening constrictions. Laboratory experimen-

~ tation on multiple openings is, at this writing, just getting under way.
- Defined computational procedures for computing backwater at multiple-
. opening constrictions undoubtedly are several years away. '

In.the meantime, where backwater is of interest at multiple-opening "
gites, the following computational procedure is suggested: (1) isolate each.
opening with its corresponding approach section and computed discharge,
(2) compute backwater for each opening by same procedure as for single
opening, and (3) show either the computed backwater for each opening, or
as maximum probable backwater, the largest computed backwate1 -value

" from the several openmgs

General Flood Curveé

In many bridge-site reports it is' necessary to show general curves re-
lating dlscharge frequency, mean velocity, backwater, etc., to stage
This method of summarizing hydrologic and hydraulic data in a report has
been encouraged and recommended by the Technical Standards Section for

- - some time. To prepare backwater curves for a range in stage and dis-
K charge or for several opening proposals, involves a considerable volume
. of routine computation if the procedure given herein is followed rigorously
" for-a number of points. A suggested shortcut is to compute backwater for
- two discharges and corresponding stages, as, say, for the 10~ and 50-year
~_floods. Relate the final backwater figures to their correspondmg mean
: .velocity -heads, computed on basis of normal elevation’'at sectxon 3, in terms

of a coefflcxent times velocity head. For example suppose h," .

1.25 (V3 /Zg) at the 50-year flood, and hl 1.12 (V3 /2g) at the 10-year
flood. The stage-backwater curve between these extremes could be de-
fined as the velocity- head coefficient, interpolated with respect to (V3 /Zg),

“multiplied by the (V3 128) correspondmg to the particular stage or dis-

charge under consideration. N
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Sample Backwater Computatmn

Sample backwater computations are mcluded for the site report :
“Missouri River at Jefferson City; Mo. ", a report prepared m August 1952
and dis trlbuted to all dlStI‘lCt offlces

Computatlons in the sample problem are numbered and titled to agree
with the numbered computation steps given in the text. .
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16 R g " WATER RESOURCES DIVISION ' '
Jam,a/e proé/em - (e am,oafczi‘/on of ba (éwa/ar M/J'.s'ourc River at
' ______c./cz[[:r.ma_ L7y, Mo e

/1952, a copy of which was dislriboled Jo each Sustrich office. The
/ora,o'a.reﬂ’ localior, layou/, erd oMber facors perta inig 7o Mhe
b o | Aydrotogy and hydravlics of The sife are given /n Fhat repord.,

P . The oesigw Aood For /Ag provased crossing was Zakern zs e
| fleod of ly 195/, peak discharge, 3%0,000 ofs ; mormal Shye,
| | s52.9 £t af proposed center lme ; recorrence Srdervi/, 97 ygars.
i . | From 7The érmye -sile recor?, or' com,au;‘a//om é¢_,-¢,;/ 77}”30,7
A | ZHe /'o//ow/nf Aectlors are jufan' ' -

L

i

i
b
-
1
. A brigge-site report was prepared for 4is focatiorn in Jajﬂ.f/
! .
t

Q= sH90,000 cfs L Ay, = 5759 £

; K= 40800000 @ 553. ? /‘7‘ K ="28500000 @ 553, 7 4.
1 i 4: /16,200 53. /. @ 553.9 %‘r‘ /g, éaaao 0 3. 7 @ 55394
o= 2.2/ o o o

/

7'/5: ,aroé/em'. 7o com,ow‘e ézzaéwa-/er cree)‘ea’ éy /e proposed
c'ros::/nj end probable mraxsmem gpsiyean .5727.: e/wy é{félﬂty‘

o
‘; Al
f

‘ ('ampw‘af/ on of /5466%/47‘6/’
. 7}'/'4/ Mei‘éoc/.

/ ﬁ/fcéarje coe /'//c/en7‘5 ( c).—
From alached ”Cbm/) of cocss ? sheer / 5 o/ 5)
C‘&?fé (,}-707/5‘ L QG- Lo6

2 Ezaéw‘cfer retre (G).- . :
A # o032 ( Slimratec! £rorrr Mﬂﬂ‘?‘féd n»e/ 27 s 00.30
c/c}:zoé . - a»d /Aw/—-/a/d/)r 7= o 035),
Frorr /'/"wm 2: Cpay= o035 ~
From //'jl/l’c'_ 3: k.= 0.7/
G= 0.35(0.7/) = .25

™~

U. S. GOVERRMINT PRINTIMG OFFICE: 1054—0-3)4478

' $ . o fe . Ao . - , . : '
‘ : R fer orpiling defails onknows; & revised from valve showrr 17 reperl,
i by ruising wnain-channe! 21 From 0.030 f» 0,035 overbank fromy O.035 7o O.045
! : -
" . Bhoet No. .....L.. of ..<%_... Sheots, Prepared by ....¢ /IC A Date 10/25/5 ¥ Checked by \257 ............ Datc///&?:’.‘:"
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__Sumple_problen --confinved. ________ SR R B SO O S
. Trial P7elbhod -~ (Imf/)wea’
F. Norma/ ﬁ‘/cl‘mn Joss @A ) - '

a4, (Q) (L L w) ° (4‘5;2"022)(37% 2500) = 052 ,fi‘
4 Constricled /}'/c'/‘/on Joss ( 4p). - |

é/.—;- _Q_____ ( ﬁ&oaad(é’yoo) | # M)zflv,’;x_h

@05’00 aac%?é‘saoooc) (28509000

4t 0.727  O.0/8 = O.TLFfE | e

| 5. Appreach - sectsor velocity head e Y %j) =

s’ 221 ﬂo,éoa)zr 0.74 £
Zj 64 3 //6,200 L=

{
.' . 6. Factor'Y é// ;6/’”11/_/4’— /0, -

Y= ()t )-aA,, < (fo2s)(o14-070) 0.52 = 252 P

7 ﬂ%wr/o’ww /éj") A 'y Svccessive fr/a/r 649””4//& .9) - S70000 . 783

A - frst Frie/: Assome B =0 4’, 64 900 e |
B .
L 4o (-Gl Vs I, - o7r§7o"3) 052 < /25052 = 0.73//-

% : Zcv | C9.3(730) & .

; Secord friel: Assvme /g;“a 080 A= éﬁsm—o@o(ﬁaﬂréé,ﬁo V= 8.1/
S - 4f - 2758 N osz= 134 -052 = 0.8z fH
P ' ' - ' 36 7 _

L 77)),0/,&,,&/ Asserne A 0,82 /]3 54’700—0&(3?0&)-‘66570 Yge £./2

/93 -075(&’/22 -o52= (34-052= 0.82 /7‘ /.émz.nsomd)

oo 6.7
- 2. Buckwator (h7) by 'y foymiton U]~
..f 4 bitaby . 0f2t052 w&.
| Y~ bos -/ |
" Shoet No. ..&... of +Z..._ Sheota. Prepared by 7 1 Dute/’/wb‘? Checked by \E ....... ....... Dato///“{/ffég

u. s, GOVIJ(NMEN FRINTING OFFICE 1348~-C-503L/8
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__sSample__probleyr-c antinved. oo ...l
" Trial Method-- Continved.. -
9. Constricted elevations by and By - v
hyo by 7 b, ,%"‘u 5539 -fo.ﬁ‘z rods - 55487 //
”3’@,,-/7' - 5559 - 062 = .2_5_2__0__3/,&
Sern s - ﬂ/reﬂ‘ Mé’?%ox/
Steps /-—é /t/en//m/ Yo 7rm/ me?%aa/
7. Mean dop?h (@) @t section 3 For etvation by, .~
%= Uy ez = 227 £

& Cosine w by formwle /3.~

ga, &= /,¢ 27(/—(1,)(? - /4 270-25(G40.000) & _ /-0667 = 0.333
SV -, )3 SGen). 73‘4) (zfod‘{w‘z—zs r

.9 Cosine (%) /’rom corve a/ //fwfc-d -

(%)=
/& Lrawy down / é‘; ) éy /w'ma/.'c /Z - .

43 _3.( Y—dm) cos 5“’) + Y"‘Zﬂ/m - %52‘”7,{67’7)* -0521‘2@3,72

o A ""‘/4&3#/562 - 02 fz“

(ﬁmpa/af/a».s 0/ /5,"‘ ) é am/ /93 /dmﬁm/ 75 .:fcy.f Pard 9 of Frial
elbod . . - .. S _

J?/mmmy of /R:’Ja/r‘ -- /?,a///ox/mm‘e /%'/Aoo{;

Gocscnter (. 4F) = o5 /f o ﬂ)’dW{/oWﬂ ()= o.f2 £
Llevation (£,) = 554. €7 f/‘ | Elevation (43)= 55308 F7

U, S, COCERNRTMT PRINTING OFFIFE: 1084 VI'\ 9

8heet No. ...3... of .37 Sheots. Prepared by LS Dnte/ﬂ &f”d# Checked by ..... & . D Mo'f///.?/:’.a’
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. i e L By S

e e S AT LIy T ...__........_.._____-—....._.__.__...........____...__—..._..._._._._..._..-_.

@’Ja/lfs éy £ Xdci‘ ('om'po/'a?‘/on

The foregoi rg r'e.ra/A f/rrn éy e’//Zr/ i‘ée 7/‘/:/ o1 Semri ~dvvecl
wrelbods wil/ be close So reselis oé}fnm«/ éf @ rigorovs
ar/metical procedure. Ir order fo make a cormparison,
@l/ fackors were recompoted J/frrfn?j with elevalions
by and b3 egual to S54.87 arnd 553.08 f., respectivesy.
The comporations are ot Showwn Hercen, /.94'/ Fhe sarions
ﬁcfar.: ang resolts are 7be/ated,

b,z 55487 AL

by = 553 08 £, assomed |

C= 0756 O Eamal profife resolts

G = 0.7/9 S 4= 047

G = 105 | /;*‘a 2.67 f#,

CZ s 0.26 . , b, = :‘5‘4?/;/7( Close enac.t?/-;
/}][ = 0.75 LF o Aj = $5303LF.) Yo assvomas/

cg}% z O.68 )[2:‘

ZY )5 seer That vesulhs o0blaired on page 3, v5img Be
Stmplified, dpproximate e Hsodls, are s chse @grecrron wi7h
resvlts obtained by 4 folly-dbreloped rigorees aralysis.

P

/pl’oédé/e /}/%/')m/m s tocarr Srige

Frobable mw/mym AE/fAf agairst i/ af /r/z‘ Iﬂ?c’ o/ ,é'/oaa/
olain woold be :

4s= 4, /Q) /m//- .0) 4 oc, _};_ = 5.54f7 é«’%’ (550,000 zyoo(/—o.sjf-a v 4

éj S5PET—-0.25 #+0.74 = ,255: 36 Lt /Vo/e fad erac? ralies from
—_— sbove been vsed, hs would
' com/od/c as 855,36 752’

Bheet No. 4 of 3. Shoots. Prebured by ..A3C ... Date/ﬂ/l.‘%’_'ﬁ' Checked by S Dntc///./‘%’;z

. 5. GOVERKMENT PRINTING OFFICE: 19%4--0-304470
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Comp. of coefs,

20 " UNITED STATES DEPARTMENT OF THE INTERIOR

Sample problem-- continved.

Computatnon of coefficients for M/J'_J'.Q.I/_I"j_ ..gll{d): _é ,7.1._(_/(—‘ f‘[c}"f_ﬂl?_ _.C’/,U, M?._

GEOLOGICAL SURVEY N File
WATER RESOURCES DIVISION o

—— e -~ —-
-

APPROACH SECT|ON PROPERTIES

Preparod by .¢/S5€. .

R

Subsection N D T l—%—% a wp. | oo 12/3, K= L%Qé ar?s
(ain chanmit (581 2700)| 0030 49,5 | 48550 f1d0| 42.6| 12.23| 29400000
Quer bank @100-1,213)| 035 42.4| 67670 8517|794 298| /1 420 000
“' 116220 ?657 ‘- | 40 £20, ooa
1 7 T .“ocrz,z_/ |
Total
CHARACTERISTICS OF CONSTRICTION i
Embankment and abutmentslope _ _ /s/ _ _ _ _ __ ____ Type of abut}né;{t ;Z_Zi_:_____;_____
‘ R ' |TEMS AND RATIOS AT ELEV. 553.9 F7.
' "Items Ratios N ;
B e« 540, 000 m=1- (KQ/K\otnl) ;;:ZZQ /8 ;
b - 2,900 . 0018
L 5/ /b - 3
t o - WA -
W - (b 0.004
x ) CWatw)20
Yoo - | t/(y3+Ah)
Yo - =V; NV = J‘lﬂxmn" 0.28 (efvlv. 7;/," I)
e 8 by 2908 1= A/As_estimated 0.0F o
Y3 23.7 (?58 {oreywv. )’y/u'z) e= Kn/Kb o
Al (estimated G) ¢ NSRS 0° .
A3 68 900 0 o -
Xa Fa ) .
S 7 93000
. ¢’ ke b "~ ke ke
This C= _0.80 x [oO x LopS x 0.985 x 0.95 x /.60 = 0.7564 .00
Basc o= 0.80 x lL0o _x (00 x 0,95 x 0.955 x _0.950 = 0,715 Cr
Bheot No. ..T... of .F.... Sheats. Preparod by .¢/FC ... Dato §/(2/54. .. Checked by MH............. Dato §//$/5°4
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FIG.1~DEFINITION SKETCH OF THE BACKWLTER REACH
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Backwater ratio,

i 100 l
i M
. . /
Solid lines dofined by loboratory meosuremants for ////// //
080 verticol foce constrictions with squore ¢aged cbutments e =
/4/// giad o
/ /, é
.0, /
060 %,6 1
/ 4/ /’/ //
— » LT A
// / /// /
040 . &~ |~ - - kb
// / 4 . /1/ [N approximate solution (zero friction, G 110, F+0.50)
/ b ] .- .

/ VsV >(,-
0.20 / A/ P Approximate solution (zero friction, Cc for verticol foce constrictions
’ / v Ad [ with squore edged odutments, F= 0.50)
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FIG. 2 - CURVES OF BACKWATER RATIO FOR VERTICAL FACE
CONSTRICTIONS WITH SQUARE EDGED ABUTMENTS
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FIG. 3 - THE EFFECT OF CONSTRICTION GEOMETRY
ON THE BACKWATER RATIO
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