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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 prepa.ra­
tion. 

The procedures given herein are intended to be provisionaf 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 experin1entation. 

Engineers are encouraged to study and apply the alternate m~thods 
of computation presented herein, and to devise further improvements and 
simplif~cations as they gain experience in analyzing field problems . 
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Introduction 

As a part of our cooperative highway programs in many states, the 
Survey prepares re.ports on the hydrologic and hydraulic factors of flood 
flow at specific sites of existing and proposed highway bridges. In 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 increas·e in stage above ..the no_rmal o.r 
unconstricted st~ge is termed backwater, and is a fac;tor:~hat i~ g.e11erally .. 
of interest to a highway department. · 

···Laboratory work" concerned with flow, through. s.ingl~ -opening constric­
tiona in open channels has been carried on for the pas~ several years by 
~he Atlanta Research Unit of the Surface V/ater Branch. The laboratory 
investigations resulted iri.a better understanding of .the behavior and- defi­
nition of flow; through open -channel constrictions. Th~ .relationships .· 
developed in the laboratory have .been sutnmarized iri USG? Circular 284, : 
"Computation of Peak Discharge at Contractions", and in ·ASCE Separa_te · 
413, "Bacl{\~ater Effects .of Open -Channel Constrictions'.' .. The latter pam­
ph.l~r"t outlines a method for computing backwater at single -openL.l"!g cons~ ric-

· tiona 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-
i_ng backwater at specific bridge sites. . . r. . . - . ··, ' 

In the following sections of this paper an attempt is made to provide 
a consistent and, to a limit~d extent, simplified procedure for co1nputing 
b~9kwater. The suggested procedure is illustrated by an example at a 

· s'pecifi.c site·. Symbols and terminology are generally those used in 
Circular 284 and Se_parate · 413i the f_ew additional symb.ols are defin.ed as 
they. a.re intro~u~ed in the text. · ... : i' .•.. 

·· .. ···· 

. At 'this point the reader is encouraged to review and familiarize him-
self wi~h. the contents. of Circular 284 and Separate 41~ before proceeding 
further. . .. ~ !~ :' '"', ,· ' ' I ' 

1 

......... 
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The Backwater ·Formula 

· In Circular 284· (for1nula 1, p. 1) the. discharge equation for flow through 
~ contraction is given as: 

Transforming this equation by· substituting V3 for Q/ A3, and solving 
for ~h, results in formula 1~ ·p. 3, of Sep.arate 41~, which is: 

v 2 . . .. 2 
3 . ·'1· ( ) 

Ah = ~ T br - 41 ~g 1 
. 2gG 

~he amount of backwater (hi-) is shown in Separa~e 413 to be a defin­
able portion ( a ratio less than unity) of" the fall in water surface ( l\h) . 
This ratio, given as (hi .J Ah) in Separate 413, is termed the backwater 
ratio, and for simplification, is giv~n the symbol Cb throughout this paper. 
The formula for backwater can be written: 

(2) 

Substituting the right-hand side of equation 1 for Ab in equation 2, gives: 
. . . . . . 

(3) 

Equation 3 can be considered the basic 'backwater formula. As\defined 
'in Separate 413, the amount .of backwater (hi*) 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 labqratory work) as being the natural-channel cross 
section located one opening width (b -distance) up. stream from the constric-
tion entrance. ·. -
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Constrict ion-;profile Rela~~~nship~. ~.·.· :· 
.. . .. . . . *' -~ . '· '• ''i ,''.• ..... · ·,;-,·; ~- :. > ··. ' .' 

The· amount of backwater (h1 .. ) accounts fo,r only a portiqn of .the fall in 
water surface· between sections 1 and 3 (section 3 is designated hereJn as. 
the most contraqted section w,i~hin the constriction, usually taken .to be at 
th·~ downstream end of the constriction). The fall (A h). inc~udes other com­
ponents. Not only does the constr~ction influence the norma~ profile up- . 
stream from it, but downstream as well. The profile through the constric­
tion .reach can best be ~escribed by reference to figure 1 (identical to figure· 
1 of Separate 413). From this figure it shou~d be noted thatat the down­
stream end of the constriction, section 3, the constricted wate;r.-surface 
profile is somewhat lower than the normal. This differential.. amount .. (a . 
drawdown or negative backwater effect) is designated h3"'c ...... Th~ .·third .. coni­
ponent of the fall is· the normal friction loss betw.een sections.~. a:nd, 3 ,· .. de A-

ignated flhn. · F.rom fi,gure 1, therefore: . · · · .. .. . 

: h . h * + h3* + h h * h : .h * -· Ahn A. = 1 A n; 0 r 3 . = A - 1 ~ 
• • • ~ • 0 • 

(4) .... 
. . . : . ~ : ·~· .. . ~. ~ : •. .. 

Equations 3 and 4 be.come the t~ols for computing backwater .at. a s.p.ec-
ific site. The backwater equation {3) is sufficie.nt by itself fo·r.· com.puti.ng _: . 
backwater for some past flood at a bridge site .. where water-surfac~. eleva:--· 
tions are known~ or can be determined from floodmarks, at sec.tions .J and 

. 3 (where Ah is known). Equation. 4 must necessarily be used in con.j~nct~op 
with equation 3 in eomputing backwater at proposed bridge sites wher~ only 
the normal (unconst'ricted) wate:r-.-surface profile is available ... ''. · ~.: .. · ·.· ... ::· .. 

. . . · .. ::..: . 

·: . "·'· ·.: .. .. . 
Further inspection of figure·-! yields the following basic relationships 

useful in defining the water-surface profile wittlin the constr~ction reach.: 
.,._;'; ,·, ':,. • . • • • ,.·• . ' I • ' 

.,., . . . .. , ·.:. .. . ~ . ·. , ;, .' . ~.. '. ·:·: \ \ ::: ... :. 

··~In= hsn .+ :Ahn .L: : .. ::;.:;"..!-:.- .. '; (5): .-·: .;.·._,' 

h1 = h1n + h1* = h3 + Ah · · · .. ~., • ' .;(6) ; 

hs = hsn - h:f = h 1 - Ah ,: .· ;_,: •.. ; yt) . . · .· .. 
.. 

. . 

· ··c~efficie.nts 
: E t · ... 

I ' o o' ,.,. 

. · ... , ; :·~·. i: ·;:· .. ; .. f:: . 

. .. 'T: :~ ... 

The backWater equation (3) contains two coefficients, C and Cb. 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 given on p. 13 and by use of 
figures. 22-30 of that Circular.. · :::.- · 
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In Separate 413 yarious curves are presented for computing the back­
water ratio (Cb). 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 constri.ctlon geometry. 

Curves of backwater ratio (Cb) versus· percent of channel contraction 
(m), with channel roughness (n) as a secondary factor are shown in figure 
2 (shnilar 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 Cb(I}, 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 ann value 
of 0. 050 wa·s the limiting (maximum) value influencing cb. -

Figure 3 (identical to figure 12. of Separate 413) defines the effect of. 
constriction ge<?metry 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 1s. The abscissa of figure 3 is in 
these terms. The coefficient for the base type is selected using an m and· 
L/b identical to those of the constriction type under study. The C 1s for 
each type should be determined in the manner described in Circular 284, 
taking into account all applicable secondary effects such as kf, ~~ kr, kw, 
kqp ke, kx' ke, kt' and kj. The ordinate sc~le op fi~ure 3: is an adjustment 
factor (kc), which when multiplied by Cb(I) from .figure 2, gives the back- . 
water ratio (Cb): for the constri.c~io.n type under study. . ·. 

The foregoing procedure for determining the backwater ratio (Cb) may 
appear. to the reader to be unnecessarily tedious; however,~· ·once familiarity 
with the ~prQcess has l:;>e~n achieved, computation of the coefficient is rela­
tively simple. 4lt.empts to simplify the backwater-ratio curves met ·With 
some success, particularly for constriction types III and IV. The simpli-

. fication, however, involve<:f averaging proce~ses with .some sacrifice in 
accuracy without appreciable savings in time. In view of our inexperience 

· with the effect of ·these av.eraging and rounding pro.cesses on any· .particular 
backwater result, it was decided not to include any of the simplified back-
water -ratio curve~ a~ the pres~nt .time. . 

Con1putation of Backwater at Proposed Bridge- Sites 

In our highwa)r'bridge-site reports certain features pertaining tot~~· 
stream and proposed ·structure ar:e usually furnished or specified by the · · 
high)Vay department. Among these are (1) a cross section of the naturf:ll 
cha~n.el. a~ong th.e proposed highway centerline, ~2) location and size of the 

·::-, 
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propose~ opening, and (3) design flood or floods, In addition, for comput­
.. ing backwate~ 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 
co1nputed 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 d·~ta available,· backwater created by the proposed con­
striction for a given flood frequency or discha_rge can be computed. The 
assu1nption is made that the stage -discharge r~lationship applies to the nor ... 

·mal (unconstricted) channel at section 3, which. is the general case in most 
l . 

site .reports.· (The term normal i~ used to describe conditions pertaining 
to the unconstricted, natural channel; the term constricted r'efers· to cond'i­
tions with the constrict·ion in place.) Referring again to figure 1, it can be 

· seen that because of the drawdown at s~ction 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 soxne sin1plificatiqn can be 
made without any great sacrifice in accuracy of ~he computed result. Em­
ploying these simplifications, reasonably direct tnethods of computing back­
water have been evolved. An explanation of thes~ methods, labeled "trial 
method", and "semi-direct method" follows. 

Trial Method 
_ ..... 

" The backwater formula is .repeated: 

i ' 

.· (v:2 y2) 
h*=C 3 ·1 1 b 2g~ ;- hr.- a.l --rg . (3) 

This formula .may be written in terms of h3* a.s: 

. ' . 2 . 2 

h 3 ~:< = (1 - C)} ·(__3- + hr - a.1 Vi .. ) -Alb 
. . 2gC 2 · . . -"2g" 

(8) 

rrhe term 611n should be co1nputed on basis of the norrnal condition. 
The other terms of equation B (Cb, C, V3, hf, and V1L strictly speaking, 
should be computed on basis of the constricted condiUon; hence, the appar­
cnt necessity ~or a. trial-and-error solutiqn of h 1 >:<or h3* when only the 

. I 

~I .. 
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· normal conditions are known.. it has b~een found, h.owever, that the terms 
hr ~nd ( a.1 V 1

2 f2g) are generally a small part, ·.quantitatively, of the expres­
sion; are subject to only slight change in computed value between the normal 
~nd constricted profiles; and in most cases,· therefore, can .be computed. 
for the normal stages (h1nand h3n) without much sacrifice in accuracy of 

. 
I 
i . 

the final result. The same is true for the coefficients C and Cb. · · This · · .... 
~s the simplification referred to.in ~he foregoing section. 

Equation 8 then c'~n .be written: 

h{ = (1 - Cb) V3 2 · + (1 - Cb) (h~ ~a! V 12 
· ) -Abn ; or 

2gC 2 .· . ~ 2g 

h3*. ~ <.1 -Cb) V3 2 
. ./ Y ; where 

2 c2 · g . , . ~.~ .· 

' -. 2' ' . 
Y = ( 1 -cb) ( hr - a.1 V1 . ) - Ahn . rg-· .. 

. : (10).. 

' . .. ;, 

In the above simplified expre.ssion for 11 3"! (equation 9), the term V3 
applies to the constricted condition (elevation· h3 at section 3) and is usual-··· ~. 
ly significantly greater than v3 for the normal condition (elevation h3n> 
because of the drawdown at' section 3 indue ed by the constriction. The .. . . 
~alue of V 3 for the normal elevation at section 3 is kflown, and is: 

· · V 3 (~~rm) = Q/ A3, where A3 is the ar~ea· of co~stricted se~tion 3. at 
the normal elevation (h3n). The area at section 3 for the constricted condi­
tion· (A c) can be written as: Ac = A 3 - bth3 * , where bt is the top width of . 
flow at elevation h 3n. This expression is exact for a constricted section 

·. with y~~tical abutments, and is suf~iciently. accurate for sloping abutments. 
~{~~ ·.· . . . . . 

. Fo·~.~ula 9 is a 'convenie~t.tool for COJ?puting h3 * and, from it hl*, by· 
a successive t~ial-and-:error p~ocedure, ·The first trial value of h 3* can 
be base.d ·on a _value of V 3 co~p~ted fo~ ·the normal elevation at section 3 · 
(h311 ) •. A second ~rial·value of h3* is obtained u~ing a value of V3 based on 
the lowe·~· elevation at s_ection 3 indicated by the first h3* value, and so on 
(see sample problem). When h3* computed· equals the h3>:c valu~ assumed in 
computing y 3, the equation is s~tisfie~L · . · · .·· . · · 

t',l ••.• 

. Once t~e final value ofh3* has beencioxPputed, h(can be solved by: 

. (11) 

' _..: ! 
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simply computed by formulas 5, _6,, and. 7. . .. ."'\··-':.;1·· ..... '-;.··: ........ ~-.:·' ·.:· ' 

Semi-Direct Method .. :.· . 
. 'I;' . •.. ~ . ,. •. ,, t 

.' ... 

. From the preceeding section, .. Trial Method.,, equation 9 and section-
3 a'rea and velocity relationships are repeat_ed: · 

(9) 
!'' 'i ( • ~ r • •• .·, 

I 

''. •• ·:.:· •• ·:·; J . 

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

• :.- . :: :J • : : .• •'' I: 

... ' :·· ..... ··· 

. Substituting this latter expression for V3 in formula 9 gives·: : 

This expression results in a third -degree equation and is subject to a 
semi-direct solution involving trigonometric functions. The solution for 
h 3* was found to be:. 

h3*. = ~ (Y - dro) cos (u) + Y + 2dm 
3 .. 3_ 3 

The ter1ns of equation 12 are defined as follows: 

Y is computed by formula 10; 
dm is the mean depth at section 3 for the normal elevation (h3n) 

and is equal to (A3/bt); · · · 
· u is an angle between 0° and 90°, .the cosine of which is positive 

and is given by the formula: 

(12) 

(13) 

• • • I' ' .. : •• :· :" • -~ ': 

: ' 
'· ~ ! 

....... ..,.,. l 
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cos (u/3) may be selected from· the ·cu .. rve ·a( figure 4, from the lmown 
· value of cos u computed by formula 13. 

O~ce the value of h3* h~s been. ·com;ut.eci, ··h1* ~a~ be solved by:. 

0 \ :··· .:. 

( 11) 

. . . . i . 

Knowing hl*, h3*, hsn• 'and 6hu constric'ted elevation.s hl and h3 are 
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 bec.~use certain factors in the backwater formula (C, Cb, hf, 
and a.1· \i 2 ) were c<?mpu~ed.on ~asis of normal-profile. elevations.. . ~· 2g . . .. . . . . 

Should the values of h1* and h 3* be very large with respect to depth of 
flow, a second co~utation of h3* and h1* might be desirable. The factors 
C, Cb, hr, and a.1 V 1 J2g would be recomputed on basis of the constricted . 
elevations (ht and h3) arrived at in the first computation; these ne\v 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 h 3* and 
hl''· This second computation will not ordinarily be necessary. · 

. -·"' 
~- .. . 

Computation Steps 

Trial Method 

1. Discharge coefficient (C).- Compute C for the proposed opening, 
c1 for the equivalent base-type opening, and the ratio C/C1. The 
form, "Contr;.1cted -opening coefficients" (9 -193 -A), is convenient 
for ~his pur.po.se. The coefficients C ~nd c1 can be computed ·~n 
basis of th~ norx:nal elevation at section 3. (han>. · :· 

. . .. . 

No details are giv~n herein for computing 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 defined fn the Circular. 
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The factor for effect :of_' ~'il:ing. (kjr :shQulq Q..e._Jpcluded ." · If piling 
or pier details are unknown I a 'reasonable e·stilnat'e of j should be 
made. 

In most bridge-site reports the. desig·n flood discharge. has been 
·laterally distributed across the approach section prior to com put­

ing backwater. Fron1 such a distribution diagram the channel­
contraction r~tio (m) can be computed directly as (qa + qh) , or 
( 1 - ~ )· . .· . Q 

Backwater ratio (Ch). - Compute the backwater ratio· (Cb) '_for the 
.. ·proposed opening. The factor Cb equals the product. o.~ ~b{I) (from 
· · figure 2) and kc (from figure 3). ,... . .... _ .. : ~ 

Normal friction loss· ( 6h0 ). - Compute normal friction l~ss l?etw~en 
sections 1 and 3, by the formula: 

Ahn ==(--% )2 
(L + Lw) 

1 

Constricted friction loss {hf).- Compute constricted friction loss 
bet,~een sections 1 ·and 3 J by: 

2 . 2 . 
h ._.Q Lw_ + (_g_) L 

f - K1 K3 1<3 

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 -se.ction 
shape applies at both sections 1 and 3.· For this -reason, section 
properties (A and K) for 1 ar:!d jt may be computed using the one 
available cross section and the water-surface elevation h3n. 
Where an approach cross section is defined by field survey, s~c­
tion properties ·at 1 and 3 are computed using water -surface eleva-
tions h111 and h3n .. respectively. · 

Conveyance I<3 should be computed, accprding to Circular 284, 
using piles or piers; however ... in most bridge -site reports these 
structural details are unknown. In such· cases, the v~lue of!: for 
section 3 should be increased by 0. 005 to 0. 015,· depending upon 
estimated pier density, in cornputing conveyance of the gross sec­
tion. · · ... 

The length Lw is taken as equal to constriction width b. The 
length L is· taken an defin~d in Gircular 284 for the various con­
striction types, and has already.'been computed in step 1, com­
putat.ion of C. 
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5. 

.. :·. . ~· 

Approach-section velocity head. ( a.1 V1 2 j2g) .. - Compute the ap­
P.roach section velocity head ( .a.l v12i2g) where; 

o.l= 

. ·. . 3 2. 
~ (s~bsection K 1 I a 1 ) 

(total K 1 31 A 12> 
= 

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

6. ·Compute Y using formula 10. -

7 .· Cbmpute h3* by successive trials using formula 9. -

v3 = .9 = _ _.;;;Q....__ 
Ac A.s -ht hs* 

8. -c~mpute h1* using formula 11. ~ 

. * h 3* +Ahn 
h1 = 

1 fCb- 1 

9. ·compute constricted elevations h1 and h3. 

... -.... ~· * hl = hsn +ahn + hl 

10. 

h3 = h3n - h3* 

If a second computation of backwater is thought necessary, repeat 
steps 1, 2, 4-9, using first results of step 9 for h 1 and h3·· Step .1 
will rarely need recomputing except for ·Type I and Type IV (2:1), 
where C is dependent uponfr, or for 'I'ype II where C is dependent 
upon the depth ·coeffic.ient (ky). The vaiues of m, L/b, and other 

·. 
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secondary k-factors will scarc'ely be' arf~cted by changes. in eleva­
tion at sections 1 and 3. :. The value· of Cb as· compute~ in. step 2 
might be changed a slight amount due to some change .in the (C fCI) 
ratio. · · : · · · · 

Semi-Direct Method 

Proceed with steps 1-6 as given in the trial method. 

Com.pute dm at section 3 ·for the normal elevation {h30). - ·. · .. · 
. ': '• .. . ~- . : -; . , :·· . . ... . ... ~ ~· '_, .. 

~~ = (A 3 /bt) ; ·where 

A 3 = ~r~a o( section 3 at norma~ ·elev~ti.~r,l (h3~>.~. ~f:l 
' • • ' ' •, • ' ' • ' ~I 

bt ·= top width of water surface at sect~~~ ~ at nor~a~ 
elevation (h3n>. · ·.. · · 

8. . Compute cos u by formula 13.-

27(1-Cb) Q2 
cos u = 1 + ------~ 

4gC2bt 2~y -dm)3. 

9. Select value of cos <-3-> fro1n curve of figure 4, corresponding to 
__ ,./ value of cos u co'mputed in .step 8. 

10. Compute drawdown· (h3*> at .section 3.-

·: · · · · .. Y·+ 2d 
hg*=f<Y-dm)cos(~)+ 3 m 

11. Compute backwater (h 1*> at section 1. -

·* . h .· h * = _h~3~+_A ___ n 
. · 1 . 1/Cb -1 

.' 

.. :''. 

12. Compute constricted elevatl:ons h 1 and h3. 

. ,.'< 
h1 ·= h3n + t1hn + hl "'-.._ 

. * 
h3 = h3n - h3 
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13. . If a second computation of backwater is thought necessary, repeat 
steps 1-2, .4-6, B-9,. and 10-12:. In.recomputation of steps 8 and 
91 note th~t the· terms bt and dffi remain. UnC~anged - these values 
are for the normal elevation (~~n). · 

The Backwater Result 

The foregoing computation procedures yield by either a.trial or semi.­
direct solution, a final value of backwater (h1*) for a given discharge at a 
specific site. This computed backwater figure is by definition the increase 
in stage above the normal at section !"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 de~ign flood reach on the upstream side of the fill back away 
from the ·waterway opening? · · · · · · 

.. This question can be answered only on basis of. theoretical considera­
tions. No. laboratory. work has been do'ne to ans\ver this question ·specifi-

1 cally. · · · 
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J 

• 

., 
j 
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The maxim~ 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) transforn1ation 
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· ~afe for use by the 
highway engineer in deciding upon road :-grade requirements across the 
stream channel. 

• . . . ... . ,· . . ·. }f·: t'• .. 

. ... In the laboratory work dealing with flow through a constrictio.n,.' 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 (h1*) 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 
embanlm1ent face depends upon the percent of channel contraction (m). 
This is illustrated by figure .. ~. p. 3, of Circular. 284, wherein the 

· ..... 
.r ~ ' • 
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13 

distances, (D) upstrea1n and (x) along the embankment, to .beginning of 
draw down 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 begfnning of drawdown. Yet the relationships 
can be used to give a more reasonable estimate of water-surface elevation 

. against the fill than by arbitrarily using the elevation (h1) of the approach 
section b-distaJ':lce upstream. Maximum probable water-surface elevation 

· against the fill in the stagnation corner (h8 ~ can be estimated as: 

. ( 1. 4) 

The ratio D /b can be selected from figure 2 of Circular 284. Other terms_:. 
in equation 14 have been compute9 in the foregoing .computation of backwate·r·. · 
For channel contractions greater than 50 percent the second term on the 
right side of equation 14 would be negl~gible and can be disregarded. 

The distance X, defined in figure .2 of Ci:I"cular 284, might serve as ·a 
rough criterion to the highway engineer for required l~ngth of embankment 
paving, where such paving is deemed necessary. 

After backwater (h1*) has been computed for a pro'posed 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 assu1ne that one -half the total fall (~h) occurs between section 1 and 
t~e·· upstream side of the bridge. 

Mean yelocity 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 (h311) 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 (h3) 1nay be considerably lower than ·. 
the norn1al (h3 L and hence would give a mean ve~ocity considerably larger. 
Which figure oF mean velocity 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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wher~ backwater obviously will be slight and of no interest to the Jlighway 
engineer, mean 'velocity figures based on the normal elevation at section 3 
(h3n) would be satisfactory. If, however, backwater computations. are made, 
.it would be desirable to show mean velocity based on the constric~ed eleva­
tion at section· 3 {h3). The latter gives the higher figure which naturally 
is more conservative from the design engineer's viewpoint. 

Con1putation of Backwater at Multiple-Opening Sites 

. . . ·': 
The foregoing sections have dealt only with backwater, its definition 

and computation, at single -opening constrictions. Laboratory experilnen­
tat ion on multiple openings is, at this ·writing, just getting under way . 

. Defined co1nputational procedures for co1nputing backwater at multiple- ·· 
opening constrictions undoubtedly are several years away .... 

In.the meantime, whe.re backwater is of interest at multiple-opening 
sites, the following computational procedure is suggested: {1) isolate each. 
opening with its corresponding approach section and computed discharge, 
(2) compute backwat~r for each opening by same pr.ocedure as for single 
opening, and {3) show either the comp.uted backwate.r fo'r each opening, or 
as maximum probable backwater, the. largest computed backwater· value 
from the several openings. 

~:· . 

General Flood Curves 

In many bridge-site reports it is· necessary to show general curves re-
lating discharge .. · frequency.. me·an: .. xelocity, backwater.. et.c. .. to stage. 
This n1ethod of sum'rriarizing hydroiogfc and_ hydraulic data in a repo.rt has 
been encouraged and recommended by the Technical.Standards Section for 
aome,.time. To prepare backwater curves for a range in stage and dis­
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 
I . · · floods. Relate the final backwater figures to .their corresponding mean 
~· ·· 'velo,c'ity-heads, co1nputed on basis of normal elev~ti~n'at section 3, in terms 

. of a coefficient times velocity head. For example, suppose ht" = . ..· · 
1. 2S {V32 /2g) at the 50-year flood, and h 1* = 1.12 (v32/2g) 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 (V32 j2g), 

. multiplied by the {y32J2g) corresponding to the particular stage or dis-
c'harge under consideration. > .... 

·~ .. 

. ·.·. 
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Sample Backwater· Computation._. ... · 

. .. . . ·- .. 15.: 
i.''iC' • ·: • 

Sample backw~ter computations are 'included for the site report, ... _ 
"Missouri Rivex:- at Jefferson Cityj Mo. ", a .. report prepared in August 1952, 
and distributed to all district offices. · · · · · · · · 

· Computations in the sample problem are numbered and titled to agree. 
w~t~ the numbered computation steps given ,in the text. . ·~ .. · . 

.. . . .. : ., 

.· . • • I, • ·' 
. . ~ ... 

. ... . ... ~. .. ..... : .... ~. . ~ ..... -~-

• • ~ J • ~ 

• • • • •• • t ~ 

..... ,.,. . 
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• ... '• 0 •• ': ' I ·1 ' • • ' 
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16. '' ', WATER RESOURCES DIVISION 

'' .Samf?-le p~o/J/t?rn.- Co~p.vtat/tJn ·Of baciwal~r~ #issovrl Rli/i!'r ar· 
~----~al~~rJ.~D-~C~tY-r~~~---------------------------------------------

A brl{fe-s-ile rep()rt IA/~S pre;ared ,';,r /Als lo,calit:Jn in APfu.sl 
/.952~ a. C",PY of.·J/J(hl~IJ JV_4.S' (//slriJul6'd lo ~acA f?/;;lricl t1//?c~. TA~ 
prPp()Jeq locttfiol'1,~ /Aj'Pur, -4nd t?Th~r ~clt,r.s- j'ttr1'4ln/n:J Tt>· 7A4. · .. 

h!drPI"!! ont:l hrd'ra,u/lc.s ~~ l'bo · ~//!! arc!! f/Yf1'n i?, 7A4r ~c;P~rll. 
TA~ t/esif"'' /lot":/ /Pr tA~ pro/t!J.Serl crPssJ77_j ;v~.s ~K-en as 7h4 

1'/tJtPt/ o/ r/u& /.!IS"/; ·~ealt c//sclht~e, s--f~, P.oo .(:.IS; ~~Ymlr/ s-A~Je1 
5'~3.9 ~t: ~~ pr~/().s'~t:l cenl~rl/ne:; r~curr~nc~··/nrt!rr4·1, -47 j'<4r.S: 

f..,_on' the br;oy~·s//e ~9?"rt, ()r CtJ»7?vtal/"ns 6a.se~l 7»~rttt:J0 
the 1'~ 1/Pt.A/In.f /a(;fPr.S are f/v~n t . · 

Q~ .54oJ ooo c/s h3 ,., = s-59. 9 /f. .· 
K-= 4" Bo~()oo e 5.i-3. 9 11-. , tt;; =-~ a5oo ooo l!f! .s.s-3. 9 .,t!l. 

1 I · . ~ ~ I 

·.· ~=- //"ZOO S"f./1. (£ .5'~.$.9 /f. 4= 6~.900.Sf./t (? 5~3.~/f. . 
. C¥ =· '2.2./ 

l 

T/J~ pro/Jiemt.,:· To c"l'n,Pufe o~tckweeler creal-eel 61: /Ae r',.'r;,.set/ 
erbS.$/n_J tlnt/ ,PY(:)ba/;/~ h"/AK/ml/»1 ·~s/ream sliz?~ 12k;~~ h&A~~~ 
./lll, ' 

Cbmevlali~n t:J/ 8acewafer 

.. Triai Me/l;tJd 

/. tJi:rch11rye c()e.f/icienfs (c).-· · · . . . . ·. 
· ,&'rt~m atldch~cl .,, Comp. pf C~Je/.s: "siJee;tL ( 5 of 5) 

C::: tJ. 756 0- =- o. 7t5- C/q. -c /. o~ 

2.8adw.-elerraf"it> {Q,).- , · · __ .... · .. ·. .· 
~- . '?n -:s /8 ?? -; t:J.o3Z {esl/m~f"rl ,c""~"' P'74/~ ... t:"hAnntrl n "b.o~o.) , 

CA}=- /,0' · dnd l'!l'"t/ .. plt~i~. 17 = o.o.:~s), 
ffeP»? 1/~PJ'e z t C;,($)= o:3.5-
r;""' ·l'~u,e 3: ·~cc ::- 0.,7/ 

~ =-. o.3ti{o.71) - .o, z.~-

Clww ' ' ' ~, • 

. -N Pier or pilin!J o'ef4ils uni'~oMirJ; ~ rer/.st*c/fi"Pm ya,/ue .sA~J.~n ,;.., rdp4Y~ 
0/./ ra/sin4 main .. Chdllne/ .l1 ffi)J71 tJ.I)30 fi, 0. C35: tJVI',.bnn/t. /}1Jn1 P.t>3s- To 0. ()4 5" 

S.heet No .•.... /.. of •. :f. ... Sheets. yrcpnred by _____ r;,/J"_(;. _ _. ___ ···'--·- Date IP)?.(Jj:f.9 Checked by ••••• F.. ............ Datc#/~~r 
U. 5. r.t)VfRHMI"MT PRIHTII'lG Offlf.£: IOS4-()-~~471J 
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Trial M~IIJoti--·C:,nlinued. 
:·. •.' 

• \. .. • ~ ' • . : J... ' • .:. ~ • ' ·' • : .. • • : • ... 

Ahna {~) 7~ ~Lw} "'/__ S4o,ooo_)7'.1'"/'1" Z,:Joo_~ :z 
k; . . ( 4~_B"~c.,tV l-~ .. ·'. 

4. t'onslrit:lt'd /ric/;t;n /o;.s (17;'), -· 

(). 727 r tJ. ota ·-== o. 7£ ~1: 

$. A,PtPro~~~~ ... .se~r/bn ~e/t;?c,Y;t h~ad ~ 11 /'2~) . ~. 

~_Y,_2 .: Z.Z.I (?4o,"bD_,z: -~·/f. ., . ,· . ' :~ 

ZJ ~~. :J II~#.., 2tJ~/ · 

6. Fdt'"l()r Y !?y /drmu(a, /(), -

Y = (1- C0)(hf-~ J1d:) -LJh,-=- (/-o.z5}(t;.-u-b.74}-·o.s2 .:r .. -a52 ~r. 
:.1 . : .· 

7. PrtJwrldWYJ (h./) .b;t Juc~e.s.sire frlals (/IJ,;~nv/A 9).-
, .... · ,Cirsf trl~tl: AssPmt' ·At~- 0 1, cr /I&;PPO ~ :r ff~q:O':-= 1.l13 

. ,~ . 
. . 

h * D (1 ... ~J Ys?. t- y .7 o. 1.i- '7. cr.:;) z. __ f).s-z. :r t zs--o.se = "' 7~ 11: 
:3 q c ~ . '4.3 .7S"~J g. 

..fttcont:ifr,ill,· /lssume hf = P.li'D. ~ = 6~9(}()-().ti't{Zf~;r 66?Bo Y3 :r 8. 1/ 

·~~~ = tJ.7S(K, II) -z. _ o.S'Z. -=. ;, 34- - o.S"Z. :r t:J. cf Z f'l: 
v j7~.7 . 

7JJ;,-r/ fri•l: ,4.ssPm~ hf'o.uz·· A.J-=6J;ftJ.,-a,.~(z?t;l):::6~67o ~ f7 I'.IZ-

h/=07S(tf.IZ/' -o.sz= _/.34-o.Sz-= o.az../f. r;i:astZ~mol. 
5~.7 . 

t!J. BackJvt!ler (h/'} P~ /Prmvl~ 11._~·,, .·:~ ':. 
-If * .. n, .D ..atl + /l h !:L ; //. e z -1- (). s z. . .D q. 45 £..11-. 
~ -1· 2S -1 --
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Tl"'till M~ThPQ.- lP1'1Ti~p~rf. .. ··. · ....... :· 

.!1. unsfri~f~q ekv(/lions h, 4n~·~·-
4"' ~Jb-r.AIJ~ -1-h1*Q 55.3.9 -JP,SZ 'I'P.4S" • SS4.87 /f: 

•' . . -. 

Semi- .0/recf MeThPt'/ 
· ... · .. '• 

Stt'pS 1-6 /r/e>nl/cia'i fo rr/o I rn&-thod. 

7. /11eAnd9JIIJ (/,) of .fecfiPn 3 ,4Y_ ~II"J/ttt/Pn IJ3~.-
. ~/ _ · bcf, 9PD _ ~-l 

4,., = 76t - ~9P8 -~ rr-

CM l{::z 1-~o 27(/-tb) Q z. :: /-1- 27(/-;Z.jJif-lo,oob) z. -= 1- ~.~,7 = 0.33$ 

' 4jcze,;.""(Y-rlhl)~ 4(i2'.!~}(,7f6}(zf~o!~r!J-z .. z~.if 

..9.. C()Jine{~) (rom cvrve of /'ijP~t:4.-
. \ 

.· C()S(/j)): ~.f}/ 7 . 

/tJ. /Jr-12wt/Pwn ( lif} bJI ~I'm I/ /a /2,-

h/= f(Y~d~)c~>s(t) T Y Tj.l.., .. -j(a5"Z~Z$.~.m~ -<7.~fzgt..1l '·· 
. ..~ _.. 
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~n1j7P1Afii1n.S of .IJ/J /)
1 

anff/ b3 /d~'1Tt~a/ ~ .s/9s ~orit¥9 t:'jfrt~/ 
mt'TA"4'·.. ... . . . . . . 
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. Sum~naq .. P/ Re~~~~-! .. ~.~,A';:-rpJ'o~{"n:Ak_ .IJft"7hP~ 
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&ciJvAI~r ( h/) = ~~~-? If. 
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