PREFACE
SUPPLEMENT A
HYDRAULICS

This supplement is intended to augment the material of subsection 4.7 of
the Hydraulics Section of the Engineering Handbook.

The objective in the preparation of Supplement A is two-fold: (a) Present
improved methods for the computation of water-surface profiles which also re-
quire less effort and time, (b) Furnish working aids for the computations.

The ability to solve water-surface profiles in artificial or natural channels
is required in many phases of the work of the Soll Conservation Service.
Typical problems requiring such computations are: (1) The determination of
tailwater depth needed in the hydraulic design of spillways in which dissi-
pation of kinetic energy is necessary. (2) The design of artificial chan-
nels to determine their size or capacity. (3) The determination of areas of
inundation for various discharges in natural drainage ways for flood damage
evaluation. (h) The design of gradient control systems. (5) The design of
drainage and irrigation systems.

It is expected that material improvement and saving of time in the computa-
tion of water-surface profiles can be made in the future.

Mr. Paul D. Doubt has developed major improvements in the methodology of com-
puting water-surface profiles in the preparation of Supplement A that can
effect significant savings in time gpent on such work. Messrs. Richard M.
Matthews and Rulon M. Jensen have helped materially with the calculaticns
and in the preparation of the charts and examples. Miss Joan Donovan typed
the manuscript. This work was done under the general direction of Mr. M. M.
Culp, Head, Design Section.

July 6, 1954






SUPPLEMENT A TO SUBSECTION 4 OPEN CHANNEL FLOW
WATER SURFACE PROFILES
PART 1
INTRODUCTION AND DERIVATIONS

A number of writers have presented various methods for solving the sur-
face profile of steady flow in open channels. Some methods are derived by
integrating the differential equation of varied flow for special limiting
cases Or by means of certain approximations. These methods restrict their
solutions to prismatic channels. Other methods make use of the slope which
the differential equation defines. The slope, dd/d&, for a reach is evalu-
ated either as an average of the slopes at the end sections or as the slope
existing at some intermediate section in the reach. It is proper to use any
such process of averaging for the arithmetical error may be kept as arbi-
trarily small as desired by choosing a sufficiently small increment of the
reach,

This supplement presents methode and working aids by which water-surface
profiles for steady flow in open channels may be determined as a direct so-
lution for either prismatic or natural channels. Two methods of water-
surface-profile determinations are given along with examples. The first
method is associated with prismatic channels. The varied or nonuniform-flow
differential equation has been rewritten in terms of two channel parameters
and the discharge Q for which the profile is being determined in prismatic
channels. Because of this, a number of water-surface profiles for various
discharges Q may be solved for a given channel with a minlmum amount of ad-
ditional work. The two parameters designated as Qc a and Qn ,d are the criti-
cal and rormal discharges, respectively, for the depth of flow in the chan-
nel. These two parameters are also used to determine flow condition or pro-
file type. Thus, use is made of the parameters in two distinet ways. Charts
are included to enable quick evaluation of these parameters. The second
method is associated with natural channels.

Equation of varied flow. The customary basic assumptions generally
postulated in the theory of varied flow are reiterated briefly in this deri-
vation. The restrictive character of some assumptions can be relieved by
approximations or corrections.

The assumptions are:

1. BSteady flow conditions exist; that is, the discharge at each sec-
tion remains constant and equal for the time interval under consideration.

2. Manning's formula defines the slope of the energy gradient.

3. TFlat slope channels are assumed; that is, channel slopes are suf-
ficiently flat so the following approximations are valid or acceptable.

a. The depth of flow, which is generally measured normal to the
bottom slope, may be measured vertically.

b. Hydrostatie pressure distribution exists throughout the depth
of flow. This statement requires that 1little vertical curvilinear
movement exists.
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¢. The slope of the water surface is sufficiently flat so that
the depth of flow measured in a vertical direction is a close ap-
proximation of the hydrostatic head.

d. No air entrainment occurs.

4. The velocity distribution in each section is nearly equal to the
average velocity v such that the quantity VZ/Eg may be a sufficiently close
expression of the kinetic energy head.

a. This requires that the cross profile of the water surface
be nearly level.

5. No significant unaccountable losses occur, such as those due to
bends, hydraulic jumps, and abrupt transitions.

Although the derivation of the varied flow egquation may be found in
many references, it will be repeated here because of the numercus forms in
which it appears
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Hence, writing in differential form after dividing Eq. A.1l by Al

da  a (v®
d—£+d—8[2'—é_;‘=so—s A.2

This ie a common form in which the varied flow equation is presented. The
rate of change of depth of flow with respect to length of reach, dd/d¢, can
be written as a function of sy, Qe q, Qn,d: and Q.

Differential equation of varied flow for positive slopes. Proceeding
to write the terms of Eq. A.2 in terms of the five quantities mentioned, the

second term will be considered first. The term, é%-Ega » which expresses the

rate of change in velocity head can be written by observing

v-2
a
a (v a2 a4 [L
dt 2g] ~ 2g d¢ {52
But
4] __,1d __, T4
ar (a2 ~ T a3 di
for da =T dd
Therefore
4 | __e8 T dd
de |2g g a3 at
Let s
2 a
Qc,a = & 77 A3
Then
4 Xi = — Q ® dd AL
at {2gl ~ Qc,d de '

The slope of the energy gradient, s, (or the rate of energy loss due to
friction per unit length of channel) is also to be rewritten. By Manning's

formula R
s = __m A5
1.486 ar?/®

Further, at the same depth of flow used in evaluating Eq. A.> there corre-
sponds a normal discharge Q, g for a channel having a positive slope s, and
g roughness coefficient n. This discharge is written

2/3
Qn’d - 1.486 ar / Sol/g A6

I
1.486
n

ara/3 in Egs. A.5 and A.6 obtain

2
s = 8, E;??ﬂ A.7

elimingting the factor
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Substituting the terms expressed by Egs. A.Y% and A.7 into the varied flow
Eq. A.2 and rearranging

de Qec, ;] -1

S0 3q ~
od -

is the differential equation of varied flow for positive-slope channels
which will be considered further.

A8

Differential equation of varied flow for channels having horizontal
bottoms. The differential equations for channels having horizontal or
negative (adverse) bottom slopes can be written in terms of Q, Qc, g, and
Qn g if the quantity Qn g is defined. The normal discharge, as défined for
p051t1ve slope channels, does not exist for channels having horizontal bot-
toms. This can be readily ascertained for sg is zero in Eq. A.6 and Qn.a
ig zero. To eliminate this seemingly unfortunate situation, the quanti%y
Qn,d for channels having horizontal bottoms is arbitrarily defined to be
the same as though the channel has a positive slope of unity. The slope of
the energy gradient is still given by Eq. A.5, but at the same depth of
flow used in evaluating Eq. A.5 there corresponds a normal discharge, Qn ds
for the same channel having a positive slope of unity and of roughness
coefficient n. This discharge is written

1.486 ar?/3
Qn,d = A.9
2/3
Eliminating the factor ii&§§52£—1— in Egs. A.5 and A.9 obtain
2
5 = [Q A.10
Qn,d

Then by Eq. A.2 in which s, is zero and Egs. A% and A.10, the varied flow
equation for channels with horizontal bottoms becomes

2
Q -1
df Qe,d
e .
3 A.1L

o

Differential equation of varied flow for channels having negative
slopes. For channels having negative slopes, the normal discharge Qn g
becomes imaginary according to an evaluation of Manning's formula and’ the
definition of normal discharge for positive slopes.

a4 = l'lrt86 ar2/3 801/2 A.6

This is readily ascertained for s, is negative in Eq. 4.6. To eliminate any
element of confusion which might arise in the use of imaginary numbers, the
normal discharge Qn,d for negative slopes will be given a definition dif-
ferent from that used for channels with positive slopes. This change in
definition will necessarily cause a change in the varied flow differential

n,
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equation from that given by Eq. A.8. On taking the definition of the normal
discharge of the same channel with a positive slope |sO| the evaluation of
the slope of the energy gradient, on using the same argument as before, be-

comes
2
8 = — 8¢ {EEL— A.12
Qn,d

The varied flow differential equation for channels with negative slope is,
by substituting Eqs. A.4 and A.12 into Eq. A.2,

- Q 2
-1
de Qc,d
lsol 35 = “:"*‘“‘———“Q = A.13
] + 1
gn,d

The symbol |so] is the absolute value (or the positive value) of the nega-
tive slope [s| and Qp g is evaluated as a real number for the channel having
the positive slope |55 at the depth of flow 4.

PART 2
FLOW CONDITTONS

During the process of the solution of Eq. A.8, it will be necessary to
know or be able to recognize flow conditions. Therefore, before further con-
sidering this equation, the criteria which will define flow conditions will
be considered. Flow conditions have three aspects: (1) flow is suberitical,
critical, or supercritical; (2) flow is subnormal, normal, or supernormal;
(3) flow is retarded, constant velocity (i.e., uniform), or accelerated. As
will be seen, these three aspects are not independent of one another for, in
general, any two will establish the third. Flow conditions are evaluated at
a particular section having a depth of flow 4 and a given discharge Q. The
flow conditions will become apparent during the sclution for a surface pro-
file upon observing the values of the terms Q/Qc q; Q/Qn,d; and 4d/d¢. The
criteria which will define flow conditions will Be discussed in the following
three paragraphs. The relationship between the three aspects will be con-
gidered in the fourth paragraph. A summary of the discussion is given in
table A.1, page A.8.

The critical discharge at depth 4 may be determined for a given channel
section by the relation Eq. A.3. The value of the ratio Q/Qc,d can be used
as a criterion to determine whether & discharge of Q flowing at a depth 4 is
suberitical, critical, or supercritical flow. By definition, the flow of a
discharge Q at the depth d is subceritical, critical, or supercritical ac-
cording to whether Q is less than, equal to, or greater than the critical
discharge Q, g corresponding to the depth d. Hence, the general criterion
may be writtén: the flow of a discharge Q at s depth 4 will be subcritical,
eritical, or supercritical according to whether Q/Qc q is less than, equal
to, or greater than unity. It is important to remerber that the discharge @
at a flow depth d is compared to the datum Qc,d in determining the prefix to
the word critical. Frequently, the depth of flow d for a discharge Q is com-
pared to the datum 4, corresponding to the discharge Q to determine this flow
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condition. An interchange of prefixes is obtained by this comparison, for
when d is less than d, the flow is supercritical and when d is greater than
de flow is subcritical. The criterion can also be worded: the depth of flow
d will be less than, equal to, or greater than critical depth of flow for Q
according to whether Q/Qc,d is greater than, equal to, or less than unity.

The normal discharge at depth d for a given channel section of infini-~
tesimal length, having a bottom slope s, and roughness coefficlent n, may be
obtained by Eq. A.6. The value of the ratio Q/Qn q can be used as a cri-
terion to determine whether a discharge Q flowing at depth d is subnormal,
normal, or supernormal flow. The flow of a discharge Q at a depth d is sub-
normal, normal, or supernormal according to whether Q is less than, equal to,
or greater than the normal discharge Qn,d corresponding to the depth d. The
criterion may be written: The flow of a discharge Q at a depth 4 will be
subnormal, normal, or supernormal according to whether Q/Qn q is less than,
equal to, or greater than unity. [Here again, it is important %o remember the
discharge Q flowing at the depth d is compared to the datum Qn,d in deter-
mining the prefix to the word normal. Tt is desirable fo observe that the
depth of flow 4 for a discharge Q may be compared to the datum dy, the normal
depth of flow corresponding to the discharge Q, to determine this flow con-
dition, Once more, an interchange of prefixes is obtained by this compari-
son, for the flow is supernormal when d is less than d, and when d 1s greater
than 4, the flow is subnormal. Rewriting the criterion: the depth of flow d
for a discharge @ 1is less than, equal to, or greater than the normal depth d
corresponding to Q according to whether the ratio Q/Qn,d is greater than
equal to, or less than unity.

According to the sign convention used in deriving Eq. A.8, the value
dd/d¢ (the instantaneous rate of change of depth with respect to the length
of channel at & section) is positive when the depth of flow is increasing in
a downstream direction. This imposes that flow be retarded. The criterion
becomes: a discharge Q flowing+-at a depth 4 is retarded, uniform, or accel-
erated flow according to whether dd/d¢ is positive, zero, or negative.

FEquation A.8 shows that dd/dt is positive if the ratios Q/Qc,d and
Q/Qn,d are:

(a) both greater than unity, or
(b) both less than unity.
In other words, as has been shown by the three preceding paragraphs, flow is
retarded for the following two sets cf flow conditions:
(4') flow is supercritical and supernormal
(b') flow is suberitical and subnormal
Again Eq. A.8 reveals that dd/d¢ is negative if
(c¢c) the ratio Q/Qc,d is greater than unity and Q/Qn’dvis less than
unity, or
(d) the ratio Q/Qc,d is less than unity and Q/Qn,d.is greater than
unity.
Therefore, flow is accelerated when
(c') flow is supercritical and subnormal, or
(d') flow is subcritical and supernormal,

Certain special cases of flow conditions occiuu when Q/Qn,d = 1., If
Q/Qp,q = 1 and Q/Qc,q = 1 then dd/at = 0 and flo+ is at normal depth or
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nitorm flow occurs. The uniform flow is
(1) subcritical if Q/Qc,d <ol

(2) supercritical if Q/Qc g > 1.

Another set of'special cases is obtained when Q/Qc,d =1 and.Q/Qn qa # +. If
QfQc,q = 1 and Q/Q; 4 > 1 then dd/d¢ = +0 and ’

(3) flow is at critical depth and is being retarded through a hy-
draulic Jjump, i.e., flow is passing from a supercritical con-
dition to a suberitical condition and is supernormal.

If Q/Qe,q = 1 and Q/Q, 4 < 1 then dd/dt = ~© and
’(h) flow is al critical depth and is being accelerated through a
control section, i.e., the bottom slope of the channel in-
creases from a slope less than critical to a slope equal to
or greater than critical.
When Q/Qe. g = 1 and Q/Q, g =1

?5? the very spécial unstable case of uniform critical flow is ob-
t7ined. In this case, dd/dt is of the indeterminate form,
0/0.

It can be cbserved that any two aspects of flow conditions will not
necesgarily determine the third, nor are the three aspects independent for
the special cases of flow condition.

A knowledge of flow conditions is required before computations can be
performed properly and reliably. For instance, computations for profiles of
subcritical flows are made in an upstream direction and computations for
supercritical flows are made in a downstream direction. There are definite
physical reasons for this statement. It has been shown that when flow is
supercritical the depth of flow at a given section is unaffected by any
channel elements, or change of channel elements, downstream from the section
s0 long as the flow remains supercritical at the section under consideration.
Therefore, the depth of flow at the given section is dependent only on the
flow characteristics upstream from the section at which supercritical flow
exists. Hence, to consider the effect of these upstream flow characteristics
in deducing the value of depth of flow at a section, profile computations for
supercritical flows must be carried in a downstream direction to this section.

Similarly, the depth of flow at a given section which is suberitical is
not influenced by any of the channel elements or change of channel elements
upstream from the section as long as the flow remains subcritical at the
section. The depth of flow at the section is dependent only on the flow
characteristics of the channel downstream from the section. The effects of
these flow characteristics on the suberitical depth at the section can only
be used by considering them in solving for the depth at the section. Thus,
surface profile computations must be carried in an upstream direction in
regions of subcritical flow,

When computations are made in the incorrect directions, solutions for
the depth of flow diverge from the correct depth. Conversely, when compu-
tations are made in the correct direction the calculated depth of flow tends
to converge to the correct depth even though the initial depth is incorrect.
This fact is used in determining a depth of flow. See ES-83, Ex. 4, page
A.19.
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Because of these facts, the value of the ratio Q/QC q Will be used to
determine the direction in which computations are to be Carried. Computa-
tions are to be carried in a downstream or upstream direction according to
whether Q/Qc,d is greater or less than unity. If Q/Qc,d is unity, either a
control section exists at some break in grade or a hydraulic jump exists or
flow is uniform and critical.

PART 3
DETERMINATION OF WATER SURFACE PROFILE

The objective in the majority of water-surface-profile problems is the
determination of the surface profile for a given discharge Q. Two methods
are presented. The first and simpler method presented is applicable only to
prismatic channels and is illustrated by Exs. 1, 2, and 3, ES-83, pages A.16
to A.18 inclusive. The second method, illustrated by Exs. 4, 5, and 6, 1is
applicable to either prismatic or natural channels and is particularly use-
ful in the determination of a number of surface profiles for various dis-
charges in a given channel. Both methods give direct results, thus eliminat-
ing all trial and error procedures.

The type of problem solveble by the simpler method. The simpler method
determines the length of reach between two depths of flow for a given dis-
charge Q in a given prismatic channel. The water-surface profile solvable
by this method has the following data given:

1. The discharge Q, for which the water-surface profile is to be
determined.

2. The size and shape of the prismatic channel.

5. The slopes of the channel bottom and locations at which changes
in grades occur.

4. Manning's roughness coefficient n.

5. Depth of flow at the downstream section of the channel, if flow
is subcritical, or at the upstream section of the channel, if flow is super-
eritical. If the depth of flow is not given, it must be determinable. One
or both of two procedures can be used to determine the depth when the depth
of flow is not given. One procedure is to determine a control section. This
is 1llustrated by Ex. 1, ES-83, page A.16. The second procedure is illus-
trated by Ex. 4, ES-83, pages A.19 through A.21.

The first step 1n solving a water-surface profile is to determine which
of those breaks in grade of the channel bottom are control sections for the
discharge Q, the surface profile of which is being determined. The depth of
flow at a control section is the critical depth d,, corresponiing to the
discharge Q. Any method of water-surface-profile determination requires
that one depth of flow be given or be determinable. See sheet 4, ES-38, for
definition of control sections.

The second step for the solution of a water-surface profile in prismatic
channels is generally the determination of the normal depth of flow for each
bottom slope of the channel for the discharge Q.
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The third step is the determination of the water-surface profile it-
self. The direction in which the computations are to be made Fsee pages
A.7 and A.9) is known. FEquation A.8 may be rewritten in the form

Q

_2 -all—— -1
[ Q -1 c,d
_C_Q‘_Q.Jii.—.__z___ - 4 b _ 2R A

Q ] nQ
Qn, 4| bs/ssol/z

de _ 1
dd 8o

-1
nQn g

bs/asol/z

It is good practice to tabulate data in a manner similar to that shown by
the table in ES-83, page A.16. Various values of depths are arbitrarily

selected between the known depth and the normal depth of flow for the dis-
charge Q. Observe that the identities

Q . nQ
_'b Q bB/SSOl/g Q

) = Q and = a
c,d c,d n Qn.4 n,d
b ba/ssol/z

are true. The nhumerator of the left hand member of each identity is found
in performing the second step and the denominators can be read from ES-2h
and ES-55, pages A.26 to A.29 for the selected depths 4 of flow. The
value of R may be determined by ES-53, page A.%0, or calculated by substi-
tuting into Eq. A.8.

For various values of d, a plot of corresponding values of 2R/sg can
be made. Such a plot is given by Fig. A.2, page A.1l. In general, when
d = dp the value of 2R/so is zero and for values of d— d, the value of
2R/sy — = *©, where d, is the normal depth corresponding to the discharge
Q. The value of 2R/sy is positive when flow is retarded and negative when
flow is accelerated. The value of 2R/s, is also the value of dt/dd. The
area under the curve in Fig. A.2, page A.ll, between the depths 4, and 4,

is the integral
dz  qe
A 2_/2 o dd = {5 — ¢

1

vhere ¢, — ¢, is the length of the channel between sections 1 and 2.

Since dt/dd is a function of d, which is not readily integrated, it will
be easier to evaluate the area under the curve by numerical calculations.
A close approximation of this area is the area of a parallelogram having
parallel sides of lengths 2R, /sy and 2R,/s, and width of (dy, — d;). The
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area of this parallelogram is
2 |84 84

1 2R 2R 1

which has been shown to be approximately equal to £, — ¢;, the length of the
channel between sections 1 and 2. The approximation is improved considera-
bly by selecting smaller values of increments of depths (d2 - dl).

Area represents the length of reach '
%ﬂ(S (L5 — ¢;) between depths d, and 4,

. |

) |
31 | t 2R

is '

10 l

Depth .
P dC dl d2 dn

FIGURE A.2

In the derivation of the varied-flow equation, the origin of { was con-
sidered as some point upstream from seections 1 and 2 and ¢ was positive in
the direction of flow; further, section 1 was considered to be upstream from
section 2. Hence, in all calculations, if section 1 is upstream from sec-
tion 2, the quantity (LZ -£1) must be positive irrespective of the direc-
tion in which computations ore carried.

The evaluation of water-surface profiles for prismatic channels having
horizontal and adverse bottom slopes may be solved in a similar way using
Eqs. A.1l and A.13. See Exs. 2 and 3, pages A.l7 and A.18.

Introduction to second method. The method of solving for a water-
surface profile by the second method is distinctly different from that pre-
sented by the foregoing method. Water-surface profiles for prismatie chan-
nels would seldom be determined by this method, since the first method pre-
sented is simpler and more direct. This method would be advantageous for a
given prismatic channel if a number of water-surface profiles are required
for various discharges Q.

The following method is basically a re-evaluation and extension of
Francis F. Eacoffier's?® methed, in which changes in veloecity heads were neg-
lected. This method does not neglect velocity heads. A considerable amount

lEscoffier, Francis F., Graphical Calculation of Backwater Eliminates
Solution by Trial, Engineering News-Record, June 27, 1946.
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of computations may be eliminated by using certain relatlonshlps between the
depth of flow and channel characteristics as shown by Bakhmeteffl , and Von
Seggern®. These relationships show a nearly linear variation of depth of
flow 4 and the characteristics SO/Q and Q-_.4 when log-log plots are made.
This is illustrated by Figs. 2, 3, and L of Ex. 4, ES-83, page A.19.

Non-prismatic channels, such as natural waterways, have cross sections
given at definite stations. Thus, definite lengths of reaches are given and
the depth of flow is the variable to be determined. Dictating that the
depth be the variable to be determined complicates the solution for water-
surface profiles because the depth is expressed impliicitly in the equation.

Certain close approximations and assumptions will be made in the de-
velopment of this method. Only by increasing the number of cross sections
and correct evaluation of Manning's roughness coefficient n, rather than
algebraic manipulation of formulas, is the error in predicting a water-
surface profile kept small. The error introdured by the given approximations
will, without exception, be smaller than that introduced by incorrect evalu-
ation of n and an inaccurate and insufficient number of cross sections.

Once the water-surface profile has been solved for a given discharge
in a particular channel, only a small amount of additional work is required
to compute water-surface profiles for a large number of other discharges.

The type of problem solvable by the second method will have the follow-
ing data gilven:

1. The discharge Q, for which the water-surface profile is
determined.

2. The cross sections of the channel.
3. The distance between the given cross sections.

4. The slopes of the channel bottom or the elevations of the bot-
tom of the given cross sections.

5. Manning's roughness coefficient n for various flow areas of the
cross sections.

6. The depth of flow at some section or a control section. Gener-
ally, this depth will not be given but can be approximated closely. A
method of making this approximation is given.

The first step in solving a water-surface profile, as in the foregoing
method, is the determination of which breaks in grade in the channel bottom
are control sections. DSee page 4, ES-38. When no depth of flow is given
and the channel has no control section, the depth of flow can be closely
approximated for suberitical flows in the following manner. Determine a

1Bakhmeteff, Boris A., Hydraulics of Open Channels, McGraw-Hill, Equa-
tion 70, page 84.

Zyon Seggern, M. E., Integrating the Equation of Non-uniform Flow, ASCE
Transactions, V. 115, (1950), page T1.
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probable maximum and minimum depth at a sufficiently great distance down-
gtream from the portion of the channel for which the water-surface profile

is tc be solved.
tion, commencing the profiles at these maximum and minimum depths.

Compute two water-surface profiles, in an upstream direc-
These

two water-surface profiles converge to nearly the same depth of flow at the
downstream section of the reach of channel for which the profiles are to be
determined when the maximum and minimum depths have been chosen at a suffi-
ciently great distance downstream.

Development of equation.

==V,

-_—T

By Bernoulli's theorem, see Fig. A.3.

See Ex. 4, ES-83, page A.19.

o
N

where E

he

Rewriting

(2)
Datum
FIGURE A.3
2
1 2
B, o+ Pl E, + 5= + hy

= elevation of water surface in feet
= friction head loss between sectiocns 1 and 2

+hf

A.16

As shown by Eg. A.T7, the rate of friction-head loss at any section 1, s,, is

8, = 8g [

Assuming the rate of friction-head loss s for the reach (La - &l) as

the average of the friction-head loss at section 1 and 2, or

e

2 2
[ Q J N [@zn?d;] (ts — 1)

Qnﬁdl

AlY



A1k

Observing that

v=2
a
obtain on substituting into FEqs. A.16 and A.17
r-z QE_] Q2 (L2 — L1)g | =0 S0 |
Ey —E;, = z ) =
Pga Ega 2 Q Q
g8, & n,d; n,d,
Rearranging
—_ 2
= By — Ep - = %E A.18
1 o
Stz (la—- g - 2 —-=— (L2 — ti)g
o Qn,d2 1 Qn,dl
on letting
+ 1 5o
Uy =5+ (42 — t,)g A.19
a5 Qn d2
2
and
ul = & 2
1= "5~ (Lo — Ly )g = A.20
a4 n,d,
Equation A.18 becomes
E, — E 2
S-S 9_ A.21
Ut -ur 2

This formula is the form used to determine water-surface profiles. Assume
ds is given for the discharge along with the first 5 listed quantities of
page A.12, If dp > d,, then water-surface-profile calculations are made in
an upstream direction and it is required that d; be determined. The terms
E; and U; are functions of d;, and E; and U+ are functions of d,. Thus,
every term in Eq. A.21 1s known except E, and U;. The terms E, and U] would
also be known if d; were known. Select various values of d, and plot the U'
curve, using ordlnates of E, and abscissas of Ui Plot the point P, hav1ng
the coordinates U}, E, for the given value of d,. (See Fig. A.4, page A.15)
2

Draw a straight line having a slope of — %é from P, to intersect the

curve U] at point P,. By this construction, the point P, has the relation-
ship

E; —E z

U, — U 2g

But this ie also the relationship which must be satisfied to determine the
water-surface profile, see Eq. A.21. Therefore, this is a graphical solu-
tion for the water-surface profile and E, at the point P; is the water-

surface elevation at section 1. Moreover, this construction constitutes a



A.15

direct graphical solution of the depth of flow d,. This graphical solution
is of a form which requires little additional work to determine the water-
surface profile for any discharge once the values of U; and U; have been

computed.

The procedure for computing a water-surface profile in natural channels
is illustrated in Exs. 4%, 5, and 6 of E5-83, pages A.19 through A.25. Much
computational work can be eliminated in determining the values of Qc,d:

io R j; B U;, and U; for intermediate values of depths by observing the
Qn,d @

nearly straight-line relationship which exists on a log-log plot when the
side slopes of the banks remain nearly constant. See ES-83, Figs. 3, 4, 5,
6, and 7, pages A.19 and A.20. Coordinates for these plots should be deter-
mined at depths of flows at which the cross-sectional bank slope abruptly
changes. If no appreciable change in the slope of banks occurs in the re-
gion of depths under consideration, these values should be evaluated at depth
intervals of 3 to 4 feet. The plots of Figs. 2 and 3, page A.19, are used

to determine which sections are control sections, and whether flow is sub-

critical or supercritical.

i ) -
. Q(Poult p, ; (U , E})
]
™~ Ey — E 2
- &? O\ T~ Tan 8 = —i————§ = 9—
s %e 2=t %8
S ﬁ? éb‘% \\7\\\\
2 3 % i ™~ Point P, : (Ul |, E.)
Ei&? & ‘ \\ﬂ§/ in P 5> » Eg
=] . v
+
Ué - U
- - + o
Ul Values of Ul or U2 UZ

FIGURE A.k4
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A.17

HYDRAULICS: NON-UNIFORM- FLOW IN A PRISMATIC CHANNEL WITH A LEVEL BOTTOM — Example 2

EXAMPIE 2

Given: A prismatic trapezoidal earth spillwey with 3 to 1 aide slopes.
The bottom of the spillway 15 level and fs 200 £t long and 75 £t wide
in the reach between the control section and the reservoir. Manning's
coefficient of roughness n, ©of the spillway within this reach, 1s
estimeted to be 0.035. The spillway 1s expected to convey 1500 cfs.

Determine: A. The water-surface profile in the spillvay_betweea the
reservolr and the conmtrol section.
B. The friction loss through this spillwsy measured in feet.
C. The elevation of the water surface in the reservoir when
the spiliwvey is discharging 1500 cfs.

Revrite Eg. A.11 in the form
2

Solution:

Qc,a
b

a2
Bl=
N

e

bs/sscl/ 2

nQy g
—d

YRR
‘7/50/2

where Qn,d 1s defined as the normal discharge corresponding to e
depth d and chennei bottem slope of 55 = 1.0. Equation A.1l is to
be used only for channels with horizontal bottems. The quantity s,
by definition 16 unity when working with Eq. A.21 and Mannirg's
foruula even though the actual slope of the chamnel is zero.

Solve for the depth of flow at the control section Ste 2+00.
The depth of flow at the control section is critical depth
corresponding to the discharge Q = 1500 cfs.

g, 1w = 0.0k

b F
From ES-2k, 4, = 2.25 £t
2. Solve for the value of

Al

. B2
20 ofsfft ; 5=

Q

bﬂ/ssol 2

B.1. Tne specific energy ot the control sectien is

v.Z

|
Controf sect ion-i

oo » 2 + 5o
Reservoir woter surf,
ag + el + 2g) = 2.25 [15 + 3(2.251] - 183.94 £ | Reservoir water surtoce
8 150 V3R T
Ve = 3. " TB5.E " 8.155 ft/sec Orig.ground 6 Q1500 cfs
L (8a%)2 b 5
- G2 romktt o =225 2,03 = 3280 1t

2. The specific energy ab Sta 0+00 1a

200 feet

Vo

2g

= 3.77 £t (by interpolating between 4 = 3.7 and d = 3.8 and
obeerving that the control section is 200 £t downstream
from the reservoir pool.)

Heo = dg +

dg

ag = dolb + 2dg) = 3.77 [75 * 3(5‘77)] - 325.39 £t
=
Yo = ;Q; . 3;_5??79' =4.610 fr/sec

v>2 2
o _ {L.610)

il vl 0.330h £t
Hog = 3.77 + 0.330 m 4.200 Tt

3. Since the spillwey bottom is level, the difference in the specific
energy head et Sta 0+00 and the ¢ontrol section {Hey = Hoe) 18
the friction head loss hf in this reach.

Bp = Bep = Bee = 4,200 — 3.28% = 0,816 £t

The elevetion of the 'ater surface in the reservair is equal to
the specific energy head at Sta 0+00 plus the z2levation of
the bettom of channel st Sta 0+00. Elevation of water sur-
face in the reservoir is

100.0 + Hgy = 10L.100 ft

The trapezoldal shape of this spillway does not exist for the rull
depth of flow in the reach near the entrence of the spiliway. By neg-
lecting the effect of this condition, as is done in the exemple, the
water surface elevation in the reservoir required to produce & given
discharge through the spillway is slightly greater than the elevation
required had this effect been evaluated.

C.1.

PROFILE ALONG CENTER LINE

ag __ (0:033){3500) _ 5.2480 x 10-* TABIE 1
bs/asol/z (75)5/5(].)1/2
1 2 3 4 5 3 7 8 3 10 11 12 13 1 15
3. Prepare Table 1 2 2 2 R Distance from
(4) Colum 1 1ists srbitrarily selected depths greater than a S n8n,d | Se;d Q. QL [QL] I:QQ ] [Q -1 Ro gy + Rgs Po *Ree la, — | by Contral
eriticel depth, beginning with d_ x= 2.25 £t. The range B w8/9g /2| b Sa,4 c,d n,d e,a ([, 2 Section
of required depths cannot be readily predetermined.
{b) Column 2 jists the selected depths of column 1 divided 2. R LO0M: R 0.118 o000 | o.0180 1. 0 Q o
by the bottom width of the chanmel. 25| 0.03000 | 0.00%k2 [ 20.00} 0.11873| 1 97 | L.00000 ~osues | - 2| 0.5 | 0136
{c) Column 3 is read from ES-SS5, 2.3 | 0.03067 | ©.00455 | 20.75| 0.11434 | 0.9635 | 0.01307% | 0.92920 | ~0.07090 | - 5425 [ mam | —ip.edn | 030 | 1028 0.136
() Column % is resd from ES-2- .. - 2.4 | 0.03200 | 0.00k92 | 22.10) 0.10667 | 0.9050 | 0.011578 | 0.81903 | -0.1B097 | - 15.905 [ Thos17 | —ezash | 0.0 | 2.6 1.202
{e) Column 5 lists T;‘Ql/—z =3.2480 x 10°* (see step 2 2.5 | 0.05335 | 0.00527 | 25.80] 0.09958 | 0.8475 | 0.0099162 | 0.71826 | —0.2817h | - 2B.b12 [ o1 | = 35.087 | <0.10 3,509 3.8
0% %) . .- - -0. —41.76 : - - 6.
sbove} divided by colwm 3. 2.6 | 0.03467 | 0.00564 | 25.03 | 0.09305 | 0. 7990 | 0.0086583 | 0.6384c 0.36160 1.763 [— 55.053 “Tg.527 | —0.10 T 355 527
(£) Column 6 lists G/b = 20 divided by column 4. 2.7 | 0.03600 | 0.0060k | 26.55] 0.08683 1 07523 [ 0 .0075kg9 | 056746 | -0 best | - 5780 e T g s T [ B3 21880
{g) Columns 7 and 8 are the squares of columos 5 and 6. K ; 006 : 08187 | 0.7130 | 0.0067027 | 0.508; Z0.45165 | — 73.%48 18.412
{h) Column 9 1ists column & minus unity. This 18 the muger- 28 | 0.05735 | 0.006w | 28.05) 0 7] 0T 7027 | 0.50857 9165 ik —164.848 | —8e.bab | -0.10 | B.242
ator of the right-hend member of Eg. A.11. 2.9 | 0.03867 | 0.00680 | 29.65 | 0.07718 | 0.6745 [ 0.0059568 | 045495 | -0.54505 | ~ 91.500 ~mpms—m T o1 585 | =010 o159 26.654
{i) Column 10 lists column 9 divided by column 7. This is 3. _ R R 072" 0.6 ©,005298h { 0.4083%2 | -0.59168 | -111.6T1 6,81
equal to the left-hand member of Eq. A.11. 2-0 | 004000 | 0.00721 | 31.30 | 0.07279 | 0.6350 5298h | 0. %083 99, k5,501 | 122.701 | —0.10 | 18.270 i 3
(J) Column 11 1fsts the sum of the values of R, at the end 3.1 | 0.0b133 | 0.00765 | 33.00| 0.06878 | 0.6061 { 0.0047307 | 0.36736 | -0.6326% | -133.730 250438 | —Ue5.23% | 0,10 | 1H.520 9.083
sections of each reach. .2 | 0.0%267 | 0.00805 | -34 .60 | 0.08519 | 0.5780 | 0.00kakg7 | 9.33408 | -0.66592 | —156.698 63.604
-{x) Column 12 1iste the average vslue of R, for each reach or 3 o il 0&5 3“ 5; £ " p 2L ) -338.776 | -169.388 [ -0.10 | 16.939 =
column 11 times . 3.3 | o.obkoo | 0.008kg | 36.25( 0.06181 | 0.5517 [ 0.0038205 | ©.30537 | -0.69563 | —182.07 392,745 o€ 36k 5.0 | 19.6%8 543
(1) Cnluin Dllists the &ifference in selected depth of 3.4 | 004535 | 0.00895 | 38.10 ] 0.05864 | 0.5249 | 0.003%395 | 0.27552 | -0.72M48 | 210.665 o T oon §79 | —0.10 | 22.468 100.181
column 1. : . . .
{m) Column 1b lists the length of each reach between the se— 3.5 | 0.04667 | 0.00957 | 39.90] 0.09602 | 0.5013 [ 00031571 | 0.25130 | ~0.7H870 | ~238.658 Moo T e on [ o0 |z 22549 |
le;ted ;;pths listed in column 1 and 1s c¢olumn 12 times 3.6 | 0.04800 | 0.00986 | 11.65| 0.05323 | 0.4802 | 0.0028334 | 0.23059 ~0.760k1 —271.588 578,565 85290 10 | oB.929 148,162
coilurm - - - . e
(n) Column 15 lists the distances from the control section in 3.7 | 0.04933 | 0.01053 } 43,60 | 0.05071 | 0.4587 | 0.0025720 | 0.210k1 | -0.78958 | —306.99% ITmger T mak w7 T —0.10 | 32635 177.091
thi ups;ﬂeam direction and is the sccumulsted totel of 3.8 | 0.05067 | 0.01080 | 45.50 | 0.04859 | 0.4396 | 0.0023610 | 0.19325 | -0.80675 | —341.698 209.526
eolumn . ]
REFERENCE U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.

SOIL CONSERVATION SERVICE
ENGINEERING DIVISION-DESIGN SECTION

ES-83
SHEET 2_OF o
DATE _7-22-54




4.18

HYDRAULICS: NON-UNIFORM FLOW IN A PRISMATIC CHANNEL WITH A NEGATIVE BOTTOM SLOPE — EXAMPLE 3

= .
EXAMPLE 3 Reservoir water surfoce Controt
Given: A prismatic earth splllvey vith side slopes of 3 to 1. The {g) Column 9 liste the values of Ry as given by Fq. A.13 vt section~y
spilivey hae a level dottom Upatream fromsthe control mection for a or is i -Break in grode
distance of 90 Tt end an adverse slope of 10 to 1 for an upstream Ry « Solumn B atmis wntey de
diptance of 100 ft. The bottom of the spillway is 75 £t wide. Man- column { plus unity o ~avel ¢ =
ning's coefficient of roughness n is estimated as 0.035 feet. (h) Column 10 1fsts the average value of R, for esch reach. 8 LT E S P n=0.035~ !
{1} Coluzn 11 liets the differemce in depth of flow at the * Q=500 cfs
Determine: A. The water-surface profile in the splllvay when the dis- end eection of each reach. o -
charge, iz 1500 efs. (3) Coluan 12 lists coluan 11 Alviced by |5 . L - ba75 feat
B. The friction less from Sta 0400 to Sta 1490 aRd the ele- (k) Column 15 1iste the length of each resch and s coluzn — ~75 fee
vation of the vater surface in the Ieervoir when the spillvay is dis- 10 times column 12. ev.
eharging 1500 =fe. (1} Colwmn 14 1ists the distance upstream from the break SCft - TYPICAL SECTION
€. The frietion loes through the spillvey from Sta 0400 to in grade at Sta 1400 and is the sccumileted total of Original ground line
Ste 2400, eobun 13,
{m) Colum 15 liets the statlonlng for the selected depths PROFILE ALONG CENTER LINE
Solution: Rewrite Eq. A.13 in the form of Flow used in column 1.
L T B.1. By Ex. 2, the specific energy at 8ts 1490 18 Hy, = 3.284 £5, \$
I 2. The specific epergy at Sta 0400 is
Qo,a 2 !
a = = .
oo} o —= e — . Hoo = & + 72 = 13.824 £t \ ] 1
e/ " 12 45 = 13.81 £t by interpolation between d = 13 £t and d = 1b £t 1 ‘ & h 8 l
v o = =
Roiad -l +1 3. The friction loss from Sta 0400 to Sta 1+90 s the differsnce in D ] '
1 Qg the elevatlon of the erergy gradient at Sts 0400 to Sta 1:90. \ by $
o738 1a 1 177 The elevetion of the energy gradlent et Sta 0s00 is the elem & $
B 8o vation of the bottom of the spillvay plus the speeific energy \ K .,/
A.l. Solve for the critical depth of flow correaponding to the dis- at Sta 0400, 2 >
charge of 15006 cfs. 90.00 + Heo » 103624 £t A Y
&, 1500 g porey The clevation of the energy gradient at Sta 1490 1s LYy '=\‘ '\\‘\ i \" \ é,// //’ T "/ /i1
e 100,00 + Fige = 103,284 TR ALY \ 2 a0 T
From 25-2h, 4; = 2.25 ft. This is the depth of flov at the [IPRRT I IY ! Sl Al T A
c The friction loss is iy o S 0 !
control section. (ARTH RIIY - @ /s N tlifl fg
103.824 - 105.28% = 0.540 It T Ty FAERS i i rry s i R NI R
2. Solve for the depth of flov at the break in grade betvees the wrnih gy LS ~ R P s i A
10 to 1 negative slope and the level reach, This wae illua- The ¢levation of the water surface in the reservoir 1s equal ey WEX SN D S EE FEI Y i1
trated by Ex. 2 and found to be 3,347 ft, to the elevation of the emergy gradient at 5te 0400 or I er iRy AN g A A i
10382k £t [ I ! <Level[reach 3|7/ APl
3. Solve for the value of N . Iy Ik AN P - S VR TN
) C.1. The friction less from Sta (400 to Ste 1+00 is the difference (o :‘é
JT - f0.035)(1500 = 1.6596 x 1072 the slevation of the energy gradient. By A.4, the elavetien ,n“
pe/2® fae] /2 (75)8/3(0.10)1/2 of the energy gradient at Sta 1400 is 103.779 ft. By B.3, the
- elevation of the energy gradient is 103.824 ft. The friction ° pp———— OP[/ 40| IKE Iy
L. Solve the water-surface profile upstreas from the break in grade leoss between Sta 0+00 and Sta 1+00 i 3 =
at Ste 1400 starting with a deptd of 3.347 £t and tebulate 3 % -Z- p i
values ia table 1. 103.824 — 103.779 = 0.045 £t 3 0
(a) Column 1 liots mrbitrarily selected values of deptha The trapezoidal shape of this spillwey does not exist For the ]
betveen the depth of flow at Sta 1+00 =1d an approxi- full depth of flow in the remeh near the entrarce of the spillvay. s © o
mated depth et Sta O+400. The spproximated depth at By neglecting the effect of this condition, as is dome in the example, o/
Sta 0+00 13 estimated by assuning the vater-surface the veter surface elevation In the reservoir required io produce s -© '
elevation at Sta 0+00 to be slightly greater than the given discharge through the spillvay 15 slfghtly greater than the PLAN
clevation of the epergy gradient st Sta 1400. The elevation required had this effect be:n evaluated,
specific energy et Sta 1400 ia
vlz
Hoy = &) + 55~ TABLE )
Cay e dy(b e 2a) « 3AT [75 4 5(3.347]) - 284.63 102 T 2 5 T 5 g 7 B 9 10 u [ w 13 s 15
q 1500 = Ray + B {Go ~ &)
v, = w = 5.27 ftfsec Fl 0 9,4 Q,a ] Q Q R 3 nz | ¢ do y
:z 5 581:65 a 5 s e vy - sy %4 1 T 2 o=ty [a| Lz =t | E(ty ~ )| Statien
;L - %,)% = 0.4318 £t
8 3;7 VB - 3779 2 3.347 | 0.04k63 | 0.00875 37.10 | 0.1897 | 0.5391 | 0.03599 | ©.2206 [ -0.6848 ~0.70k8 | ~0.153 | ~1.53 1.078 o 1406.00
He, = 3.347 + 0, =3 p
1 . 3.50 | 6.0b667 | o.009k2 39.80 |o.1762 {0.%025 |e.03105 [ o.2525 0.7250. TG7Ee | 6.5 = 5.5 T 3.865 ] 1.078 0+58.92
The elevation‘of the energy gradient st Sta 1400 is 5.00 0.05333 0.01186 49,50 | 0.1595 0.40k0 0,01957 0.1632 —-0.8207 To.8557 | 0.5 T Ty 10.9&5 0+55.08
(100.00 + Hyy) = 103.779 ¢ k.50 |0.06000 | 0.00456 59.75 [0.13% [0.3347 [0.01300 ]o0.1120 | —0.8766 0890 | -6.50 | =500 | k470 5.187 0+30.81
The approxinated depth of flow at Sta 0400 1s the - 50| 0.00473 | 0.2637 | 0.00B97% | 0.08049 | <0.91 13.66 o155,
aifference in the elevavion of the energy gradient at 5.00 [0.06667 | 0.00752 ; 70.50]0.00L73 37 97 Ed Ao 51z [ 1.60 | =100 .32 3 E
Sta 1400 and bottem of channel st Sta O+00. 6.00 |0.0800 | 0.02410 8k.95 [0.06856 | 0.2106 | o0.00kTh2 | 0.0B435 | —0.9511 675608 | ~1.66 T o5 5608 22.97 O+T7.03
103,779 =~ 90 = 13.779 £t 7.00 ]0.09333 | 0.05175 | 12L.9 |0.052e7 | 0.1641 |0.002732 [ 0.02693 [ ~0.970k ity ST 528 0+67.52
Try 2b 24 for an upper 1imit of ¢ in column 1. 8.00 }0.1067 ©.choz 152.1 j0.04280.2315 [0.00270% | o0.01729 | -0.o810 Zo.oz |00 | <100 5.5 42,33 245767
(b} Colvmn 3 1s read from ES-55. 9.00 | 0.1200 o.0b97h | 185.4 |c.03337 [0.1079 {o.00111k | 6.0136k | ~6.9873 6 [ o 58 52.18 0+b7.82
e] “colunn % {s resd from E3-2h. " 10.0 [0.1333 0.06025 | 221.4 |0.62755 | 0.05033 | 0.0007590 | 0.008160] ~0.9911 10 | —10.0 552k 62,07 O+37.93
(4) colmn 3 is the wlue of e 16596 x 107 110 | 0.0k87 | o.07e10 | 260.7 |0.02%02 | 0.07672 | 0.0005255 | 0-005086] ~0.95% Stoe [ [eam |_® | o0
e
. . 00U ~0.! B1.9% .
(see step 3) divided by column 3. 12.0 | o6.2600 0.08460 | 303.2 |0.01962 [ 0.05596 | 0.0003845 [ 0.004351{ ~0.9953 =5 o0 555% 1.9 0+18.06
(e) Calwmn 6 is the velue of Q/b » 20 divided by colume 4. 13.0 0.1753 0.09759 248.7 | 0.01694 ; 0.05736 | 0.0002870 | 0.003200( ~0.996k 6,599 | —1.00 o0 5963 92.90 e+ B.1o
(f} Coluans 7 and 8 are the squares of columns 5 and 6. o o8 T oitke 357.5 | 0.00k5% | 0-0%031 ] 00002111 ] 005531 —p.5973] Lo
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A.20

NON-UNIFORM FLOW IN A NATURAL CHANNEL — Example 4.
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A.22

HYDRAULICS: NON-UNIFORM FLOW IN A NATURAL CHANNEL FOR VARIOUS DISCHARGES

Example 5 -

EXAMPLE 5
This example deals with the seme natural channel ss given in Ex. 4 Solution: Equation A.18 is used for this solution. (See Dx. L)
merely to eliminate repetition of an additional set of similar data. 1. Prepare tebular form gilven by Table 1, Ex. .
Example 5 is distinctly different from Ex. 4 and the problems are in no 2. Prepere Figs. 2 and 3 of Ex, L ’
way related. The approximate depth of flow was determined at Sta +00 3. Solve which sections are comtrol sections for discharges of -
in Ex, 4. In Ex. 5 the depths at Sta 17490 bave been determined and 6000, 7000, BODO, and 9000 cfs. This procedure 1s de- w
water-surface profiles are to be determine.d for various discharges. scrived by Ex. 4 and the results are given in Table A. E
No control sections exist for all discharges considered
Given: Channel croes sections and stationing of a natu.rﬁl cﬁhnnnﬂ since all bottom slopes s, are less than 51-11'.1:51 slape &- 4
along with roughness coefficient n as shown by Fig. 1 of BEx. L. L] -
dikes are sufficiently high to contatn flows of 9000 cfs. The depths k. s°é‘i':C§$g::'-Er surface profiles corresponding to the given z
of flow et Sta 17490 have been determined for various discharges. s Prepart‘a tebuler form given by Teble b, Ex. & &I T
. . 2 . H 4 1H-HE
Determine: The water-surface ;ro- Discharge Givi: c::gthlgfgglmr b. 1t may be desirable to prepare Figs. 6 and 7 of Ex. 4, © LETHT 1 EANERER
~ files for discharges 6000, 7000, ofe o c. Prepare Fig. A similer to Fig. 8 of Ex. 4. TLTIE AT H FH
8000, and 9000 efs and the dis- o0 w1 (1) Plot U vs elevation curves. o I T
charge vs depth curve at Sta 7000 152 (11) Plot U ve elevation curves, 5000 6000 7000 8000  S000
0+00. 8000 8.1 (111) Column 2 of Table A gives the slopes of straight Qin cfs
9000 7.5 lines connecting the curves Uy and Uz for the
various discharges., This procedure is ex~ RATING CURVE AT STA. 0400
FIGURE A plained in Ex. 4, item Me, (421)
I PROCEDURE FOR GRAPHICAL "E:IERE';'N”'O" (iv) Make graphical solution for water surface pro-
1s3 ::c:‘lg: Ifr:;‘gg s:ioo :00 files corresponding to the given discharges.
. and depths of flow at Sta 17+90. This proce-
©  designates poinis plottad From table ¢ dure has been described in Ex. 4
ez = - /"'f“"“"‘ "'L curves The graphical solution for the discharges Q = 6000 and 8000 cfs are
— designotes Ug curves shown. The discharge-depth curve st Sta 0400 is given by Fig. B.
~————water surface profile Q=8000 ¢ty
——- - water surfoce profile Q=8000 cfs
ust
= GIVEN DATA AT 5TA. 17+90 TABLE A
Q-cfs | Depth Tan B 1 2 3 4 5 6 7 8 9
5 . 6000 | 1.1 5.597x107 2 Qa, 4,
12.0x10%9  neo 000 | 15 7.618510 @ 2—5 Station| ac -”;72 8= L s | Remarke
Juw 8000 | 16.1 2.950%10 Bg
oo 05; : 00| 17.5_ | 12.593%10 6000 | 5.597x10° | 00 | 11.92"] 69,000 |0.08696 | 0007562 e
.0x105 4! - o
10.0%10% 51 450 | 20.90% 67,000 | 0.08955 | 0.008029 gt
] B Be > So
E 10 | 10.65 | 72,000 [0.08333 | 0.00654k RTTITS
o)z 8.0x10%3 13+30 | 10.4o | 69,700 [0.08608 [ 0.007R10 Y
b E 17+50 | 10.52 | 68,800 | 0.08721 | 0,007606
" 3 s !
; . ox'oLE z 7000 | 7.618x10° 0+00 12.55i 81,000 |0.08642 | 0.007468 | .o, 50> 2
g ™ 3 %450 | 11,507 78,100 |0.08963 | 0.00803k “00261 | 7, > Fo
w 3 9+10 | 11.1h 1 81,500 [0.08585 | 0.007377 T TS
S 4 oxi08 15+30 | 10.95 | 79,600 [0.08794 [ 0007735 [porgp -
» 3 17+90 | 11,05 78,500 [0.08917 | 0.007951
3z S *
ERS 8000 9.950x10° O+00 13.10* 92,000 [0.08696 | 0.007562 00222 | 8g 5 5,
20xi059 - 4450 | 12.057] 90,000 |0.08882 | 0.00750L [—ror P
E 9+10 | 11.60 | 91,000 |0.08791 | 0.007728 00NT6 | 5. > &
4> : c k]
Jw 23430 | 11.4% 88,900 |0.08599 | 0.008098 10030% | 50 > %o
o0 o - = 17+90 | 11.55 | 88,200 {0.09070 | 6.008226
w olnt_tor_stope
I : 9000 | 12.59x10% 0+00 | 15,60 [ 103,000 [0.08738 | 0.007635 | oonon o > %o
s S50 T 450 | 12,56 | 101,000 [0.08911 | 0.00T94L 0261 | 5 5 =g
= Enaan ; 9+10 | 12,02 | 101,000 10.08911 | 0,0079%1
T = Boa i L00LTE | 54 5 s,
: : I J 15430 | 11,92 | 98,000 {0.0518L | 0.008435 ok
T : 2 1T = L0053 B > 8,
12 EE= SLSaen ST IEOREL PRl s R S 17+90 | 12,05 | 98,750 [0.09114 | 0,008306
-6 -5 -6 -8 -€ N
° 1-oxio 2.0%10 2.0xi0 +.0XI0 s.oxie *These values were chtainmed by extrapolation from Figure k.
VALUES FOR UjOR U}
REFERENCE U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG.NO.

SOIL CONSERVATION SERVICE
ENGINEERING DIVISION -DESIGN SECTION

Es- B3
SHEET Z QF IQ

DATE: §-13-54
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