
Video equipment is available all day on all dates for additional showing.

Supporting materials and references available through Hydrology section.

VIDEO TAPE PRESENTATION

FOR FLOOD CONTROL DISTRICT PERSONNEL

69 min.

JT

t <hJ
o~· .

Property of
Flood Control District of MC Library

Please Return to
280 I W. Durango

Phoenix, AZ 85009

---

USING COMPUTER PROGRAM HEC-2

Floodway Determinations ~(pJ

WATER SURFACE PROFILE COMPUTA'

Oct. 1 Basic Input Requirements for HEC-2 / 06 min.
Oct. 2 Water Surface Profile Computations P...-.:fl 69 min.
Oct. 3 Water Surface Profile Computations f~ If 75 min.
Oct. 4 Data Requirements for River Models / 67 min.
Oct. 5 ~Capabilities of HEC-2 Program po.A) 1<1 "Z.- 80 min.
Oct. 9 HEC-2 Output Analysis I 60 min.
Oct. 10 Water Surface Through Bridges .~puter

Requirements for Bridge Flow @; . / 75 min.
Oct. n Water Surface Through Bridges & Computer

Requirements for Bridge_Flow &~Jl- 66 min.
Oct. 12 Normal Bridge Routine (-vJ__d I <t 2..- 85 min.

Additional Showing Week of Oct. 15-19:

Showings will begin at 3:30 P. M. each day with the exceptions of October 1
and 9, when they will begin immediately after the staff meetings.
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The views and conclusions expressed on
video tapes are those of the individual
instructors and are not intended to mod
ify or replace official guidance or dir
ectives such as Engineering Regulations,
Manuals, Circulars, or Technical letters
issued by the Office of the Chief of
Engineers,
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Varied Flow

v

Unsteady Flow

Depth and velocity vary with tim2
at·a given location.

Depth and velocity vary with
distance along the channel.

. Uni form Flow

Depth and velocity are consunt
with distance along the channel.

1 of 13

WATER SURFACE PROFILE COMPUTATION

Classifications of Open Channel Flow

a. Steady vs unsteady

V

b. Uniform va varied

- V•

Gradually varied flow - depth changes gradually over a long distance.

Rapidly varied flow - depth changes abruptly over a short distance.

1.
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Velocity distribution is affected by shape of cross section,
roughness of boundaries, presence of bends, etc.

3 of 13

V
l

- mean velocity for subarea CD
V

2
• lIlean velocity for subarea (3)

a. Factors influencing velocity distribution

l-43

h. Evaluation of kinetic energy head for a crOSB section

V2 V
2

1 "-\-.,. -- .-=---F~-=-~~-=---:::--
G)

'-- 2. Velocity Distribution in a Crose Section
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for a given water surface and total discharge. determine Q1 and Q
Z

S 1/2 • Q.
f K

6 of 13

Q • K s lIZ
1 1 f

Q • K S 1/2
2. 2 f

Assume Sf is a constant for a cross 'section

Then

v• 1·1. 1(2/3S lIZ (Manning eq.)n· f

Q. VA .(1.5 AR2/3 S 1/2

" n ;" f
Let K. conveyance. 1.5 AR2/3

n

Then Q• '(.Sf1/2

d. Vetenmining flow distribution in a cross section

L-43
\.......-.
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..

---- -----=!--Ener -
2 -~a~ I - __

2g

ff~
1/ d coe e

I

z
---__I- __....;L _

H • Z + d cos a

.'

"

The pressure distribution- in a still body of water is hydrostatic,
which means that the pressure head is everywhere equal to the depth
below the water surface.

Energy Principles

a. Total energy head for a cross section

For a bed slope of 1;10, e - SO 40' and cos e -.0.99. The cos 0
term in the energy equation is usually assume equal to 1.

4.

L-43
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'1 A hydrostatic pressure distribution may be assumed to exist in a

moving fluid where streamlines are approximately straight and
parallel. .'
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d. Energy losses .

(2) Contraction and expansion losses

(1) Total loss

he • hf + ho

Typic.al values

Cc 0.1 to 0.5
Ce 0.3 to 1.0

".

9 of 13

I V 2 V 2101 _1 - 02 _1-
29 29

2

I V 2 V2 I(11_'_1 - (12
29 ·29

Cc • Empirical contraction coefficient

Ce • Empirical expansion'-coeff1cient

V 2
Gl-zk-. Upstream velocity head'

V 2
G2 2~ • Downstream velocity head

where he· total energy loss

hf • energy loss due to friction
ho • other losses .

where

e.P' ho • Cc

and
tJ

~ ho • Ce

L-43
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~ 5. Standard Step Method

a. Computational procedure

(1) Estimate water surface elevation

(2) Calculate hydraulic properties that correspond to estimated
water surface elevation

(3) Determine" energy losses that correspond to estimated water
surface elevation

(4) Calculate water surface elevation using energy equation and
energy losses determined in (3)

(5) Compare estimated and computed water surface elevations

b. Example calculation

~ L-43 11 of 13
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It

c. Controls and their significance in open channel flow

1

4

Elevation of enerRY line

t

Water
Surface
Elevat1on~

References: a. Henderson. F. M., Open Channel Flow, MacMillan, 1966.
b. Yen Te Chow, Open Channel Hydraulics, McGraw-Hi 11, 1959.
c. Efot 1110-2-1409, IIBackwater Curves in River Channels,"

Corps of Engineers, 1959.
d. U. S. Army Corps of Engineers, Water Surface Profiles, IHO

Volume 6, The Hydrologic Engineering Center. July 1972.

6. Critical depth and its significance

a. Definition of critical depth

The depth at which total energy head is a minimum for a given
discharge. .

b. Computation of critical depth in irregular channels

y2
Minimize Z + Y + a 19

••

l-43
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DATA REQUIREMENTS FOR RIVER MODELS
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The views and conclusions expressed on
video tapes are those of the individual
instructors and are not intended to mod
ify or replace official guidance or dir
ectives such as Engineering Regulations.
Manuals. Circulars. or Technical 'letters
issued by the Office of the Chief of
Engineers.
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uATA RElJLJIHIJIErnS FOR RI VER NOvELS

1. what ar~ ttlC requi reo data?

a. Flo\'1 - usually a flood peak discharge estimated by statistical anal
ysis of obs~rved data or by rainfall-runoff calCUlations

b. Flow,reyilJle - either subcritical or supercritical flow

c. StartillY \'/ater surface elevation

d. Elleryy loss coefficients

e. Cross sections

f. H€:ach lengths

U~ve1o~i ny tne (;eolJl~tric Hodel

a . (. ros s ~cc t i on l<~qu i rel.len ts

(1) To rilodel the yeort;etry of river and flood plains

(l) To 'mode1 the flow uoullda ry

L-44 1 of 7
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c.

d.

L-44

..

(b) The aistribution of flow from section to section should be
reviewed to ensure reasonable flow transition from section
to section.

(c) Change in conveyance from section to section could be another
criterion for evaluating loss calculations.

(:I) A Ninnesota Proposal (Reference 3) sets the maximum reach lengths
to 1/2 "lile for wide flood plains and slopes less than 2 feet/mile,
lduO feet for slopes less than 3 feet/mile,and 1200 feet for slopes
greater than 3 feet/mile. (Distanc:es in valley miles.)

Reach lengths are Ineasu,'ed along the flow lines between given cross
sections. For HEC-2, three lengths are given to define channel and
overbank flo\'! paths. Defining the channel 'length based on the low

. flow channel assumes that flow wtll essentiany foll'Ow the 'channel
course even under flood flow.

Energy losscoeffi cients are one of the major sources of uncertainty
in profile calculations, There are four basic Sources for estimating
'n' values (Reference 3). The coefficients of contraction and expan
sion are not as quantified as the 'n' values.

(1) Tables of 'n' values are provided to varying degree of detail
in IIlOSt hydraulics texts (Ref. 1.4,5, and 7).

(,) Photographs wi th cal ibrated 'n' values are available to compare
with field conditions (Ref. 1 &4).

13) Formulas have been. derived to compute roughness coefficients,
however. they usually require field samples of data antl la~~r~l~rl
analysis (Hef. 3 iJ 4).

3 of 7



4. Sensitivity of water surface profile data
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a.

b.

c.

l-44

(2) 14orilla 1 depth can be used in many cases wilen the stream channel
is nearly unifonn for a fairly long reach. HEC-2 can be used
to compute nontlal depth by the user providing an energy slope
equal to the channel slope .. Other estimates of energy slope
can also be used; nowever, the resulting water surface elevation
would not be 'normal depth. I

(3) Trial and error calculations can be made assuming a range of
depths. The r,lOdel should have added cross sections downstream
frofll the first cross section in the reach under study. The
computed profile will converge to\'/ard the true profile, hope
fully by tile first section in the reach. By comparing the com
puted elevations for the first important section, the impact of
varying starting elevations can be determined.

Cross section data has a direct and obvious impact on the computer
results. Sensitivity tests (Ref. 3 & 6) often compare survey sections
to sections derived from other sources (USGS -quad, etc.). In the two
referenced studies, di fferences in depth ranged from 1 to 4 feet.

Cross section spacing also has a direct impact on computed results.
Heference 2 tested computed results by taking several models and
rer,loving cross sections to compare computed results before and after.
Differences in cOIll~uted results varied from 0.3 feet to over 4 feet.

Rougnness coefficients are the most obvious variables in the profile
calculations. When lilodels are adjusted to fit observed data, it is
the coeffi cients that are adjusted. The ir,jpact of I n I value change

,can be easily evaluated \·lith HEC-2 by using variable F.i on the J2
card to ap~ly a ratio to the given In' values.

5 of 7
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c. Profile plot "

(2) Computation. for each section

OUTPUT ANALYSIS FOR HEC-2

b. Computation for each section,

1 of 4

.:'..'1

e. Second profile plot - etc.

f. Summary printout

g. Cross section plot

.;'/
.:/
//

d. Second profile computation

(1) Title and job cards (Tl to J2)

Reference: HEC-2 Water Surface Profiles, Users Manual
I I.' II

;.1/(
,·/'ii f

1. Printout Sequence
/

/ /

a. Data input (Tl to EJ)

L-48

2. Section Computation ..
a. Variable name heading
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(4) Top width differences for each section

! .

3 of 4

/
,,,,/"~_.':

Slopes for each section
"

/(,' ..

(6)

(1) Computed water surface elevation (CWSEL)

(5) Critical depth solutions

e. Encroachment results in third summary

a. Must be requested by section or profile .

b. Total cross section or to CWSEL

c. Review input data

s. . Cross section plots

6. Output Review

a. Look at summary printout~

l-48
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CAl)AiHLITh.::> uF IIEC-2 WATER SUI{FACl: rHuFlLLS PIWGRNt

References:

b. Roughness coefficients for cross section

1 of 6

15 sec
50 sec
5 min

1.7 m1n

Execution TestsMemory

63,000 words
5~,OOO words
29,000 words
70,000 words

(280.000 bytes)

Flow
gradually varied flo~ subcritical and supercritica1

5r.lrpMeI> 5 TEP
.J?~klA/lI'nr;:R (YtLC.

(1) Normal ~ ~hannel and two overbanks

Type of
Steady.

..

a. Assumption of classification or flow (subcr1tical or supercritical)

b. Eichert, Bill S•• "Survey of Programs for Water Surface Profiles,"
paper presented at ASCE Hydraulics Division Conference. Massachusetts
Institute of Technology, 21 August 1968.

a. "HEC-2. Water Surface Profiles." Users Manual - Fel>. 72) Oct. 73.
Programmers Manual - December 1971, August 1969. Ju:~.. 1"'-"'.

1. Program Souree
U. S. Army Corps of Engineers - Tulsa and HEC

2. Computer Version

'fCDC 6600UNIVAC 1108
2 GE 437
3 IBM 360

3. Program Language
Fortran IV

L-46

5.

6. Description of Problem
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(8) Closed conduits

(9) Proposed levees

(10) Reach lengths (3 normal)

(11) Encr,oachments

1. General Computational Procedure

a. Use of subsection

b. Nonuniform velocities (Coriolis effect)

c. Weighted velocity head

d. Iterative process

e. Divided flow

f. Calculate n-values directly

'.

l-46 3 of 6



c. Calculated when not requested if computed depth is close to critical
depth

I
I

\
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\.

I
I

'... ~

8. Critical Depth
.

a. Always calculated for supercritical flow

b. Calculated when requested by input

9. Bridge Flow

a. Fixed loss (X5 card)

b. Normal

c. Special

d. Contraction and expansion losses

10. Data Editing Program Available

11. Output

a. Normal including summary

-.
b. Special bridge..

l-46
5 of 6
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L-4ti

e. Trace

d. Special notes

e. Plotting

(1) Profiles

(2) Cross sections

Utility Fea~ures

a. Multiple runs - different streams

b. Multiple runs - same stream - different Q's

e. Errors in multiple runs

d. Numerous checks - all data editing

e. Metric units

-.

6 of 6



• ••* Compute conveyance-- K(2) - I Ka + ~ + • • • + Kg
where: K _ 1.49 AR2/ 3

n

• Compute WSEL(2) I 2
VI IhaV2IWSEL(2) - WSEL(l) + a --2 + S • L + C· '2gg. av w

Compare and repeat until criterion met.

Sf

V2
2

-Q-
28

-- FLOW

friction loss-~
K 2

av

-

.. ---.-------- - -,. --"--__r-

QI Y

hL 1-2

1r-----~~--- Ja V2~ 20

W.SE.L.

"j;;R.' ••o> ~
~'~!IS:;·D;·A.~ ""';..:10<.' '...:'

#- J-1=1" ...·.v· .. '. ;,·v· .. /V·~•. t'\....
• '··i'O.~~' ·~ .. '-lO'

. " '- .:~: ';t-'o' ,":,r7:"oo""'",,_•• -.'-9,' ..r-«o.'0 ....,•. vb'.Q... , ,~",-", ,.\.
PROFILE 1-2 "·'1:. ·,.:.C::-/f.~~~~~,'1j\~ .

..• '\..!.I

Q2 '/

S:hematic of Computatio? ProcedureFig. 4.

SECTlON-2

• Assume WSEL (2)

• *•• Compute representative rate of
K _ K(l) + K(2) • S
av 2' av

Computation Procedure

Conditions are known @1

l-46
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(7) Channel improvements to natural cross section

(3) Fixed ratio

Description of cross section

(1) By'coordinates

-,

(2) Jlorizontal and vertical changes

Beginning conditions (known vater surface, slope/aTea, critical
depth) . r

2 of 6

Shock losses (h • c * I AlIV I )s

(2) By using previous or current cross section

Change of discharge - at any cross section

(3) Automatic insertion of additional cross section

(5) Effective area

(6) Raising cross section ends

(4) Adding additional points in cross section

c.

e.

f.

. d.

l-46
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b. Look at profile plots

c. Look at the profile computations

(1) -Special notes

(2) Bridge routines

(3) Velocities

(4) Discharges in the cross section

(5) Interpolated cross sections
/ ~ / (.~ __ :y-__ -eo__ (.- :~

d. Look at data first for source of errors

----.--

-.

..

4 of 4
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(1) Same spatial locations as data for each section

/'--' "\
/ \

:' (2) ~ariables defined in Exhibit 9 of the Users Manual

~

.'

2 of 4

,/

• (2) Show computational difficulties

(1) Indicate different inputs

b. Special notes

a. Basic data review

..

Profile Plot

b. Computed results

Summary Printout

a. Must be ~eque~~ed

b. Choice of variables available

d. Differences 1n computed results 1n second summary

c. Computed results in first summary

. __-------1
. ~efined in Exhibit 7 of the Users Manual

,---:::::_- -'

3.

4.

L-48
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l-44

d.

e.

",

The coeffici~nts of contraction anJ expansion and the coefficients
for the bridge routines in HEC-2 are relatively insensitive when
compared to the previous itews (Hef, 3). However. for high velocity
streams, contraction and expansion coefficients f,lay become important.

Chan~es in discharge Iday not hav~ a rilajor impact on cOlllp'uted profi les.
Tnis can be tested \·dttl iiEC-~ using variable FQ on the Jl card to
ratio the discharge v.alues given in tile model.

"
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J. Starting conditions for the l:lodel

a. flows are provided by the hydrologic analysis, which is a separate
topic.

c. Startin~ water surface elevations must be provided for every discharge
profile.

not a problem. For most natural streams,
If HEC-2 is used and the flow regime is

program would assume critical depth because
pennitted to cross critical depth.

(4) U$ill~ oo~ervctl water surface profile data would ue the best
cHilllate for 'n' values. Hith IIEC-2. the 'n' values can be com
puted if water surface elevations are available for every cross
section. If only scattered points are known. the computed pro
fi1e~ Should be checked \'lith the known elevations.

(1) Known water surface elevations would be the first choice. These
can be lake, levels, sea level, or control sections such as a gage
or critical depth sections. HEC-2 can be used to compute critical
depth to start a profile calculation.

(5) Contraction and expansion coefficients are provided in HEC-2
to account for losses associated with changes in the shape of
cross sections. A range of values are given in the HEC-2
Users Manual. ~ecause the coefficients~re applied to the
change in velocity head. they may not be si~nificant if stream
velocities or changes in velocity are small.

Flow regime is yenera lly
. the flow is sUbcritical.
incorrectly defined, the
the calculations are not

o.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I


I
I



I
I

--
I
I
I
I
I
I
I
I
I
I
I
I,
I
I
I

\

I
I

Ii.

L-44

..

(3) To satisfy the requirel:ients of the analytical lilethod

Guidelines for locating sections (Ref. 3,5, & 7)

(1) Cross sections should be taken where there is an appreciable
cnange in cross sectional area t roughness, and slope

(£) tross sections should be taken normal to tile flow lines

(3) uetaileo cross sections should be taken above, below, and
withi n ori ages

(4) tross sections slIould be located at the head and tail of
levees

(ti) Cross sections are needea at all control sections

(6) Cross sections are required in~ediate1y below a confluence
on a ilia in stream and above the confl uence on the tri butary '\

(7) In yenera 1, more cross sections are needed to define energy
losses in uroan areas as opposed to rural areas, where steeper
slopes are encountered, and on smaller streams

(8) tross section spacing is initially controlled by the physical
.requirel:lents for locating cross sections (items 1-7). A
revie\-I of the COlliputea results is required to insure spacing
is adequate ,1:0 provide for the analytical method.

(a) Change in energy slope can be used as a basis for evaluat
i ng spac i ng . If tne slope decreases by more than 50~~ or
increases 1Il0re than l()O.h, the reach length may be too long
for accurate loss calculations.
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(1)

(2)

(3)

where Sf • representative friction slope

L • reach length

Approximations for Sf

... ..."

tet

.
(3) Determining friction 108s in a channel reach
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"

2 .
V

Let H • Z + '1 + a2g

~(2) One dimensional flow

I (3) Gradually varied flow (hydrostatic pressure distribution assumed)

. A4) Channels of small slope «1 :10)

b. The energy equation

c. limitation of energy equation

~(l) Steady flow

L-43
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3. Pressure Distribution in a Channel Section

6 of 13

for a, there results

.+L h
~;:=(=-uI r I L

pressure • ~ • L
Y Y

Q • K S 1/2
1 1 f

where i designates subsection number

If this eq. is combined with the equation

(t A.)2 I(K~ I A~), , 1
a II ---.;~--.;,-----

(t "i)3

Or in general

·T
L

'..l

Pressure on plane A. b: ~ X • yL (+ atmos. pressure)

Pressure head •

Piezometric head =. Z + pressure head 5:: Z + L II h

L-43
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Kinetic energy head • discharge-weighted velocity head

v2
• 0.-2g

in general

c. Typical values of velocity coefficient, a

.
Value of a

Channel Type
Max.Min. Avg.

Regular channels, flumes, spillways 1.10 1.15 1.20

Natural streams 1.15 1.30 1.50

Rivers under ice Cover 1.20 1.50 2.00

River valleys, overflooded -
1.75 2.001.50

From Chow, Open Channel Hydraulics

I'
I
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This definition of Fraude No. applies only where a uniform velocity
distribution can be assumed.

2 of 13

G.V.P.

"

R.V.P.G.V.F.

~A i
Fr • Froude No •

v - mean velocity - Q/A

& - gravitational acceleration

D - hydraulic mean depth - A/T d
.;
,~

. where

flow is subcritical
flow is critical
flow i8 8upercritical

Fr-

r R.V.F.
/. G.V.F. R.V.F

Fr < 1
Fr - 1
Fr > 1

R. V. F.

_( C.V.F'.

Subcritical vs supercritical

Effect of gravitational forces relative to inertial forces
represented by the Proude No., a dimensionless ratio.

V-
IgD

For

c.

l-43
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NORMAL BRIDGE ROUTINE - HEC-2

j'Je routine in HEC-2is a standard step calculation
"Ijustment in the conveyance calculation to account for
'he bridge is modeled by defining crosS sections through
,,~.

f the bridge deck below the water surface elevation is
.: total area.

. J,Cr;meter is increased where water ;s in contact with

.,~.

.efi ned by:

. ;ow chord and top of road elevation on the X2 card.

~Qadway stations and elevations and corresponding low
! 6T cards.

" _ Training Document No.6, Page 44.,

. lsing the X2 card. Training Document No.6, Page 37
:;n9 Sample Section)

II
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300

300

300

3 of 8

200

200

200

200

'100

100

100

Sections 1. and 6 (natural)

100

Normal Bridge Routine SectionFigure 10.

L 117

10 ~----------f-----------+---------~
o

10 L-_--------.+------------4-----------J
o

10 L--_--------I----------+---------~
o

20

Seclio"ns 3 and 4 (bridge sections)
40.------------.....-------~--.....-------------.

Natural section with fill and 10' ~) culvert-......,-------

20

30

Sections 2 and 5 (reduced to ef fective area)
40 r--_--------.-------------r-------

20

10 L- -I-----------I------------J
o

30

20

40..-----------...-----------..-------------.

30 r'=::::::::::::::---_--------------J
40I
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50 At i I I I ~I .1

40

- 30-....
c.--c:
.2-0
>
CI)

w 20

I --
~ Ground SfationsQ

6. Bridge Stations

10-r Channel n =.05

. Overbank n =.08.
BridQe area =565 SQ ft

Pier width =2 ft

.n
;:)
~

::0

o
o 100 200 :;00 400

Disfance (in ft)

500 600· 700

Firl'lre 8. Sp~cii\l Brid!1f? Routinp. Samolp. Section,
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The views and conclusions expressed on
video tapes are those of the individual
instructors and are not intended to mod
ify or replace official guidance or dir
ectives such as Engineering Regulations,
Manuals, Circulars, or Technical Letters
issued by the Office of the Chief of

Engineers.
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FLOODWAY DETERMINATION

1. Natural Floodway: The channel of a water course and those
portions of the adjoining flood plain which are reasonably
required to carry a selected probability flood.

2. Designated Floodway: The channel of a water course and those
portions of the adjoining flood plain required to provide·
for the passage of a selected flood with an small increase
in flood stage above that of natural conditions.

3. General Guidelines

a. Hydrology and hydraulics will be based on existing conditions.

b. Discharge based on a one percent exceedence frequency.

c. Flood plain divided into Designated Floodway and a Floodway
Fringe.

(1) Designated Floodway will pass the selected flood
discharge without raising the water surface more than
one foot above that of the natural floodway.

(2) Floodway Fringe will be assumed filled solid for the
purpose of hydraulic computations.

L-51 1 of 4



6. Method 4 encroachment (J3 and ET cards)

5. Flow Distribution (J2 card, ITRACE = 15)
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l-51

a. Horizontal distribution of percent discarge, area, and velocity

b. Applies to ~ntire profile

c. Distribution only applies to the overbank; channel is treated
as a unit.

d. If there are more than 12 incremental overbank areas, the
program will sum the areas to 3~ of the flow

a. First profile must be a natural profile to provide a basis
for computation

b. J3 card is used to call the variables needed in program storage
for subsequent calcualtions.

c. Second and/or subsequent profiles call the method and the
change in water surface elevation times 10 (i~e. 5.4 means
method 4 with a 0.5 ft rise in water elevation)

d. Program will try for equal conveyance reduction on the two
overbank areas, but will not go into the channel to set encroach
ments.

e. The encroachment procedure is applied to every cross section
using the same criteria unless the method or criteria is
changed by another £T card.

3 of 4
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FLOOD 1")-

Channel
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Encroachment stations for Floods 2 and 3 are determined from the topwidth

limits of the profile for Flood 1. The elevation for Flood 2 becomes the

elevation of encroachment for the profile for Flood 3. The Jl and J3 cards

are used to request this method.
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GENERAL GUIDELINES FOR DEVELOPMENT OF FLOODWAY DATA

1. DEFINITIONS.

a. NATURAL PLOODWAY is the channel of a watercourse and thnse
portions of the adjoining flood plain which are reasonably required
to carry and discharge the floodwaters of a selected probability
of-occurrence flood.

b. DESIGNATED FLOOm-lAY is the channel of a watercourse and
that portion of the adjoining flood plain required to provide for
the passage of a selected flood wi th an insignificant increase in
flood stage above that of natural conditions. Normally, the 100
year flood (one that has a I-percent chance of occurrence in any
given year) should he considered 25 the selected flood. An "insig
nificant increase'~ is normally considered to be no greater than I
foot unless a smaller increase is established by State or local
regulation.

2. PURPOSE OF DESIGNATING FLOODWAY. Designation of a floodway by
establishing identifiable limits and the control of land use in and
adjacent to the floodway serve to conserve an unobstructed area for
the passage of floodwaters while providing for the appropriate usc
of lands based on knowledgeable awareness of, and consistent with,
the flood hazards.

3. POLICY. To establish a uniform approach to floodway determinn
tions, the following guidelines are to he used in the initial
developmental stage, unless State or local governmental regulation5
have more restrictive requirements:

a. The capacity of the Designated Floodttly will be hased on
the discharge of the flood that has a I-percent chance of occurrence
in any given year.

h. The flood plain of the selected flood, under existing con
ditions,will he divided into two zones (see f-igure 1): a DeRiprtlted
FloodlJaY and a PloodlJa~ .JTinge.

c. The Designated Floodt.Xlli~ to he reserved hy zoning or ell
croaclwent lines. will he desi~ned to pass the selected flood dis
charge without raising the' wateT surface more than 1 foot ahove
that of the natural floodflow (unless other criteria apply).

1
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f. Individuals developing floodway data should he alert for
special condition~ involving the area under consideration and the
criteria used which may affect the application of the floodway
concept. For example, the resulting increase in water surface
may great ly enlarge the z.one area affected hy the selected flood
an unrcasonahlc distance heyond its natural flood plain. Thi5
condition can exist when the overhank area is very flat and mOTe
than an insignificant increase in the water surface is permitted.
nle aJditional increase then SU~Rests the need to project thf>
horizontal controls heyond the natural select~1 flood rlain into
areas not otherwise affected, which would constitute an unnecessary
and uneconomical restrict ion on the use of the land.

s. COORDINATION. Some States, cities, and other governmental units
have--a<J'OPte(f-floodway criteria which j s inconsistent '''i th the 1
percent-chance and l-foot-stage-increase formula. Since any regula
tion, ordinance, or other floodway control measure must he adopted
and enforced by the local entity, determination of the floodway
must necessarily conform with local criteria and enabling legislative
authority. State and local officials should he contacted as early
as possible in the floodway determination process to coordinate
possible alinements with future development planning. Programs of
other Federal agencies may overlap the study area, and any previous
work by them should he considered hefore implementing an extensive
floodway determination. Also, follow-up coordination should he
maintained with local officials after presentation of the floodway
design data. ~mny problems and pressures will surface after the
initial alinement is made public, and ~ome reanalysis must he ex
pected where conflicts in location dictate alinement shifts.

6. PROCEOURES. As local interests will actually implement the
final designation of the floodway, the initial determination of
required widths should normally he based on the engineering factor
of the most "hydraul ically efficient" area of the flood plain.
This will result in the minimum width required for the maximum
conveyance capability. Tn some cases, this may also produce a
floodway located symmetrically ahout the channel; hut the advan
ta~es of symmetry, as a prime ohjective, must he wei~hed against
the more narrow, hydraul ically-effic ient section. Procedures in
dcvelopin~ floodway data would include the following:

a. Oerivc the water surface profi 1(' for the selected flood
under existing conditions and relate the elevations to the cross
sections.

b. Using the cross section "picture," est imate the floodway
width for each section considering the dir.trihution· of conveyance,
depth of flow in the floodway fringe area, velocities, and
variations in "n" values.

3
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(5) Using the conveyance printout. the flow distril~tinn

can be adjusted to smooth out the floorJway houndarics. The rcvi sell'
encroacl~ent boundaries are inserted in the Method 1 procedure;
the backwater program is then again run to determine if the result
ing water surface conforms to the specified criteria.

7. OATA FIJRNISHF.n TO REO~JESTf:R. The final floO<.lway al incment
should be plotted on maps at such scale that local officials can
readily identify the floodway limits with knol\'n locations. The
concerned a~ency may also reque~t copies of the cross sections with
the floodway delineated.

5



WATER SURFACE PROFILES THROUGH BRIDGES

AND

COMPUTER REQUIREt1ErJTS FOR BRIDGE FLOrI

13' JUNE 1974

.........

.' .

\ .......

=Tope No. 20, 21J~:'

Tn~E

r~'~YEfiIAL

VIDEO
. SU~~O aTI [JG

,,

.." .
" .....

THE HYDROLOGIC ENGINEERING CENTER

• CORPS .OF ENGINEERS, U.. S. ARMY

609 SECOND STREET

DAVIS. CALIFORNIA 95616..
(916) 449 -3292

I' '. .....

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

"

-,

The views and conclusions expressed on
video .tapes are those of the individual
instructors and are not intended to mod
ify or replace official guidance or dir
ectives such as Engineering Regulations,
Manuals, Circulars, or Technical letters
issued by the Office of the Chief of
Engineers.

"

"

.. ,

.'



I
I
I'
I·
I
I
I
I
I
I
I
I
I
I
I
I
I
I

, . •
"'.

This packet contains material used during the presentation of two

lectures 6n the application of. the HEC-2 bridge routines.

The first blue lecture outline covers the material presented in

tapes 20 and 21. while the second ou~l1ne covers tape 22. Also included
r

is a copy of a workshop problem ,with its solution (white pages) illus-

trating the bridge calculations performed 1n the Special Bridge Routine.

The problem is referenced in the lectures.

Following the handout 1s a workshop problem (yell~d pages) intro

duced at the end of tape 22. The problem calls for coding input for the

HEC-Z Special Bridge Routine. A solution (green pages) showing program

input and output is also provided. New program users are encour~ged to

code the workshop problem before looking at the solution.

Additional 1nfonnation on the HEC-2 bridge routines is presented in

Training Document No.6, "Application of the HEC-2 Bridge Routines. 1I

which is available from The Hydrologic Engineering Center.
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WATER SURFACE PROFILES TlffiOUGH BRIDGES

1. Nature of Flow Through Bridges

8. Laurson's four flow zones

b. Classes of flow

,,
2. Approaches to Bridge Loss Computation

...

a. Ordinary standard step computations

b. Apply energy or momentum equations to evaluate pier losses
and standard step method for remaining losses

c. Apply energy equation between zcctions located in zones of
gradually varied flow to account for all bridge lasses

3. Methods Available in HEC-2

a. Normal bridge routine

Ordinary water surface profile calculations with prOV1Slon
for reduced flow area and increased wetted perimeter due
to bridge

•

-.-,

... .

• •
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Calculations ror low r10w with bridge piers are based on a
bridge opening that is trapezoidal in shape

- Uses momentum principles for Class B or Class C low flow

- Transfers to normal bridg~ ~?utine if bridge does not have
piers

- Use$ Yarnell equation for Class A low flow (for bridge
with piers)

-" ..,
Pressure flow (~flf~o~J

Q = A I2glI/K t.~

Typical value of K for bridge openings is 1.5

Weir flow

Q = CLII 3/ 2

- Incorporates correction for submergence based
on Ogee-shaped weir

(1) Low flow

(2)

(3)

(4) Combination of flow types

b. Special bridge routine

c. Input bridge loss

a. Accuracy required

4. Selection of ~~thod for Determining Losses

L..49
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Combined Prossurq and
Weir Flow. .
Weir Flow; Q.y CI.H 3/ 2
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Pross(,Jro ,J:;'/OW

Low Flow
Con/rol

Dischorge

..

TYPI'CAL 01 SCHARGE RATI NG CURVE
FOR BRJQGE CULVERT
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COMPUTER REQUIREMEN'rs FOR BRIWE FLOW

Reference: HEC-2, Computer Program Water Surface Profiles, Users Manual.

1. Cross Section Locations

a. Do.nstream cross section represents fully expanded flow. (Section
1, figure 1)

(1) Section location can be located· do,mstream of the bridge
around 4 times the average side contraction caused by the
bridge.

(2) May want to locate left and right bank stations consistent
with bridge abutments if the section is to be repeated
upstream.

b. ln~ediately downstream of the bridge represents the effective
flow area just coming out of the bridge. (Section 2, figure 1)

(1) Effective area option used to confine flow to the bridge
opening for low flow and pressure flow,solutions.
(X3 card with 10 in field 1)

(2) The elevations for the effective area option nre extended
to the estimated elevation "'here weir flow would be
expected. (X3 c~rd, fields 8 and 9)

(3) r~pansion losses would be calculated at this section.

-.

c. Bridge is modeled by either Special or Normal Bridge routines
between Sections 2 and 3.

I
I

L-50 1 of 5
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(3) COFQ is the coefficient used in the weir equation. For
bridge structures, a value around 2.5 \'Iould be used, and
for roadway approaches (trapezoidal shape), a value
around 3.0 is suggested.,.

..
(4) ROLEN is the length of a fixed elevation weir which can

be used instead of using BT cards to describe a variable
elevation weir.

(5) BWe is the bottom width of the trapezoidal approximation
of the bridge opening for low flow calculations.

(6) BWP is the total width of piers in the bridge opening.

~5Vf'4 .

<-
(7) BAREA is theLret openin~of the actual bridge. This

area will be used for orifice calculations.

(8) SS is the side slope of the trapezoidal approximation of
tne bridge.

(9) ElCHU is the invert elevation of the trapezoidal
approximation on the upstream side of the bridge.

(10) ELCHU is the invert elevation of the trapezoid on the
downstream side.

b. X2 card is required with Section 3.

(1) Special bridge routine is called with a 1 in the third
field.

3 of 5
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(1) RUST are the road stations on the BT cards and they
must be the same as ground stations on the GR cards.

"

(2) RDEl are the road elevations accross the bridge.

(3) XLCEl are the low chord elevations accross the bridge,
For the road approach sections t the 10'1-' chord elevation
1s usually given uS the ground elevation.

c. Standard step sollJtions will be made through the bridge based
on the bridge sections given •

4. Fixed Bridge loss

a; A bridge loss can be read in between any two sections using
the X5 card.

b. Change in water surface elevation or a fixed water surface
elevation can be read in the card.

c. Variable INQ (Jl field 2) tells tne program which field of the
'Xb card to read for any profile.

"
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b. Prepare the necessary input data to make the computer computations
given•.

c. What effect would a bridge ~ith closed abutments, extending
20 feet into the channel from each side, have on the losses
through the bridget

Page 1 of 4

1225.0

1225.0

1212.0

Elevation
Top Roadway

1220.0

1210.0

1210.0

Elevation
Low Chord

TABLE 1
~-

eo

BRIDGE LOSS COMPUTATIONS 
SPECIAL BRIDGE ROUTINE

Flow Type

Low Flow

Pressure Flow

Pressure and
Weir Flow

1

2

J

'.

Case

H-24

a. Check the computer computations for energy slope (SLOPE), friction
loss (lIL), elevation of the energy grade line (EG) , and computed
water surface elevation at cross section 3, for each of the three
cases.

PROBLEM DESCRIPTION

Figure 1 shows the profile and cross seetions for a rectangular concrete
lined channel with a single bridge. Water surface profiles were computed
through the bridge from Sections 2 to 3 for three cases using computer
program HEC-2 and the special bridge routine. The results of these
computations are shown in Fxhibits I to 3.

t

For each case the water surface elevation at Section 2 is 1215.00 and
flow 1s 8ubcr1tical. The type of flow through the bridge, low chord
elevation, and top of roadway elevation for each case are tabulated in
Table 1 below.

PROBLEM
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SPECIAL BRIDGE kOUTINE

PROBLEM

PROBLEH DESCRIPTION

1.of 2

..

UlUDGE LOSS COMPUl'AT fONS

Discharge WSEL

8,000 525

10,000 530

25,000 532

2. For the 8,000 cfs discharge, what are the five computed components
of loss through the bridge?

Figure I shows the plan, thalweg profile, and a bridge cross section in
a Aatural stream channel. The channel cross section at the bridge is
co~sidered representative of the reach. The bridge has two square piers,
each two feet wide. The remaining bridge area is 2250 square feet. The
channel In' value is 0.04 and overbank In' is 0.08.

1. Prepare the necessary input data using the special bridge routine
option and operate HEC-2 to compute water surface profiles through
the bridge. Start with a natural cross section at River Station 100
and operate the model to a natural cross section upstream of the
bridge. The three discharges and the associated starting water
surface elevations to be used are shown below.
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3. Normal Bridge Routine

a. Uetween sections 2 and 3, one or roore sections are added to
define the bridge opening.

..

,"

-.

Test elevation for calculating pressure flow can be read
in on field four. (Usually the maximum 'low chord ele
vation)

Test elevation for calculating weir flow can be read in on
field five. (Usually the minimum elevation on the road or
''1eir)

(2 )

( 3)

Sections defining the bridge are normally ground sections (like
Sections 2 and 3) wit~ BT cards used to define the bridge
structure.

(2) The minimum number of road stations and elevations can
be used to define the weir if the bridge has a pier
width indicated on the 58 card.

(3) Without a pier width, the program would use standard step
calculations for low flow solutions. Then the road
stations on the BT card must be consistent with GR stations
and low chord elevations would be required. (See Normal
Bridge Routine)

c. IH cards are loca'ted \'1i th the upstream section 3 to define
the top of road (or weir) for the Special bridge routine.

(1) Cards are located after the X3 card and before the GR
cards, if any are used.

L-50
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2. Special Bridge routine.

a. S8 card would be added between Sections 2 and 3 to model the
bridge structure.

(1) XK is the pier shape coefficient for the Yarnell equatio~.
Values are given in Exhibit 2.

I I'
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d. Immediately upstream of the bridge represents the effective
flow area going into' the bridge, (Section 3)

(1) Often this section is a repeat of Sec~~on 2 geometry.

(2) Effective area option is used the same as Section 2 except
the elevation is usually set to the weir elevation.

e. The upstream section represents the full flow section before
the flow starts contracting to pass through the bridge. (Sec. 4)

(1) Section can be located by placing the section upstream
a length equal to the bridge opening or by using a length
equal to the averag~ contraction width.

(2) Contraction losses would be calculated at this section.

f. Added sections could be placed between Sections 1 and 2, and
between Sections 3 and 4 if the reach lengths were too long.

(2) XKOR is the coefficient for orifice flow calculations.
For most bridges, a value of 1.5 can be used and for
long culverts. a value can be calculated as shown in
Exhibit 2.

. ,

2 or 5
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a •• Laursen. Emmett. M., "Bridge Backwater in Wide Valleys,"
ASeE. J. Hyd. Div., Vol. 96, No. lIY 4. April 1970.

b. Bureau of Public Roads, Hydraulics of Bridge \Jatervays,
Hydraulic Design Series, No.1, Second Editio'n, 1970.

c. Computer Program HEC-2, Water Surface Profiles, Users Manual,
February 1972.

d. Eichert, B. S., and Peters, J., Computer Determination of
Flow Through Bridges, ASCE. J •. Hyd. Div., Vol. 96, No. lIY7,
July 1970.

e. U. S. Army Corps .of Engineers, Water Surface Profiles, IUD
Volume 6, The Hydrologic Engineering Center, July 1972.
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(1) Determines class of flow

(2) Use for low flow in long culverts !

Modeling the Flow Uoundaries

(2) Uses hydraulic formulae

Use for bridges under high submergence

Use where bridge (including abutments) is a small
obstruction to the flow

Will not permit profile to cross critical depth line

(3)
!

(5)

.,

(4)

(1) Use for low flow where flow area cannot be'approximated by
a trapezoid

(3) Suitable for pressure flow through culverts

b. Normal hrid~:e routine

c~special bridge routine

a. . Positioning cross sections

b. Specifying effective fiow areas

Components of Bridge Losses

- Contraction loss, upstream friction loss, "structure" loss,
expansion loss, downstream friction loss

5.

6.
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Top of Roadway
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in over banks, ~efr over bridge
,

• - Combined press~re unde~ br14ge, ~eir

in overbanks

e - Combined low flow under bridge, wel~

in overbank. .

o - Low flow under bridge
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. Four Flow.?ones (After Laursen)

[R<f ~)

Expansion

•
'.
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JJJtHJ ..

rt . · .

II

IV

•

Abstraction
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f~~~ Accretion
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Figure J

(1) ~faximum of I foot or less if so cstahlished bv <"tate or local regulations.

CHANNEL

f.
(1)

~. t.

Wate...u ..face of s.lected flood with
.nc ..oachm.nt in f .. inge .

FLOODWAY
DESIGNATED FLOODWAY II=DINGli----o+l..w:-:-

I I
I I

I

Natu ..al wat... su .. fac. of ••I.ct.d

(2) The floodway fringe should normally he considered as the area heh'cen
the desi~nated floodway 1 imit and the 1 imit of the natural sf"lectcd
flood as long as the encroachment results in only an insignificant
increase (less than 1 foot) in the water surface of the selected flood.

(2)
FLOODWAY FRINGE I

Elevetion with minimum ' .... bo d
ebov. s.l.c ted fI Dod con.id d
.dvisable fo .. floodproofing, fill,
or buildi "II g ..ad •.
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c. Rased on the estimated widths. run hackwater calculat"ions
to determine the revised water surface profile to verify if the
confined floodway and rise in water surfac~ elevations are within
the parameters allowed.

d. Analyze the first trial computation and make necessary
adjustments in floodway houndaries to approximate the re~uired
water surface elevat ions. Suhsequent finite adjustments to reach
an exact elevation should not he attempted as parameter variations
along the study reach preclude the need for such detailed anal~sis.

e. Additional adjustments may be required for loss of valley
storage, excessive velocities, unreasonahle depths in the floodway
fringe area, and floodway configuration to maintain smooth transi
tions between various reaches of the floodway.

f. Computerized Procedure: The ahove descrihed procedures
have been incorporated in Computer Program 723-X6-L202A. "Water Sur
face Profil es." Hydrologic Engi neering Center, Davi s, Cal Hornia.
This program. commonly known as tlEC- 2. was revised in Septemt-cr
1971 to be used on either CDC6bOO or GE400 series computers.

(1) Water surface profiles are readily availahle from the
program, including analysis for hridges, culverts, and other re
strictions or obstructions.

(2) Using floodway determination Method Number 4, the
incremental increase in water surface is added to the elevation
has~ on ex ist ing condit ions. The program then analyzes the con
veyance capacity of the flood plain cross section and establishes
encroachment boundaries for the floodway that are based on removing
an equal amount of conveyance from each side of the flood plain.

(31 1n addition to rrovidin~ a printout of the resultinR
floodway dimensions, a tahulation is printed of the cross section
conveyance distrihution. The suhareas of flow in each overhank
arc hased on conveyance un its of :) percent of the tota I flow.

(4) The floodway derived by the ahove computer method
satisfies tht' en~ineerin~ data refluirements. lIowever. the need
to provide smooth floodway houndaries. rather than the undulat ions
provided by Method 4, requires a reanalysi!' of the floodway. 'fethod
1 of the HEC- 2 program provides thi s capahi lity.

4
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d. The Flo~ Fringe will n01'lla11y be considered a .. that
portion of the flood plain hetween the floodway and the natural
out! ine of the selected flood. (11Iis land can be considered for
development, provided the area is either filled to a required
elevation or other floodproofing .easures are applied to protect
against the flood hazard condition.)

e. For purposes of hydraulic computations, it will be assumed
that the Ftoodway Fringe area is filled solid and has no overbank
storage nor floOOflow capacity.

f. The hydrology and hydraulics for floodways will be based
on existing conditions unless future flood control works are under
construction and scheduled for operation within 2 years.

g. Since inclusion of the Designated Ptoodwa~ in land use
regulations is a non-Federal responsibility, the Corps' role is to
provide sufficient data and guidance to enable the local officials
to select the appropriate limits.

4. SPECIAL CONSIDERATIONS.

a. The effect of existing development within the floodwav
should be considered if it is sufficient to alter flow capacity
or location of the floodway limits.

b. The loss of valley storage by confinement of the flow to
the De8ignated FZoodk~H can be significant. If such losses ac
cumulate to where the flow increase exceeds 10 percent of the
initial flow, it should he accounted for in determining the flood
way's areal requirements.

c. Floodway delineations are not applicahle in all cases,
such as for inland sheet flow areas or coastal areas.

\1. Variat ions in "n" values should he considered in individual
sev,mcnts of floodway~. Composite "n" values in overhank area<; can
give misleadin~ results; they should be used only when detailed
refinement is not justified.

e. In situations where encroachment into the FZex)(h)(11{ F~inge

area causes excessive velocities to develop, particularly in those
rare cases where the water surface elevation drops, other criteria
should be selected to limit the extent of encroachment.

2
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7. Method 1

a. Input station and elevation on the X3 card

b. Input station only on the ET card

c. Multiple profile capability on the £T card

d. Method 1 input applies only to the next cross section

e. Can be used to stop encroachments by another method during
any profile.

B. Other encroachment methods

a. Method 2 is an input topwidth placed at each cross section by
centering the encroachment width on the channel.

b. Method 3 is an inp~t reduction in conveyance expressed as a ratio

c. Nethod 5 sets the limits of encroachment based on a natural
floodway. Elevation limits can be set by running a profile
through the encroached sections

9. Input-Output

a. Exhibit 9A of the HEC-2 User's Manual describes methods, input
and output

b. Standard Test T in Exhibit 8 of the U~er's Manual shows an
example of Methods 2, 3, and 4

L-51 4 of 4
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I 4. Computer Procedures

a. Determine natural water surface profile using the flow
distribution option.

I
I
I
I
I
I
I
I
I
I
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b. Run subsequent profiles using method 4 with limiting change
in water surface elevation.

c. Analyze the first trial computations and make necessary
adjustment required by:

(1) Excessive changes in water surface elevation.

(2) Significant increases in velocities.

(3) Unreasonub1e depths in floodway fringe.

(4) Undulating top widths

(5) Results inconsistent with local needs

d. Compute water surface profile based on adjustments to ensure
desired results.

L-51 2 of 4
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The views and conclusions expressed on
video tapes are those of the individual
instructors and are not intended to mod
ify or replace official guidance or dir
ectives such as Engineering Regulations,
Manuals, Circulars, or Technical Letters

issued by the Office of the Chief of
Engineers.
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INTRODUCTION

The information provided in this learning package is intended

to supplement a 36~minute video tape entitled "Basic Input Require~

ments for HEC-2". The package consists of

(1) a reading assignment for materials that should be read

prior to viewing the tape,

(2) a detailed outline of material covered by the tape (in~

eluding visuals used in the taped presentation),

(3) a problem to be solved after viewing the tape,

(4) a problem solution. and

(5) a questionnaire for recording your evaluation of this

learning package.

Because of the large amount of information contained on the

tape. you may find it desirable to view the tape twice.

This is the first tape and learning package that the Center

has put together. If the demand warrants continued development

of this media for providing instruction in the use of computer

programs. more tapes will be made in the future. Please complete

and return the questionnaire supplied with the learning package.

Any constructive criticism that you provide will be very much

appreciated.
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OUTLINE FOR VIDEO TAPE

NBASIC INPUT REQUIREMENTS FOR HEC-2"

I. Video Tape Content

A. Introduction

B. General overview of program capabilities

C. Input requirements for water surface profile calculation

O. Workshop problem introduction

II. Overview of Program Capabilities

A. Calculate steady, gradually varied water surface profiles in

channels of any geometry for subcritical or supercriti~al

flow.

1. Steady flow: depth and velocity do not vary with time.

2. Gradually varied flow: depth and velocity vary gradually

with distance. (The pressure distribution at each cross

section is ass~med to be hydrostatic.)

3. Subcritical flow is where the flow depth is everywhere

above critical depth, while supercritical flow occurs at

depths less than critical depth. The program will not

allow the water surface profile to pass through critical

depth during a profile calculation. Separate runs would

be required for subcritical and supercritical reaches.".
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III. Program Input Requirements

A. Sample problem showing basic input.

Compute subcritical water surface profiles for a discharge of

200 cfs starting at elevation 13 feet and a discharge of 500

cfs starting at elevation 15 feet. The discharge between

sections 2 and 3 is reduced 10%. Use an expansion coefficient

of 0.3 and a contraction coefficient of 0.1. Reach lengths. ,

are shown in the plan view and Manning's "n" values are shown

with the cross sections.

B. Input Cards (See Exhibit 10 for description)

1. Data Card Format

a. Data card has 80 columns

b. Card divided into 10 fields of 8 columns each

c. First two card columns reserved for card identification

and called field 0 in Users Manual.

d. Data can be read anywhere within a field. but a

decimal point is required unless the data is written

to the far right of the field (right justified)

e. A blank data field is the same as a zero input

2. Title Cards (Tl. T2. T3) required to start the job.

a. Identify job for user -

b. Not used in computation

c. T3 card (Fields 2. 3. 4 give titles to plots and tables)
"
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..
c. Do not read left and right bank stations (Fields 3 and 4)

d. Reach lengths (Fields 5, 6, and 7)

e. Ratio of previous section's width (Field 8)

f. Elevation adjustment + or - for entire cross section

(Field 9)

g. Items e and f are permanent changes to the section.

8. nanning's "n" values vary across section (NH card)

a. Number of "n" values (Field 1)

b. First Un" value starting on the left side of the

section (Field 2)

c. last station to the right of the first "n" value

(Field 3)

d. Second lin" value and station - etc. (Fields 4 and 5,

etc.)

9. Cross section with low overbank

a. Xl card same as Item 6 above

b. Effective area option required if flow should be

contained in the channel until bank elevations are

exceeded (X3 card)

(1) X3 card with 10 in first field calls the effective

area option

(2) Works off the designated left and right bank stations

(3) T10\t/ is kept in the channel until bank elevation

is exceeded

10. End of data (EJ card)
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*Numbers in parentheses refer to card fields 1-10.
-.

FUNCTIONAL USE INDEX
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Task

1. Basic Applications

2. Multiple Profiles, Summary
Printout

3. Optional Ca~ds for Roughness
Description

4. Optional Cards for Specifying
Discharge

5. Bridge Losses

6. Specification of Ineffective
Flow Areas

7. Direct Solution for Manning's n

8. Additional Ground Points

9. Plots of Cross Sections and
Profiles

10. Traces and Data Printout

1~. Data Comment Cards

12. Critical Depth Option

13. Channel Modification Due to
Excavation

14. Storage-Discharge Output

Cards Used

Tl, T2, T3, Jl(4-9), NC, Xl(1-9)
GR, EJ, ER*

J2(1), J3

J2(6), NH, NV

Jl(2,lO), X2(1), QT

X2(3 ,9), BT, SB

X3, ET

J1(3), X2(2)

X4

J2~2-5), Xl(lO}

Jl(1), X2(lO), J2(10)

c

J2(7)

J2(8,9), CI

J4

Exhibit 10
Page 3 of 36
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(8 COLUMH FIELDS)

...OATC

"...C",coCD I.".("60(0 ..

I , J I I I I I ;

•
~ I ~~_~__ I 1 , _L.-.- .1. .1 ~_____ i _. _

_toul,Teo • .,

".0.....

--

I

t I ...

___ I , :.___~~_ I __ ._. I

"
1
"

"i
.•

\.., ~'

?

-

.'{ 1.

\.
\ \ \ ..--LI~__

\ \ \. \ \ : ..
f. t Rt. Eo ,', \ \. \, " ' \. \ tl ~ UU13 ~1~~~ ,

C;~l'\H.. __\ ,.. . \ .. , ,,; \ \ l)\\~U\\\\~\n\'\"l'l; \ \ \ \ ---~ ---~-
\

. . '~~!') f \ \.Co' " . - tlll ll UU~ " ,,\1 Il f\ ; \ \~' , •

,. f\~<;" " ' __.L.. ·....t;.C-1. \ \\U\\\\\Il~"',.\I,,\1 \\,\\' 11111 ' ••:~H"H±'
. \.- \.£.'" ll~iillllU"'~.,.;,' \",\ 11111
.. ' -' y~C-a".· UllU\\Il\\Il,...."u",,\\ 111111 .4'1\1

~
.. ..". UUll\'il IS" IS .. " \' , \ 111 '1

~: ;; r,. .... .. :: ..\\U·\'l~\)'t~~~~,~I1\·\·~~"\'\\ .p1'1'111111 111'11111~.-~"",'"

\ -: ,:' ::: : \\:U U\\ ~~~~~~\11,1'1,",",11, \ , , , , \ '11 1'11111111:'1 '11 111 '1\ 3
11

\, " " "" "~~ \ \ ~ \ \ \ \

\. \. {':.:';:.::'::~::::~:>::::::::::,::~:::::::::.:<:,:,:,:,::~::::"~':~:::::::.:.:,:,:,:,:,:,.,\'",,:':'::':, \\o.~~~
~,'l -

\" ~\\~
!la\'1 '! '! '! ,,~:\. ----

1,-, !\"
11\" " ' •~ 1\ .}--

I

~ Ii \ \ \ \ \ '3\ · .. 'i ~ VI ~ VI i\. 'i'i lI",-, ~,,11111 1\""",,",,\ " D" '!-SS~..~\~~,~~~~, ~'~' ... " .. :"""-1' I .
r.~~~~;i ~1111 1'\ 'll"', S'j;'j~~~"",'ll\ J •

.99 .. 111 \ " , ,~ S, ~ " u U
'i 1:1 11 ..1 \", \ ~r,'~~ ->\\1\1,,01\ -----.J • I I

111,1 , \'" \ , \ '} '1 '! 'i ~ \ 'C '\ \' ,.

11 , 1 " \ ,,\ ~ '! , ~ ,'1 .' l' ';\ l" ." \ r-T4"TT I :: =-=-:-r:J:"'::.:'~ I ':-:T.:I.:' ,-,' .' I

~ "", "'\~ \I ~ ~ ~ .. n n "\" 'O,.,I." •• ,.~I·l·· ".ftG_~~.yi'~"I'O;".L.JS±i'~''j''j'~''L'. " " , , , ." ., '! ~ 1.. 1" .1" ...... '-LJ.:..:.L.i.:..:.L.-LL. --
- \ ~ ~ ~ 1 ' ': \ • I '\

- ~ .... '! ... - - - - - - - - - -

t A....- __ ""------------.....- I I..

I I I ...I I I I , I ,'f'"

I I I I I 1_. I I

l::::::~~~ \,
.~'. t', " •• 1'01.. 1,. 1,'14 1-"

Sp:< "'" 3.2..l....a.-,",'- -



\

CARD Jl (cont)

REQUIRED BASIC DATA

Start with known water surface elevation.
Enter WSEL in field 9.

Start computations at critical depth.

Supercritical flow. Cross sectional data
are read starting at the upstream end.

Subcritical flow. Cross sectional data
(GR cards) are read starting at the
downstream end.

o

1

o

-1

Value

STRT

IDIR

Variable

5

4

Field---

I
I
I
I
I
I
I

OPTION FOR CaM~GING JOB DISCHARGES

1 Input and output in Metric units.

+ Starting river flow.

+ Start by slope-area method. Enter estimated
energy slope he~e.

Exhibi t 10
Page 7 of 36

Description

Only if INQ(Jl.2) is 2 or greater.

A factor of 1.0 will be used.

No interpolated cross sections to be
inserted by computer.

Factor to multiply all flows by.

Input and output in English units.

If STRT(Jl.5) 1s zero enter know~n starting
water surface elevation. If STRT is + or 
enter approximate water surface elevation.

o

o

o

+

+

o Interpolated cross sections will be
automatically inserted by computer when
the change in velocity head between cross
sections exceeds 0.5 feet.

+ Enter maximum allowable change in velocity
head between cross sections. If this
value is exceeded, interpolated cross
sections will be Inserted by computer.

-1

.
Value

FQ

Q

WSEL

METRIC

HVINS

Vdriable

9

7

6

8

10

Field

I
I

I
I
I
I
I
I
I
I
I
I
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Prepare complete input data and operate computer program HEC-2 to determine
..__\'later surf~c~_prQ.fi l~~~Q..r_9!scbarges ofJ OOOL 5000, and_ 10, 000 .cfs .__

~- Sped fy expans i on and contract; on coeffi cients of 0.3 and 0.1 respect; vely.
Assume overbank reach lengths are equal to the channel distances.

WATER SURFACE PROFILES - COMPUTER COMPUTATION

Red Fox River is shown in figure 1. Plots of cross
in figures 2 through 5. A rating curve for cross
in figure 6. Channel distances between cross sections

Distance
Section Feet

1 of 5 .

500

400

475

1
2

3

4

-.

PROBLEM

A plan view of the
sections are shown
section 1 is shown
are as follows: r

PROBLEM DESCRIPTION

P-31-2
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READING ASSIGImlNT

Prior to viewing the video tape "Basic Input Requirements for
HEC-2,1I please read the following;

1. IHD Volume 6. "ria ter Surface Profi 1es," Chapters
1 through 5.

2. HEC-2 "Users I'~nua1. II Pages 1-7 and 13-17. and
Exhibit 10.

In addition, preliminary review of the Outline. for Video Tape
may help viewers follow the presentation.
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B. Bridge routines for calculating profiles through bridges

and over weirs and small dams.

1. Special bridge routine 1s available to calculate flow

through bridges for a wide variety of conditions. (58 card)

2. Closed conduits can be modeled using the BT cards to provide

the top portion of the cross section.

C. Encroachment Option (fT card)

1. FivE methods are available in the program to set limits

on floodway, including a procedure to locate encroachments

based on a specified change in water surface elevation.

2. Exhibit 9A in Users Manual describes methods, input, and

output.

D. Channel modifying routine ,

1. Input trapezoidal section (el card) within given cross

section and program modifies the section- to reflect

excavation of trapezoid.

2. Multiple profiles can be run with different bottom widths

for the trapezoidal section.

E. Printer plots of profiles and cross sections

F. Functional Use Index (Exhibit 10 in Users Manual)

1. Determine which cards are required.

2. Determine which variables are needed to accomplish desired

result.

3. Arrange cards in proper sequence (see "Summary in Input

Cards" at end of Users Manual).
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3. Job card (Jl) - See Page 6 of 36, Exhibit 10 of Users

Manual for description.

a. Read discharge table (Field 2)

b. Flow regime (Field 4)

c. Starting condition (Field 5)

d. Starting WSEL (Field 9)

4. Discharge Table (QT)

a. 'Number of values to be read (Field 1)

b. Discharges for each profile in each card field (Fields

2. 3, etc.)

5. Manning's "n" values (HC)

a. left bank, right bank, and channel "n" values

b. Contraction and expansion coefficients (optional)

6. Cross Sections (Xl and GR cards)

a. Section Humber (Xl Field 1)

b. Number of X-V coordinates on GR cards (Xl Field 2)

c. left and right bank Stations (Xl Fields 3 and 4)

d. Reach lengths to next downstream section (left bank,

right bank, channel; (Xl Fields 5, 6, and 7)

e. Elevations and stations across the channel section from

left to right (GR cards). Section stations should be

positive.

7. Repeated Cross Section (Xl and NO GR cards)

a. Section number (Field 1)

b. Number of X-V coordinates specified as zero (Field 2 = 0)
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11. Second profile

!. Title cards (Tl, T2, T3) used as in Item 2

b. Job card (Jl) used as in Item 3

c. Job card (J2)

(1) Required for second and subsequent profiles

(2) Number of profile (Field 1) for second profile

would be 2, and 3 for third, etc.

(3) Value of 15 can be read on last profile to ask

for summary printout (J2 Field 1 = 15)

d. Only above 5 cards are required and allowed for second

and subsequent profiles

12. End of run (ER card)

a. Three blank cards after last J2 card

b. ER card tells program end of run

IV. Horkshop Problem

A. A problem similar to the sample problem is provided in the

following yellow pages.

B. The solution is provided in the green pages for comparison

purposes.

C. Please" code and run the workshop problem.

-.
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Based on U.S.G.S. quod assume:

Section 2 Is 10% wider and 0.4 ft. higher than Section I.

CROSS SECTION 2. (NOT SURVEYED)
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------------------
DATA

-
...

~

1'1'10 PROFILES:

FLOW REGIME:

STARTING Q:

~"ART'NGl WSEL~

(.1) V
suBCR,"'CAL

8.00 c{s

l'a ft-

(ca )

SUB CRITICAl-

500 c:(:'S

15" t-t.

!

Q .' I b.,JI. I

~. ~ ~ ~~ 50_~' ~'-~.---------: ; _ -. \. - _: '~;:. >: :>::::J
, fl.,I' .. _
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