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ABSTRACT

This program is used for the hydraulic analysis of bridge

" waterways to determine the backwater produced by a bridge. The program
consists of two parts. Part I analyzes the natural stream section and
produces; at the user's option, typical stage-discharge information
and cross section and rating curve plots. Part II analyzes the con-
stricted waterway opening and determines velocities and backwater
heights for given discharges and bridge lengths. The program was
developed for the IBM 360 computer using the problem oriented

FORTRAN IV (G) level language.

PREFACE

This manual presents the revised documentation for the computer
program, "Hydraulics of Bridge Waterways" (HY-L), originally published
in March 196L. This revision incorporates recent changes in the
method of computing backwater and alsc provides a more general purpose
program with added subroutines for graphic output.

The program was developed for the IBM 360 computer using the
problem oriented FORTRAN IV (G) level 1anguage. A complete program
listing is included as Appendix A.

The program analyzes the natural and constricted cross section
and outputs, at the user's option, stage-discharge, velocity, and
backwater information as well as cross section and rating curve plots.
Bridge backwater is computed using the revised method presented in the
publication, "Hydraulics of Bridge Waterways."*
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INTRODUCTION

This program is part of the Hydraulic Design Subsystem of TIES.
It supplies three of the five computer processes required in the bridge
waterway portion of the Hydraulic Design Subsystem (figure 1), and thus
can aid in fulfilling some of the requirements of Public Roads
IM 20-1-67 dated April 26, 1967, entitled, "Evaluation of Flood
Hazards - Federally Financed Highways." This IM requires that "...all
Federal and Federal-aid highway plans submitted for approval after
January 1, 1968, shall show the magnitude, frequency and pertinent
water surface elevations for the design floed and, if available, simi-
lar data for the maximum flood of record for all structures and roadway
embankments that cross flood plains or encroach on rivers and streams
having a design flood of more than 500 cubic feet per second. Reports
showing hydrologic and hydraulic data and design computations for each
stream and river crossing or encroachment on a flood plain shall be
filed with the design computations of the project and such reports
shall be made available to the Bureau of Public Roads on request.”

The program is built-up of a main or control subroutine, and
seven subordinate subroutines. Utilizing subroutines gives the user
the option of dealing only with those portions necessary for the solu-
tion of a particular problem. Figure 2 is a simplified flow chart of
the system.
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FIGURE 1-(CONT'D) PARTIAL HYDRAULIC DESIGN SUBSYSTEM
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FIGURE 2. FLOW CHART HY-4-69 “
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MAIN SUBROUTINE

The function of this subroutine is to maintain the input and
storage of data and to call on the subordinate subroutines as required
for problem solution. To understand the capabilities and order of
execution of the entire system, the designer should become fully,
acquainted with the operation of this subroutine and its utilization
of the input data.

Data Storage - All data are stored in blank common with the
exception of the constants used in the plotting subroutines and the
TABLE array. These values are initialized in labeled common by use of
the BLOCK DATA subroutine. The curve fitting constants used in the
backwater calculations are also initialized by a DATA statement in the
BACKWATER subroutine.

Data Input - The first three data requirements are common to all
the subroutines. The remaining data requirements will depend on the
subroutine( s) used and the order of their use. The arrangement of the
data on each card and suggested input sheets are contained in Appendix B.

HEADING CARD

The initial card submitted by the user contains the job
description or headings, the design discharge, the chamnel slope,
in feet per foot, and the number of points in the cross section
(NMAX).

The maximum number of cross section points allowed has been

restricted to 96. An error message and program termination will
result if more are submitted.

WORD CARD

Following this is a card containing the WORD array:

WORD (1) - the minimum stage.

WORD {2) - the stage increment. An input of zero will cause
calculations and printout of the section proper-
ties, backwater, etc. for WORD (1) only.

WORD (3) - an input of 1.0 indicates the section is skewed.

- an input of 2.0 indicates the section is not
skewed.
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WORD (h) - the skew angle in degrees--input as zero if the
‘ ‘section is not skewed.

WORD (5) - an input of 1.0 indicates that backwater values
' are desired for more than one stage. An input of
2.0 indicates that backwater values are desired
for the design stage only. Also, when WORD (2)
is input as 0.0, WORD (5) equals 2.0.

WORD (6) - when WORD (6) = 1.0 the channel slope is calculated
using the formula below. When WORD (6) = 2.0 the
slope calculation is not performed.

Slope = (Dischérge submitted/Total conveyance)2

If the discharge and stage are known values, this
formula can be used to determine the accuracy of
the value assigned to the slope, assuming the
channel roughness is properly represented.

WORD (7) - this control enables the user to obtain output for
' several bridge sites with one computer submission.
When WORD (7) = 1 only one data set (bridge
problem) is being submitted. When WORD (7) =
more than one data set is being submitted.

The last data submission (bridge problem) must
contain WORD (7) =

CROSS SECTTON DATA CARD(S)

The next group of cards contain NMAX sets of cross section
and Manning's "n" data. This information is submitted three sets
to a card. One set contains the horizontal distance from datum,
X, vertical distance above datum, YG, and the value of Manning's
"n", CN. To insure that the cross section data are positive, the
horlzontal and vertical datum planes must be selected to the left
and below the waterway cross section. The Manning's "n" values
cover the point where listed and the area between this point and

~ the previous point. Therefore, the initial "n" value covers the
initial cross section point only.



- ENDDATA CARD

The last card of this data submission must be an "ENIDATA"
card, which informs the computer that all cross section data have

been submltted.

The program uses a card-to-disk routine to input the cross sec-
tion data. This is done in order to manipulate and reuse this informa-
tion. The card-to-disk portion may be replaced by card-to-tape routine
if disk units are not available.

’SUBRQUTINE DESIGNATION (PROCED) CARD(S)

The next data card, or cards, contain the computer desig-
nations for the subroutlnes to be used:

SUBROUTINE NAME COMPUTER DESIGNATION
Cross Section Plot XYPL
Section Properties SECP
Rating Curve | RATT
Backwater Computations | BKWT
END | END

The ARRANGE subroutine camnnot be called by inputing a
computer desigrniation; it is controlled internally by the BACKWATER
subroutine. Its operation is explained in a later section.

The submitted subroutine designation is compared with the
subroutine list stored in the TABLE array. When a match occurs,
the appropriate subroutine is called; however, if no match is
found, program termination and an error message results.

At this point, all the data necessary to use the Cross Section
Plot, Section Properties, and Rating Curve subroutines have been sub-
mitted with the exception of an "END" card. If the BACKWATER subroutine
is not to be used the "END" card should be input at this point.
However, if the BACKWATER subroutine is used, additional bridge infor-
mation and the Control array (CONTRL) are necessary and the "END" card
will follow these additional data.



" CONTRI. CARD

The first additional card contains the‘CONTRLlarray. This
array gives the user the option of obtaining several values of
backwater for differing bridge lengths and stages w1th one data

- submission.

- CONTHL (1) -

contains the amount of increase or decrease in
bridge length desired, i. e., 5 percent is
input at 0.05. The orlglnal bridge length is
not used to determine new bridge lengths except
for the initial change, i.e., the incremental .
change is applied to the initial length to
determine the second value; the third length is

- then determined for the second bridge length,

CONTRL (2)

CONTRL (3)

CONTRL (L) -

CONTRL (5) -

not from the original value, and so on.

contains a "1.0" if it is desired to increase
the originally submitted bridge length.

contains a "2.0" if a decrease in brldge length
is d831red.

if input as a "3.0," the left abutment will be
moved.

if input as a "L4.0," the right abutment w1ll be
moved.,

if input as a "5.0," both abutments will be
moved.

Each abutment will be moved according to the
value input into CONTRL (1). If CONTRL (3) is
input as a "3.0" or "L4.0," the total increment
desired is input as CONTRL (1); however, if
CONTRL (3) is input as a "5.0," only half the
total increment should be input into CONTRL (1).

contains the number of times the increase or

decrease is to be applied.

this control is used in.conjunction with WORD (5)
to 1limit the number of stages for which backwater
will be computed. For example, the program

defines the stage just above the design stage as
YTEl; if CONTRL (5) is input as a 2.0, then the
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o~~~ : program will subtract twice the stage increment
(YSINC) from YTEL and use this value to begin
computing backwater. Backwater values will then
be obtained from this stage to the maximum stage
(YSMAX) in increments of YSINC. (YSMAX is not
an input value; its calculation is explained in
the section on RATING CURVE development).

When backwater is not desired for more than one bridge
length, input 0.0 into CONTRL's (1-L), and, if backwater is
desired for only one stage, CONTRL (5) is also input as 0.0.

The program has no way of increasing or decreasing the
number of piers as the bridge length is varied. For this reason,
it is recommended that the total change in bridge length not
exceed 20 percent of the original length. If a greater change is
desired, a new submission with new pier arrangement should be made.

BRIDGE DATA CARDS

The following data cards supply the bridge information:

ABTYP - Abutment type. This is coded as either a 5.0 for a
wingwall abutment or a 6.0 for a spillthrough abutment.

."M
IWWSL - Designates the specific base backwater curve to be
used.
IWWSL = 1 for all spillthrough, LS® and 60° WW and

30° and 90° WW bridges longer than 200 feet.
2 for 30° WW less than 200 feet.
3 for 90° WW less than 200 feet.

The bridge length is computed within the program and
used together with the IWWSL input to select the
correct base backwater curve (page]@ ). If the
bridge length is changed when determining the back-
water for varying conditions, the base curve desig-

_ nation may differ from the input value, i.e., if the
bridge length varies from above to below 200 feet for
a 30° Ww. The curve used for each backwater calcula-
tion is indicated in the output.

NPR - Number of piers in the cross section. A zero is
input if no piers are involved.
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ITP7A - Designates the curve number (1 through 8) used to
obtain the incremental backwater coefficient for the
piers (figure 5A). '

ITP7B - Designates the curve indicating the bent type
(1 through 6) used (figure 5B). '

ABUTMENT DATA CAHRDS

The next two cards contain the abutment data: (see figure 3)

XAB - (1 through L) - the station (X-coordinate) for the
intersection of the abutments with the ground line
beginning with the left abutment as XAB (1), etc.

YAB - (1 through 6) - the elevation (Y-coordinate) for the
intersection points of the abutments and the ground
line, begirming on the left, are input into YAB
(1 through L). Y4B (5 and 6) contain the elevations
of the top or bridge contact points for the left and
right abutments, respectively.

For bridges with vertical abutments, XAB (1), YAB (1),
XAB (L), and YAB (L) are input as zero and ¥AB (2), YAB (2),
XAB (3), and YAB (3) contain the distance and elevation data.
(figure 3)

. PIER DATA CARDS

The next card(s) contain(s) the base elevation of each
pier (BELPR). This is the elevation of the ground at the point
where the center of the pier intersects the ground line.

The next to last card(s) required contain(s) the average
width of each pier (WPR) normal to the flow. If no piers are
involved BELPR and WPR must be input as zero. Figure 3A shows
the card arrangement when the program is ready to run.

END OF JOB CARD

The last card for each problem submissicn is an "END" designation.
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(1) 8vA
(1) 8vx

(9) 8UA

(G) 8VA
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END
WPR(1) TO (NPR) WPR CARD (S)
BKWTR BELPR (1) TO (NPR)
ONLY BELPR CARD (S)

_rmam.(2),(3),(_4),(5).(6)
J'XAB(IL(ZL(&J4)

rABTYRIWWSL,NPRJTP7AJTP?B

CONTRL (1), (2),(3),{4), (S)CONTRL CARD

XYPL (EXAMPLE)

PROCED CARDS

ALL
SUBROUTINES

ENDDATA

X,YG,CN X,YG, CN X,YG, CN
7 CROSS SECTION DATA CARDS
WORD (1),(2),{3),{4),(5),(8),(7)

WORD CARD

A
HEADINGS Q1,3 ZERO, NMAX

Hig8022 (OUTPUT)
HIB020 (INPUT)
PROGRAM BKWTR

DECK
ARRNG
RATING
SECPRO
XYPL
BLOCK DATA
PRMIN
PRMAX
MAIN

V NOTE: JOB CARDS NOT SHOWN

FIGURE 3A—CARD SEQUENCE OUTLINE
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CROSS SECTION PLOTTING SUBROUTINE (XYPL)

This subroutine outputs a listing of the input cross section
data and a printer plot of the cross section. The vertical scale of
the plot is set at either 5 or 10 feet per inch, depending on the
maxirum YG difference, and the horizontal scale is fixed at 60 feet
per inch.

Storage allocation restricts plotting to sections under 3000
feet in length. 1In addition, sections not beginning at station zero,
even if less than 3000 feet, will not be plotted if the maximum X value
exceeds 3000 feet. In this case, the limitaticn can be overcome by
adjusting the stationing to begin at zero. If the section exceeds the
3000-foot limitation, an error message will result without program
termination. This restriction does not effect the other subroutines.

If the submitted cross section is skewed, the program will plot
the skewed section, calculate the normal values for the X array, and
plot the normal cross section. The YG and "n" values are assumed to be
the same for the skewed and normal sections.

The data listing and the cross section plot offer a convenient
means of checking the accuracy of the input data.

SECTION PROPERTIES SUBROUTINE ( SECPR)

This subroutine is used by all other subroutines except the cross
section plot. The subroutine calculates the area, wetted perimeter,
hydraulic radius, conveyance, discharge and welocity for each subsec-
tion; the total area, total conveyance and total discharge for each
stage; and the stage corresponding to the design discharge.

The program contains internal controls which eliminate duplica-
tion of output. Therefore, the output obtained depends on which
subroutine is used and the order of use. For example, if the initial
call is for a rating curve, the output will contain all the section
properties and the rating curve. If this is followed by a call for the
section properties, no output will result and the message "REQUEST
IGNORED - DESIRED OUTPUT OBTAINED FROM A PREVIOUS REQUEST" will be
printed. If, however, the section properties subroutine is called
first and the rating curve second, the section properties will be out-
put from the section properties request and only a rating curve plot
will result from the rating curve request. In addition, the backwater
subroutine only outputs the section properties for the stage where
backwater is being calculated. Therefore, if a complete output is
desired, the backwater request should be preceded by a request for
either the section properties or a rating curve.
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This subroutine, like the cross section plot subroutine, will cal-
culate the normal x-values if a skewed cross section is submitted. These
normalized "x" values are then used in determining the section properties.

RATING CURVE (RATI)

A request for this subroutine results in the section properties
being calculated for a number of water surface elevations, beginning
at the minimum value (YSMIN) submitted and increasing to a maximm
(ISMAX) by the increment YSINGC. The maximum stage (YSMAX) is defined
by the program as the stage correspondlng to a discharge 1.15 times the
de31gn discharge.

The subroutine always outputs a stage-discharge curve and may

also output the section properties for each stage, if these values have
not been previously obtained.

ARRANGE SUBROUTINE ( ARRNG)

- This subroutine gives the user the option of changing the bridge
length and thus obtain backwater values for differing lengths from one
data submission.

The function of this subroutine is to insert the abutment points
in the original cross section and add an increment of 0.0001 to the
Mamning's "n" value for the next cross section to the right of the
abutment location. This "n" change is necessary in order to provide
needed information for computing backwater.

The insertion of the additional cross section points (abutments),
with new values of roughness, may cause slight variations in the sec-
tion properties compared to those obiuined from the original cross
section. However, the differences are generally small and can be
neglected. :

The subroutine is controllied by the BACKWATER subroutine and no
separate data submission is required for its operation.

BACKWATER SUBROUTINE (BKWT)

The BACKWATER subroutine is based on the revised publication,
"Hydraulics of Bridge Waterways," (HDS No. 1). 1) The limitations
listed in that manual also apply to this progranm.

(1) Bureau of Public Roads, HDS No. 1, "Hydraulics of Bridge Waterways,"
revised 1969, (available from Government Printing Office early 1971)
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Although HDS No. 1 is applicable to a variety of bridge waterway
problems, this subroutin? §pplies strictly to suberitical flow through
the bridge constriction. 2)"" The program determines the value of the
Froude niumber at the constricted section from:

Vn2
o " 1/2
(D)
Where: V _ = Design Discharge
: 2 .
Apo
An2 = Area of flow in the constriction below the normal water
surface at section 2
g = Acceleration of gravity
Area (A ')
D = n2
=

Top Width

If this value exceeds 0.9, indicating the flow is close to
supercritical, the method cannot be used and a "Design Method Invalid"
message will result. If several values of backwater are to be obtained
from the one data submission, the program will continue to increment
the bridge length and/or stage and recalculate the Froude number for
each condition. This may result in the invalid message for each stage
and bridge length. However, a bridge length or stage may be obtained
where the constricted section Froude number is less than 0.9, in which
case the program will calculate and output the approximate backwater
values.

In addition to the section properties, this subroutine outputs
the bridge length, the abutment positions, the bridge opening at design
state, the base backwater curve used, the discharge to the left, right
and through the bridge opening, the ALPHA values calculated, the area
of the piers below the water surface, the backwater coefficient, the
area and mean velocity for normal depth through the bridge opening, the
discharge ratio, the initial and final backwater approximations, and
the number of iteralions involved in obtaining the final backwater value.

(2) The revised HDS No. 1 contains a suggested method for computing
backwater when supercritical flow conditions are encountered.
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The initial backwater approximation is obtained from:

2
(Vo)
BKAPL = (total backwater coefficients) x

x (ALPHA?2)
2g

An incremental area 1s then calculated:

AAl = BKAP1 x WIDTH of section, and a second approximation of
“backwater obtained:

r 2 2 ’ \7 ) ‘7.2
BKAP2 = BKAP1 + A2 5 - ____wA__n_z__m_é ( ALPHA) (n2)”
ATOT (ATOT + AAl) B 2g

A second incremental area is obtained using BKAPZ and a third approxi-
mation of backwater (BKAP3) calculated:

-
% 2 : > Vo on2
An Ay 2
BKAP3 = BKAPLl + | ne - 2 5 ! { ALPHA) ,(_.fl )
’LM‘owz (ATOT + AA2) 2g

BKAP3 is then compared with BXKAP2. Tf the differesnce, (DKAP3 - HKAFZ,
is gredter than 0.05, iteration contlnues. T the difference is equal
or less than 0.05, the BKAP3 value is output as the final backwater
approximation.

INPUT, OUTPUT SUBROUTINKS

‘The H18020 (input) and H18022 (output; subroutines contain all
the input, output and format statements for the entire program.

MATHEMATICAL BEQUATTIONS

The curves in figures 4, 5A and B, 6, 7, 8, and 9 are represented
by equations in the program. These equations were derived using a
curve fitting computer program developed by the Bureau of Public Roads.
The figures correspond to figures 6, 7, 8, 9, and 10 in the publication,
"Hydraulics of Bridge Waterways."
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The curves of figure L are replaced by the equation for the
backwater coefficient:

AKB = AKBA + /AKBB 7 /DRM/ + /AKBC

2
(mwwss) T L8P (st~ £ Lri7

(TwwsL Y-

3
+ Z.KKBD( IWWSL)"‘7 @@7

where AKB Backwater coefficient K

b

it

AKBA, AKBB, AKBC, and AKBD = Coefficients determined by

polynomial curve fitting

IWWSL

Control to determine which
coefficients are being used

COEFFICIENTS

gﬁnrg‘:r AKBA AKBB AKBC AKBD
1 3.5233068 -5.6472178 1.29366L3 0.81928158
2 3.55656628 -5.3270750 0.74911308 1.0127993
3 3.8L74216 -6.096295L  1.7707281 0.47598726

The curves for figure S5A are replaced by the equation for the
nonadjusted value of the incremental backwater coefficient for the
piers:

DLTAK = DTAA + /DTAB 7 /RTIOJ/
(ITP7A) —  (ITP7A)~ —  ~

where DLTAK = Nonadjusted backwater coefficient for the piers

DTAA and DTAB

Coefficients for the equation

ITP7A = Control to determine which coefficients are
to be used
RTTIOJ = Ratio of area obstructed by piers to gross

area of bridge waterway below the normal water
surface
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LOW

Wot [ = Wo
An, based on
( length b >
T S

NORMAL CROSSING

A,z based on
length b cos ¢

NOTE :-

Sway bracing should be included in width of pile bents.

Ane

Width of pier normol to
flow — feet

Height of pier exposed
to flow — feet

Number of piers

ZNWthZ = total projected
area of piers normal to
flow — square feet

Gross water cross section
in consiriction based on
normal waler surface.
(Use projected bridge
length normal to flow
for skew crossings)

Ap

Anz

42

J
FIG. 5A- INCREMENTAL BACKWATER COEFFICIENT FOR PIERS

14 16
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COEFFICIENTS

Curve Number

(TTP7A) DTAA DTAB
1 -0.05968 8.06L52
2 -0.05395 6.57895
3 -0.0L907 1 .62963
L -0.03939 3.78788
5 -0.02593 3.086L2
6 -0.0256l 2.56l10
7 -0.028Lk 2.29358
8 - -0.02978 1.68539

. The value of SIGMA, the multiplication factor for influence of
M on the backwater coefficient for piers, is determined by the equation
which replaces the curve of figure 5B. It is:

= = 78
SIGMA = SCA( ppopy *+ _/__S'CB(ITP,FB)_7 /DRM/ + ‘/'-SCC(ITP’(B)‘j /DRi7
3
* L5 ey O
Where STGMA = Multiplication factor

SCA, SCB, SCC, and SCD

i

Coerficients for the equation

ITP7B = Controls which coefficients
are used
DRM = Bridge opening ratio
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COEFFICIENTS

Curve

Number SCA SCB SCC SCD

(ITP7B)
1 .3272L5 989113 .0Lh095 -.36113)
2 .238817 1.174765 ~.136850 -.27780L
3 146077 1.232713 .035751 - 11668l
I 056796 1.383878 - .023731;' -.116702
5 174052 .607318 1.190511 ~.972239
6 099387 .837630 8la7io - 777799

The incremental backwater coefficient, normally taken from the
eccentricity curves of figure 6, is replaced by the equation:

2
DKA = ECA + /ECB 7 /DRM7 + /ECC 7 /Brd7
(Ic) = (zEC)~ = = =" (1ECc)~ = -
’ 3
+ [BCD 1pgy/ [ORA7
where DKE = Eccentricity backwater coefficient

ECA, BCB, ECC, and ECD

Equation coefficients

JEC = Controls coefficients to be used
in the equation
DREM = Bridge opening ratio
COEFFICIENTS
Curve
Number ECA ECB BCC ECD
(IEC)
1 0.019508 -0.002953 0.032035 -0.0L48822
2 . 0.05852], -0.07719L 0.218074L -0.199495
3 0.118143 -0.155989 0.42207% -0.383839
L 0.205L8L -0.266695 0.683660 ~-0.619530
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The incremental backwater coefficient for skew (curves of
figures 7 and 8) are replaced by the equation:

DKS = KA g ¢ '[é{B(ISKW)‘? /DRM/ + [SKC(ISKW)J _@@72
where DKS = Backwater coefficient for skew
KA, SKB, and SKC = Eguation coefficients
ISKW = Controls which coefficients are used
DRM = Bridge opening ratio
COEFFICIENTS
Curve
Number Figure KA XB SKC
(ISKW)
1 7 -0.155585 0.311.092 -0.186555
2 -0.52L091 1.099576 -0.57L56L
3 -0.868571 1.808105 -0.936619
L 8 -0.2L8L66 0.L85294 -0.239237
5 -0.730913 1.387357 -0.655L9L
6 -1.263679 2.311828 -1.039593
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FIGURE 8— INCREMENTAL BACKWATER COEFFICIENT
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PROGRAMING PROCEDURES

The following steps suggest a method that may be used to put
this program into production on a FORTRAN programing system.

l.

Review the FORTRAN program listing that follows and note
changes to the program that appear to be necessary. In
many cases changes will have to be made so that the program

‘can be compiled and run on the user's equipment. Normally,

the changes that are needed will be limited to those opera-
tions that bring information into the computing system or
transfer results out of the system. As an example, it may
be necessary to change all WRITE statements included in the
attached listing to PUNCH statements. The FORMAT statements
controlling the arrangement of input and output information
must be checked carefully and if computer controlled line
printers are to be used, specilal attention should be given
to the printer carriage control codes.

Keypunch or type the source FORTRAN program. The source
program is then compiled to obtain the object program. The
compilation of a source FORTRAN program is a routine opera-
tion of most computing centers equipped to handle FORTRAN
compilation. Any special instructions needed to perform
this step can readily be found with the operating instruc-
tions that are furnished with the FORTRAN compiler programs.

Data pertaining to a specific problem should be keypunched
according to the specifications or card arrangements that
are given in the separate FORMAT statements.

Each data set consists of the items that were discussed
previously. Any number of data sets can be assembled and
submitted for processing at cne time. For a clear under-
standing of the data set items and their order, the reader
should carefully study the separate READ instructions and
the data card listing together with the example problem.
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Suggested Input Sheets



B-2
SUGGESTED DATA INPUT SHEETS

HEADING CARD

?.. PROJECT

Fi213t145te (78 {9l [12f13{1a]1s|16]17]18 {19 |20}21]|22| 23] 24|25]|26]|27|28]29|20

- IDENTIFICATION —; R

31 [32]133134135|36(37|38|39{40{41 | 42]43 |44 |a5]46]47|48 (49|50 |5! |52|53|54|55]|86|57]|58]53|60

*
DESIGN Q* CHANNEL SLOPE NO. X-SEC.
CFs. FY/FT POINTS

61162/63|64{65]166/67|68 (69| 70| 7! |72]|73|74|75|76|77|78{79|80

*NOTEL VALUES ARE RIGHT ADJUSTED - NO DECIMAL

WORD CARD
WORD (1) WORD (2) WORD {3) WORD(4)
MIN. STAGE ELEV. STAGE INCREMENT  SECTION SKEWED? SKEW ANGLE 0°
11213 falslej7|s 9 (1012 3[4 {15 {16 17 118 {19 |20
® [ ] @ [
YES-1. ¢
NO—2.¢
WORD(5) WORD(6) WORD (7)
BKWT MORE SLOPE MORE
ONE STAGE ? CALCULATED? JoBS ?
21{22l23 {24 25|26 (27|28 29130 |31 |32
® * .
YES~ 1. 'YES-1.¢ YES-2.¢

NO— 2.¢ NO—2.¢ NO—1. ¢
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END DATA CARD

SUBROUTINE DESIGNATION (PROCED) CARD(S)

CONTRL CARD

CONTRL (1)
%CHANGE
BRIDGE LENGTH

11213415

CONTRL (4)
NQ OF
CHANGES

16 (17118 |19 |20

CONTRL (2)
iINCREASE - I.¢
DECREASE-2.¢b

61789 {10

CONTRL (5)
NO. OF
BKWT. STAGES

2112212312425

CONTRL (3)
ABUT, MOVED ?
LT-3, RT-4,BOTH-5

ttp2113114 {15




BRIDGE DATA CARD

ABUTMENT TYPE
WW-5.0; ST -6.0

BASE BKWT. CURVE NO.
45° 8 60° WW=i; 30°WW= 2
90°WW=3; ALL S.T.=1

NO. OF PIERS

IN CROSS SECTION

Lj2l3l4|siej7i8jo90fii213higatislisliziig |igjaol2t|22l23]24]es]|26] 27
..
R
PIER TYPE BENT TYPE
(SEE FIGURE SA) ( SEE FIGURE 5B)
28129130131 [32133|34]|35|36]37] 381 39]|40}4!1 |a2|43}44|45
ABUTMENT DATA CARDS
STA. LT FACE LT STA. RT. FACE LT STA. LT FACE RT. STA. RT FACE RT
ABUT. AT GROUND ABUT AT GROUND ABUT. AT GROUND- ABUT AT GROUND
XAB(1) XAB(2) XAB(3) XxAB(L)
121314 (516|789 ]i0j1ti12]13114]15l6fi7]18[19120f21122]|23124]25|26127128129{30]/31)] 32
® [ ] [ [ ]
ELEV. LT FACE LT ELEV.RT FACE LT ELEV. LT FACE RT. ELEV. RT. FACE RT
ABUT. AT GROUND ABUT. AT GROUND ABUT. AT GROUND ABUT AT GROUND
YAB(1) YAB(2) YAB(3) YAB(L)
112131415 ]|6i7|18]91I0 H!IZ 13l1ali5j16]17 11811920121} 22]| 23{24]25|26]27|28]29|30]3t | 32
. L [ [ L) .
ELEV, BRIDGE ELEV. BRIDGE
LT ABUTMENT RT. ABUTMENT
YAB(5) YAB(6)
33134135|36|37138|39]40|41 42143 |44 |45]{46|47}48
[ ] ®




le]

B-6

I TT TTTVlel T T T (Tlel TTT el TV TTel T 1 T 7 ¥ Tet ¥ 11 T Vel T T T [T Tel TTT] T Vel T 1T
TVl T T T TVel TT1 TVl TT1 Tl T T 73 T el TT T [ TTel T T T THel TP T T Tl TTT THel TTT
TTel T T TV T Hel T T T[TVl TT1 T¥el T T T TV TT T I THel T 11 T el TT T TTel TTTI THeT T
€9 16196 oglev 14414 [S14 141 62182 2cie Gif vl 8l i
(¥dM) SH3id 40 H1ATM
T T T T T T T el T T T T Tel T T T TTel TTTT THel V11 Flel T 11 TYTel T T 1 [T Tel T TR THeT T 11
TTel T T T T Tl T T T TTlel TT1 TTel T T T T T Vel T T T T Tel T T T T Tel TT1 TTel TT T TTe] T T
T T T T T el T T T [ T Vel T T T T Vel TTTT TVl 111 TTel T T 1 TTel T T T THel T T1 [TelT T T1
€9 18]9¢ oslet 124 KA o o¢|sE 6218¢ (44 144 S bl 51 !

(4d7138) NOILVA3T3 35vE d3id

SAy¥vO vivd ¥3id




Cc-1

Appendix C

Sample Problem
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DATA INPUT
HEADING CARD
- PROJECT
112]3{4 6i7)8 011 21314115 Lie |17 |18 {19 (20|21 | 22] 23} 24| 25| 26{ 27| 28]29) 30
1elxlaimirPlLE PiriolBILIEM J|o|E slrlAlD|LlE|Y
IDENTIFICATION ’1
31|32 33134|36|36|37|38]39|40)41 | 42|43]a4 (45]a6]4a7]| a8 las 50 |51 |52 M%%wwbm
Elclcleinvlriri/ic cirlolslsir w6
3 Kad
DESIGN Q CHANNEL SLOPE NO. X-SEC.
C.ES. FT/FT POINTS
61|62|63|64{65|66|67|68 69| 70|71 [72|73{74 | 75|76 | 77| 78 72| 8O
21813l 2 YAV AV AP AT ] 417
¥NOTE: VALUES ARE RIGHT ADJUSTED — NO DECIMAL
WORD CARD
WORD (1) WORD (2) WORD (3) WORD(4)
MIN. STAGE ELEV. STAGE INCREMENT ~ SECTION SKEWED? SKEW ANGLE 0°
11213 talslelzis 9 fwoliifiz i3l li5lie 78 o |20
61417 )|ei PP Jle|d 2le|? Die|?
YES-I.¢
NO—2.¢
WORD(5) WORD(6) WORD (7)
BKWT MORE SLOPE MORE
ONE STAGE ? CALCULATED? JoBS ?
2t{22|23]24 2526 |27]28 233031 |32
/ ® ﬂ 2 ° ﬂ /e ﬂ
YES~-1.$ YES-1.¢ YES-2.¢
NO-- 2.¢ NO-2¢ NO-1.¢
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END DATA CARD

C-L

SUBROUTINE DESIGNATION (PROCED) CARD(S)

CONTRL _CARD

CONTRL (1)
%% CHANGE
BRIDGE LENGTH

112131415

o |P|31|5

CONTRL {4)
NQ OF
CHANGES

16 117 |18 119 |20

/1e

L)

CONTRL (2)
INCREASE-L¢b
DECREASE-2.¢

el7lelo |0

2le | #

- CONTRL (%)
NO. OF
BKWT. STAGES

21 |22123 { 24|28

CONTRL(H).
ABUT MOVED?
LT-3, RT—4,BOTH-5

i li2fiafiafis |

5lel|l




BRIDGE DATA CARD

ABUTMENT TYPE
WW-5.0; ST.-6.0

c-5

BASE BKWT. CURVE NO.
45° 8 60° WW=i; 30°WW= 2
90°WW=3; ALL S.T.z |

NO. OF PIERS
IN CROSS SECTION

1j213t41]5 7islotojn ji2jizhajisie]i17}]is j1oje0j21|22]23]24{25]26] 27
6lel|# / /716

S—

PIER TYPE BENT TYPE
(SEE FIGURE 5A) ( SEE FIGURE 5B)

2812913031 132]| 33 |34{35|36] 37| 38| 39|40} 41 |42]43|44(45

4 5

4] %)

ABUTMENT DATA CARDS

STA.LT FACE LT STA.RT. FACE LT STA. LT FACE RT. STA.RT. FACE RT.
ABUT. AT GROUND ABUT AT GROUND ABUT. AT GROUND ABUT AT GROUND
XAB(1) XAB(2) XAB(3) - XAB(L)
1121314 |516l7|8 9wl ]iz]i3lialisleli7]i18}19]|20]21]22]|23]|24]{25|26}27128}29|30]|31| 32

2. |o|e elole] |/|zlele||2|e) [/ ]|3|o|2]. |27
ELEV LT FACE LT. ELEV. RT FACE LT ELEV. LT FACE RT. ELEV. RT. FACE RT.
ABUT. AT GROUND ABUT. AT GROUND ABUT. AT GROUND ABUT. AT GROUND
YAB(1) YAB(2) YAB(3) YAB(L)
112131456 (7|8 |9 10]1i{i2[13]14}I5}i6]17 I8I9202|2223242526272829303I 32
6|15|8|e|2|P 615|71e|#Z|2 6l413|.|2|7 6l4{3l. 2|7
ELEV, BRIDGE ELEV. BRIDGE
LT ABUTMENT RT. ABUTMENT
YAB(5) YAB(6)
33134|35136]37|38|39]|40]41 142143 |44 |45]46]47| 48
6l5]|a|le 2|7 6ls5]8lelPil
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1260+

1320+

1380+

1500+

1440+

1620+

Lagoe
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18600
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EXAMPLE PROBLEM

40E BRADLEY ECCENTRIC CROSSI!

PAGE
L RKEW ANGLE = .. 0.0 DEGREES .. - -
INPUT 017; R - T
STAGE ELEVATION = 647.00 FEET
SLOPE DF RIVER = 0.000240 FEET PER FOOY [, e
DESIEN DISCHARGE = ©B300.00 C(F§
.. RESULTANT DATa e e e e et oot e
..... X _BEGINNING X ENDING WETVED PER YD RADIUS = CONVEYANCE DISCHARGE VELOCITY R
4B.1: 70.00 22,44
- 10,00 80.00 0.0450 10.44
.. SUB-SECTION TOTALS & ® & % ¢ ¢ % & & » = '32.88 . .. 3.6402__ _ 9381.93 145,34 121
e e . 30200 . 110.00 0.0300 .30.27 L L i e e et e+ i+ ot e e e et e =
110,00 150.00 0.0300 40,11
— e 0000 . 0.0300 . 10.00
160.00 320.00 0.0300 2384.00 160.00
320.00 360..00 ©.0300 58 40.00 _ I I
360.00 400.00 0. 0300 586 40,00
- ... 400,90 430,00 . 0.0300 o4 ..30.00 J - s et e o
430,00 470,00 0.0300
419400 550,00 0-0300
_..SUB-SECTION TOTALS & % % # & % & + & & & 470.39 16,5709 . 2032616.00 31489.16 4.59 i
$80.00 0. 0500 288,00 - e o
SUB-SECTION TOTALS & & & % ¢ ¢ ¢ & % o & 288.00
[ . 580.00 660, 00 0.0600 248.01 e
660.00 710, CO 0.0600 200400
SECTION TOTALS * & ¢ % ¢ ¢ 2 % » % # 448,01 130.04 T3 aaS1T T T 25388.5¢ 393032 o088 T
710.00 750. 00 0.0320 190.00 40.00
S 750,00 840. 00 0.0320 42301 90.00 - . - e
_SUR-SECTION TOTALS # & ® & ¢ » & % * * & 613.01 ) _4.T153 _ 80302.87 __ -
840,00 940,00 0.0300 445,01
940.00 960, 00 0.0300 125.00
e e 260600 980,00 Q.0300 . 119,00 . — - e e o e
__..SUB-SECTION TOVALS * & & & & % & & & * & 689.01 14l.1% 98528.19 1526439 2222 e
113000 0.0350 555,01 150,00
1130.00 1190. 00 2.0350 219,00 60.00
_____ 1190400 1260.00 0.0350 | 248.50 19.00 S et S .
e SUB~SECYION TOYALS ¢ % % & & % & # % % & 1022.52. 280,01 3.6518 103270. 50 1599.86 1.56
1260400 1320.00 0, 0600 234,00 60,00
1320.00 1360.00 0.0600 146.00 40.01
e n1360,00 . .. 1370400 040600 46,50 __ 10.36 I . . R
1370.00 1380.00 0.0600 45,00 10,44
T SUB-SECTION TOTALS & o ¢ o & a7s o & &'s 471,50 120.80 3.9030 29039.08 %49.87 0.95
1380.00 1490.00 0.0400 165.00 110.04
T SUB-SECTION TOTALS % # # 5 % % 2 % & % % 165,00 1i0.04 14594 #052.95 17476 0.76
1490 .00 1520, ¢0 0.0400 4.50 3000
1520.00 15 10.07
1530.00 1550. 00 0. 0400 17.00 20,04
1550,00 1570.01 _.0.0400 . e 20,01 .
—__SUB-SECTION TOTALS * ® & & % ¢ + ¢ ¢ % & 32,51 B0,13 0,4057 563,35 10.28 0.32
1856 .67T 1730.00 0.0400 36.a61 T3.34
___SUB-SECTION TOTALS & # 3 % ¢ 4. % % ¢ & « 26467 73.34 9.%000 860.17 13.33 0.36
1730.00 1910400 . .. 0.0450 __ . ___315.00 _ 180,01
1910.00 2130, 00 0.0450 275.00 220.01
SUB-SECTION TOTALS & % & # % » & & 590.00 400,02 1.4749 25316.01 392.19 0.66
2130, 00 2420.00 'o.0450  87.0L 29 o
2420.00 . .. 243565 0.0450 4aT0
SUR-SECTION TOTALS % & % % 2 & ¢ & & & % . 91.71 305461 0.3000 1360.42 21.08 0,23

— - IOTAL ARFA = =
TOTAL CONVE YANCE = 245
IOTAL DISCHARGE = 3

SOUARE FEET

1466.00 CFS
I918.02 _CES




e-11

PAGE 2

LERMAPLE PROBLEN . JOE BRADLEY ECCENTRIC CROSSING e - N
e RREM ANGLE % .00 DEGREES =
INPUT DATA
SYAGE CLEVATION «  650.00 FEET - - B
- 2LO%E OF RIVER = 0,000240 FEEY PER FOOY — -
DESIGN DISCHARGE =~ 98200.00 CFS

RESWR. TANT DATA

X _BEGINMING X _ENDING _ MANNI __AREA _ MEYTED PER __ WYD.RADIUS CONVEYANCE DISCHARGE ___ VELOCITY
35,00 70.00 160,00 35.90
20,00 80.00 0.0450 95,00 10.44
. SUB=-SECTION TOTALS % * 3 % % % & & & & & 235.00 46,34 5.0109 22979.06 355,99 1.51 o
110,900 9.0390 390.00 30,27 ) o R ~
110.00 150,00 0.0300 660.00 §0.11
—— 09,0300 181.50 10,90
160.00 320, 00 0.0300 2864, 00 160,00
3 260,00 0.0300 702,00 40,00 I I
360.00 400, 0¢ 0.0300 706.01 40.00
& 420,00 9. 0300 538,51 30.00
430,00 470,00 0.0300 730. 00 40,00
470,00 $50.00 0.0300 1492,00 80.00
__SUB-SECTION TOTALS & % & * % & & & & & 3 8264.02 470.39 17.5684 2776463.00 __ 43012.79 5.20 o
550,00 580.00 0,.0500 378,00 32,62 . - -
SUB-SECTION JOTALS * & & & & » & ¢ & & 378.00 32.62 11.5893 57734, 81 AG4 .52 2.37
580,00 660,00 - 488,01 80.00 . [ — e [ .
660,00 710. 60 350,00 50.04
SUB-SECTION TOTALS # # # & » % & & » % ¢ 838,01 130004 T 604a%2 T TN 0L5E 117,137 1.33 -
710. 00 750.00 0.0320 310.00 %0.00
. S ——.0.02320 . 693,01 90,00 ) SR, o
__SUB~SECTION TOTALS * & & & & & ¢ & & & & 1003,08. 130,00 7.7152 182473.56 2826.97  _ 2.82
840,00 940,00 0. 0300 745,01 190,00
940, 00 960,00 0.0300 185.00 20.50
— Q.00 980,00 .. 0.0300 . __ 17900 . ___20.6% .. _ . .. . —
.——SUB-SECTION TOTALS @ & & & & & # & & » & 1109.01 __  14l.}4 . _1.8573 21784419, 337483 _ 304 -
150,00
1130.00 1190.00 0.0350 199,00 60,00
e 3190200 126000 . 0.0350. .. 458,50 . T0.00 L -
—-SUB-SECTION YOTALS * * % % & ¢ & & & & &  1862,52 __ __ 280,01 (646517 . 280616.00 4347.29 _____ 2.33 -
80,00
1320.00 1360.00 0.0600 266,00 %0.01
e 13680,00 370,00 . _0.0600 __ . 76,50 . . 10436 . _—
1370.00 1380, 00 0.0600 75.00 10.44
SUB~SECTION TOTALS * * » » » & » « ¢ &« » 831,55 120.80  6.8830 14764.75 1158.25 1.3
1380.00 1490.00 0. 0400 495,00 110.04
— 9
1520, 00 1530, 00 0.0400 39,00 10.07
1530.00 1550, 00 0.0600 _11.00 20404
1550,00 1620.00 0. 0400 199.51 70.00
1620.00 1730.084Q 0.0400 357.50 110.01
SUR-SECTION YOTALS * % % % % & % » & % & 1262.51 350,17 e 326056 110624.19  1713. U W
—— -1730,00 0.0650 _____. L _180.01 S . _ .
1910.00 2130.00 0.0450 935,00 220.01
2130.00 2620.Q0 D.045D Q5701 290,00 _
2420.00 2513.91 0.0450 169.05 93.98
SUB-SECTION TOTALS * # & % % s % * & & 2916.06 784,00 3.719% 231868.81 359241 12377 77
TOTAL AREA - 18659.60 SQUARE FEET

i

4£027695.00 CFS

E
TOTAL DISCHARGE

= 652393.74 CFS




__EXAMPLE PROBLEM _ _ _JOE_BRADLEY ECCENTRIC CROSSING
PAGE 3
SKEW ANGLE = 0.0 _DEGREES
INPUT DATA
STAGE ELEVATION = 653,00 FEET
PE OF RIVER _ = 0.000240 FEET PER FOOTY —
OESTGN OISCHARGE = 98300.00 CFS
RESULYANT DATA
X _BEGINNING X _ENDING _ MANNINGS N AREA METTED PER _ HYD.RADIUS CONVEYANCE 0.1 SCHARGE ‘VELOCETY
21.88 70.00 0.0450 264469 49,37 .
70.00 80. 00 0.0450 125.00 10.44
SUB-SECTION TOTALS % ® # % % # % * % & & 389.69 $9.81 6.5158 45040.85 597,77 ' X.79
80.00 110.00 0.0300 480,00 30.27
110.00 150. 00 0.0300 780.00 40,11
150.00 160.00 0.0300 211.50 10.00
160.00 320.00 0. 0300 3344.00 160 .00
320,00 360,00 0.0300 822.00 40,00
360,00 400.00 0.0300 826. 01 40.00
490,00 430,00 0.0300 628.5) 30.00
430.00 470.00 0.0300 850.00 40.00
470,00 550,00 0. 0200 1732.00 80.00
SUB-SECTION TOTALS # * % & % # & % & % % 9674.,02 “70.39 20.5659 3610277.00 55930+18 $5.78
550,08 580.00 . . ©.0500 468.00 32,62
SUB-SECTION TOTALS * * % % % ¥ % & % % # 468,00 32.62 14,3487 R2424.75 1276.92 2.73
58000 660.00 __ . 0,0600 728,01 80.00 i L
660,00 710.00 0.0600 7 500.00 50.04 -
SUB-SECTION TOTALS % # & & # & % & 5 » % 1228.01 130.04 9633 136346.19 2112.27 .72 -
710.00 750.00 0.0320 430.00 %0.00
75000 . .. 840,00 0.0320 . __ 963,03 90,00
SUB-SECTION TOTALS * & 2 % % % % & % % # 1393.01 130,00 _lo.7151 315498, 06 4B87.68 3.51
840,00 940, GO 90,0300 1045,0] 109,00
940 .00 960. 00 0. 0300 245 .00 20.50
960,090 28000 0.0300 .. -.239.00 20.64 e
e SUB-SECTION TOTALS % % & & & & % » % * = 1529,01 141,14 10,8330 372092, 69 576443 3.77
980,00 1130400 0,03%0 1455,01 150.00
1130.00 1190. 00 0.0350 579.00 60.00
A 9000 1260400 0.0350 . 668,50 . 70.00 S e
--SUB-SECTION TOTALS * * # s 8 e x 28 2702 _._280.01 . .9.6516 521932, 06 8085.74 . 2499
1320.00 00,0000 594,00 60,00
1320.00 1360, 00 0.0600 386.00 40.01
e 360200 . 1370.Q0. _ . 0.0600. L.100.50 10436 .
1370.00 1380.00 0. 0600 105.00 10.44
SUB-SECTION TOTALS * % % % # # # % % » & 1191.50 120.80 9.8630 136186, 81 2109.80 .77
1380.00 1440, 00 0.0400 825.00 110.04
1490 .00 1520400 0.0400 184,50 30,00
1520,00 1530. 00 0. 0400 69 .00 10.07
1530.00 1550.00 0..04Q0 131.00 20.04
1550.00 1620.00 0.0400 409.51 70.00
—  1620.00  1730.00 0.0400 687450 110401
SUB-SECTION TOYALS % * * % * & & & * &« % 2312,6] = 350,17 6.6040 303402,3] 4700.29 2,03
1730.00 1910..00 000450 . 1395.00 180,01
1910. 00 2130.00 0.0450 159%5.00 220.01
2130,00 2420,00 0.0450 1827.01 290,00
2420.00 2540. 00 0.0450 516.01
2540.00 .2600.00 . 0.0450 90.00 R
2600.00 2630, 00 0. 0450 24.00 _'
2630.00 2667450 ... 0.0450 1l.25
SUB-=SECTION YOTALS % % % & % * ¢ & & & 5458,27 937,63 548214 S85192.75  _ 9065.77 1,66

AL _AREA = 26346.50 SAUARE FEET ... . .
TOTAL CONVEYANCE = 6108399.00 CFS D
IOYAL DISCHARGE = Q463062 GES i




EXANPLE PROBLEM

JOE BRADLEY ECCENTRIC CROSSING

c-13

PAGE “
INPUY DATA -
=2 653,30 FEETHS#0DESIGN STAGES#e¥ S
SLOPE OF RIVER = 0.000240 FEET PER FOOY
DESIGN DISCHARGE = 98300.00 CFS . e
SKEW ANGLE = C.0  DEGREES
RESULTANT DATA ) o
X BEGINNING X ENDING __MANNINGS N AREA WEYTED PER  HYD.RADIUS CONVEYANCE D1 SCHARGE VELOCITY.
20.55 70.00 0.0450 279.51 50.73
70,00 80,00 0. 0450 128,04 10.44
SUB-SECTION TOTALS * % & & 2 & % & & » 407.5% 61,17 6.6625 47809.32 T60.66 1,82 .
80,00 116.00 0,0300 489.11 30,27 [
110.00 150.¢CC 0.0300 792.15 40,11
150.00 160.00 0. 0300 214.54 10.00
160.00 320.00 0.0300 3392.60 160 .00
320,00 360,00 0.0300 834,15 40.00 e
360.00 400,00 0.0300 838.15 %0.00
400,00 430,00 0,0300 $37.62 30,00 e — e
430.00 470.0C 0.0300 862.15 40.00
470.00 550,00 0. 0300 1756.30 80,00
SUB-SECTION TOTALS # & ¢ + 3 & * & & » o 9816.76 470.39 20,8693 3699515, 00 57312.65 5.8 __
§50,00 580,00 0.0500 477.1) 32.62 e M
___SUB-SECTION TOTALS * & & % % » % ¢ % % » 477.11 32.62 14,6280 85117.06 1318, 63 2.78
580,00 660.00 __ 0,0600 752.30 80.00 L B
660.00 710.00 0.0600 515.19 50.04
SUB-SECTION TOTALS * # % & * & & * * & & 1267 .49 130,04 9.7469 143732.00 2226.69 1.76
710.00 750.00 0.0320 442,15 40.00 T
750,00 840,00 0.0320 990,34 90 .00 - e
___SUB-SECTION TOTALS # & & % % 2 8 & & 5 & 1432.69 130,00 11.0188 330545, 06 5120.78 357
840,00 940+ CQ. 0, 0300 1075.38 190.00
940,00 960. 00 0. 0300 251.07 20.50
960.00 980,00 0.0300 _ 245,08 2064 -
__SUB-SECTION TOTALS & % 2 & % 2 ¢ * % 3 & 1571.53 141.14 11,1342 389561.00 6034.12 B84
980.00 1130, 00 0.0350 1500,57 150,00
1130.00 1150. €O 0. 0350 597.22 60.00
1190.00 1260.90 02,0350 689.76 70.00 e e
___SUB~SECTION YOTALS & & & & & 3 & % % % 3 2787.55 280.01 9.9553 549596, 00 8514.30 3.05
1260.00 1320.00 00600 612,22 60400
1320.00 1360. 00 0.0600 398.15 40,01
1340.00 1370, 00 00600 . 109.5% 10.36 —
1370.00 1380.00 0. 0600 108.04 10 .44
SUB-SECTION TOTALS » * ¢ ¢ % % % ¢ ¢ o & 1227.95 120.80 10.1647 143201.4% 2218.47 1.81
1380.00 1450, CO 040400 858.41 110,04 -
1490.00 1520. 00 00 0400 193 .61 30,00
1520.00 1530.C0 0. 0400 72.04 10.07
1530.00 1550,00 00400 143,08 20.,0%
1550.00 1620.00 0.0400 430,77 70.00
1620.00 1730.00 0.0400 720,91 110,01
___ SUB~SECIEON YOYALS * & & 3 & & % & & & 3 2418.681 2A50.17 629075 327005.62 5065. 95 2.09
1730.00 1910.00 00450 1469.67 180,01
1910.00 2130.00 0.0450 1661.82 220.01
2130.00 2620.00 0.0450 1915.09 290,00
2420.00 2540, 00 0.0450 552.45 120.09
2540,00 26 222 60,01
2600.00 2630400 00450 33.11 30.00
2630400 2686.68 0.0450 25.53 56,49
— SUR-SFECYION TOTALS * & % % 3 3. 8 & ¢ 3 ¢ 5145, 88 956,61 6.006%  629027.9% 9744 ,86 1.7Q

INYAL _ARER = 27153.08 SQUARE FEET
TOYAL CONVEYANCE = 6345048.00 CFS
e LT AL DUSCHARGE = 98296.87 C(FS




C-14

EXAMPLE PROBLEM _ __ JOE BRADLEY ECCENTRIC CROSSING o N
] PAGE 4
SKEW MMGLE - 0,0 _DEGREES . S
INPUT DATA
STAGE ELEVATION = 856.0C FEEY T
F_ RIVER = 0.000240 FEET PER FOOT
DESIGN DISCHARGE = 98300,00 CFS
RESULTANT DATA .
X BEGINNING X _ENDING  MANNINGS N AREA METIED PER  HYD.RADIUS CONVEYANCE D1 SCHARGE VELOCITY
8,75 70.00 0.0450 428.75 62.83
70,90 80.00 040450 155.00 10.64
SUB-SECTION TOTALS * * % % 2 & % & ¢ 3 % 583.75 73.27 7.967) 1715%,.62 1195.29 2,0%
80.00 110.00 0.0300 570.00 30.27 .
110.00 150.00 0.0300 900,00 40.11
150,00 160,00 0,0300 241.50 10.00
160.00 320,00 0.0300 3824.00 160.00
320,00 360,00 0.0300 942,00 40,00
360,00 400. 00 0.0300 946,01 %0.00
400,00 430,00 0.0300 718.51 30.00
430,00 470.00 0. 0300 970.00 40.00
470,00 550,00 00200 1972.00 80,00
SUB~SECTION TOTALS % & & % # + & 3 % % % 11084.02 470.39 23.5634 4529437, 00 70169.69 6,33
550,00 580, 00 0,0500 558,00 32,62 *
__SUB-SECTION TOTALS # + * % # * % % & & % 558,00 32,62 17.1080 110508.62 1711.99 3.07
580,00 660.00 0.0600 968,01 80,00 —
660,00 710. 00 0.0600 650.00 50.04
SUB-SECTION TOTALS # & # & « % o % # & % 1618.01 130.04 12,4424 215931.19 3345,19 T 2.07 -
710.00 750.00 0.0320 550,00 40,00
750,00 840,00 0.0320 1233.01 90 .00
— SUB-SECTION TOTALS & & % % % % % % & % % 1783.0) 130.00 13.7150 416100.56 7375.72 4plb
840 .00 940, C0 020300 1345 ,01 100,00
940.00 960,00 0.0300 305.00 20.50
960,00 980,00 0.93200 299,00 20 .64
___SUB-SECTION TOTALS * % ® & # % % % s % # 1949.01 141.14% 12.8087 557647.25 8639.04 4263
980.00 1130.00 0.03590 1905.01 150,00
1130.00 1190.00 0.0350 759,00 60,00
0,00 0,0350 878,50 70.00
___SUB-SECTION TOTALS % % % % & 9 8 & & % % 3542,52 280,01 12.6515 819518,81 12695.93 3.58
1260.0Q 1320,00 0.0640 174,00 60,00 :
1320.00 1360.00 0.0600 506 .00 %0.01
1260.00 1370.00 0..0600 136,50 10436
1370.00 1380.00 " 0.0600 135.00 10 .44
SUB-SECTION TOTALS % * & & & & ¢ # & # # 1551.50 120.80 12.8431 211479.69 3276.23 2.11
1380.00 1450.CO 0.0400 1155.00 110.04
00400 274450 30.00
1520.00 1530.00 0. 0400 99,00 10.07
197.00 20,04
1550.00 1620. 00 0.0400 619.51 70.00
1620.00 1730.00 0. 04600 1017.5Q 110.01
_ . SUB~SECTION TOTALS * % & ¢ & & 6 & & ¢ & 3362,51 250,17 9, 6025 566290,75 8772.94 2.61
0.0450 1.935.00 180.01
1910.00 2130, 00 0.0450 22%55.00 220.01
2330.00 24820,00 0.04%0 2697.01 290,00
2420.00 2540.00 0.0450 876401 120.09
2540,00 2600,00 0.0450 270.00 60,01
2600.00 2630.00 0. 0450 114.00 30.00
280,00 100,01
2730.00 2765.00 0.0450 35.00 35.06
SUB-SECTION TOTALS % & % & & & & % & 2 & 8462.02 1035.19 8.1744 1137769.00 17626424 2.08
TOTAL AREA » 34494.31 SQUARE FEET
= £S

[
TOTAL DISCHARGE = 134807.94 CFS
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_EXAMPLE PROBLEM . AOF_BAADLEY ECCENMINMIC CROSSEMG . oo S S - - T i
PAG
o kEM tMRE = . . - DEGREES . o B
INPUT DATA

TSTAGE ELEVATION "$53.00 FEE

SLOPE QF RIYER.
DESIGN DISCHARGE = 98300.00

= .0.000220 fEEI PER EQQY..._...

_ABEA ... MEYLED PER . HLDRAQIUS COMVEYAMCE __ DISCHMARGE . . _WEAOCIYY
278.30 s1.78
125,00, 10 .84
CAMLA0 _ B2a22 . ba%016 _&6ASQ.AA . T39.6% . h.78
480a00. ... 3020 .. - .
780.00 %0.11
150,00 211,50 10,00
160.00 320.00 0.0300 3344.00 160.00
220,00 40 .00 0.0200 A22.00 . . [P p——
360.00 400.00 0.0300 626.01 40.00
40000 — 430,00 ..0a0200 628.5% 30,00 .. S U P
430.00 470,00 0.0300 850,00 40.00 -
AT0 .00 55000 0. Q300 2732.00 A0.00
SUB-SECTION TRTALS .8 ¢ 9. % 9 ¢ ¢ % % % 2674.02. .. A70.3% 20,5659  26L0277.00 ... S5930.X8. .. . Sal8. ... P
e 550,00 . ... 468400 32.82 . _— e e e
SUB-SECTION YOTALS * & — 468,00 32,62 143487 R2524, 15 127692 2.13
U Y 126,01 80.00 -
660.00 500. 00 50.04 —
T SUB-SECTION TOTALS % % 4 o » ¢ & 5 ¢ » 1228.01 130.04 9.4433 136346.19  ziiz.27 7 R
710.00 750. CC T0.0320 430.00 40,00
S 250.00 .. .. 840,90 0.0320 963.0L . 90400 R I
__SUA-SECTIDM TOIALS & & & # ¢ & ¢ 3 3 & & 1393.01 130.00 107251 325498406 488758 2,50 e
A43.00 40,00 £.0300 1046%.0} 100.00 -
940.00 960, 00 0.0300 24%.00 20.50
.. 960.00 280,00 0.0300 239,00 20.84 - R
___SUB-SECTION TOTALS #.8. % % % ¢ ¢ 8 s & @ 1529.01 151,14 10.8320 372092.69 ... ST64a43.
47000 1130, 00 0.0350 . 1485.01 150.00
1130.00 1190. 00 0.0350 579,00 60.00
JE— 1190.00 1260.00 0.0350 £88.50 ' 10.00 R )
_ SUA-SECTION TOTALS .83 ® # % » & & & & 2702.52 280.21 9.6516 $21932.06.... . A0A5.7% ..
1260.00 12R80.00 0.Q601 196.00 20.00
 SUR-SECLION TOTALS £ 5. ¢ & & % & ¢ & & & 196.00 20.00 9.8000 22269.90 ... 345.00
128000 130000 ‘a.p600 196200, 2040, e o . -
1300.00 1320.00 0.0600 196.00 20.00
1320.00 1360.00 0.0600 186. 00 40.01
1360.00 1370.00 0.0600 106.50 10.36
1370.00 1300, 00 00600, S L1044 S e - -
SUB-SECTION TOTALS * RV ER 991.50, _ _ .100.81 1752.42 AT
1360,00 1490,00 0.9400 825.00 . _ 110.04
1490.00 1520. 00
1520.00 1530,00 S e
1530 .00 1550. CO . ST T T -
1550,00 1620.00 e e e
1620.00 1730.00 ° - T T T
SUB-SECTION TOTALS & % * ¢ o ¢ 2312.51 356.17 £.6040 303402. 31 4700.29 2.03
1395.00 "'190.01 )
—_ ~1%10.00 1595.00 220.01 e i =
2130.00 1827.01 290.00 ) T R S
2420.90 2540.00 516201 120.09
2540.00 2600.00 90.00 60.01
_2800.00 _ _ 2630.00 _ _ 0.0450 24,00 230,00 - -
2630.00 2667.50 0.0450 11.25 37.51 T
SUB-SECTION TOTALS & * FE TR 5458.2T TS I 585192.75 $065.77 1.68
an AREA “26356.11 SQUARE FEET T Tt T
AL_CONYEYA !C.E_,._ 6109000,00  CFS e e e i o e e —
Tl]TlL DISCHARGE = 34640.12 CF$ S
“TBRIDGE INFORWATION TNPUT ) - S T T S T
BRIDGE LENGTIH =  1300,00 . _ : . o - -
LEFT ABUTMENT POSITION - - XA811) = 0.0 YAB{1) = 658.00 T T T
xA0(2) = 1.00 YAB(2) = $57.00
RIGHT ABUTWENT POSITION - - XAB{3} = 1280,00 YAB(3) = 643.20
_______ . - - XAB(4} = 1300.00 YAB(4) = b4 S e et s e e .
T snloc.s DPENlm; AT WATER SURFACE = 1273.86 B ) T T T T - -
VE USED = 1
TCALCULATED INFORNS o T -
_______PORTION OF DISCHARGE LEET OF QPENING 1QA) = .. 0.0  CFS
PORT [ON OF mscmace THRU ovsuu«c 08) = 79193.94  CFS R
NING, (QC) = 15456.19 CES
AREA OF ne«s semn WATER sunucs TS FETT =
e ALPHBL o = .76 51
ALPHA2 * 1. 0. 20 - JER USRS
e JOTAL BACKNATER COEEFICIENT R 0.35
BRIDGE WATEAWAY GPENING BELOW NORMAL DEPTH (ANW2) = 17658.73 SO FEET T - -
£ OPENING. tYN2) = 5.36__FO5
DISCHARGE RATIO " = ©.837 - 0. 251.[_85
. BACKWATER APPROXIHAYION NO,1 = EET"
FINAL BACKWATER APPRGXIMATION = T arerser—ifei —» () 273)_13 7 T
__ _NUMBER DF IYERATIONS TO OBTAIN FINAL SACKWATER . = . 3. . * . .




EXANPLE PROBGL EM

10E BRADLEY ECCENTRIC CROSSING

<y

- INPUL DATIA. . .

LoSeOnESIGY,
0.000240 FEET PER FOOT

SLOPE OF RIVER
DES 1

e DESIGN DYSCHARGE .= 98300000 LES. . .. . .. —_—
SKEW ANGLE 0.0 DEGREES
BESUL YANT DAXA
- _MYO.RADIUS  CONVEYANCE  DISCHARGE YELOCITY
18.01 76.00 Q. 0650 293.84 33.21
10,040 £0.00 0a0450 128,03 1044
_ SUR-SECTION TOYALS & % & # 8 & % 8.4 ¢ 8 421.87 62,65 f.6282 49319, 95 T84 .06 1.8
B0 .00 110, £C 0.0300 409409 30,27 ——
110200 150,00 0.0300 792,12 40411
15000 140,00, £2.0300 214,53 310..00
160,00 320.00 0.0300 3392.48 160.00
220,00 Ab60.00 0.0300 B34, 12 40,00
36000 % 00. 00 0.0300 538,13 40200
400,00 430, 00 0.0300 £37.,60. 30,00
430.00 470,00 0.0300 862,12 40200
£70.00 280,00 0D.030Q 1I56.2% B0 .00
— SUR-SECTION TOTALS o o » e s #.9 @& .o 981642 470,39 . . 20Q.B68&._ 3699301.00 . 5730933 5.8 _ _ -
550,00 S80.00 . 0.0500 _ . __ ATI.09. . 32,62 __ o U
SUB~SECTION IOTALS.® % * % ¢ & & % & % & 417.09 32.62 14,6273 B5110.56 1358.53 2216
580,00 660,00, .. 0a0800..... . 252a25 ... A0a80. . . . . . _ I .
$60.00 710.00 0.0800 515.15 50,04
SUB-SECTION TOTALS % o # # % * # % o & * 1267.40 130,06 9.7es2 143713094 2228041 1.3 T
T10.00 750.00 0.0320 442,12
150200 240400 0.0320 . . . 990.27 e - . -
~—SUB-SECTION TOTALS.® ¥ ®. 6. %.%.4 & s.o___ 1432.39 . 130.00 1L.QLBL . 330S08.56. . . . 5120.2) ... 352 .
B40.00 Q40,00 0..0300 107%.31 100.00
940.00 960.00 0.0300 251.06 20.50
e 960100 980200 .._.0.0300 . . 26506 20464 — — S
. SUR-SECTION IOTALS % & 8.6 & & 5 % & 9.9 15T2.43. . _1&1.l% L1.1235 . 389458.69 . SD31AT o BaBh i e
Q8000 1130, 0C £.0350 C1S00 .86 150,00
1130.00 1190.00 0.0350 597.18 60.00
..1150200. 1260200 0.0250... 68971 70.00 e e e e e o e o
. SUB-SECTION TOTALS #.# .5 £.%.%.8.6 + # & 2787.35 280,01 9.9546 .. .. 549528.75 . 8513.26 . . .. 305 . __ :
1240.00 1.2 80..00. 0. DA0L 20206 20,00
. SUB-SECTION. TOTALS ® 2. & % €. ¥ ¢ % & & ¢ __ 202.06 . _ 2000 10.1030 .. L 22429.65 ... 362497 S V-1 E. [
12R0.Q0 1300.00 0. 0600 202,086 20.00 S —
1300.00 1320.00 0.0600 204.06 20.00
1320.00 1360, 00 0:0600 398,12 40501
1360.00 1370.00 0.0600 109.53 10.36
1310.00 1380.00 0.0600 108,03 10,44 [ —
SUB=SECTICN TOTALS % & & 9 & & & & % % & 1021.80 100.81 _10:136% 118938.87 1842.59 1.80
128,00 1450.00 0,040 858.33 110.04
1490.00 1520.00 193.59 30.00
1520.00 1530.00 _ 12.03 10.07 . e -
1530.00 1550.00 143.06 20.04
1550.00 1620.0Q0 0.0400 %30,72 70.00 - e ¢ e e -
1620.0¢C 1730.00 0.0400 720.83 110.01 N
SUB-SECTION TOTALS * = @ & & 2. & & & % & 2418.55 6.9068 32694T.81 5065, 05 2.09
1730.00 1910000 7 TTooa4s0 T T1ugelss T - o
1910.00 2130, 00 Di OQZL-. _.deslles — P
2130.00 3420200 0. 1914.88
2620,00 2540, 00 0. 0‘50 552,36
2540.00 2600.00 0.0450 108.18
2600100 2630.00 __ 0.0450 33105 -
2630.00 2685, 44 0.0450 25.48
SUB-SECTION TOTALS w86 % 9 0 & & 745018 £.0060 538913, 31 5743.18 S

TOTAL AREA 2706149 SQUARE FEET
oo - YOTAL CONVEYANCE = _6345170.00 CFS - S [
YOTAL D1SCHARGE = 98238.81 CFS
BRINGE INFORMATION TNPUT
- . .BRIDGE LENGYH = _1300,Q0 R . e - _ C e e e e = e —
VEEY ABUTKENT POSITION - - xAB{l1 = 0.0 YaBT1) 658.00
XA8(2) s 1.00 YABE2) = 657,00
RIGHT ABUTMENT POSITION - - XAB(3) = 1280.00 YAB(3) = 643,20
_ XAB(4) = 1300.00 YABl4) = 653.20 - R
TBRIDGE OPENING AT WATER SURFACE = 1275.65
BASE_BACKWATER CURVE USED . 1
TCALCULATED INFORMATION
PORTION OF QLSCHARGE LEFT.DF DPENING . (QA} = CFS [
PORTION NF DISCHARGE THRU QPENING a8y = HITi5.56" CES
p F_DJSCHARGE RIGH (QC) = 16583,25 CFS
AREA OF PIFRS BELOW WATER SURFACE = 521 9)4
_.ALPHAL a e _ o
ALPHA2 =
... TOTAL BACKWATER COEFFICIENT = U -
BRIDGE WATERWAY DPENING BELCM NORMAL OEPTH (AN2} = 1804#.96 SQ FEET
N2) - 545 EPS 0. 27068
DISCHARGE RAYID oF- = 0.831
~ BACKWATER APPROXIMATION NO.Ll .~ FEET . — s -
FINAL SACKWATEA APPROXIMATION = OO FEET 0. 29017
- NUMBER Df_JJ_EB.A'l!lPLS TQ . QBTAIN FINAL _BACKNWATER _ = PR NS




—~EXANPLE. PROM.EN .

PAGE 1
e SKEM ANGLE
INPUT DATA
STAGE ELEVATION = 686,00 FEEV
.- SLOPE OF RIVER . .= . 0.000240 if.n _PER._FOOT. .
DESIGN O1SCHARGE nzoo.oo CF
--BESULTANT DATA o .. e e e+ e
LK BEGINNING - .AREA__ . _ WETFED PER __ MYD.RADIUS _DISCHARGE
Yy 3085 rew - LOMYEYANCE e MEROCXTY
I0.00 AQaQ0 15500 10.88
SUA-SECIION IOTALS. % & $.9 % ¢ » ® .. 05.80 1634 Ja938h 985,19 123%.1) . 2.06
e 2000 570,00 2,21 [P
110.00 900.00 40.11
150,00 241,50 10.00
160.00 3824.00 160.00
i a2 320000 .- a0300 942.00 40,00 e
360.00 0.0300 945.01 4D.00 : —
e, 400400 . 430, e e 00300 . T)AaSL 30,00
430,00 470.00 0.0300 970,00 40.00
410,00 550,00 0.0300 1972.00 A0,00
. SUB-SECTION YOTALS €. & * £ 8 s ¢ ¢ ¢ & v _  1I0B8.02 . 470,39 ... _23.563% . 4529537.00 . __ J0M6Gas®. . .. _ 633 . o
e en SS0a00 . . . .S5B0A0G. . ... 0.0500 . .. 558.00 ... . 3262 . ... e R »
- SUB-SECTION INTALS * ¢ & & & ¢ & & ¢ o & SS8.00 32,62 = IT7.1000 _  1i05038.62 1111.99 3.07
oo - SA0A00 .. ... . 660,90 0.9600 . .968.01. .. B0.00 ... R
660,00 710.¢0 0.0600 650.00 50.04 T e
T SUB-SECTION TOTALS ¢ % o ¢ 3 o s & s »'# Trers ol TTTI30.0e T 124826 215931019 207 T
710.00 750.Ca 0.0320 550,00 40.00
e o2 T50a00 .. ... 840400 0.0320 1233.01 . 90.00. . . R o
_..SUB-SECTION TOTALS .#. & @ # & * ¢ & & ¢ . 1783.00.._ . 130.00 . 13.7150 .476100.5¢ . T318.a12 BT 76 T S, -
B40.00 340.00 0.0300 1246%,0] 100 .00
940,00 960, 00 0.0300 305.00 20.50
e e - 98000 .. 98000 ... .0.0300. 299.00. .. . 20.6% e e e e eem
— SUB-SECTION TOTALS ©.8 % % 2.8 & 2 & & ¢ 1909.01. . . _14l.l4 . 13,8087 . 557687.25. . @639.04. Y X S,
qR0.00. ... ...12130.00 0.0350 1905,0t 150 .00
11120. 00 1190. 00 0.02350 759.00 © 60.00
e enimen .. 1190200 12460.00 0.0250 B78.50 10,00 _ e o _
.- SUB-SECTION TUTALS #.% # ¢ o ¥ o % » ® & . 3562.52.. .. .280.01. . . 12,A515. .. . AI9S518.B1 . . _ 1269%.93 . 3458 . ...
1240.00 1280.00 00603 25400 20.00
- SUB=SECTION JOTALS ¢ 2.5 9 % 2 2 2 6 ¢ ¥ 254.00.. . 20.0@ .. 12.8000 . _ . 3475888 ....._ .. 5384k S2al0
128000 . ...1300.C0.. .. 0.0600. _ . ... 2%.00 .. .20u00 . . .. N O
1300.00 1320.00 0. 0600 258.00 20.00
1320.00 1360.00 0. 0600 506,00 40.01
1350.00 1370.00 0.0600 136.50 10.36
1370.00 1380, 00 9.0600 135.00 10,44 I ) e
. SUB-SECTION YOTALS 3 r e e 0 0 0 1293.50. . _100.81 12,8118 373754,56 21k e —
1380,00 1499,90 0:.0400 1155.00 110,04
1490.00 152000 0.0400 274,50 30,00
e 1520,00 .. 1530,00 L. 29.00 . _10.07 P P e —.
1530.00 1550, 00 20,04 v et e s o
e —_155Q.00 . _1630,00 _. 00 .. e1%.5L __ __ 70.00 [ v i+ e -
1620.00 1730, C0 0. 0400 1017.50 110.01 a T -
SUB-SECTION TOTALS » # % » % ¢ ¢ & ¢ * & 3362.51 350.17 96025 56629075 8772.94 Z.61
"Tg100007 T o, 16701 - - I
1910.00 2130.00. . 2253.00 ___  220.01 I —
2130.00 2420, CC 2697.01 290.00 -
2420,00 2540.00 876,01 120,09
2540.00 2600.00 270.00 60.01
2699,00 2630.00 _ 114,00 ___ 20,00
2630.00 2730.00 280,00 100.01
2130.00 2765.6Q.. 0.0450 . ._ 35.00 35.06 [ -
___SUB-SECTION JOTALS * & & ¥ & % v o % & & 8462.02 1035.19 8.1744 1137759,00 17626.24 2.08

e T QAL AREA 24512.26 . SQUIRE FEEY
TOTAL CORV 03567.00
JOTAL DISCHARGE = 134836,75 CFS

__EBJ..QQL INFDRNATIQN INPUT . - s e e e i e e e e e e e e e
TOGE LENGTH = 1300.00

LEFY AQUTMENT PCSITION ~ - XAB{1) = 0.0 YABfl) = 658.00
XRB(2) = 1.00 YAB(2} = 657.00
e RIGHY ABYTNENY POSITION - - XAB(3) = 1280.00 YAB(3) = 663,20 . N - R
XABl4) = 1300.00 VYAB(4) = 643,20 -

BRIOGE OPENING AT WATER SURFACE = 1291.790
BASE BACKWATER CURVE USED 1

G ALCUL ATED INFARMATION

PORTION OF DISCHARGE LEFT OF OPENING Qs s 0.8 CFs
e POATION QF OLSCHMARGE THRU JQPENING . .__.LG.DJ_=LOJ_G_L9.'_6_Z_.C_S_
PORTION OF O1SCHARGE RIGHT OF OPENING tec) = 28995,12
e e ABEA QF PIERS BELOW WATER SURFACE . e._m_sa FEET ~—- 7 626 hS e [
ALPHAL = 1.6
e ALPHAZ - [ PRRR ¥ - s - [
TOTAL BACKWATER CDEFFICIENY - - Dl O . )-17 o
ARAY. RMAL DEPTH * 7 £ .
MEAN VELOCITY vHRu BRIDGE OPENING T¥N2) = €.21 FPS 0. h3702
ceom e RISCHARGE RATIO (L1] - J Y 4. & T - -
BACKWATER APPRDXIMATION NO,1 . FEET O h6h99
I EINAL BACKMATER APPROXINATION . = %FEH . . S
NUMBER OF [TERATIONS TO JBTAIN FIMAL BACKWATER =
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_EXARPLE PROBLENM LJOE _BRADLEY ECCEMIRIL CROSSING
PAGE 3
SKEW ANGLE L] Qa0 DEGREES +
[NPUT DATE

STAGE ELEVATION = 653.00 FEET
w _ Qu00024Q  FEET PERFOQ

i

DESIGN OISCHARGE = 98300.00 CFS

BESULTANY DAYA

_ MEYTED PER __HYD.RARIUS _ CONVEYAMCE

NG MANMILN 01 SCHARGE VELDCLTY
21.87 45.50 0.0450 63,79 24.23 -
SUB-SECTION TOTALS % # ¢ # ¢ % 3 o & % » 83,79 24,23 2.6322 %027.89 62,40 ©.98
45,50 58,98 0.0451 93,57 13.93 R
SUB-SECTION TOTALS # ¢ & ¢ « # v 2 & s ¢ 93,57 13.83 6.7664 11066.55 171,44 1.83
58.98 70.00 , 0.0430 107033 11.30
20,00 80,00 D.0850. 125,00 10..8%
SUB~SECTEON YATALS & & 8 ¢ & & & & 9 9 & FEY XY 21.75 LO.6B53 37340.98 518061 2449
Al 00 110, CC 0.03Q0 480 .00 30427
110.00 150.00 0. 0300 780.00 40.11
150,00 140,00 0.0300 211,50 1000 - e e——
160,00 320.00 0.0300 3344.00 150.00
220,00 - 340,00 -0a0300 822,00 . _ _40.Q0 .. . e —— .
360,00 400. 00 0.0300 826.01 ©0.00 -
40000 430, CC 00300 £28..5) 30.00
430,00 470,00 0.0300 850,00 40.00
470,00 550,00 0.0300 1732.00 ... ... B0L00 . . . . ¢t e e e e e
¢ & 96T4.02 . 470.29 ... 20,5659 . 3619217.90 55930.14 ... 918 —
. 14,3687, B2428a75 . 1276492 ... 2a¥3_. . .
SAN.O0 A60.00 0.0600 128,00 - i et e o —— A mts 11 e e o e et s e bt 8 e
660,00 710, 00 0.0600 500, 00
SUB~SECTION TOTALS # * & & ¢ 2 » & » ¢ ¢ 1228.01 Q. 48633 136346.19 2112.27 1.72
710400, 750,00 T0,0320 | 430,00 T
130,00 8%0.00 0.0320 63,01 .. - e [
SUA-SECTION JTOTALS & 9 ¢ & & 5 % 3 ¢ ¢ ¢ 1293.01 10,715} 315498.06 ARRT.ER 3,51
RN oo --940400 .. . 0.0300. .. .. 1045.0) et e e e .
940,00 960.00 0, 0300 245.00
o 9AN.GD . L. 8A0.00 .. . 0.0300 21%.00 R U U SO
SIA=SECTINN TOTAL * 9 8 8 2T PSS 1%29.01 108330 A72092.49 5764 .51 3.22
SR80 .00 1130.080 . . D.0ASO _lasS5.0%L ..150.00. R - — —
1130.00 1190. 00 0.0350 $79.00 60.00
SUS-SECTION. TOTALS & # ¢ % & ¢ » ¢ 5 x » 2034.01 210.01 $.6855 393745.19 6099, 87 3.00
1190.00 1234. 74 0.0351 423,27 44,74 s
SUB-SECTION TOTALS *# # * & ¢ + % ¥ ¢ » ¢ 423,27 “.T4 54507 0427.19 124597 5% -
1234, 74 1254.50 0.0350 191,45 19.76 -
- 0 53,719 5.50 - I
SUB-SECYION TOYALS & % % & ¢ & ¢ ¥ % 3 & 245.25 25.26 . 9.7098 47554.53 736,71 .3.00
1260.00 1320.00 0,0600 594,00 60,00 R e
1320.00 1360.00 ".0600 386,00 40.01
1360.90 1370,00 040600
1370.00 1380.00 0.0600
SUB-SECTION TOTALS * ¢ & & ¢ o % » & # 1191050 120780 " TS.9630 136186, 81 2109.80 177 -
1380.00 1490,00 0.0400 525,60 110.04 -
1499.00 1520.00 0.0400, 184.5C 30,00
1520. 00 1530, 00 0.0400 69.00 10.67
1539.00 1550, 00 050400 137,00, 20,06 .. . e e
1550,00 1620. CC 0.0400 409.51 76.00
1620,00 173,00 2 687,50 110.0%
SUB-SECTION TOTALS % % 0 8 % 9 ¢ s 2 & & 2312.51 350.17 66040 303402, 31 470029 2.03
e A730.00 . 1910.CO 1395:00 180,01 .
1910.00 2130.0C 1595 226,01
203000 2420.90 L827.,00 L 290.00
2420.00 2540.00 516,01
2540, 00 2690,00 20,00
2600, 00 2630.00 24,00
2630.00 2661-50 .0.0450 5 et e 1+ e ot e e e -
. SUB-SECTION TOYALS & 5 & ¢ v » & » 2 ¢ &  5658.27 937.83 5.821%. . 585192.75  9065.77 _ . .86 . -
— JOTAL AREA 26346.51  SQUARE FEET

6115586.00 CFS

YOTAL coquvm?s =
= L 94742.12 CFS

TOTAL D ISCHARGE

_.BRIDGE INFORMATION INPUT_ .. . ... .
BRIDGE LENGTH = 1209,00

. _LEFY ABUTMENT POSEYION . = v XABLLD. = 45050 YAB(L) = 647,80 . — P— - -
XAB(2) = 53.98 YABI21 » 644.52
RIGHT ABUTMENY PQSITION - - XABi3) = 1234.74 YAB(]) * 643,38
XABUAL = 1254.50 YAB(&4) = 643.24

..... ——BRIDGE QPENING AT WATER SURFACE =  1397.24
BASE BACKWATER CURVE USED - 1

L CACU ATED INFORMAYION

PORTION OF DISCHARGE LEFY OF OGPENING Q4 = 195.54 CFS i

e PORTLON _OF _DISCHARGE. THRYU OPERING. (g8} % T8035.46 CFS - e e e e =
FPORTION OF DISCHARGE R [GHT OF OPENING (el = 18511.19 CFS
AREA OF PIERS BELON WATER SUREACE = - SQ FEEY ~—P 510 .20
ALPHAY & .78 . .

e ALPHAZ - 163 B JRTE. e e e = e -
TOTAL EACKN#'ER COEFFICIENT = B O. 37

e BRIDGE. WATERWAY QPENING JELOW NORMAL DEPTN uuu 2. 17080,13" $Q FEET —
MEAN VELOCITY THRU BRIDGE OPFNING 5185 Ees 0. 28763
DISCHARGE RATIO lNl . 0.424
RACKNATER APPROXIMAYION NO.1 - EET

e FINAL BACKWATER APPROXIMATICN . B w394 FEET Z’,’, O . 308b7 et e e e et e i
NUMBER OF TTERATIONS TO 0BTAIN FINAL BACKWATER = 3



EXMNPLE PROW. € L JOE _BRADLEY ECCEMIRIC CROSSING

AP _DAYA .

PGt i

= t33429 FEET#OS20ES IGh STAGEwSCS

SLOPE OF RIVER

._DLHEL.D LS(’!!.GE.
SREM AN

—-RESULTANT, DATA
..___.____A_.Q.Eﬁlﬂlﬂ'ﬁ._ X EMQING....U.EL“.Mimi L.
5.50 0. 0450

... GONVE YANCE .DISCHARGE VELOGEEY

SUB-SECTION TOTALS # S ¢ # & » & ¢ % o % 70.93 2.7758 4640.01 71,88 1.0t
TR T T skas T BaeastT T T e e
SRATE R E T 97.54 7.0532 11859.46 188,73 1.88
70,40 00450 110,57
B, 00 00450, .. 127,94
exs e me 230,50 .. Rlal 10,9697 29020.71 608,51 2,53
0 110,00 . . 9.0300 . ABS.83 0.7
110,00 150.00 0.0300 791,77 4011
e 150200 190200 020300 _ 0200 -
160.00 0.039C 160.00

320,00 . 200 G0, . . 00300 .. _
360.00 400.00 0.u300
$00.00 430,900 Ve 0300,
430,00 470.00 6.0300 -
o 550200 | . 9.0300 . AVSS.5¢ 3000 SO
__SUB-SECTION YOTALS & % ¢ 2 ¢ 8 &> 2.8 0 9812.2 _4T0. 39 208598 3696707.00 57269.15 5.8
550,90 580, ¢C 9.0300 476,83
_SUB-SECTION TOTALS £ .+ 0 % % o 8 2o ¢ ¢ 1406192 B5032.17 1317,.3) 2,16
e 580200 . 68000 0.0600
680,00 T10. 0 0.6600
SUB-SECTION TOTALS % » ¢ ¢ & & o & 5 & 9. 7374 143498.00 7223.06 1.7
BT R E L I I
[T - NI — 1L Y PR A
e SUB-SECYION TOTALS & 2 % 2 8 2 239 %% 1432.25 1120093 330069,00 $113,4) 3,57
e 980200 980,00 (DG L AQYRAD L e i e
940,00 960.00 3304 zf-u.ss
960,00 ... 98080 . q:.‘m‘ [

e . 380400 L 313000
1130.00 1190400

11.1248, 388950.69 6$025.60 - .88

TTSUB-SECTION TOTALS ¢ 2 8 %

i190.00 X234, %4 0.035%

631,85 3.08

° OHTOYALS ¢ e e b e v v AN w CRIEN 8443969 1311.23
T yase.va” T Tizsw. 5o B.0350 T T e
1254.50 2260400 AaBARD L 2430,
. SUR-SECTION TOIALS.* LB AR N E AN L2BeR6 . . L0.00A0 . . 49980.48 T17%,29 3,06
e JRB0A 00 3220400 G000, S 0N 1 R . - N
1320.00 1360, 0¢ 0.860¢ 40,01
1360.00 1370000 o Qa DS .. SRR VS
1370.00 1380, ¢C 8, 0600 10 %6
TTSUBSSECTION TOTALS « v e v v 3T e e {20080 1872974737 2215.03 Toai
TTTTTTTTTYae0.60 7 teds.00” ol e T -
1590400 1520..00 15333, 20400
1520.00 1530, 00 71.94 10.07
153000 .. .. 2550400 ... 0eQAD0 . L RG2.A2. . B0a0%.
1550.00 1626.09 Q. 0400 30,10 70.00
1730.00 003 209,86
SUR-SECTION. IOIALS @ & & & 8 o o & 3 © % -~
v
e 230,006, . 1910400 [T ~
1910.00 2130. 60 9.0450 220 . %
e e 21300 08 L 262000, 20450 . AU e e e e
2420,00 2540, 00 6.0450 12309
2540..00 2H00400. o A BE R L
2600 .00 2636, 00 W, 3450
2685.89 . .. DaDi%0 RS R
__SUB-SECYION JOYALS $.%.§.9 % &2 ¢34 3 935,02, 840007 . . 421626494 . ..o 3723206 e BaD
_XOYAL AREA... .. ...=® 2712307 et e e et 2 e
TOTAL CONVEYANCE = 8345t x,.(t. CES T
e LOXAL. DL SCHARGE. . % 9829825 L CFS e et 2+ x 2ot e e e e s 2
__BRIGGE. INFORMATION (REUT e e eemms o+ s £ e e e e
BRIDGE LENGTH = 12C%.09
. LEEL ABUTMENT BOSITEON. . —.- XABEL) = . %550 YADLLL = A4¥ond.. . e e e e e e e
xA342Y - §5.%h TABIZ? = 644,52
RIGHT. Y. POSET RN < LADERL x__Airlaade_ YAR(AL = 643,38
. XABEA: = 1258450 YABIA) T  643.24
GE DPENIMG AT WATER. SUREACE = 1197.93 .. . —
BASE BACKWATER CURVE USED = 1
_LALCULATED IMEQRMATLOM R N - e e
PORTION OF DISCHARGE LEFT OF OPEAING (oA 213.47  CFS
e PDRTION OF DISCMARGE THRU DPERING Qi =, BOA2TAET GES O [ —
PORTION OF DISCHARGE RIGRT OF DPEMING T 17656.9%  CFS ¢ ’
AREA OF PIERS AELOM_MALLE. SUREAZE i EEEl =B 521.60 -

ALPHAL
e —-ALEHAZ . . .
TOTAL BACKWATER COFFFECIENY

_MATEANAY NPERLNG . EEL DK MORNAL Dﬂ‘!!( lA“&)
MEAN VELDCTTY THRU BRIOGE (PENING
DISCHARGE RATIN (I'!
BACKWATER APPROXINATION NDLL

FINAL _BACKNATER APPROXJMATION _yerneriger ®
NUNBER OF TTEPATIONS T0 J8TAIN FINAL BACKWATER S s nni s e

Lt as i and
1 1432.45 50 FEET ..

1.75

et e O, 38 U

A, 00510 ——
. FEET 0 3269,4_
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_EKAMPLE PROMLEN . _QF ABARLEY ECCENTRIC CROSSING
PAGE 1
SKEW ANGLE L3 [ 1] REGREES.
INPUT DATA
STAGE ELEVATION = 656.00 FEET -
S1OPE OF RIVER __»  0.000240 EEET PER £0OOT. - R . U
DESIGN DISCHARGE = 98300.00 CFS " T
. RESULTANY DATA... . -~ — e e e e
e e—eo A BEGINNING .. K EMOING . MANNLNGS N AREA. METLED PER. .HYQ.RADIUS ___ CONVEVANCE _ _ DISCHARGE . -
8.75 45.50 0.0450 154.35 1at.70 y
SUR-SECTION TOTALS * # & # & & 3 # o ¢ » 154.35 37.70 4.0945 13086. 53 202,74
T ST Rt I Y 0.0451  134.02 AT A T T -

SUB-SECTION TOTALS » # » % 8 8 ¢ # a s o

2.33
56.98 70, 00 0.0450 140.39 11.30
10,00 80,00 D.0450... 155.00 10,44 . e e -
. 296,39 21424 13,5853 $5734.,08 863.43 2.92
20,00 110,00 2.0300 570,00 ANN21
110.00 150,00 0.0300 900.00 40,11
150,00, 160,00 0.0300 251450 e 1000 L O - NP, i it -
160,00 320.00 0.0300 3824 .00 160.00
320.00 360,00 0.0300 . .942.00 ... . . _%0.00. SRS -
360,00 400,00 0.0300 946,01 %0.00
A00. 00 430,00 0.03Q 718.51 30400
%30.00 %70, 00 0.0300 970,00 40,00
470.00 550..00 0.0200 .. 1972.00.... .. ._80.00. - - et e n e e e
. SUB-SECTION TOTALS 8 8. % & @ 8.8 % % &% 11084..02 £70.39 235034 . $529637.00 33 .
S 50,00 558,00 32.462
__.SUA-SECTION TOTALS.®. L558a00. . . 3262 . _L10508.62 . . 1T11.89. .. .. . 30T -
580.00 A60.00 0.0600. . 968,01 .. _.80.00... . . I . . L
650. 00 710.00 0.0600 ©550. 00 50.04
SUB-SECTION TOTALS * % * « o # # » & o # 1618.01 130.04 12,4424 215931.19 3345.19 2,07
- 10. ) 0.¢¢ d.o320 " Tskaweo | 46.00 CoTT T s e oo
250..00 e 000320 .. 123301 ..90.00 . R .
SUR-SECTIION TNTAL S & % & ¢ 6 % & & & & # 178301 130.00 1347150 474100.56
e BAGLOA 340,00 0.0300 _ . 1345.0L 100,00 e R .
960.00 9604 00 0.0300 305.00 20,50
e 96000 . ...980.00. .. 020300 . ... 29900 .. .. 2068 S . - - .
SUR=SECTION TOTAL ¥ 3 % 3 % % S 8 & %N 1948.01 1a¥.l4 13,8087 55T647.2% BA3%.04 fabd
— 920,00 112000 . 0.0380. ... 1905.0L .. ... .150.00 . e e e e e et e
1130.00 1190. 00 0350 759.00 60,00
SUB-SECTION TOTALS ¢ # % » 5 & # & & & v+ 2664.01 710.01 T2 8858 61738944 9%564.55 3.59
1190.00 1234, 76 0.0351 557.49 46,74
SUB-SECTION TOTALS = # & ¢ & » * v ¢ 3% 357,49 34,75 13,4595 137598, 00 1973206 T ee e e e
1234.74 1254.%¢ 0350 T T80T T S e T T
1254.50 126000 0.0350 70,29
__SUB-SECTION TOTALS * % & & & ¢ ¢ ¢ s &% 321,02 - ...12.7097 74491, 50 1154, e e
e 1280200 . 1320.€0 ..60.00 o — R
1320.00 1360. 00
138000 1270.90
1370.00 1330.00 0.0600
TTUSUB-SECTION TOTALS # & # o s % 4 %7 ¢ W73 R EN TN 21147969 327623 F11
TTTTTTTTTI380.00  1490.68 7 T T8 0406 T T Is5.00 e o o o
1590,00 1520.00 0.0400 274.50
152000 1530.00 0. 0400, 99,00
153000 155900 00600 [ .18 S e - -
1550.00 1620.00 0.0400 619,51
— 1620,099 - -3730.00 020400 .-10L17.50. - PSR O
SUB-SECTIQN TOTALS o 2 & o % v ¢ % 5 % ¢ 3362,51 350.17 9.6025 566290.75 8772.9% 2.61
e L1302 Q0 1910.00 .. ...0.945Q . _ . 1935.00._ . 188,03 _ . .. _.. R - S
1910.00 2130.00 0.0450 2255.00 220,01
e RL30.0Q . 2620.00 . _0.0450 . _2697.01 - - -
2420.00 2540.C0 0.0450 875,01
2540,00 2606,09Q 0, 0450 270..00
2600.00 2630.00 0.0450 114,00
- 2830400 ... _._2730.00 . . 0.0650_ _ - - - -
2730.00 2765.00 0.0450
TTSURSSECTION TOTALS TF TR N ¢ W E WY T 8a6E 47 T TTess T 1137744.60 17826.74 X T
TTTYOTAL AREA = T ie894.327 SQUARE FEET T T T
TOTAL €O CE = 8713300.00 . CES e e e e e . - e e e e
TATAL DISCHARGE = 134385.50 CFS
BRIOGE INFORMATION INPUT T s - o
BRIDGE LENGTM =__1209,00 [ R e e e e e
LEFY ABUTMENT POSITION - - XAB(I) 45,50 YABILY = 647 .60
XABIZ) s 58,98 YAB(2) = 644,52
RIGHT ADUYMENT POSITION = — XAB(3) v 1234.74 YAB(3) = 643,38
XAB(4} =  1256.50 YAB{4) = 663,24 . S i e i - i
SRIDGE OPENING AT WATER SURFACE = 1264030~ T T e e e T T e
——— BASF BACKWATER CURVE USED - 1
R CUL ATED INFORMATION T T S T T T
_ E LEFT OF QPEMING ... .§QA). = __ &28.87 CES __ ..
PORTION OF DISCHARGE THRU OPENING (0B) = 103936431 "CFS
AREA OF PIERS BELOW WATER SURFACE T nblodlwd @~ SQ FEET 626 .LLS
ALPHAL e e L U P1-¥4 — ——
ALP HA 1.52
...... _ToTal mackun S —= 0. )-1-9 N
BRIDGE WATERMAY OPENING BELGW NOAMAL DEPYH [AN2T = 20662,43 SQ FEEY
MEAN VELGCITY THRU BRIDGE OPENING (yNz) = 6.53 FPS 0 .h958
DISCHARGE RATIO [T 0.170

IER APPROXINATION NO.L ...
FINAL BACKWATER APPROXIMATION
LTERATIONS TQ OBYALN FINAL BACKWATER.

S bee = FEET 0-52729 e

S S —

JOB COMPLETE
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Avpendix D

Definition of Terms



ABTYP

ABSLO

AKB

AKBA, AKBB,
AKBC, and
AKBD

ALPHA and
ALPHA 2

AN2

APRS

ATOT

AT

BELPR

BRLN
BRLN1
BWAP1

BWAPF
COEFK

D-2

DEFINITIONS OF TERMS

The cross-sectional area between ground elevation and
water surface elevation.

The type of abutment being used. A 5.0 is used to
identify wingwall abutments, and 6.0 is used to represent
spillthrough abutments. No other codes are possible.
Abutment slope(s).

The base curve backwater coefficient.

Coefficients in the mathematical equation representing
the curves in figure L.

The kinetic energy coefficients.

The cross-sectional area of flow between the abutments
and below the normal water surface.

The total area of all piers below the water surface.

The accumulated cross-sectional area between the ground
line and the water surface for any particular stage, YS.

The accumilated area for sections with equal "n" wvalues.
The base elevation of each pier. This is the elevation
of the ground at the point where the center line of the
pier meets the ground.

Bridge length.

The amount of change in bridge length.

An approximate backwater value computed by multiplying
the total backwater coefficient times the velocity head.

The final approximation of the backwater.

The total backwater coefficient.



CON
CONT
CN

CRDS

CONTRL
IXE

IKEL and
DKE2

IKS

DKS1 and
DKS2

DLTAK

DEM

DTAA and
DTAB

E

ECA, ECB,
ECC, and
FCD

ECON

HEAD

- HINGS

IABSIS

TABSIS2

JCONT
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The conveyance for a subsection of the cross section.
The total conveyance.
The value of Manning's "n".

A control used to allow computation of backwater for
stages above the design stage.

An array controlling bridge incrementation.

The value of the coefficient of eccentricity.

The values of IKE on the curves each side of the actual
value. The actual value is interpolated between the two
points. o

The value of the skew coefficient;

The wvalues of DKS on the curves each side of the actual
value. IKS is interpolated between the two points.

The incremental backwater coefficient that relates to
piers.

The bridge opening ratio.

Coefficients for the straight portion of the curves
in figure 5A.

The eccentricity.

Coefficients used tc represent the eccentricity cﬁrves,
figure 6.

The constant value for eccentricity.

Velocity head.

Headings or job description information.

An array containing the label for plotting the cross
section.

An array containing the label for plotting the rating
curve.

Counter to control number of backwater calculations.



TPLOT

IPREL

IPNT
'IQAXTIS
IPR

ISTA
IEC

TPAGE

ISKW

ITP7A
ITP7B
IWWSL

KXY

NBR

NPR

PROCED

D-4

A plotting control for discharge values.

An array containing the abscissa scale for the cross
section plot.

An array of symbols used in the plotting routines.
Discharge values used in plotting the rating curve.
An index used for selecting subroutines.

An array for plotting the ordinate of the cross
section plot.

An integer counter designating which curve is used for
eccentricity.

A counter which increases by one for each page of
printout. Its value is printed in the upper right-hand
corner of each page.

A counter used to designate which of the given curves
is used to compute the skew coefficient.

The number of a curve on figure 5A which representé the
bent type used to calculate the incremental backwater
coefficient for piers.

A curve designation in figure 5B.

The number of a curve on figure L used for determining
the value of the backwater coefficient K.

Counter control in ARRANGE subroutine.

Number of iterations to obtain final backwater value.
The total number of points in the cross section.

An array used in XYPLOT subroutine.

The number of piers in the bridge opening.

The subroutine designation.

The discharge for each area, A, where Mamming's "n",
CN, remains constant.



QL

QBF
QCF

QT

QTPLOT
Qv2

RTTIOJ

SYSIN
SYSOT
SCA, SCB,
SCC, and
SCD

SIGMA

XA, XB,
and- SKC

XEW
SLOP1
SLOPE

SZERO

D-5
The design discharge for the channel as observed at the
gauging stations or computed from runoff records.

The discharge which would pass to the left of the left
abutment if the bridge were not present.

The discharge through the area AN2.

The discharge which would pass to the right of the
right abutment if the bridge were not present.

The accumlated discharge for the entire width of the |
channel cross section.

An array containing discharge values for various stages.';

The quantity equal to discharge times velocity squared.
The hydraulic radius of each subsection.

The ratio of the total area of piers, APRS, divided by
the area of the bridge opening, ANZ2.

Input unit designation.
Output unit designation.

Coefficients used in the third degree parabolic curve
equations, figure 5B.

A factor used to modify DLTAK.

Coefficients used in the second degree parabolic curve
equation used to compute the coefficient for skew.

A constant value of skew angle for one of the
equations representing the skew curves.

Skew angle, equal to WORD (L).
The computed slope of the channel.
SLOP1 expressed in feet per mile.

The input slope.



SK1
TABLE

USE

VC

VN2
WORD

WDTHT

WS

TF

DB
IDE

IDIF
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An internal control for skewed section.
An array of procedure designations.
A control used to eliminate duplication of output.

The computed value of velocity for each subsec¢tion of
the channel cross section.

Critical wvelocity.

The average velocity through the construction, qQr,
divided by ANZ2.

An array containing the minimum stage, stage increment,
skew data, and output control information. '

Width of section.

The wetted perimeter of any particular chamnel subsection..
Water surface elevation.

The average width of each pier.

The bridge opening at the water surface.

The distance to the cross section point along the X-axis
from some fixed reference point.

The positivé X distance from the last X station to a
point where the ground line and the water line intersect
(the point where YG is equal to YS).

The X distance from the reference point to the beginning
of a section.

The X distance from the reference point to the end of
a section.

The difference in X distances for two adjacent stations.
The X distances to the abutment points.

The vertical leg of the triangular portion of each
subsection.



YD1Fl and
YD1F2

1S
YSING
YSMAX

YSN and
YTEL

Q1

YSMIN

D-7

The vertical distances, Y, between the ground and the

water surface at points X (N - 1) and X (N), respectively.

A ground elevation or the Y distance from a fixed
datum plane.

The stage or water surface elevation.
The stage increment.
The maximum stage.

Water surface elevations.

The Y distance to the abutment points.
The design stage.

The minimum stage value.
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