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FOREWORD

This Users Manual is a reprint of the Users Manual dated October 1973
and provides a description of capabilities and input requirements for

the versions of HEC-2 dated August 1971 and November 1976.
The Users Manual Supplement at the back of the manual provides informa-

tion on added capabilities and associated input requirements that pertain

only to the version dated November 1976.
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WATER-SURFACE PROFILES

THE HYDROLOGIC ENGINEERING CENTER
COMPUTER PROGRAM 723-X6-L202A

1. ORIGIN OF PROGRAM

This program is a modification of program 723-G2-L214A, developed in The
Hydrologic Engineering Center, Corps of Engineers, 609 Second Street, Davis,
California by Bill S. Eichert (1964 version of 723-G2-L214A was from the
Tulsa District by same author). The input requirements have been modified
to allow the use of many additional optioms, to provide for future expansion
and to simplify input preparation. A supplementary program (723-G1-L202B)
is available to convert data from the old program 723-G2-L214A to the new
program. Other changes have been made to increase the program's flexibility
to handle a wide variety of water surface profile problems. A data edit
program (723~-G1-L202C) which reads the data cards for program 723-X6-L202A
and checks the data for various input errors is also available.

2, PURPOSE OF PROGRAM

The program computes and plots (by printer) the water surface profile for
river channels of any cross section for either subcritical or supercritical
flow conditions., The effects of various hydraulic structures such as
bridges, culverts, weirs, embankments, and dams may be considered in the
computation. The principal use of the program is for determining profiles
for various frequency floods for both natural and modified conditionms.

The latter may include channel improvements, levees and floodways. Input
may be in either English or Metric units.

3. DESCRIPTION OF EQUIPMENT

The program was written for use in the CDC 6600 computer but may be used
with minor modifications on other high-speed computers having four or more
magnetic tapes plus input and output units such as the IBM 360, IBM 7094,
and GE 437. Various versions of the original program 723-G2-L214A can be
used on smaller computers such as the IBM 1620, GE 225, and IBM 1130.

4., DESCRIPTION OF PROGRAM
a. Basic Theory. The computational procedure is similar to Method 1,

Backwater Curves in River Channels, Engineering Manual 1110-2-1409, U. S.
Army Corps of Engineers, 7 December 1959 (reference d). This method applles

Bernoulli's Theorem for the total energy at each cross section and Mannlng s

formula for the friction head loss between cross sections. In the
program, average friction slope for a reach between two cross sections
is determined in terms of the average of the conveyances at the two ends
of the reach (reference f). Other losses are computed using one of
several methods. The critical water surface elevation corresponding to
the minimum specific energy is computed using an iterative process.
Reference (a) describes this method in detail.



b. Subcritical or Supercritical Flow. The computation begins at a control
section (location of known water surface elevation) in the river channel and
proceeds upstream for subcritical flow or downstream for supercritical flow.
The direction of flow is specified by the user on card J1 (first job card)
by setting variable IDIR (direction) equal to 1 for superecritical flow or
0 (blank) for subcritical flow. In cases where flow passes from subcritical
to supercritical or vice versa, during computations, it is necessary to
compute the entire profile twice assuming alternately subcritical and super-
critical flow. From the above results the most likely water surface profile
can be determined

c. Starting Elevation. The water surface elevation for the beginning
cross section may be specified in one of three ways: (1) as critical depth,
(2) as a known elevation, (3) by the slope area method. By setting the
variable STRT on card J1 equal to -1, critical depth will be computed and
used as the starting water surface elevation. With variable STRT left blank
the starting water surface elevation is specified by variable WSEL on card Jl.
For beginning by the slope area method STRT is set equal to the estimated
slope of the energy grade line (must be a positive value) and WSEL is used
as the initial estimate of the water surface elevation. The flows computed
for the fixed slope and estimated depth are compared with the starting flow
and the initial depth is adjusted until the computed flow is within 17 of
the starting flow. The last assumption of initial water surface elevation
thus determined is then used as the starting water surface elevation for
water surface profile computations.

d. Flow.

(1) The river flow may be specified and altered in several ways.
The starting flow is normally specified as variable Q on card J1 when only
one flow is anticipated. If it is desired to use different flows for subse-
quent jobs using the same cross sections, variable INQ and card QT (discharge
table) may be used. The flows are input in fields 2 thru 10 on the first
QT card and 11 thru 20 on the second. Variable INQ for each job should equal
the field number of the flow on card QT to be used for that job. Use of
variable INQ and card QT overrides any flow specified for variable Q on
card J1. However, variable Q on card J1 will be used until a QT card is
encountered.

(2) Where it is desired to change the flow beginning at a certain
cross section such as a confluence with another river or stream, variable QNEW
on card X2 (second card describing specified cross section) may be used. QNEW
permanently changes the flow at any cross section for which this variable is
specified.

(3) Where it is necessary to increase or decrease flows specified on
cards QT and X2 by a factor, variable FQ on card J1 is available. When a value



for FQ is entered, all flows on cards QT and X2 are multipled by this
value and the resulting flows are used in the subsequent calculations.

i oy

e. Manning's "#n’.

(1) Since Manning's coefficient of roughness ''n' depends on such

factors as type and amount of vegetation, channel configuration and stage,
several options are available to vary "n'". When three 'n'" values are suffi-~
cient to describe the channel and overbank roughness, the first three fields
of card NC ("n'" value change) are used. Any of the ''n'" values may be per=
manently changed at any cross section by using another NC card. Often three
values are not enough to adequately describe the lateral roughmess variation
in the overbanks in which case card NH ("n" value - horizontal) is used.
The number of "n" values used to describe the overbank roughness is entered
as variable NUMNH in the first field, and the ''n" values and corresponding
cross section stations are entered in subsequent fields. These "n' values -
will be used for all.subsequent cross sections unless changed by another NH
card or NC card. Normally NH card "a" values should be redefined for each
cross section with .new ‘geometry... SR O R s ’
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(2) Data indicating the variation of Manning's '"n" with river stage
may be used in the program. Manning's "n" and the corresponding stage eleva-
tion (beginning with the lowest elevation) are entered on card NV ("n" value -
vertical) beginning in the second and third field, respectively. Variable
NUMNV in field 1 is the number of '"n" values input on the NV cards. This

option applies only to the channel area.

(3) If for subsequent runs of the same job it is desired to multiply
the ''n'' values specified on cards NC, NH, and NV by a multiplier, variable
FN on card J2 may be used. The desired multiplier is simply entered as
variable FN for each job. If the variable is left blank, all '"n" values
will be multiplied by one. If the value of FN is negative then the factor
is multiplied by the channel "n'" on the NC card but. the overbank "n'" is not
changed.

L4
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f. Solving for Manning's 'n

"n_ i

(1) To determine Manning's '"n" from known high water marks along
the river reach, the discharge, relative ratios of the "n" values for the
channel and overbanks, and the water surface elevation at each cross section

must be known. The 'best estimate' of ''n" for the first cross section must

be entered on card NC since it is not possible to compute an ‘'n'' value for
this cross section. The relative ratio of ''n" between channel and overbank
is set by the first cross section and will be used for all subsequent cross
sections unless another NC card is used to change this ratio. High water

marks are used for the computed water surface elevation by setting variable



NINV on card J1 equal to 1 and entering the known water surface elevation as
variable WSELK on card X2 for each cross section. When an adverse slope is

encountered, computations restart using n-values from the previous section,

but WIN computations continue.

(2) Another method is to specify the discharge and an assumed set
of "n'" values, and have the program compute a water surface profile which
can be compared with the high water profile. For this method WSELK may be
input on card X2, without entering the computations, so that it can be
easily compared with the computed water surface elevation on the output.

g. Multiple Stream Profiles. The water surface profile computations
may be computed up both forks of a river or throughout a whole river basin
for single or multiple profiles in a single computer run. The profile is
first computed for reach 1 from the most downstream point to the end of
one tributary. The data for a second tributary (reach 2), whose starting
water surface elevation was determined when reach 1 was calculated, follows
the data for reach 1 except that the first field of the X1 card (section
number) is negative and is equal to the section number in reach 1 where '
the starting water surface elevation for reach 2 was determined. When
a negative section number is encountered, the program will search its
memory for the computed water surface elevation that corresponds to the
negative section number. It will then start computing the profile for
reach 2 with the previously determined water surface elevation.

h. Storage-Outflow Data. Punched cards can be obtained from HEC-2
for stream routing by the Modified Puls Method using program HEC-1l. The
cards punched are Y,2 and 3 cards (see program description for HEC-1).
This option can be used only if multiple profiles are computed from the
same cross sectional data and if the summary printout is requested.
Interpolated cross sections determined by the computer may be used.
Routing reach sections may not be interpolated sections. However, it
"may not be wise to use interpolated cross sections since a different .
number of cross sections might be interpolated between two given cross
sections for different magnitudes of discharge which could cause
"inconsistencies in the incremental storage volumes. The ability to
repeat the previous cross section by using only an X1 card (i.e., field
2 on the X1 card is blank) can be used where additional cross sections
are needed at the ends of routing reaches and in place of the interpolated
cross sections., The J4 card calls for this option.

i. Critical Depth Computation. Critical depth will not be computed
for all cross sections in this program unless that option is requested on
the J2 card, since this takes about half of the computation time. However,
the program will check each cross section to see if the depth is close to
critical. If the depth is near critical, it will calculate critical depth
using subroutine DC by determining the point of minimum specific energy using
a discharge weighted velocity head. Critical depth will always be computed
for supercritical profile and it will be determined for low flow for the
cross section upstream of a special bridge. This low flow critical depth
is calculated by subroutine YCRIT for a trapezoidal section.

4



j. River Cross Sections.

(1) Cross sections are required at representative locations throughout
the river reach. These are locations where changes occur in slope, cross
sectional area, or channel roughness; locations where levees begin or end;
and at bridges. In general, for rivers of flat slope and fairly uniform
section (drop of three or four feet per mile) cross sections should be taken
at least every mile. For steeper slopes and very irregular cross sections
four or five cross sections per mile may be necessary. Where an abrupt
change occurs in the cross section, several cross sections should be used
to describe the change regardless of the distance. Every effort should be
made to obtain cross sections that accurately represent the river geometry.

(2) Each cross section in the reach is identified and described
using cards X1 (first card for a cross section) and GR. Variable SECNO
on card X1 is the cross section number which may correspond to stationing
along the channel, mile points, or any fictitious numbering system, since
it is only used to identify output and is not used in the computations.
Each point in the cross section is given a station number corresponding to
the horizontal distance from the first point on the left. The station
number and corresponding elevation of each point are input as variables
STA(I) and EL(I) on card GR. Up to 100 points may be used. Cross sections
may be oriented looking either upstream or downstream since the program
considers the left side to be the lowest station number and the right side
the highest. The left and right stations separating the channel f£rom the
overbank areas are specified as variables STCHL and STCHR on card X1,
End points of a cross section that are too low (below the computed water
surface elevation) will automatically be extended vertically by the program
and a message giving the vertical distance extended will be printed.

(3) There are times when the user wishes to use the previous cross
section as the current one (for uniform channels), with or without a modifi-
cation, or to modify the current cross section (perhaps the surveyed cross
section is moved upstream or downstream). To do this, variables NUMST,
PXSECR and PXSECE on card X1 are available. A zero or blank for variable
NUMST indicates that the previous cross section will be used for the current
one, i.e., GR cards are omitted.” When the GR cards are read in NUMST must
equal the number of stations on the GR cards. When the horizontal dimen-
sions of the previous (NUMST = 0) or current (NUMST = +) cross section
are £o be increased or decreased by a factor, the value of the factor is
entered as variable PXSECR. All cross section stations except the first
will then be multiplied by the factor. If the elevations of the previous
or current cross sections are to be raised or lowered by a constant,
the value is entered as variable PXSECE. During normal usage, when cross
section data are read, NUMST will equal the number of stations on cards GR
and PXSECR and PXSECE will be blank.



(4) Channel encroachments may be included in the analysis by using
variables on card X3 (third card for cross section). ENCFP is used to specify
a width between encroachment areas which is centered in the channel midway
between the left and right bank stations. This width will be used for each
cross section until another value of ENCFP is entered. Another method for
specifying encroachments is to enter the station and elevation of the encroach-
ment as variables STENCL and ELENCL on the left and STENCR and ELENCR on the
right. If only the station is required the elevation should be omitted and
it will be assumed to be very high. Other methods are presented in Exhibit 9A.

(5) The existing cross section as described by the GR cards can
be modified due to the excavation of a trapezoidal channel by the use of
subroutine CHIMP which is called by the CI card. The GR points are modified
due to the excavation, but no fill is used. The bank elevations and stations
are modified if the channel daylights outside the original bank stationms.
If the alignment of the excavated channel is such that two separate channels
exist, the division between overbank and channel will be based on the exca-
vated channel, and the old channel will be considered as overbank (no fill).
It may be necessary to change the reach lengths for this case.

k. Multiple Profiles. Where it is desired to compute several profiles
using the same cross sectional data, variable NPROF on card J2 is used. For
the first profile, NPROF is set equal to 1 and all cross section cards are
read in. For all remaining profiles NPROF equals the profile number, i.e.,
2, 3, 4 ...., and only cards Tl1, T2, T3, J1l and J2 are required (cards NC
through EJ are omitted). If NPROF is set equal to 15 for the last of two
or more profiles, a summary printout is called for which will provide a
concise summary of results for all profiles for each cross section. For a
single job NPROF can be left blank, or, if the summary printout format for
the single job is desired, set equal to -1.

1. Cross Sections with Levees.

(1) Levees require special consideration in computing water surface
profiles because of possible overflow into areas outside the main channel.
Normally the computations are based on the assumption that all area below the
water surface elevation is effective in passing the discharge (IEARA = 0).
However, if the water surface elevation is less than the top of levee elevation,
and if the water cannot enter the overbanks upstream or downstream of that
cross section, then all flow area in these overbanks should not be used in the
computations. Variable IEARA on card X3 is used for this condition. By
setting IEARA equal to 10 the program will consider only flow confined by the
levees, unless the water surface elevation is above the top of one or both
sides of the levee, in which case flow area or areas outside the levee will
be included. When the water surface elevation is close to the top of the
levee, it may not be possible to balance the assumed and computed water surface
elevations due to the changing assumptions of flow area when just above and
below the levee. When this condition occurs a note will be printed that states
that the assumed and computed water surface elevations for the cross section.

-6



cannot be balanced. A water surface elevation equal to the elevation

which came closest to balancing (plus 0.1 ft.) will be adopted. It is then
up to the program user to determine the appropriateness of the assumed water
surface elevation and start the computation over again at that cross section
if required.

(2) It is important for the user to study carefully the flow pattern
of the river where levees exist. If, for example, a levee were open at both
ends and flow passed behind the levee without overtopping it, IEARA equals
0 or blank should be used. Also, assumptions regarding effective flow areas
may change with changes in flow magnitude. Where cross section elevations
outside the levee are considerably lower than the channel bottom, it may be
necessary to set IEARA equal to 10 to confine the flow to the channel.

m. Interpolated Cross Sections. Sometimes it is necessary to insert
cross sections between those specified on the GR cards because the change
in velocity heads between cross sections is too great to accurately determine
the hydraulic gradient. Variable HVINS on card Jl1 is used to specify when
interpolated cross sections should be used. This variable specifies the
maximum change in velocity head allowed between cross sections. If this
value is exceeded, up to three interpolated cross sections will be generated
between given cross sections (depending on the magnitude of AHV/HVINS - 1).
If HVINS is left blank or equal to zero, the computer will suppress interpolated
cross sections. Interpolated cross sections should be ommitted when computing
several profiles on the same stream in order to use exactly the same cross
sections. Interpolated cross sections are identified on the output by section
numbers of 1.01, 1.02, and 1.03.

n. Distance Between Cross Sections. It was pointed out previously that
the cross section number, SENCO on card X1, is used for identification purposes
only. The actual distance between cross sections used in the computation is
specified on card X1 as variables XLOBL, XLOBR and XLCH for the left overbank,
right overbank, and channel, respectively. Normally these three values will
be equal. There are, however, conditions where they will differ, such as at
river bends, or where the channel meanders considerably and the overbanks
are straight. Where the distance between corss sections for channel and over-
banks are different, a discharge-weighted reach length is determined based on
the discharges in the main channel and left and right overbank segments of the
reach. The discharge used for each segment is an arithmetic average of the
discharges determined for that segment at cross sections at each end of the
reach.

o. Transition Losses. Expansion or contraction of flow due to changes
in the channel cross section is a common cause of energy losses within a
reach. Whenever this occurs, the loss may be computed by specifying on card NC
the expansion and eontraction coefficients as variables CEHV and CCHV respective-
ly. The coefficients are multiplied by the absolute difference in velocity heads




between the cross sections to give the energy loss caused by the transition.
Where the change in river cross section is small, coefficients CEHV and CCHV
are on the order of 0.3 and 0.1, respectively. When the change in cross
sections is abrupt such as at bridges, CEHV and CCHV may be as high as 1.0
and 0.6. These values may be changed at any cross section by inserting a
new NC card, however, these new values will be used until changed again by
another NC card.

p. Bridge Losses.

(1) .Energy losses caused by structures such as bridges and culverts
are computed in two parts. First, the losses due to expansion and contraction
of the cross section on the upstream and downstream sides of the structure
are computed (see exhibits 3 and 4 for required cross sections). Variables
CEHV and CCHV discussed in the previous section are used to specify the
expansion and contraction coefficients. Secondly, the loss through the
structure itself is computed by either the normal bridge routine or the
special bridge routine.

(2) The normal routine handles the cross section at the bridge
just as it would any river cross section with the exception that the area
of the bridge below the water surface is subtracted from the total area and
the wetted perimeter is increased where the water surface elevation exceeds
the low chord. The bridge deck is described by entering the elevation of
the top of roadway and low chord as variables ELTRD and ELLC respectively
on card X2 or by specifying a table of roadway elevation and station and
corresponding low chord elevations (BT cards). When only ELLC and ELTIRD are
used, these elevations are extended horizontally until they intersect the
ground line. Pier losses are accounted for by the increased wetted perimeter
of the piers as described on card GR. The normal routine is particularly
applicable for bridges without piers, bridges under high submergence, and for
low flow through circular and arch culverts. Whenever flow crosses critical
depth in a structure, the special bridge routine should be used. The normal
bridge is automatically used by the computer, even though data was prepared
for the special bridge routine, for bridges without piers and under low flow
control.

(3) The special bridge routine computes losses through the structure
for low flow, weir flow and pressure flow or for any combination of these.
The type of flow is determined by a series of comparisons as shown on exhibit 1
and as described below. First, the energy grade line elevations are computed
assuming alternately low flow and pressure flow control. The higher energy
grade line elevation determines the appropriate type of flow. If pressure
flow appears to control and the energy grade line is above the minimum top
of roadway elevation, then a combination of pressure flow and weir flow exists.
If the energy gradient is below the minimum top of roadway then pressure flow
alone controls. If low flow appears to control, and the corresponding energy



gradient elevation is above the minimum top of roadway elevation, then. a
combination of low flow under the bridge and weir flow over the roadway approach
exists; if the energy elevation is below the minimum top of roadway, then low
flow controls.

(4) Low flow is further classified as Class A, B and C depending
on whether subcritical, critical, or supercritical flow occurs between bridge
piers.

(a) Class A flow, identified by procedures explained in later
paragraph, is solved from Yarnell's energy equation shown on sheet 010-6 of
the WES Hydraulic Design Charts:

H3 = 2K (K + 10w - 0.6) (o + 15a4) V32/2g where,
H3 = drop in water surface in feet from upstream to downstream sides
of the bridge
K = pier shape coefficient (see exhibit 2)
w = ratio of velocity head to depth downstream from the bridge
. Obstructed area
@ total unobstructed area
V3 = velocity downstream from the bridge in feet per second

The computed upstream water surface elevation is simply H3 plus the downstream
water surface elevation.

(b) Class B and C flows are handled by employing the following
momentum relations proposed by Koch and Carstanjen in reference (b):

2 2 2
Q Q Q
-— —— | - . - . + ——
my mPl + g(Al) [Al Apl) m, + gAg m3 (mp)3 gA3

where,

]

My, My, m3 Alyl’ A2y2 and A3y3, respectively

= Ay v i
mpl, nnp3 Plypl and Ap3yp3’ respectively
Al’ A3 = unobstructed (gross) area at upstream and downstream
sections, respectively
A2 = flow area (gross area — area. of piers) at a-section within

constricted reach



A _, A = obstructed areas at upstream and downstream sectiomns,

pl 3 respectively
§ , § 5 § = vertical distance from water surface to center of gravity
1’ 72 3 £ d -
o Al’ A2, an A3, respectively
Y s ¥ = vertical distance from water surface to center of gravity
pl p2 of A . and A respectively
pl p3’

Q = discharge
g = gravitational acceleration

(c) The three parts of the momentum equation represent the total
momentum flux in the constriction expressed in terms of the channel properties
and flow depths upstream, within and downstream of the constricted section,
respectively. If each part of this equation is plotted as a function of the
water depth, three curves are obtained, representing the total momentum flux in
the constriction for various depths at each location. The desired solutions
(water depths) are then readily available for any class of flow. If the water
surface profile has been computed to the section at the downstream end of the
pier, as is the usual case for subcritical flow, then the downstream depth is
known. If the momentum flux for the constriction based on this downstream
depth is greater than the momentum flux for the constriction based on critical
depth, and the downstream depth is above critical depth, the flow is Class A,
and the upstream depth is determined by the use of Yarnell's energy equation
since the momentum method does not take into account an exit loss. The depth
within the constricted section is determined by solving for the depth of flow
which will provide a momentum flux equal to the downstream momentum flux, If
the downstream momentum flux is less than the momentum flux for the constriction
at critical depth, and the downstream depth is above critical, the flow is
Class B, and the water surface elevation in the constriction is at critical
depth. A new downstream depth (below critical) and the upstream depth (above
critical) can be determined by finding the depths whose corresponding momentum
fluxes equal the momentum flux at the constriction for critical depth. If
the upstream depth is known, as is usually true for supercritical flow, and
the momentum flux for the constricted section based on the upstream depth is
greater than the momentum flux for the constricted section at critical depth,
and the upstream depth is less than critical, the flow is Class C, and the
downstream depth and the depth within the bridge section are found by deter-
mining depths corresponding to a momentum flux in the constriction based on the
upstream depth. If, however, the computed momentum flux for the constricted
section based on the upstream depth is less than the momentum flux for the
constricted section at critical depth, the flow is Class B and the upstream
depth is the depth (above critical) corresponding to the momentum flux for
the constricted section at critical depth. The water surface profile must

10



be recomputed with the upstream depth thus found as a control depth and
proceeding in an upstream direction. The downstream depth (less than critical)
is determined by finding the depth corresponding to the momentum flux for

the constricted section at critical depth. The downstream depth thus found

is used as a control depth to continue water surface computation in the
downstream direction as far as downstream flow conditions permit.

(5) Weir flow is computed by the weir equation:

Q = CLHB/2 where,

»
0

coefficient of discharge (see exhibit 2)
L = effective length of weir controlling flow

H = difference between the energy grade line elevation and the roadway
crest elevation

Q = total flow over the weir

The approach velocity is included by using the energy grade line elevation in
lieu of the upstream water surface elevation for computing the head, H. The
coefficient of discharge ''C"' should not be greater than 3.1 for critical

depth control, and in actual practice should be around 2.5 to allow for losses
caused by bridge railings, etc. Where submergence by tailwater exists the
coefficient "'C" is reduced by the computer program according to the method
indicated in reference (c). The total flow, Q, is computed by dividing the
weir flow into subareas, computing L, H and Q for each subarea and summing all
subareas.

(6) Pressure flow computations use the orifice flow equation of
U. S. Army Engineering Manual 1110-2-1602, '"Hydraulic Design of Reservoir
Outlet Structures', August 1963 (reference e):

Q = A —Z—IELH where,
H = difference between the energy gradient elevation upstream and

tailwater elevation downstream
K = total loss coefficient (see exhibit 2)
A = area of the.orifice
g = gravitational acceleration

Q = total orifice flow

11



The total loss coefficient K, representing losses between the cross sections
immediately upstream and downstream of the bridge, is equal to the sum of
loss coefficients for intake, intermediate piers, friction, exit and other
minor losses. See exhibit 2 for values of the loss coefficients.

(7) Often combinations of these three basic types of flow occur.
In these cases a trial and error procedure is used with the equations just
described to determine the amount of each type of flow. The procedure consists
of assuming energy elevations and computing the total discharge until the
computed discharge equals, within one percent, the discharge desired.

(8) To use the special bridge routine, variable IBRID on card X2
is set equal to 1. Variables on card SB (Special Bridge) specifiy bridge
geometry and coefficients for the weir and orifice equations. Where the length
of roadway for the weir equation is assumed constant for any depth of flow,
variable RDLEN is set equal to that length. In cases where the length varies
with depth it is necessary to input a table of roadway stations and elevations
on card BT. In this case RDLEN is left blank. For some structures the user
may desire to input a previously computed or estimated change in water surface
elevation in which case the change is entered as variable BLOSS on card X2.
When BLOSS is specified, no computations are performed for structure loss
and the value entered for BLOSS is simply added to the water surface eleva-
tion for the previous cross section.

(9) Losses through culverts are handled in the same way as bridges
where the culvert top (BT cards) and bottom elevation (GR cards) must be at
the same horizontal stations (Normal Bridge Routine).

(10) The special bridge routine can be used for any bridge but should
be used for trapezoidal bridges with piers where low flow occurs, for pressure
flow through circular or arch culverts, and whenever flow passes through
critical when going through a structure. The computer program will auto-~
matically shift from the special bridge routine to the normal bridge routine
when there are no piers and low flow controls.

(11) Examples of input preparation for a bridge and a culvert are
shown in exhibits 5 and 6. Test problems F, G, K, L, M, N, 0, P, Q, R, and
S of exhibit 8 involve bridges.

g. Cross Section Plot. Plots on the printer of any or all of the river
cross sections tolany scale may be requested by using cards J2 and X1. If
all cross sections are to be plotted, set variable IPLOT on card J2 equal to
1 or 10. If only certain cross sections are desired, IPLOT on card J2 should
be left blank and variable IPLOT on card X1 set equal to 1 or 10 for each
individual cross section to be plotted. Vertical and horizontal scales of
the plot may be specified constant for all cross sections in the job by using
variables XSECV and XSECH on card J2. If the scale is not specified, the
largest scale which is a multiple of 1, 2 or 5 that produces three pages of
output or less will be used. For some deep river cross sections, flow may occupy
only a small portion of the total cross section. In this case it may be
desirable to enlarge the scale and to print only the cross section points up
to the water surface elevation. This may be done by using a value of 10 for
IPLOT instead of 1.
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r. Profile Plot. This plot includes not only the water surface eleva-
tion, but the critical water surface elevation, energy grade line, channel
invert, left and right bank elevations, and the maximum elevation of the
cross section for which hydraulic properties can be computed. The vertical
scale of the profile may be determined by the user using the wvariable PRFVS
(which allows breaking the profile before the plot runs off the sheet) or by
the computer (no break in the profile) 'if left blank. Profiles are plotted
automatically for jobs using more than five cross sections. Profile plots
may be suppressed by inputting a negative value for PRFVS.

s. Program Trace.

(1) It is sometimes useful to print out important variables as they
are computed by the program to aid in checking, debugging and understanding
the program. Two program traces are available for this purpose. The major
trace prints values of variables used in the following computations:

(a) Interpolated cross sections

(b) Manning's "n" from known water surface elevations

“ (¢) Computed water surface elevation
(d) Weir flow
(e) Critical water surface elevation

(2) The minor trace prints values of variables used in the computation
of the hydraulic properties of each subarea of a cross section.

(3) 1ITRACE on cards J2 and X2 are used to specify the desired trace.
The major trace may be called separately, ITRACE = 1, or in combination with
the minor trace, ITRACE = 10. If all cross sections are to be traced, card J2
is used. If only individual cross sections are to be traced, card X2 is used.

5. INPUT

a. General. The various types of cards used for input (see exhibit 10)
are identified by two characters in card columns 1 and 2. These characters
are read by the computer to identify the card and corresponding variables.
Exhibit 10 contains a description of each card type. Since some cards have
similar purposes, it is helpful to discuss them together.

Wb;uibégé'ébmmeﬁ£7Cards. These cards are optional and are used to print
out description of cross sections in the data.

c. Title Cards - Tl, T2, & T3. Three title cards are required for each
job. The titles specified on the cards are read in alpha format and printed
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at the beginning of each job. Card columns 9-32 on the third title card
(card T3) are reserved for the river name, which will be printed to title
the cross section and profile plots.

d. Job Cards - J1, J2, J3, & J4. These cards are used to specify
starting conditions, i.e., Q, water surface elevation, direction of flow,
and various options for each job. Card J2, J3 and J4 are used only when
the options or variables on the card apply. Cards J1 and J2 are used for
each profile while cards J3 and J4 are used only on the first profile in
a multiple profile run but apply to all.

e. Change Cards - NC, QT, NH, NV, CI, & ET., Card NC is required at
the start of a job to initialize Manning's ''n'" values, and expansion and
contraction coefficients. It may also be used to change these values at
any cross section within a job. When the initial values are changed, they
remain changed for the remainder of the job unless another change card is
entered. Cards QT, NH, NV, CI and ET are also used to change starting
conditions within a job. When the starting conditions are changed, the
new value is used for all subsequent cross sections unless another card
is used to make another change. FEach change begins at the next cross
section described by card X1 except for the CI card which is placed between

the X1 and GR cards where the change occurs.

f. Cross Section Cards - X1, X2, X3, X4, & GR. Cards X1 and GR
are required for cross sections unless NPROF on card J2 is 2 or greater
in which case the cross section data read for the previous job would be
used. Cards X2, X3 and X4 provide additional options that apply to the
current cross section and can be used or omitted as desired. The purpose
of these cross section cards is to completely describe each river cross

section which is representative of the reach, and to specify program
options for that cross section.

g. Bridge Cards — SB & BT. Card SB is required whenever the special
bridge routine is used (IBRID = 1 on card X2). Card BT is included when
stations and elevations of the top of roadway and low chord are to be read
for either the normal or special bridge routines. The GR cards before and
after Card SB must describe the constricted cross sections (effective section
should be changed where weirflow occurs, see exhibit 3) immediately adjacent
to the bridge to account for transition losses between the river cross section
and the bridge. The special bridge routine computes only the losses through
the bridge.

h. End of Job Card - EJ. Each job that contains any of the cards NC
through GR must be ended with an end of job card, which signifies the end
of input data.

14



i. End of Run Card - ER. Following the last card (EJ or J2) of the last
job, 3 blank cards and card ER should be included. When card ER is read,
- control is transferred from the program by ending on a STOP.

j. Single Job. The minimum required cards for a single job using one
cross section would be cards T1l, T2, T3, Jl, NC, X1, GR, EJ, 3 blanks and
ER. The other cards ‘are optional and would only be included if they applied.

k. Multiple Jobs. Where several jobs are to be computed during the same
run (stacked jobs), the same cards are required as for a single run, except
that the card following card EJ would be card Tl for the next job, and so on.
Where it is desired to use the same cross sections for other jobs, variable
NPROF on card J2 would be used. 1In this case the only cards required would
be cards T1, T2, T3, J1, and J2. This option could only be used after the
cross sections have been read in on the first job.

1. Card Format. Each data card is layed out in ten fields of eight columns
each. One variable is used for each field except the first field, where the first
two card columns are used for the card identification characters. The format
specification for each data card is A2, F6.0, and 9F8.0. If decimal points
are not punched in the data, all numbers must be right justified within the
field. Where the user desires to punch a decimal point it may appear anywhere
within the field. All blank fields are read as zeros. Minus one (~1) and
plus one (1) are used in the program to specify certain program options.

Any number without a sign is considered positive.

m. Tapes. All data cards are read at the beginning of the program and
stored on tape 6. The tape is then rewound and the data cards are read from
tape 6 individually. Tape 7 is used to store the plotted cross sections and
tape 8 is used to store information used for plotting the profile. Tape 9
is used to store comment card for later printout.

6. OUTPUT

a. Cross Section Data. The first three lines of the output is the job
description contained on the three title cards. Following the titles, input
data on cards J1 and J2, J3, J4 (if used) are printed. The next output is
four lines of variable names used to identify the output data for each cross
section. A description of each variable is summarized in exhibit 9, Four
lines of corresponding data follow the four lines of variables. When the
normal or special bridge routines are used, a note will be printed identifying
the routine, together with variable names applicable to the bridge sectiom.
These variable names are also described in exhibit 9. Following variable
names for the bridge section is the corresponding bridge data. When data
for the last cross section has been printed, a plot of the profile is printed.
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b. Special Notes. Special notes are printed at various locations in the
output to inform the user of various assumptions or options that have been
used during the computation. These notes are summarized in exhibit 7.

c. Summary Data. When several jobs use the same cross section data
(NPROF is equal to or greater than 2), summary data is printed to aid in
comparing differences. Also differences between the water surface elevations
are printed out to facilitate checking the answers. Negative differences
point out trouble areas where the discharges are in increasing order.

d. Tapes. Normal output is on the printer. Additional output for the
cross section plot is from tape 7.

7. EXAMPLE PROBLEMS

Listings of input and output data for several example problems are shown as
exhibit 8,

8. UNITS

Water surface profiles may be computed using either the English or Metric
system. English units are feet, square feet and cubic feet per second (cfs),
where as the Metric system calls for meters, square meters, and cubic meters
per second (cms). The only constants changed in the program are the constant
in Manning's formula and the gravitational acceleration. Coefficients for
computing losses through bridges and tramsitions %re dimensionless. The only
exception is in the weir flow equation, Q = CLH3/ The discharge coefficient
'Y is a function of the square root of the gravitational acceleration. Since
'C" is read as variable COFQ on card SB it may be input as a metric coefficient.
In English units "C" ranges from 2.5 to 3.1. For Metric units a comparable range
would be 1.39 to 1.72. Table 1 below summarizes the conversion used between
English and Metric units.

- TABLE 1

ITEM ENGLISH METRIC
Length Conversion 3.28 feet 1 meter
Area Conversion 10.76 square feet 1 square meter

1 acre 4046.86 square meter

Flow Conversion : 35.31 cubic ft/sec 1 cubic meter/second
Manning's Constant 1.49 1.00
Gravitational Acceleration (g) 32.2 ft/sec? 9.82 m/sec
Coefficient "C" in Weir Formula 2.5 to 3.1 1.39 to 1.72
Coefficient of Contraction .1 to .3 ".1 to .3
Coefficient of Expansion .3 to .5 .3 to .5

16



9. SUPPLEMENTAL MATERIAL

The following supporting publications and illustrations are available from
HEC for computer program HEC-2, Water Surface Profiles:

a. HEC-2, Water Su;fq;e Profiles, Programmers Manual, 1976.

b. HEC Technical Paper No. ll, Survey of Programs for Water Surface
Profiles (1968) by Bill S. Eichert. (Published in the Journal of
the Hydraulics Division, ASCE, Vol. 96, No. HY 2, February 1970.)

¢. HEC Technical Paper No. 20, Computer Determination of Flow Through
Bridges (1970) by Bill S. Eichert and John Peters. (Published in
the Journal of the Hydraulics Division, ASCE, Vol. 96, No. HY7,
July.)

d. HEC Training Document No. 5, Floodway Determination Using Computer
Program HEC~2, May 1974.

e. HEC Training Document No. 6, Computation of Water Surface Profiles
Through Bridges Using HEC-2, June 1974.

f. "Water Surface Profiles," IHD Volume 6, The Hydrologic Engineering
Center, 1975.

10. REFERENCES

a. Eichert, Bill S., "Critical Water Surface by Minimum Specific
Energy Using the Parabolic Method," Hydrologic Engineering Center,
U.S. Army Corps of Engineers.

b. Koch-Carstanjen, "Von der Bewegung des Wassers und Den Dabei
Auftretenden Kraften, Hydrodynamik," Berlin, 1926. A partial
translation appears in Appendix I, "Report on Engineering Aspects
of Flood of March 1938," U.S. Engineer Office, Los Angeles, May
1939,

c. '"Hydraulic Design of Spillways," Engineering Manual 1110-2-1603,
U.S. Army Corps of Engineers, 31 March 1965, Plate 33.

d. "Backwater Curves in River Channels," Engineering Manual 1110-2-1409,
U.S. Army Corps of Engineers, 7 December 1959.

e. "Hydraulic Design of Reservoir Outlet Structures," Engineering
Manual 1110-2-1602, U.S. Army Corps of Engineers, 1 August 1963.

f. "Evaluating Friction Loss in the Standard Step Method," William
A. Thomas and John C. Peters.
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EXHIBIT 2
LOSS COEFFICIENTS

Pier Shape Coefficient, "K" (Variable XK)

For use in Yarnell's energy equation for Class A flow

Hy = 2K (K + 100 - 0.6) (o + 15a*) V5/2g

Pier Shape K
Semicircular nose and tail 0.90
Twin-Cylinder piers with connecting diaphragm 0.95
Twin-Cylinder piers without diaphragm 1.05
90° triangular nose and tail 1.05
Square nose and tail 1.25

Loss Coefficient, "K" (Variable XKOR)

This coefficient is used in the orifice flow equation, Q = A v2g H/K .
For bridges and relatively short culverts, a value of 1.5 is suggested.
For long culverts where friction losses must be considered, the value
can be calculated by the sum of loss coefficients, k, shown below.

Description k
Intake ’ .10
Intermediate piers .05
Friction ke

XKOR = 1.0+ zk

Exhibit 2
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The loss coefficient for friction, kf, should be computed using Manning's

, 2 2
equation where kf = égj}gﬂ—L (English) or J§E§7%—L- (Metric).
R R

Multiple Culverts:

Q = VvZ2gH ° AT Y1/K

equiv ° where AT = Total Area

i AT?

K.
equiv
/a2 |2
y J o1
K

III. Coefficient of Discharge, "C" (Variable COFQ)

Under free flow conditions (discharge independent of tailwater), the
coefficient of discharge, “C", ranges from 2.5 to 3.1 (1.39 - 1.72
Metric) depending primarily upon the gross head of the crest ("C"
increases with head) and resistance to flow caused by obstructions
such as bridge railings, curbs, and other barriers. For road ap-
proaches with a trapezoidal shaped cross section, a coefficient of
3.0 would be reasonable. For flow over bridge decks, a value of 2.5
could be used.

When submerged flow (discharge affected by tailwater) occurs, the
coefficient "C" should be reduced. This is done automatically by
the computer program using Waterways Experiment Station Design
Chart 111-4 for an ogee shaped weir.

IV. Expansion and Contraction Coefficients

These coefficients are used to compute losses caused by changes in
the river cross sections. For long gradual transitions, the coef-
ficients are small. For short abrupt transitions, they are large.

The transition loss is computed as the coefficient times the dif-

ference in velocity head between cross sections.

Coefficient
Expansion Contraction
No transition 0.0 0.0
Gradual transitions 0.3 0.1
Abrupt transitions 0.8 0.6

Exhibit 2
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EXHIBIT 3

REQUIRED CROSS SECTIONS FOR SPECIAL BRIDGE ROUTINE

The cross sections below show the points required on cards GR when using
the special bridge routine. Cross sections 1, 2, 5, 6 are taken in the
river channel upstream and downstream from the bridge and should represent
the full cross section unaffected by the bridge. Cross section 3 is adja-
cent to the bridge on the downstream side and includes the elevations

and stations of an artificial levee whose top is about equal to the low
chord elevation (ELLC). The points defining the artificial levee can

be omitted if the elevations where the effective area changes are shown

on the X3 card (eighth and ninth fields), thus cross section 3 could
resemble cross sections 1 and 2. Cross section 4 is adjacent to the
bridge on the upstream side and includes the elevation and station of an
artificial levee (or an X3 card with elevations in eighth and ninth fields)
whose top elevation is approximately equal to the top of roadway elevation
(ELTRD). No cross section is provided through the bridge, but data
describing the bridge are entered on cards SB, X2 and BT (optional). There-
fore, when using the special bridge routine cross sections 3 and 4 should
describe the channel cross section (excluding any roadway embankment)
immediately downstream and upstream from the bridge. The top of roadway
embankment should be described on card X2 or BT.

o - ELTRD +

R #
zg/ p S i I
/II " I} I
/| A I} K
A Iy / |
X e ’I
lBWC # > BWC
Cross Sections 1, 2, 5, 6 Cross Section 3 Cross Section 4
Full natural river cross Immediately downstream Immediately upstream
sections of bridge embankment of bridge embankmen

The artificial levees (or the elevations on the X3 card) are included in
the cross section points in order to confine the flow to the channel area
when the water flows under the bridge low chord and to allow the use of
the overbank flow area for flows over the road. The left and right bank
stations must be equal to stations at the top of the artificial levees.
Variable IEARA on card X3 must equal 10 for this condition.
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EXHIBIT 4

REQUIRED CROSS SECTIONS FOR NORMAL BRIDGE ROUTINE

The cross sections below show the points required on cards GR when using
the normal bridge routine. Cross sections 1, 2, 7, 8 describe the natural
river channel. Cross sections 3 and 6 are adjacent to the bridge on the
downstream and upstream sides respectively and include elevations and
stations of an artificial levee* whose . top is approximately equal to the
low chord elevation (ELLC) and top of roadway elevation (ELTRD) respectively.
The artificial levee is included in the cross section points to confine the
flow to the channel area (bridge area) when the water flows under the low
chord, and to allow the overbank area to be used for flows over the roadway.
The left and right bank stations must be equal to the station at the top

of the artificial levees. :

 ELLC+ (Section 3)
ELTRD*-(Section 6) top roadway points

» 16
ll: a\\

—O--Pw%— Low chord

points
«g— Ground
points
Cross Sectjions 1, 2, 7, 8 Cross Sections 3 and 6 Cross Sections
Full natural cross sections Immediately downstream 4 and 5
and upstream of bridge within bridge

embankment.

Variable IEARA on card X3 must equal 10 for cross sections 3 and 6. Cross
sections 4 and 5 are within the bridge and BT (or X2) cards are used to
describe the low chord and top or roadway points. All stations used on
the BT cards should also appear on the GR cards.

*

The points defining the artificial levee can be omitted if the elevations
where the effective area changes are shown on the X3 cards (eighth and ninth
fields). Thus cross sections 3 and 6 could resemble cross sections 2 and 7.

Exhibit 4






EXAMPLE INPUT PREPARATTON

FOR A BRIDGE
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EXAMPLE INPUT PREPARATTION

FOR A CULVERT
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\\?// g g

CROSS SECTIONS 1 & L CROSS SECTION 2

1 2 3 L
2.1 2.9 g

For Normal -_t4=5") |

Bridge Only '.l : %‘
]
T ] 3 -
! s

*
CROSS SECTION 3 PROFILE

LEGEND

(® GR Card points

' X BT Card - low chord elevation
A BT Card - top of roadway elevation
¥ Top of artificial levees

“h)te: Also sections‘ 2.1 and 2.9 for normal bridge routine.

T
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SPECIAL BRIDGE ROUTINE
(and Normal Bridge Routine for Low Flow)

CARDS

FIELD 1 FIELD 2 COMMENTS

H 1
N =

Crogs
Section

o=
=W

=2
(@]

a

1 ' 5 5 points

#1

Eﬂ@Q<

2 11 11 points

#2{GR

10 Use 8th and 9th fields

3 0 Use previous X sect's GR cards

Use 3rd, 4th and 5th fields
10 Use 8th and 9th fields

X4

2 Points at top of roadway
13 13 points

BT
BT

BT
X1

4 5 5 points

#4

EJ
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NORMAL BRIDGE ROUTINE (only)

CARD

FIELD 1

FIELD 2

COMMENTS

Cross
Section

T1
T2

T3
J1

NC

Same as Special Bridge

#1
GR

11

X3
#2 | GR

10

GR
| GR

NC
[x1

2.1

Use n for concrete
Use previous GR cards

X4
BT
#2.1

Points at top roadway

BT
BT

Same as Special Bridge

2.9

}

Use previous GR cards

Repeat bridge
Change n back

#3 | X3

Use previous GR cards
Use 8th and 9th fields

#4 1 er

>Same as Special Bridge
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ALTERNATE CROSS SECTION
FOR NORMAL BRIDGE (ONLY)

No. of GR Card points = 13
No. of BT Card points =
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EXHIBIT 7

SPECIAL NOTES

This exhibit explains special notes which are not explained as part of

the normal output. The special notes should be carefully reviewed to

assure an accurate profile. TIf these notes are not satisfactorily explained,
the job should be rerun obtaining intermediate printout (ITRACE = 1), If
the reason is still not evident, please contact The Hydrologic Engineering
Center.

Statement .

Number - Notes and Remarks

1340 CARD NOT RECOGNIZED. First two columns of input card read
did not correspond to any of the standard alphabetic charac-
ters used to identify cards.

1362 XKOR INCREASED TO 1.2. The orifice coefficient was zero or
minus and was therefore changed to 1.2 since 1.0 is the mini-
mum value.

1365 SB CARD, BWP = 0. On the special bridge routine card SB,
the pier width is omitted. If there is no intermediate
pier this is satisfactory.

1366 SB CARD, BAREA = 0. On the special bridge routine card SB,
the area of the bridge when flowing full is omitted and there-
fore this job has been terminated.

1400 CCHV =, CEHV = . A change in contraction and expansion
losses have been made.

1415 INQ EXCEEDS NUMQ. The field of the QT cards to be used for
the current Q, specified by variable INQ, contained no flow
data.

1445 Q EXCEEDS 19. The number of discharges on card QT exceeded
the maximum allowable number of 19.

1452 NV CARDS EXCEED 4. The number of iteps specified on the NV
card exceeded the allowable.

1455 NV CARD USED. A table of Manning's ''n'" value and corresponding
elevation was used in the channel.

1481 EL(N) DON'T INCREASE. The elevations on the NV cards must

increase when the channel roughness is varied with elevation
and therefore the job has been terminated.

Exhibit 7
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Statement
Number Notes and Remarks

1490 NH CARD USED. Manning's "n'' value varied horizontally in
accordance with values on NH card.

1518 NH CARD STATIONS NOT INCREASING. The stations on the NH
card specifying changes in Manning's roughness must increase
and therefore the job has been terminated.

1525 NH VALUES EXCEED 20. Manning's roughness coefficient speci-
fied on the NH card exceeded the allowable number.

1535 Q = 0. The discharge was not specified on the J1 card.

1537 START TRIB COMP. Since a negative section number was used,

the profile is to be computed on a tributary starting with
the water surface elevation which was computed for the same
section number on the main stem.

1553 STARTING NC CARD OMITTED. The starting values on the NC
card were not given. The roughness values assumed were
very small (.00001).

1645 INT SEC ADDED BY RAISING SEC X, Y, FT AND MULTIPLYING BY Z.

' An intermediate cross section was calculated by the computer
and inserted between two cross sections specified by input
data. This interpolated cross section was calculated by
all horizontal stations, and hence the cross sectional area,
by Y.

1707 STCHL OR X, GREATER THAN Y. The station of the left bank
was given larger than the station of the right bank and there-
fore was assumed equal to the first station.

1807 BT CARDS EXCEED 50 PTS. Number of points describing the
bridge (Card BT) exceeded allowable.

1857 BT CARD, STA DON'T INCREASE. The roadway station on the BT
card should increase. Data should be corrected.

1860 XLCEL OF X, EXCEEDS RDEL OF Y. The low chord elevation of
X exceeds the corresponding value of the top of roadway Y.
Data should be corrected.

1912 GR CARDS, STATIONS CON'T INCREASE. The ground profile points
don't increase in horizontal station. The data should be
corrected.

2020 NUMBER EL, STA, PTS EXCEED 100. The number of points used

to describe the ground profile for the current cross section
exceeded the allowable.

Exhibit 7
Page 2 of 8



Statement
Number

2096

2725

2620

2750

3073

3075

3235

3265

3280

Notes and Remarks

WSEL NOT GIVEN, AVG OR MAX, MIN USED. The starting water
surface elevation wasn't given and therefore has been assumed
as halfway between the maximum and minimum elevation in the
cross section.

WSEL EXCEEDS LIMITS OF TABLE FOR MANNING'S '"a". An assumed
water surface elevation fell outside the elevation limits
L 0 5 |

which specified Manning's '"n"" values on NV cards. Table
values were extrapolated for ''n' value.

NO IMPROVEMENT MADE TO THIS SECTION. The subroutine CHIMP
has been requested by the CI card and the excavation described
will not cut the existing cross section.

NUMBER OF COMPUTED POINTS EXCEED 100. The number of points
added by subroutine CHIMP have caused the total to exceed
100. Reduce the number of points on the GR card.

NEGATIVE SLOPE, WSEL = , EG = , PCWSE = , XEG = , WLEN =
RESTART COMPUTATIONS AT SECNO = , USING N-VALUES COMPUTED
FOR SECNP = . A negative slope of the energy gradient has
been computed while trying to calculate roughness values that
will exactly duplicate the observed high water mark. Due

to this condition, the computations will start over again
using the previous section's roughness values.

SET S = SAVE. The computed slope at this section was negative
or zero. The slope was set equal to the computed average slope
between this and the previous section.

SLOPE TOO STEEP, EXCEEDS X. The computed slope of the energy
grade line exceeded X, and critical depth has probably been
crossed. If this cross section is a bridge, the special bridge
routine should be used in lieu of the normal bridge.

DIVIDED FLOW. The area below the computed water surface
elevation is divided into two or more segments by high

ground. If this condition occurs for three or more cross
sections consecutively, then separate profiles should be

run up each leg of the divided flow as the water surfaces

are not necessarily the same elevation across-the cross section,

CROSS SECTION EXTENDED X FEET. The cross sections ends have
been projected vertically 50 feet in order to calculate the
hydraulic properties of the cross section. Exactly X feet
of this extension were used. If this vertical assumption
could produce unreasonable results, the input data should be
corrected.

Exhibit 7
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Statement
- Number

3301

3370

3377

3420

3470

3495

3685

3693

3710

¢

Exhibit 7
Page 4 of 8

Notes and Remarks

HV CHANGED MORE THAN HVINS. The differences between velocity
heads computed for the current and previous cross sections
exceeded the allowable specified by input as HVINS (or .5 feet
if HVINS = -1).

NORMAL BRIDGE, NRD = X, MIN ELTRD = Y, MAX ELLC = Z.. The
normal bridge routine was used for this cross section. The
number of point used in describing the bridge deck are given
as X, the minimum top of roadway elevation is Y and the maxi-
mum low chord elevation is Z.

BLOSS READ IN. The diffenence in water surface elevation
between the previous and current cross section was given
by input data.

BRIDGE W.S. = X, BRIDGE VELOCITY = Y. The water surface
elevation under the bridge is specified by X and the velocity
through the bridge is Y.

ENCROACHMENT STATIONS = X, Y. The left bank encroachment
station is specified by X and the right bank encroachment
station is specified by Y. Only the flow area between X
and Y is considered effective.

OVERBANK AREA ASSUMED NONEFFECTIVE, XLBEL = X, RBEL ='Y,

The effective area option (IEARA) was used and the computed
water surface elevation was below at least one of the bank
elevations specified by X and Y and therefore this flow area
was assumed noneffective.

20 TRIALS USED WSEL, CWSEL. The number of trials in balancing
the assumed and computed water surface elevations for the
normal step procedure of backwater has exceeded 20. Check

the assumed water elevation for reasonableness.

PROBABLE MINIMUM SPECIFIC ENERGY. This note is similar to
7185 except it is not certain (only probable), that critical
depth has been crossed. It is known that no depth of flow
assumed in any of the trials produced an energy grade line
elevation as high as the minimum energy at critical depth.

WSEL ASSUMED BASED ON MIN DIFF +.1. At the conclusion of 30
trials the assumed water surface elevation will be made equal
to .1 of a foot above the elevation that came the closest to
balancing. This condition usually occurs near the top of
banks when IEARA = 10. Check results for reasonableness.



Statement

Number

3720

3790

3800

3810

3820

3830

3840

3875

3956

3959

3965

Notes and Remarks

ASSUMED CRITICAL DEPTH. Critical depth has been assumed for
this cross section. This assumption should be verified by
inspection of channel properties. Additional cross sections
may need to be inserted in order to preserve the assumption
of gradually varying flow.

DATA ERROR. JOB DUMPED. The computer detected an error in
input and terminated that particular job (profile), but con-~
tinued on with the next job of the input data.

PREVIOUS ST GREATER THAN CURRENT. Either an input error
caused the stations of the GR card to not increase or a
programming error has been found.

HT IS ~. The height (HT), determined by subtracting the
ground elevation from the assumed water surface elevation,

has been found to.be negative. Corrections for bridge deck
(ELTRD - ELLC) u8éd in normal bridge routine will have-caused
this note if any ELLC is greater than the corresponding ELTRD.
If this is not the case’ a program error has been found, and

a trace should be run to determine the source of the error.

STA(N) GREATER STMAX. One of the stations of the points on
the current ground profile cards (GR) was greater than the
maximum station for this profile.

AROB OR ALOB 1S ~. A negative area in the left or right
overbank has been computed. A program error probably has
been detected. A trace should be run.

SECTION NOT HIGH ENOUGH. The computed water surface elevation
exceeds the maximum specified on input cards, therefore, the
cross section ends have been vertically raised 50 feet.

SUMMARY PRINTOUT FOR MULTIPLE PROFILES.

VOL NOT ON J3 CARD. The J3 and J4 cards have both been used,
The J4 card requires that variable VOL and TIME be requested
on the J3 card.

TIME NOT ON J3 CARD. Same as note 3956.

REACH OF - NOT EQUAL TO SECNO OF -. The J4 card has been
used to specify routing reaches which must be equal to the
section numbers (SECNO) on the first field of the X1 card.
The section numbers must also be in inecreasing order.

Exhibit 7
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Statement
__Number Notes and Remarks

4020 80 TRIALS NOT ENOUGH FOR CRITICAL DEPTH. This note indicates
a data error or program error has been detected. If no data
error is detected, job should be rerun, with ITRACE equal to
one, in order to obtain reason for failure of parabolic opti-
mization process.

4575 CRITICAL DEPTH ASSUMED BELOW ELLC OF - EGLC = ~— EGC = -
WSEL = -. Critical depth is being computed in a bridge
section and the minimum energy below the low chord is less
than the minimum energy above the top of the bridge.

5020 SPECIAL BRIDGE. The input has specified that the bridge
routine to be used for this cross section is a special bridge
routine.

5070 VARIABLE ELCHU OR ELCHD ON CARD SB NOT SPECIFIED. The eleva-

tions of the channel upstream and downstream of the bridge
are not specified on input fields and have therefore been
assumed equal to the previous cross sections minimum elevation.

5227 DOWNSTREAM ELEV IS X, NOT Y, HYDRAULIC JUMP OCCURS DOWNSTREAM.
The upstream momentum is so great that the water downstream
of the bridge is supercritical and not subcritical.

5290 UPSTREAM ELEVATION IS X NOT Y, NEW BACKWATER REQUIRED.
Since supercritical flow was assumed by input and since the
bridge obstruction drowns out the supercritical flow upstream

of the bridge, new backwater is required, from the bridge
upstream.

5470 ERROR DS DEPTH WRONG SIDE CRITICAL. The calculated depth
in the low-flow routine was determined on the wrong side of
critical depth. If this error occurs, a programming error
has been discovered. Run with ITRACE = 1 and determine the

cause.
5730 See note 3710.
6070 LOW FLOW BY NORMAL BRIDGE. When the pier width is specified

as zero for the special bridge routine and when low flow controls,
the friction loss for the bottom and sides of the channel are
computed using the normal bridge routine instead of the special
bridge routine.

6110 EGLWC OF X LESS THAN XEG OF Y. The energy gradient elevation
for the controlling low flow is less than the previous cross
section's energy gradient indicating negative losses. The
energy gradient elevation for the current cross section is
therefore assumed equal to the previous energy gradient (no
loss) and the run has been continued.

‘Exhibit 7
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Statement

Number

6400

6790

6840

-

6870

7185

Notes and Remarks

TRIAL AND ERROR FOR CHANNEL Q FAILED. For the low flow and
weir flow combination, the discharge through the channel must
be determined. In trying to determine the discharge through
the channel by an iterative process, the assumed and computed
discharges do not agree in 50 trials. The allowable error

of 1 percent is too severe for the computation or a programming
inadequacy has been detected.

20 TRIALS OF EG NOT ENOUGH. In determining the energy grade
line elevation for a combination of weir flow and low flow,
the discharge computed for an assumed energy grade line ele-
vation could not balance with the actual discharge to be used
in the water surface profile determination. When this condi-
tion occurs, the job should be rerun using the trace feature
and the cause of this failure determined.

FLOW IS BY WEIR AND LOW FLOW. The minimum top of roadway in
one or both overbank dips below the low chord over the bridge
and the resulting water surface elevation, which is below the
low chord over the bridge, was computed using Class A low flow
under the bridge and weir flow in the low overbanks.

D.S. ENERGY OF X HIGHER THAN COMPUTED ENERGY OF Y. The pre-
vious cross section's downstream energy grade line elevation
of X is higher than the current cross section's computed
energy grade line elevation of Y. The current energy grade
line elevation was computed for a combination of weir and low
flow or weir and pressure flow. The energy grade line eleva-
tion for this cross section has been assumed equal to the
previous energy elevation in order to eliminate negative
losses. The weir coefficients used apparently were too
efficient. ’

MIN SPECIFIC ENERGY. The computer determined that it was
impossible to procede from the previous cross section to

the current cross section without crossing critical depth

and therefore, critical depth has been assumed for the current
cross section. In other words, maximum losses cannot produce
an energy elevation as high as the minimum energy at critical
depth. If this note occurs for several consecutive cross
sections, it is apparent that the wrong type of flow (IDIR)
has been assumed for this segment of the profile. The cross
section should be reversed, IDIR changed and the profile rum.

Exhibit 7
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Statement
Number

7230

8190

8560

8930

Exhibit 7
Page 8 of 8

Notes and Remarks

SLOPE-AREA TRIALS EXCEED 100. 1In determining the starting
water surface elevation using the slope of the energy grade
line from input, 100 trials were not sufficient to balance

the calculated discharge with the actual discharge (Q). If
this condition occurs, an error in the input data or a pro-
gramming error has been encountered. Rerun with trace feature
if input data appears satisfactory.

PLOTTED POINTS (BY PRIORITY), - - - ETC. This note gives

the priority for plotting the values for the cross section.
If two or more points are close enough together that a single
space of the printer cannot distinguish between them then
only the last point plotted will be seen on the output. For
instance, the energy gradient elevation (E) will hide the
water surface elevation (W) for very small velocity heads.

XSEC POINT - , X, EL, ST - Y, Z. The subscript computed for
the current point was too low or too high to be plotted and

is therefore not shown on the cross section plot. The X
indicates the type of point being plotted (X for ground point).
The elevation and station of this point are printed out as

Y and Z..

RDST NOT ON GR CARD. The roadway station printed out here
does not appear on the ground profile card (GR). For the
normal bridge routine all stations on the BT card must also
appear on the BR card. This note can be ignored for the
special bridge routine.






Test

EXHIBIT 8
TEST PROBLEMS
Description

Normal backwater ~ starting depth less than
depth - 3 interpolated cross sections.
North Bufﬁﬁlo Creek

N values vary by horizontal table (NH cards)
start at critical depth, GR cards omitted for
cross section 150, cross section modified by
(X1.8 - X1.9). Discharge varied by X2 card
for single profile, no interpolated cross
sections.

N values vary with elevation in channel, NV
card used.
Davis Creek

Start by slope area method. Desired energy
slope and estimated elevation given.
Davis Creek

Supercritical flow profile - starting depth
above critical, GR points from cross section
1180 repeated for cross sections 1380 - 1580,
profile plot suppressed, change in velocity
head fixed. Salt Lake City streams

Flow through a circular culvert - 4 ft.
diameter, 5 per cent slope, supercritical
flow —~ start at critical depth.

Special Bridge Routine - data for weir flow
only (no X3 cards), input and output in metric
units, no interpolated cross sections.

North Buffalo Creek

Encroachment tests (1) encroachment width
given, (2) stations given, (3) stations and
elevations given, (4) encroachment width
repeated from previous sections ENCFP (X3.3).

Channel improvement (subprogram CHIMP). First
profile is natural (IBW-8), (BW-.0l). Dis-
charge read from 12th field (INQ) of QT cards.
Catalpa Creek

Page

10

13

15

17



Test

Description

Second profile using channel improvement
(IBW-0, BW-10). Summary printout for
multiple profiles.

Catalpa Creek

Special Bridge Routine - effective area option,
two foot bridge piers, artificial levees by
ELLEA and ELREA,.

Special Bridge - class A low flow controlling,
rectangular channel, printout of input data.
Flat Creek

Special Bridge —~ class B low flow controlling,
rectangular channel.
Flat Creek

Special Bridge - pressure flow controlling,
rectangular channel.
Flat Creek

Special Bridge - weir and pressure flow con%
trolling, top of roadway and low chord read
from BT cards, cross sections plotted.

Flat Creek

Special Bridge - class C and B low flow con-
trolling, supercritical flow, no interpolated
cross sections, (2 bridge piers skewed), pro-
file plotted.

Upper Rio Hondo River

Special Bridge - class C low flow controlling,
supercritical flow. ¢
Flat Creek

Special Bridge - weir and low flow controlling,
low bridge approaches for overbank (weir flow)
from BT cards.

Small Creek

Normal Bridge Routine -~ critical depth above
top of bridge, roadway cross section 27975
and 27997.

Big Cottonwood Creek

Flood width determination - frist profile is
natural, profiles 2 through 4 use encroachment
methods 2, 3, and 4, respectively.

24

25

27

29

31

36

40

42
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EXHIBIT 9

OUTPUT DATA DESCRIPTION

A. All variables discussed below apply to the cross section identified
by SECNO.

Variable Description
*#SECNO Identifying cross section number. Equal to the number

in first field of card X1.

*DEPTH Depth of flow.

*CWSEL Computed water surface elevation.

*CRIWS Critical water surface elevation.

*WSELK Known water surface elevation from high water mark.
*EG Mean energy gradient elevation acrass the entire cross

section which is equal to the computed water surface
elevation CWSEL plus the mean velocity head HV.

*HV Mean velocity head across the entire cross section.

*HL Energy loss due to friction.

#QLOSS Energy loss due to minor losses such as transition losses.
*Q Total flow in the‘éross section.

#QLOB Amount of flow in the left overbank.

*#QCH Amount of flow in the channel.

#QROB Amount of flow in the right overbank.

ALOB Cross section area of the left overbank.

*ACH Cross section area of the channel.

AROB . Cross section area of the right overbank.

*Variables that can be printed in the summary.
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Variable

*VOL

TWA

*TIME

VLOB
*VCH

VROB
%% XNL
#%XNCH
*%*XNR

FEWIN

*ELMIN

*SLOPE

XLOBL

*XLCH

XLOBR

ITRIAL

Description

Cumulative volume (acre-feet or 1000 cubic meters)
of water in the river since the first cross section.

Cumulative surface area (acres or 1000 square meters)
of the river since the first cross section.

Travel time from the first cross section to the present
cross section in hours.

Mean velocity in the left overbank.
Mean velocity in the channel.

Mean velocity in the right overbank.

| S )

Manning's ''n" for the left overbank area.

1 B &)

Manning's '"n'" for the channel area.

Manning's "n'" for the right overbank area.

Weighted value of Manning's '"n" for the channel based
on the distance between cross sections and channel flow
from the first cross section. Used when computing

Manning's ''n'" from high water marks.

Minimum elevation in the cross section.

Slope of the energy grade line. (The summary printout
value has been multiplied by 10,000.)

Distance in the left overbank between the previous cross
section and the current cross section.

Distance in the channel between the previous cross section

and the current cross section.

Distance in the right overbank between the previous cross
section and the current cross section.

Number of trials required to balance the assumed and
computed water surface elevations.

#% The summary printout value has been multiplied by 1,000.
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Variable Description
IDC Number of trials required to determine critical depth.

ICONT Number of trials to determine the water surface eleva-
tion by the slope area method or the number of trials
to balance the energy gradient in the special bridge
routine.

CORAR Area of the bridge deck subtracted from the total cross
sectional area in the normal bridge routine.

*TOPWID Cross section width at the assumed water surface eleva-
tion.

EGPRS The energy grade line elevation computed assuming pressure
flow.

EGLWC The energy grade line elevation computed assuming low flow
control.

H3 Drop in water surface elevation from upstream to downstream

sides of the bridge computed using Yarnell's equation
assuming Class A low flow.

QWEIR Total weir flow at the bridge.
QPR Total pressure flow at the bridge.
BAREA Net area of the bridge opening below the low chord.

Equals BAREA entered on Card SB.

*ELLC Elevation of the bridge low chord. Equals ELLC entered
on card X2 if used, otherwise it equals the paximum
low chord in the BT table.

*ELTRD Elevation of the top of roadway. Equals ELTRD entered
on card X2 if used, otherwise it equals the pminimum
top of road in the BT table.

CLASS The controlling type of flow is identified using the
following coded values for this variable:

1. Low Flow - Class A

2. Low Flow ~ Class B

3. Low Flow - Class C

10. Pressure Flow Alone
15. Weir Flow (Overbank)and Class A Low Flow (Bridge)
30. Weir Pressure Flow (Bridge) '

Exhibit 9
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Variable Description

SSTA The station on the GR cards where the water surface
intersects the ground on the left side.

STEND The station on the GR cards where the water surface
intersects the ground on the right side.

*XLBEL Left bank elevation.
*RBEL Right bank elevation.
B. The following variables can be printed out with the summary printout

option along with those variables from the previous list that have an
asterisk (%*):

Variable Description
*CASE A variable indicating how the water surface elevation

was computed. Values of -1, -2, and 0 indicate assump-
tions of critical depth, minimum difference or a balance
between the computed and assumed water surface elevations.

STCHL Station of the left bank.

STCHR Station of the right bank.

STENCL The station of the left encroachment.

STENCR The station of the right encroachment.

CLSTA The centerline station of the trapezoidal excavation.

BW The bottom width of the trapezoidal excavation.
Exhibit 9
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HEC-2 METHODS OF SPECIFYING AND ESTABLISHING FLOOD PLAIN ENCROACHMENTS

Method 1. Stations and elevations of the left and/or right encroachment
can be specified on the X3 card for individual cross sections as desired.
Stations can also be specified differently for each profile by using the
ET card. A 9.1 in the INQ field (J1.2) of the ET card would indicate

that method 1 is being used (for the next cross section only) and the left
and right encroachment stations are specified on fields 9 and 10 of the

ET card. See figures on pages 3-5.

Method 2. A fixed topwidth can be specified on an ET or X3 card which
will be used for all cross sections until changed by another X3 or ET
card. The left and right encroachment stations are made equidistant

from the centerline of the channel, which is half way between the left
and right bank stations. Card ET is used to specify different topwidths
for each profile of a multiple profile run. A 200.2 indicates a 200 foot
wildth will be used for method 2. No provision is made to insure that all

of the channel area is retained as flow area.

Method 3. Encroachments can be specified by percentages which indicate
the desired proportional reduction in the natural (first profile) discharge
carrying capacity (conveyance) of each cross section. This conveyance
option is requested by percentages on the ET cards (variableINQ indicates
which field of the ET cards is used for each profile), and are changed by
inserting another ET card ahead of the appropriate cross section. A 10.3
value (the three indicates method 3) on the ET card for the second profile
would indicate that 5 percent of the flow carrying capacity (if possible),
based on the first profile, will be eliminated on each side of the main
channel as long as the encroachments do not fall within the main channel.
If one side cannot carry the 5 percent reduction, a reduction of more than
5 percent will be attempted on the other side. The first profile is for
natural conditions; different sets of ratios can be specified for all
subsequent profiles. The computed water surface elevation (code 1) must
be requested if a J3 card is used.

Method 4. Backwater can be performed using encroachments that are deter-
mined so that each modified cross section will have the same discharge
carrying capacity (at some higher elevation) as the natural cross section.
This higher elevation is specified on the ET card as a fixed amount above
the natural (e.g., 100 year) profile and by computing the natural profile
as the first computer run. The discharge carrying capability for each
natural cross section is stored from the first profile by requesting the
conveyance (TQ-code = 34) along with the computed water surface elevation
(CWSEL-code = 1) on the J3 card. The encroachments are determined so
that an equal loss of conveyance (at the higher elevation) occurs on each
side of the channel if possible. If half of the loss cannot be obtained
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on one overbank, the difference will be made up, if possible, by the
other overbank, except that encroachments will not be allowed to fall
within the main channel. A 10.4 on the ET card indicates that a l-foot
rise (value is in tenths of a foot on the left side of the decimal point)
will be used for method 4 to determine the encroachments based on equal
conveyances. The first profile is for natural conditions and subsequent
profiles can be computed for different amounts of rise.

Method 5. The encroachment stations can be established based on the
topwidth limits of a previously computed base flood profile. A typical
series of profiles are shown below for two different base floods. The
codes shown must appear on the third field of the J1 card.

Profile NINV Code Description
1 1 -201 100 year flood - natural
2 =202 50 year flood - natural
3 -203 100 year flood using 50 year topwidths
4 -202 30 year flood - natural
5 -203 100 year flood using 30 year topwidths
6 -204 SPF using 30 year topwidths
7 -201 SPF natural

Profiles 2 and 3 or 4 and 5 may be computed without the others since the
natural profiles for 1 and 7 (code= - 201) are for comparison only. The
topwidths from profile 2 and 4 (code= -202) are used as encroachments

for profiles 3 and 5 (code= -203) respectively. If desired, the computed
water elevations and topwidths from a code of -203 can be used to evaluate
the effects on a larger flood that is computed using a -204 code. The
first profile must have a J3 card which contains the identification codes
27, 28, 31, and 32.

FLOW DISTRIBUTION

The horizontal distribution of area, velocity and discharge will be
printed for the overbank subareas (formed by points on the GR card) and
for the channel if variable ITRACE (J2.10 or X2.10) is equal to 15.

If the number of subareas carrying flow in the overbanks is less than
11, the distribution using all subareas will be printed. Otherwise,

the distribution will be based on subareas that carry more than 3 percent
of the flow.
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METHOD 1

METHOD 2

FLOODWAY DETERMINATION WITH HEC-2

.
—

Channel

Encroachment stations STENCL and STENCR are specified on X3 or ET cards

ENCR

ST

ENCF? = 90

L5 ENCFP

T7.....
)

L “«— Centerline Channel

P

Channel .
0 20 50 .80 110 135

Encroachment stations are computed from the width ENCFP which is centered
on the midpoint of the left and right bank stations, ENCFP is read on the
X3 or ET card.
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PSS S —

TENCR

STENCL

%
\ \\\\
ol

" Channel

Encroachment stations are determined from the percent (X) reduction in
conveyance specified on the ET card such that the total conveyance for each
cross-section of the natural profile is reduced by "X" percent if possible.
One-half the reduction is made on each side (if possible) as long as the
encroachments do not infringe on the main channel. The flow area will be
1limited to the channel if the percentage X requires a greater reduction than

ig available from the natural overbanks.

METHOD 4

Natural Water Level

Natural Plus Y Feet

STENCL

!

*

Y

RN
)

Channel‘

Encroachment stations are determined, when requested by the ET card, so that
the conveyance of the cross-section with encroachments and a water level Y
feet above the natural profile is the same as the conveyance of the unmodified

cross~section for the natural water level,
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METHOD 5

\ FLOOD 3 /
AN FLOOD 23 /

FLOOD ly

* Il

: ]

o g

B 5

Ed 55
w Channel

Encroachment stations for‘Eloods 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 J1 and J3 cards

are used to request this method.

Exhibit 9A
Page 6 of 11



INPUT INSTRUCTIONS

CARD J1

The slope area method of starting should not be used for the encroachment
profile. STRT(J1.5) must be 0. Variable NINV(J1.3) is used for Method 5,
see page 2.

CARD J2
Field Variable Value Description
10 ITRACE 0 No trace for this job unless specified

by individual cross sections using ITRACE
on Card X2(X2.10).

1 Trace of all major loops for all cross sections.

10 Trace of major and minor loops for all cross
sections. (Large amount of output.)

15 Flow distribution printout for all cross

sections (no major or minor trace for all
cross sections).

USE OF J3 CARD FOR CHANNEL ENCROACHMENTS

The following additional variables have been added to the previous list
of 30 variables that can be selected for the summary output. Only
seven of the 37 variables can be selected.

CODE
NUMBER VARIABLE DEFINITION

31 ELENCL Elevation of left encroachment

32 ELENCR Elevation of right encroachment

33 CHSLOP Channel slope 1/2

34 TQ The total discharge (index Q) carried with S’ "=.01
35 ITYENC Type of encroachment desired (see ET card)

36 PERENC The target of encroachment requested on ET card

37 TWA The cumulative topwidth area
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The following 7 variables are recommended for use wi

th the encroachment types

indicated. Those variables with *astericks are required.
Encroachment Method
Order No. 3 4 5
1 1% 1% 27%
2 36 34% 28%
3 3 36 31%
4 4 4 32%
5 27 27 1
6 28 28 4
7 9 9 9

Card ET (Encroachment Table)

An additional input card ET may be inserted with other change cards

(NC, QT, NH, or NV) in front of the X1 card where the change is applicable.
This card specifies the method of encroachment selected (1-4) and the target
This method and target will be used until changed by
another ET card (except for method 1). A zero on the first ET card
indicates no encroachment, while a zero on succeeding ET cards indicates.

no change in encroachment.
particular profile is the value of INQ on the second field of the Jl card.
Encroachment methods 3-4 require a natural profile for the first profile
and thus require reading a zero on the ET card in the "INQ" field for the
first profile. If methods 2-4 are used with the ET card for first few
cross sections and it is desired to stop the encroachment option, use
method 1 with the encroachment stations specified near the two ends of

of the encroachment.

the¢xross section.

The field of the ET card that is used for a

Field Variable Value Description
0 IA ET Card idéntification characters,
1 none none Blank field.
2-10 ENCFP(N) 0 No encroachment.
+ Encroachment option is used. The number

Exhibit QA
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XXX.Y is used to specify that method Y is
being used and XXX is the target to be
used for that method. Up to 9 values
may be specified. The encroachment
method or target may be changed at any
cross section or on different profiles.
Targets used for the methods are as
follows:



Method Value
1 X.1
2 X.2
3 X.3
4 X.4

The Xth and Xth+l fields of the ET card will be
used for the encroachment stations STENCL and
STENCR.

The topwidth of X will determine encroachments
stations such that the center of the topwidth will
be centered half way between bank stations.

The natural cross section will be modified so that
X percent of the total conveyance will be eliminated. The
J3. card must have code 1.

The natural cross section will be modified so that
with a (X/10) foot increase the modified cross section
will have the same conveyance. A one foot increase
would require a 10.4 and a .5 foot increase would
require a 5.4. The J3 card must have codes 1 and 34.
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COMPUTER OUTPUT FOR FLOODWAY DETERMINATION

1. NOTES IN NORMAL OUTPUT

a. 3470 ENCROACHMENT STATIONS = W, X TYPE = Y, TARGET = Z. The values
of STENCL and STENCR (left and right encroachment stations) are W and X. The
method used in determining these stations is method Y and the specified target
(width or percent) for that method is Z. If the target is a percent, a
ratio less than me is used instead of percent so that a percent target can
be distinguished from a topwidth target.

b. 2800 NATURAL Q1 = A, WSEL = B, ENC QL = C, WSEL = D, RATIO = E.
This note is printed ou; for encroachment types 3 and 4 only. The index
discharge (Q assuming S? = .0l1) is equal to A for the natural profile at
the water elevation of B. The index discharge for the encroached cross section
is equal to C at elevation D. Elevation D is equal to B for method 3, but is
higher for method 4. The reduction ratio of 1-(C/A) is shown as E. This
ratio for type 3 is normally equal to the target for note 3470 which is based
on the input percentage on the ET card. E will be less than the target if
the overbanks do not carry the target percentage of flow. This ratio is
normally equal to zero for type 4 (the target on note 3470 will be the
equivalent ratio for method 3), since there is no reduction in the flow carry-
ing capability except for the raise in water elevation from B to D. When this
reduction ratio, E, is negative, there is an increase in the index Q using
only the channel area.

2. SECOND SUMMARY PRINTOUT

Immediately following the standard summary printout, a second summary is
printed. The column headings for the second summary printout are described
below. Part of this second summary is for the encroachment routines.

a. SECTION NUMBER
b. DISCHARGE - CFS
c. CWSEL. The computed water surface elevation.

d. CWSEL DIFF-EACH Q. For a given cross section, the difference between
the computed water elevations for each succeeding pair of profiles is shown.

e. CWSEL DIFF-EACH SECTION. The difference between the computed water
elevations for this and the preceding cross section (same profile).

f. CWSEL-WSELK. The difference between the computed water elevations
for each profile and the first profile (which should be the natural profile
for encroachment options).

g. TOPWID. The topwidth for each profile.

h. T.W. DIFF. The difference between the topwidths for each profile and
the first profile.
Exhibit 9A
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i. LENGTH. The channel length between cross sections.
3. SUMMARY OF TOPWIDTH AREAS

Following the second summary printout is the note: DATA FOR LAST CROSS SECTION,
which is followed by the following five columns:

a. PROFILE. Order number of profile.

b. TYPE OF ENC. The code for the type of encroachment used on the last
cross section (see input description).

c. TARGET. The target specified by input for the above type of
encroachment for the last cross section.

d. TOPWIDTH AREA - ACRES. The cumulative surface area (in acres) of the
water from the first to the last cross section based on cumulating the product
of the average topwidths and the overbank and channel distances.

e. TOPWIDTH AREA - DIFF. The difference between the topwidth areas
(column d) for each profile and the first profile. This shows the amount of
land that is removed from the floodway by each different encroachment scheme.
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EXHIBIT 10

INPUT DATA DESCRIPTION

This exhibit contains a detailed description of each variable on

- each input card. It also contains a Functional Use Index which can be
used to determine which input variables are required for specific tasks.
The Summary of Input Cards shows the sequential arrangement of cards.

Variable locations for each input card are shown by field number.
Each card is divided into ten fields of eight columns each except field
1. Variables occuring in field 1 may only occupy card columns 3-8 since
card columns 1 and 2 (called field 0 for simplicity) are reserved for
required identification characters. The different values a variable may
assume and the conditions for each are described for each variable. Some
variables simply indicate whether a program option is to be used or not
by using the numbers -1, 0, 1. Other variables contain numbers which
express the variable magnitude. TFor these a + sign is shown in the
description under '"value" and the numerical value of the variable is
entered as input. Where the variable value is to be zero the variable
may be left blank since a blank field is read as zero.

If decimal points are not punched in the data, all numbers must be
right justified in the field. Any number without a sign is considered
positive.
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FUNCTIONAL USE INDEX

Task ~ Cards Used
1. Basic Applications T1, T2, T3, J1(4-9), NC, X1(1-9)
GR, EJ, ER%
2., Multiple Profiles, Summary J2(1), J3
Printout
3. Optional Cards for Roughness J2(6), NH, NV
Description
4, Optional Cards for Specifying J1(2,10), X2(1), QT
Discharge
5. -Bridge Losses . X2(3,6,9), BT, SB
6. Specification of Ineffective X3, ET
Flow Areas
7. Direct Solution for Manning's n J1(3), X2(2)
8. Additional Ground Points X4
9. Plots of Cross Sections and J2(2-5), X1(10)
Profiles
10. Traces and Data Printout J1(1), X2(10), J2(10)
11. Data Comment Cards C_
12. Critical Depth Option J2(7)
13, Channel Modification Due to J2(8,9), CI
Excavation
14, Storage-Discharge Output J4

*Numbers in parentheses refer to card fields 1-10.
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DATA COMMENT CARDS

CARDS C - OPTIONAL CARD

Title cards (for labeling cross sections) which appear immediately ahead
of the Tl card will be printed just ahead of the cross section whose
number appears in field 1 of cards 3-100. At least 3 comment cards are
required since the first two are not printed.

Card Number Field Variable Value

1 0

1 1-10
2 0
2 1

2 2-10
3-100 0
1

3-100 2-10

IA

IA

NUMCT

IA

CNOS

COCD

Description

Card identification characters (C, blank).
Blank.
Card identification characters.

Number of data comment cards to be
printed (up to 98).

Blank.
Card identification characters.

Cross section number (field 1 of X1
card) where title is to be printed.

Title to be printed ahead of cross
section number CNOS.
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JOB OUTPUT

TITLE CARDS - REQUIRED CARDS

CARDS T1, T2, T3
a. CARD T1

Title card for output title. This card is required for each job.

Field Variable Value Description

0 IA Tl Card identification characters.

1-10 none Numbers and alphabetical characters for title.
b. CARD T2

Title card for output title. This card is required for each job.

Field Variable Value Description

0 - IA T2 Card identification characters.

1-10 none Numbers and alphabetical characters for title.
c. CARD T3

Title card for output title. The river name should be entered in card
columns 9-32 for output in the title of the cross section and profile
plots. This card is required for each job.

Field Variable Value Description
0 IA T3 Card identification characters.
1 0 Not used.

2,3,4 TITLE Title for cross section and profile plots.
5-10 none Numbers and alphabetical characters for title.
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J1

JOB CARDS

CARD J1

Job card specifying starting conditions and program options for this job.
This card is required for each job.

Field Variable Value

0 IA Jl

DATA PRINTOUT

Field Variable Value

1 ELRAN -10

0 or -1

Description

Card identification characters.

Description

Do not print data cards NC-EJ.

Print data cards NC-EJ before execution.

Specified allowable maximum elevation

minus minimum elevation range for BT and
GR cards. (For use in Data Edit Program only.)

OPTION FOR SPECIFYING DISCHARGE

Field Variable Value

2 INQ 0

2 to 20

OPTION FOR DIRECT SOLUTION OF

Description

Card QT or ET is not used.

Field number of flow on Card QT and ET to
be used for job.

n_n

n

Field Variable Value

3 NINV 0

-201
Thru
-204

Description

Option to compute Manning's '"n'" from known

high water marks will not be used.

Manning's "n" will be computed from known
high water marks. Enter known water surface
elevation as variable WSELK on second field
of Card X2(X2.2) for each cross section.

Method 5 encroachment. See J3 and ET cards

(pages 10 and 20 of Exhibit 10) for additional
informations This method is not available
in the November 1976 version of HEC-2.

Exhibit 10
Page 6 of 36



CARD J1 (cont)

REQUIRED BASIC DATA j I
Field Variable Value Description 5
4 IDIR 0 Subcritical flow. Cross sectional data

(GR cards) are read starting at the
downstream end.

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

J STRT -1 Start computations at critical depth.
Enter approximate WSEL in field 9.

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

+ Start by slope-area method. Enter estimated
energy slope here. Enter approximate WSEL in
field 9.
6 METRIC 0 Input and output in English units.
1 Input and output in Metric units.
i/ HVINS 0 or No interpolated cross sections to be inserted
-1 by computer.
+ Enter maximum allowable change in velocity

head between cross sections. If this value
is exceeded, interpolated cross sections will
be inserted by computer.

8 Q 0 Only if INQ(J1.2) is 2 or greater.
+ Starting river flow.
9 WSEL + If STRT(J1.5) is zero enter known starting

water surface elevation. If STRT is + or -
enter approximate water surface elevation.

OPTION FOR CHANGING JOB DISCHARGES

Field Variable Value Description
10 FQ 0 A factor of 1.0 will be used.
+ Factor to multiply all flows by.
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MULTIPLE PROFILES

CARD J2 - OPTIONAL CARD

Field Variable Value
0 IA J2
1 NPROF 0O orl
-1
2-14
15 or
greater

Description

Card identification characters.
Cross section cards (X1 and GR) will be read.

Calls for summary printout for a single-
profile job.

Profile number using cross section data

from previous job (omit cards NC through EJ).
Up to 14 profiles using 300% cross sections
on each can be computed without re-entering
cards NC through EJ.

Same as above except this is last profile,
and therefore the summary printout will be
called.

PLOTS OF CROSS SECTIONS AND PROFILES

Field Variable Value
2 IPLOT 0
1
10
3 PRFVS 0
+
4 XSECV 0
*NOTE:

Description

No cross sections will be plotted for this
job unless individual plots are specified
by using IPLOT on Card X1(X1.10).

Plot all points of all job cross sectioms.

Plot cross section points up to water
surface elevation for all cross sections.

Computer selects vertical scale of profile
plot for current profile based on an
elevation spread not exceeding 12 inches.

User selects vertical scale to be used for
current profile. Enter number of elevation
units per inch.

No profile will be plotted.
Computer selects vertical scale of cross

section plot for each cross section
individually.

The November 1976 version will compute up to 14 profiles using
800 cross sections.
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CARD J2 (cont)

Field Variable Value
+
5 XSECH 0
+

OPTIONAL CHANGE OF ROUGHNESS

Field Variable Value
6 FN 0
+

CRITICAL DEPTH OPTION

Field Variable Value
7 ATIDC -1
0
+
*NOTE:

; 12

Description

User selects vertical scale to be used for
all cross sections. Enter number of eleva-
tion units per inch.

Computer selects horizontal scale of cross
section plot for each cross section infividually.

User selects horizontal scale to be used for

all cross sections. Enter number of horizontal
units.(feet or meters) per line of output. If

the vertical scale of the profile (PRFVS) is given,
then the value of XSECH will be used for the
horizontal scale of both the cross sections and

profiles.

Description

A factor of 1.0 will be used.

mn.n

Factor to multiply all Manning's ''n" values by.

Factor to multiply channel "n" by.
in overbank 'n".

No change

Description

Critical depth will be computed for all cross
sections using an allowable error of 2.5 percent
of the depth.

Critical depth will be computed for all cross
sections using an allowable error of ALLDC
percent of the depth.*

Critical depth will not be computed unless the
actual depth is close to critical (except when
low flow occurs for the special bridge routine
and when super critical flow profiles are computed).
When critical depth is computed, the allowable
error of 2.5 percent of the depth will be used.

Critical depth will not be computed unless the
actual depth is close to critical. When critical
depth is computed, the allowable error of ALLDC
percent will be used.

This capability is only in the November 1976 version of HEC-2.
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J2

CARD J2 (cont)

CHANNEL MODIFICATION DUE TO EXCAVATION

Through the use of subroutine CHIMP the existing cross section (as
described by GR cards) may be modified by a trapezoidal channel
excavation as specified by the use of the optional card CI and the

8th and 9th fields of the J2 card. The CI card should be located
after the X1 card of the cross sections where the improvement applies.
The trapezoidal modification will start on the first cross section that
has a CI card and will continue on each cross section until a CI card
is read that has .01 for the channel bottom. Any changes in the
variables on the CI card must be made by another CI card. Only those
variables that change need to be shown on the CI card.

Field Variable Value Description
8 IBW 0 If a CI card is read, the 6th field of the

CI card will be used to describe the
bottom width of the improvement.

6-10 Field number of channel bottom width on
CI card to be used for this profile.

9 CHNIM 0 Overbank N values are unchanged.

+ NH card (horizontal n value variation) is
simulated by computer so that the channel
n value is used for a distance of CHNIM on
each side of the left or right bank
stations (which may be modified by the
channel excavation described by the CIL

card) .
TRACES AND DATA PRINTOUT
Field Variable Value Description
10 ITRACE 0 No trace for this job unless specified by

individual cross sections using ITRACE
on Card X2(X2.10).

b Majorrtrace for all cross sections.

10 Major and minor trace for all cross
sections. (Large amount of output.)

15 Flow distribution printout for all cross

sections (no major or minor trace for all
cross sections).
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MULTIPLE PROFILES, SUMMARY PRINTOUT

CARD J3
Optional card. Used on first profile of a multiple profile run.

Job card specifying option of selecting from 7 to 9 variables for summary
printout (see J2.l1) which are different from the seven standard variables.
The 6 variables SECNO, XLCH, ELTRD, ELLC, ELMIN, Q will normally be
printed. The first seven variables shown below will also be printed if
this card is omitted. If one or more of the variables 8-37 are desired,
then the seven numbers corresponding to the desired variables should be
placed in fields 1-7. Variables of ELTRD and ELLC can be replaced by

two other variables (selected by fields 8 and 9) if they do not vary

with each profile (generally the variables with ¥).

Code Variable
Number Name Description

1 CWSEL Computed water surface elevation.

2 CRIWS Critical water surface elevation.

3 EG Mean energy gradient elevation across the entire
cross section which is equal to the computed
water surface elevation CWSEL plus the mean
velocity head HV.

4 TOPWID Cross section width at the assumed water
surface elevation.

5 SLOPE Slope of the energy grade line for the current
section,

6 TIME Travel time from the first cross section to the
present cross section in hours.

i VOL Cumulative volume of water in the river since
the first cross section in acre-feet.

8 DEPTH Depth of flow.

9 WSELK Known water surface elevation from high water
mark.

10 HV Mean velocity head across the entire cross
section.
11 HL Energy loss due to friction.
*For the November 1976 version of HEC-2 refer to page 27 Exhibit 10

in the Supplement (green pages) following this ‘exhibit. Page 11 of 36



J3

CARD J3 (cont)

Code Variable
Number Name
12 OLOSS
13 QLOB
14 QCH
15 QROB
16 XNL*
17 ANCH#*
18 XNR*
19 WIN
20 CASE
b STCHL*
22 STCHR*
23 XLBEL*
24 RBEL*
25 ACH
26 VCH
27 STENCL*
28 STENCR¥*
29 CLSTA*

Description

Energy loss due to minor losses such as
transition losses.

Amount of flow in the left overbank.
Amount of flow in the channel.

Amount of flow in the right overbank.

Manning's ''n'" for the left overbank area.

Manning's 'n" for the channel area.

Manning's '"n'" for the right overbank area.

Weighted value of Manning's "n" for the channel
based on the distance between cross sections
and channel flow from the first cross section.
Used when computing Manning's 'n'' from high

water marks.

A variable indicating how the water surface
elevation was computed. Values of -1, -2, -3,
and 0 indicate assumptions of critical depth,
minimum difference a fixed change (X5 card)
or a balance between the computed and assumed
water surface elevations.

Station of the left bank.

Station of the right bank.

Left bank elevation.

Right bank elevation.

Cross section area of the channel.

Mean velocity in the channel.

The station of the left encroachment.

The station of the right encroachment.

The centerline station of the trapezoidal
exXcavation.

Exhibit 10
Page 12 of
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CARD J3 (cont)

Code Variable
Number Name
30 Bw*
31 ELENCL
32 ELENCR
33 CHSLOP
34 TQ
35 ITYENC
36 PERENC
37 TWA

Description

The bottom width of the trapezoidal excavation.

Elevation of left encroachment.

Elevation of right encroachment.

Channel slope.

The total discharge (index Q) carried with
S% =.01 (equivalent to .0l times conveyance).

Type of encroachment desired (see ET card).

The target of encroachment requested on ET card.

The cumulative topwidth area.

The following 7 variables are recommended for use with the encroachment

types indicated.

Those variables with *astericks are required.

Encroachment Method

Order No. 3 4 5
1 1* 1* 27%
2 36 34% 28%
3 3 3 31%
4 4 4 32%
5 27 27 1
6 28 28 4
7 9 9 9
Field Variable Value Descrigtion
0 IA J3 Card identification characters.
1-7 IVAR(I) +
the summary table.
8-9 0
+

Seven code numbers which correspond to the
variables that are desired to be printed in

ELLC and ELTRD will be used in summary table.

Numbers corresponding to variables which will
replace ELTRD and ELLC in the summary table.
These variables cannot vary each profile.

Exhibit 10
Page 13 of
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J4

STORAGE-DISCHARGE OUTPUT

CARD J4

Optional card used only on first profile of a series. This card provides
punched cards for routing by Modified Puls using program HEC-1. The
cards punched are Y,2 and 3 cards (see program description for HEC-1).
This option can be used only if multiple profiles are computed and if

the summary printout is requested. Routing reach cross section numbers
(REACH(I)) must be on X1 cards.

If a J3 card is used to change variables used in the summary printout,
then variables 6(TIME) and 7(VOL) must be shown on that card. This
card requests punched routing cards,

Field Variable Value Description
0 IA J4 Card identification characters.
1 RTLEN + Ratio (usually=1) used to determine the

number of subreaches for each routing
reach. Equal to the ratio of the travel
time (K) to the product of the time
interval (AT) and the number of routing
subreache steps (NSTPS). Use +1 when
K=AT for NSTPS=1, K=2AT for NSTPS=2, etc.
A value of 2 would provide one step when
K=2AT.

2 HYDINT + Computation and tabulation interval in
minutes for HEC-1.

3 NUMRT + Number of values of REACH(I) to be read
on remainder of this card.

4-10 REACH(I) + yReach or section numbers where outflow
values are needed. Each reach number is
equal to the section number (X1.1l) of the
cross section at the downstream end of a
routing reach except the last number
which is the beginning of the upstream
reach. Up to 100 values may be used.

Exhibit 10
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REQUIRED CARD FOR FIRST CROSS SECTION

CARD NC
Manning's

values previously specified.

"1t

n'' and the expansion and contraction coefficients for
transition losses are entered for starting each job, or for changing

Field Variable Value
0 IA NC
1 XNL 0
+
2 XNR 0
+
3 XNCH 0
+
4 CCHV 0
4
5 CEHV 0
+
6-10

Description

Card identification characters.
No change in Manning's 'n'" value for the
left overbank.

I

Manning's "n' value for the left overbank.
No change in Manning's "n'" value for the
right overbank.

Manning's '"n' value for the right overbank
reach length which is half way between

the previous and current and future and
current cross sections.

No change in Manning's 'n'" value for the
channel.

Manning's '"n' value for the channel.

No change in contraction coefficient.

Contraction coefficient used in computing
transition losses.

No change in expansion coefficient.

Expansion coefficient used in computing
transition losses.

Not used.

B Exhibit 10

NC
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QT

OPTIONAL CARD FOR SPECIFYING DISCHARGE

CARD QT

Specified a table of flows for use in computing a series of water surface
profiles. The field of the flow being used for this job is specified by
variable INQ(J1.2).

Field Variable Value Description
0 IA QT Card identification characters.
1 NUMQ - Total number of flows (maximum nineteen)

entered on the QT cards. If two QT cards
are used, field 1 on the second card would
contain a flow value.

2-10 Q(N) + Flow values to be used for multiple profiles.
Variable INQ(J1.2) indicates which field is
used for this job. INQ may range from 2 to
20.

Exhibit 10
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OPTIONAL CARD FOR ROUGHNESS DESCRIPTION

CARD NH

Used to permanently change the roughness coefficients (Manning's n) to values
which vary with the norizontal distances from the left side of the cross sec-
tion Normally the roughness coefficients should be redefined for each cross
section with new geometry.

Field Variable Value Description
0 IA NH Card identification characters.
1 NUMNH + Total number of Manning's ''n" values entered

on NH cards (maximum twenty). If more than
one NH card is used, field 1 on the other
cards would contain a STN(N) value.

2,4,6.. VALN(N) + Manning's 'n" coefficient between stations

ovw v 4 920 STN(N-1) and SIN(N). The first 'm" value
applies from the starting left station up to
SIN(1) . (Field 3)

35544 o5 STN (N) + Station corresponding to VALN(N). Each

IR L station should equal one of the stations on
the next GR cards. Stations must be in in-
creasing order.

Exhibit 10
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OPTIONAL CARD FOR ROUGHNESS DESCRIPTION

CARD NV

Used to change the channel roughness coefficient '"n'" based on water
surface elevations. Program interpolates channel 'n" value for each
assumed water surface elevation based on ''n" vg elevation data.

Field Variable Value Description
0 IA NV Card Identification characters.
1 NUMNV + Total number of Manning's ''n" values

entered on NV cards (maximum twenty). If
more than one NV card is used, field 1 on
the other cards would contain an EL(N)

value.

2 445655

eees.20  VALN(N) + Manning's '"'n" coefficient for area
below ELN(N). The overbank ''n'" wvalues
specified on Card NC will be used for
the overbank roughness regardless of the
values in this table.

35557 5

ca s a2l ELN (N) + Elevation of the water surface corresponding

to VALN(N) in increasing order.

Exhibit 10
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ET

ENCROACHMENT TABLE

CARD ET - OPTIONAL CARD

An additional input card ET may be inserted with other change cards

(NC, QT, NH, or NV) in front of the X1 card where the change is applicable.
This card specified the method of encroachment selected (1-4) and the target
of the encroachment. This method and target will be used until changed by
another ET card (except for method 1). A zero on the first ET card
indicates no encroachment, while a zero on succeeding ET cards indicates
no change in encroachment. The field of the ET card that is used for a
particular profile is the value of INQ on the second field of the Jl1 card.
Encroachment methods 3-4 require a natural profile for the first profile
and thus require reading a zero on the ET card in the "INQ" field for the
first profile. If methods 2-4 are used with the ET card for first few
cross sections and it is desired to stop the encroachment option, use
method 1 with the encroachment stations specified near the two ends of

the cross section.

Field Variable Value Description
0 IA ET Card identification characters.
1 none none Blank field.
2-10 ENCFP (N) 0 No encroachment.
+ Encroachment option is used. The number

XXX.Y is used to specify that method Y is
being used and XXX is the target to be
used for that method. Up to 9 values may
be specified. The encroachment method or
target may be changed at any cross section
or on different profiles. Targets used
for the methods are as follows:

ET card
Method Value Description

1 X.1l The Xth and Xth+l fields of the ET card will
be used for the encroachment stations STENCL
and STENCR. STENCL should not be O.

2 X.2 The topwidth of X will determine encroachments
stations such that the center of the topwidth
will be centered half way between bank
stations.

3 Xis:d The natural cross section will be modified
so that X percent of the total conveyance
will be eliminated. The J3 card must have
code 1.

*For the November 1976 version of HEC-2 refer to page 37 Exhibit 10
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ET

CARD ET (cont)

ET card
Method Value Description

4 X.4 The natural cross section will be modified
so that with a (X/10) foot increase the
modified cross section will have the same
conveyance. A one foot increase would
require a 10.4 and a .5 foot increase would
require a 5.4. The J3 card must have codes
1 and 34.

X = Raise in feet x 10 i.e., 0.5' = 5.4,

5 0 ET card not used. Instead NINV of Jl card
is used. The encroachment stations can be
established based on the topwidth limits
of a previously computed base flood profile.
A typical series of profiles are shown below
for two different base floods. The codes
shown must appear on the third field of the
J1 card.

Profile NINV Code Description

=201 100 year flood - natural

=202 50 year flood - natural

-203 100 year flood using 50 year topwidths
=202 30 year flood - natural

-203 100 year flood using 30 year topwidths
~-204 SPF using 30 year topwidths

-201 SPF natural

N oY B W N

Profiles 2 and 3 or 4 and 5 may be computed without the others since the
natural profiles for 1 and 7 (code= -201) are for comparison only. The
topwidths from profile 2 and 4 (code= -202) are used for encroachments

for profiles 3 and 5 (code= -203) respectively. If desired, the computed
water elevations and topwidths from a code of -203 can be used to evaluate
the effects on a larger flood that is computed using a -204 code. The
first profile must have a J3 card which contains the identification codes
27, 28, 31, and 32.

Exhibit 10
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BRIDGE LOSSES

CARD SB - OPTIONAL CARD

This special bridge card is used to specify data for use in the special
bridge routine and is only required when using the special bridge

This card should be entered between cross sections that are
upstream and downstream of the bridge.

routine.

Field Variable Value
0 IA SB
1 XK +
2 XKOR +
3 COFQ +
4 RDLEN 0

+
5 BWC +
6 BWP 0
+
7 BAREA +

Description

Card identification characters.

Pier shape coefficient, "K', for use in
Yarnell's energy equation for Class A flow.

Total loss coefficient, "K', between cross
sections on either side of bridge, for use
in orifice flow equation.

Coefficient of discharge "C" for use in
weir flow equation.

Flow over roadway is not being considered
or a table of roadway elevations and
corresponding stations will be read in on
Card BT for determining "L'" in the weir
flow equation.

Average length of roadway 'L'" in feet for
use in the weir flow equation. Use a
constant value of "L" only if the length
of weir does not change with depth of flow.
Otherwise use Card BT to read in the top
of roadway.

Bottom width of bridge opening including
any obstruction in feet or meters.

No obstruction through the bridge. Normal
bridge routine will be used in this case
if low flow controls.

Total width of obstruction (piers) in
feet or meters.

Net area of bridge opening below the low
chord in square feet or square meters.

Exhibit 10
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SB

CARD SB (cont)

Field Variable Value
8 SS 0
+
9 ELCHU 0
+
10 ELCHD 4]
+
Note:

solutions.
used for low flow.

Description

Vertical side slopes.

Number of horizontal units per 1 vertical
unit for the side slope of the trapezoidal
channel under the bridge.

Channel invert beneath bridge will be
equal to the minimum elevation in the
previous cross section.

Elevation of the channel invert at the
upstream side of the bridge.

Channel invert will be assumed equal to
the minimum elevation in the previous
cross section.

Elevation of the channel invert at the
downstream side of the bridge.

Variables BWC, BWP, SS, ELCHV, and ELCHD define a trapezoidal
approximation of the bridge opening for use in the low flow

If BWP is zero, normal bridge calculations will be
Variable BAREA is the area used in the
orifice equation for pressure flow calculations.

Exhibit 10
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X1

REQUIRED CARD FOR EACH CROSS SECTION

CARD X1

This card is required for each cross section (300 cross sections can be
used for each profile) and is used to specify the cross section geometry
and program options applicable to that cross section.

Field Variable Value
0 IA X1
1 SECNO +
2 NUMST 0

+
3 STCHL 0
+
4 STCHR 0
+
5 XLOBL +
6 XLOBR +
7 XLCH +

Description

Card identification characters.
Cross section identification number.

Start new tributary backwater at this cross
section.

Previous cross section is used for current

section. Next GR cards are omitted.
Total number of stations on the next GR cards.
May be omitted if NUMST(X1.2) is 0.

The station of the left bank of the channel.
Must be equal to one of the STA(N) on next
GR cards.

May be omitted if NUMST(X1.2) is O.

The station of the right bank of the
channel. Must be equal to one of the
STA(N) on GR cards and equal to or
greater than STCHL.

Length of reach between current cross
section and next downstream cross section
of the left overbank. Zero for first cross
section if IDIR=0 (Subcritical flow).

Length of reach between current cross
section and next downstream cross section
for the right overbank. Zero for first
cross section if IDIR=0.

Length of reach between current cross section
and next downstream cross section for the
channel. Zero for first cross section if
IDIR=0.

Exhibit 10
Page 23 of 36



X1

CARD X1 (cont)

Field Variable Value

8 PXSECR 0
+
9 PXSECE 0
+

Description

Cross section stations will not be changed
by the factor PXSECR.

Factor by which all cross section stations,
except the first station, will be multiplied
by to increase or decrease area. The
factor can apply to a repeated cross

section or a current one. A 1.1 would
increase area by 10 percent not consider-
ing any change by PXSECE, (See X2 card,
field 9, to modify BT data.)

Cross section elevations will not be
changed.

Constant to be added (+) or subtracted (=)
from all cross section elevations (either
previous or current).

OPTIONAL PLOTS OF CROSS SECTION

Field Variable Value

10 IPLOT 0

10

Description

Current cross section will not be plotted,
unless all cross sections were requested
by Card J2.

Plot current cross section using all points.

Plot current cross section using only

those points up to the water surface
elevation.

Exhibit 10
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CHANNEL MODIFICATION DUE TO EXCAVATION

CARD CI - OPTIONAL CARD

Field Variable Value
0 IA cl
1 CLSTA 0

+

-1

2 CELCH 0
+

-1

3 CNCH 0
+

4 XLSS 0
+

5 RSS 0
+

6-10 BW 0
.01

>,01

Description

First 2 columns of card for card identification.
Value on previous CI card is used.

Station of the centerline of the trapezoidal
channel excavation which is expressed in

terms of the stations used in the natural

cross section description (GR cards).

CLSTA is determined by computer as half way
between bank stations.

Value on previous CI card is used.
Elevation of channel invert.

Elevation of channel invert is equal to
minimum elevation in cross section.

Value of previous CI card is used.

New channel "n" value.

Value on previous CI card is used.

Left side slope of channel expressed as
horizontal divided by vertical (2.0 for
2 horizontal to 1 vertical).

Value of previous CI card is used.

Right side slope of channel expressed as
horizontal divided by vertical.

Value on previous CI card is used.

No channel improvement until another CI.
card is read.

Bottom width of trapezoidal channel in
feet. Field used (6-10) for this profile
corresponds to field specified on 8th
field of J2 card.

Exhibit 10
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X2

CROSS SECTION CARD-OPTIONAL

CARD X2

Field Variable Value Description
0 IA X2 Card identification characters.
1 QNEW 0 No change in flow.

- Value of the new flow in the river. This
value will be used for all remaining cross
sections unless changed by another X2 card
or by a QT card.

2 WSELK 0 High water mark elevations are not being
used.

+ Elevation of known high water mark at this
cross section. Required if NINV(J1.3)
equals one.

3 IBRID 0 Special bridge routine will not be used.

1 Special bridge routine will be used. Card
SB is required just ahead of the X1 card
for the current cross section.

4 ELLC 0 Special or normal bridge routines are not
being used or a bridge table is read on
Card BT and (for the special bridge
routine only) the maximum low chord value
on the BT cards is within the main bridge
span.*

+ Elevation of a constant low chord for the
bridge for use by the normal bridge
routine or (for the special bridge
routine) the maximum upstream low chord
elevation within the bridge span which
is used to help distinguish between
pressure flow and low flow.

5 ELTRD 0 Special or normal bridge routines are not
being used or a bridge table is read on
Card BT.
+ Elevation of a constant top of roadway

for use by the normal bridge routine or
(for the special bridge routine) the
minimum roadway elevation on the BT cards
which is used to determine if weir flow
exists.,

Exhibit 10
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CARD X2 (cont)

Field Variable Value
6 BLOSS 0
+
7 REPBT 0
1
3 CMOM 0
+
9 BSQ 0
+

TRACE AND DATA PRINTOUT

Field Variable Value
10 ITRACE 0
1
10
15

X2

Description

Change in water surface elevation will
not be entered.

Change in water surface elevation to be
used between current and previous cross
sections.

Do not repeat bridge table (BT cards)
used from previous cross section.

If current cross section is based on
previous (field 2 of Card X1=0), use
bridge table from previous cross section
for the current but add PXSECE(X1.9) to
all low chord elevations (top of roadways,
remain same). This option used in
describing top of fixed diameter culvert
for several cross sections. Horizontal
stations are not changed when a bridge
section is repeated.

Drag coefficient for calculating pier
losses with momentum equation is equal to
2.00.

Drag coefficient to be used for calculating
pier losses with momentum equations.

No bridge skew is used. Factor of 1.0
will be used.

This factor is multiplied by all horizontal
stations (RDST) used to describe the ,
bridge profile (BT cards). (See X1 card, field
8, to modify GR data).

Description

No trace for this cross section unless ITRACE
on Card J2(J2.10) is specified.

Major trace for current cross section.

Major and minor trace for current cross
section,

Flow distribution printout for current cross
section.

Exhibit 10
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X3

SPECIFICATION OF INEFFECTIVE FLOW AREAS

CARD X3 - OPTIONAL CARD

Field Variable Value Description
0 IA X3 Card identification characters.
1 IEARA 0 Total area of cross section described on

GR cards below the water surface elevation
is used in the computations.

10 Only the cross sectional area confined by
levees below the water surface elevation
is used in the computations, unless the
water surface elevation is above the top
of levee (elevations corresponding to
STCHL(X1.3) and STCHR(X1.4), in which case
flow areas outside the levee will be

included.
2 ELSED 0 A sediment elevation is not specified.
+ Elevation of sediment desposition. This

elevation is extended horizontally until
it intersects the cross section and the
area below this elevation is not
considered to carry flow.

3 ENCFP 0 Width between encroachments is not changed
or is not specified.

+ Width between encroachments is centered in
the channel, midway between .the left and
right overbanks. Flow areas outside this
width are not included in the computations.
This width will be used for all cross
sections unless changed by a positive ENCFP
on Card X3 of another cross section or Card
ET or unless overridden by the use of
STENCL(X3.4).

4 STENCL 0 Encroachments by specifying station and/or
elevation will not be used on the left
overbank.

+ Station of the left encroachment. Flow

areas to the left of (less than) this
station and below ELENCL are not included
in the computations. This option will
override the option using ENCFP when both
are used.

Exhibit 10
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CARD X3 (cont)

Field Variable Value

5 ELENCL 0
+
6 STENCR 0
-+
7 ELENCR 0
+
8 ELLEA 0
+
9 ELREA 0
4
10

Description

An encroachment elevation on the left side
is not applicable and is therefore assumed
very high.

Elevation of the left encroaciment. Flow
areas below this elevation and less than
STENCL are not included in the computations.

An encroachment station on the right is
not used.

Station of the right encroachment. Flow
areas to the right of (greater than) this
station and below ELENCR are not included
in the computations.

An encroachment elevation on the right side
is not applicable and is therefore assumed
very high.

Elevation of the right encroachment. Flow
areas below this elevation and greater
than STENCR are not included in the
computations,

The elevation (XLBEL) on the GR cards
corresponding to STCHL (Card X1) is used
to decide if the left flow area is
effective or not when using the effective
area option (IEARA=10).

This elevation is used instead of XLBEL.

When this value is used, artificial levees
are defined.

Same as ELLEA except for right bank flows.
Same as ELLEA except for right bank flows.
Left bank value (ELLEA) must be + for program
to use right bank value.

Not used.
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ADDITIONAL GROUND POINTS

CARD X4 - OPTIONAL CARD

An additional input card X4 may be inserted following cards X1, X2, or X3
in order to add additional points to describe the ground profile of the
cross section. This option is useful when modifying data cards for a
proposed levee as it allows points to be added anywhere in the cross
section, The X4 card may not be used to describe the artificial levees
required for bridges since the values of STCHL and STCHR must be on the
GR cards.

Field Variable Value Description
0 IA X4 Card identification characters.
ik NELT + Number of additional points to supplement

the next set of GR cards read in describing
the ground profile of the cross section.

2 ELT(1) + Elevation of first additional ground point.

3 STAT(1) + Station of first additional ground point.
All stations must be less than the maximum
station on the GR cards. The pairs of
elevations and stations do not have to be
in any particular order.

4,5 etc. Additional pairs of elevation and station
values. Maximum of 20 pairs.

Exhibit 10
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USE OF INPUT WATER ELEVATION

CARD X5 - OPTIONAL

X3

An X5 card is used to input a water surface elevation at a cross section,
or to input an increment of elevation to be added to the water surface

elevation of the previous cross section
elevation of the cross section. The X5
cross section, including a bridge cross
elevation or elevation increment can be
profile of a multiple profile job. The

used for a particular profile is controlled by variable INQ(J1.2).

to obtain the water surface

card can be inserted for any
section, and the desired
specified differently for each
field of the X5 card that is
Input

instructions are as follows:

Card Columns Variable Value Description
1,2 IA X5 Card identification characters.
3-8 N + Number of fields used on X5 card
for desired water surface elevations.
- Number of fields used on X5 card for
desired increments of water surface
elevation.
9-16 Water surface elevation (or
17-24 etc. increment in water surface elevation

from previous cross section if N = -)
desired for cross section described
by preceding X1 card. Variable
INQ(J1.2) indicates which field is
used for a particular run. INQ may
range from 2-20.
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BRIDGE PROFILES

CARD BT - OPTIONAL CARD

The bridge geometry described by this card may be used by either the normal
bridge routine or the special bridge routine. For the normal bridge rou-
tine, data from the BT cards are used in conjunction with data from GR cards
to define a section through a bridge or culvert. Each station on the BT
card should correspond to a station on the GR card. The road elevation
(RDEL) defines the top of road, and the low chord elevation (XCEL) defines
the low chord in the bridge span.

For the normal bridge routine, the program eliminates the area between the
top of road profile and the low chord profile for the full length of the
bridge described on the BT cards. The program achieves this by subtracting
the height of the obstruction from the water depth for each station on the
GR card. No reduction in area is made outside the range of data supplied
on the BT cards. If the ground profile and the top of road profile are the
same in the overbanks, then the overbank portions of the cross section do
not have to be coded on the BT cards because no reduction is required. If
the overbank portions of the cross section are coded on the BT cards because
the top of road and ground profiles are not identical, it is necessary to
set values of XLCEL equal to the ground elevations in the overbanks.

The special bridge routine uses the BT card data to define the weir profile
for weir flow calculations. If the program cannot revert to the normal
bridge routine (because BWP > 0) and the variables ELLC and ELTRD are de-
fined on the X2 card, only the top of road profile need be defined on the
BT card and the BT stations do not have to coincide with GR stations. How-
ever, if BWP = 0, which causes the program to transfer from the special
bridge to the normal bridge routine for low flow solutions, the BT cards
should be prepared as described in the first paragraph.

Field Variable Value Description
0 IA BT Card identification characters.
1 NRD + Number of points describing the bridge

roadway and low chord to be read on Card
BT. Entered only on first BT card. The
maximum number of points is 50.%

2 "RDST(1) + Roadway station corresponding to RDEL(1)
g and XLCEL(1).

3 ~RDEL(1) + Top of roadway elevation at station RDST(1).
: Should be greater than the estimated
energy elevation.

*For the November 1976 version with Modification 53, §§22b§; ig 36

the maximum number of points is 100.



Field Variable Value Description

b4 XLéEL(l) + Low chord elevation at station RDST(1).
Sy RDST(2) + Roadway station corresponding to RDEL(Z)"‘jk :
6 RDEL(2) + Top of roadway elevation at station RDST(Z):
7 XLCEL(2) -+ Low chord elevation at station RDST(2). |
8 RDST(3) + Roadway station corresponding to RDEL(3)
and XLCEL(3).
9 RDEL(3) + | Top of roadway elevation at station RDST(3).
1077 ~XLCEL (3) + Low chord elevation at station RDST(3).

Continue on in field 1 of additional BT cards up to RDST(NRD), RDEL(NRD),
and XLCEL(NRD) . The last roadway elevation RDEL(NRD) should be greater
- than' ‘the estimated energy elevation.
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GROUND PROFILE

CARD GR

This card specifies the elevation and station of each point in a cross
section used to describe the ground profile, and is required for each
X1 card unless NUMST(X1.2) is zero. The points outside of the channel
determine the subdivision of the cross section which corrects for the
nonuniform velocity distribution.

Field Variable Value Description
0 IA GR Card identification characters.
1 EL(1) + Elevation of cross section point 1 at

- station STA(l). May be positive or
negative.

2 STA(1) + Station of cross section point 1.

3 EL(2) + Elevation of cross section point 2 at
- STA(2).
4 STA(2) + Station of cross section point 2.

Continue with additional GR cards using up to 100 points to describe
the cross section. Stations should be in increasing order.
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END OF JOB CARD

CARD EJ - REQUIRED

Required following the last cross section for each job. This card is
omitted for all but the first profile for multiple profile jobs because
the cross section cards are read for the first profile only. Each
group of cards beginning with Card Tl is considered a job.

Field Variable Value Description
0 _“IA EJ Card identification characters.
1-10 ’ Not used.
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END OF RUN
CARD ER - REQUIRED CARD
Required at the end of a run consisting of one or more jobs in order to

end computation on stop command. Three blank cards after the EJ card
of the last job are required followed by the ER card.

Field Variable Value Description
0 IA ER Card identification characters.

1-10 ‘Not used.
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November 1977

SUMMARY OF SUPPLEMENTAL CAPABILITIES

The HEC-2 version dated November 1976 is intended to replace the
version dated August 1971 with its associated modifications and error
corrections. The basic computational capabilities for calculating water
surface profiles are essentially unchanged. Input prepared for the
previous version (except for optional card J3) is fully compatible with
the new version. The new version, however, has the following features:

1. NEW ENCROACHMENT OPTIONS (METHODS 5 AND 6)

Encroachment Methods 5 and 6 use an optimization scheme to obtain

a desired target elevation difference between natural and encroached
conditions. Method 5 uses a target based on a change in water
surface elevation. Method 6 uses a target based on a change in
energy grade line elevation. For further details of these methods,
refer to page 3. These methods are intended for use in flood
insurance studies.

2. EXPANDED SUMMARY OUTPUT CAPABILITY

a. User-Defined Summary Tables. Sixty-three variables are
available for printout in summary tables. The user may
select and print up to thirteen variables in any order
for a single summary. Up to five different summaries can
be obtained for each run. If desired, the detailed section
by section printout may be suppressed so that only the
summary tables are printed.

b. Pre-Defined Tables. Separate pre-defined tables can be
requested to summarize data for bridges, encroachments
and channel improvements. A Floodway Data Table similar
to FIA Table 1% can be requested which summarizes infor-
mation on floodway widths, mean velocities and water sur-
face elevations as required for flood insurance studies.
A Flood Insurance Zone Data Table similar to FIA Table 2%
can be requested to facilitate determination of flood
hazard factors and reaches as required for flood insurance
studies. For an illustration of pre-defined tables, refer
to pages 4 - 16.

*Flood Insurance Study, Guidelines and Specifications, U.S. Department of
Housing and Urban Development, January 1976, Federal Insurance Administra-
tion.



3. ARCHIVAL OPTION

This option will create a permanent record of study results in
computer readable form. Details of the archival option are
given on pages 17 - 20.

4. TFRICTION LOSS EQUATION OPTION

This option provides the user with a choice of five alternative
methods for evaluating friction losses. The option is described
on pages 21 - 23.

5. POTENTIAL FOR USAGE WITH INTERACTIVE COMPUTER TERMINALS

Although HEC-2 is not an interactive program and should
normally be executed in the batch mode, several new features in
the program provide capability for reviewing output through
an interactive terminal. In many computing systems this will
enable the user to perform several executions to debug a data
deck before full line printer output is obtained. The user-
defined summary tables (see page 1), coupled with suppression
of most of the detailed output (with the J5 card), can be
used to obtain output that will print conveniently on 72 »or
80 column terminals. Labels generated by the program in the
detailed ouput for each profiles (e.g., *PROF 2) and each
cross section (e.g., *SECNO 21.100) allow easy location of
specific results using commonly available system text editors.

6. REDUCED STORAGE REQUIREMENTS

Execution core storage requirements have been reduced to less
than 32,000 decimal words (32 bits or larger), which is approximately
one-half the previous requirement. Limits on the number of profiles
and cross sections have been set to 14 and 800, respectively.

Information provided on the following pages is intended to supplement the
October 1973 Users Manual for HEC-2 to allow the use of added capabilities
in the November 1976 version of the program.



ENCROACHMENT METHODS 5 AND 6

INTRODUCTION

Two encroachment methods have been developed that use an optimization
scheme to obtain a desired target elevation difference between natural and
encroached conditions. Encroachment Method 5 is based on a target difference
in water surface elevation. Encroachment Method 6 is based on a target
difference in energy grade line elevation. A maximum of twenty-one trials
are allowed in attempting a solution. The routine uses the percent reduc-
tion in conveyance as the objective function to be optimized to obtain the
desired target difference. Convergence is usually obtained in three or four
trials. The number of trials processed is printed under the variable name
ICONT. It is not always possible to achieve the desired target difference
because of hydraulic conditions such as the occurrence of critical depth
or flow conditions in the vicinity of bridges. Methods 5 and 6 add to the
array of techniques already available and are not to replace or make obsolete
the existing methods. Both provide results that may be useful for flood
insurance studies.

INPUT REQUIREMENTS

Input for methods 5 and 6 is specified on the ET card in the same way
as for method 4. A 10.5 or a 10.6 indicate a floodway with a target of omne
foot difference in water surface elevations or energy elevations, respectively.
The methods can be changed at any cross section like methods 1 through 4. Also,
as with methods 3 and 4, the first profile must be for natural (unencroached)
conditions and subsequent profiles can be computed for different targets.
Method 4 should be used for the first cross section even through method

6 is used thereafter, because EG is not properly defined at the first cross

section.



ILLUSTRATIONS OF PRE-DEFINED TABLES

The following tables are available to summarize results relating to
bridges, encroachments, channel improvements, floodways and flood insurance
zone studies.

Table Number Table Output

100 Bridge data table (single section for
each special bridge).

105 Bridge data table (four sections for
each special bridge).

110 Encroachment data table.
120 Channel improvement data table.
150 Standard summary (two tables produced).
200 Floodway data table (FIA Table 1).
201 Flood insurance zone data table (FIA
: Table 2).

Example output for each table is provided on the following pages.
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TABLE 150 (CONTINUED)
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TABLE 200

The Floodway Data Table provides the WIDTH, SECTION AREA, and MEAN
VELOCITY for each floodway profile plus the computed WATER SURFACE ELEVA-
TION for WITH and WITHOUT FLOODWAY, and their DIFFERENCE. The information
is tabulated, in the format required under current FIA Guidelines, for
every cross section. To obtain this table, input the code 200 on the J3
card, and compute a natural, and one or more encroached (floodway) profiles.

Remember to request a summary printout on the last profile. An example output
is shown below.

FLOODWAY DATA, LEACH CREEK
PROFILE NO, 2

essenen FLOODWAY someeve WATER SURFACE ELEVATION
STATION WIDTH SEcTION ME AN WITH WITHMOUT DIFFERENCE

(FTH AREA VEIOCITY FLOODWAY FLOODWAY
9500,000 111, 669, Sel 457445 4573,5 1,0
9805,000 50 289, 11.8 457443 4573,9 o 4
9855,.000 148, 469, 7!3 48774 4577.3 ol
9890,000 145, 473, 7.2 4577,5 4577,5 0,0
9940,000 130, 839, 441 4578 ,8 4578 ,4 4
105004000 109, 329, 1043 U578,8 4578,8 00
110004000 70 415, 8,2 4581,9 4584,9 040
115004000 36, 235, 14,5 4583,5 4583,8 .3
12000,000 68, 543, 6,3 4588,0 4587,5 5
12450,000 62, 474, 7.2 4588,7 4588,2 "5
12500,000 146, 436, 7,8 4592,5 4592,3 o2
12530,000 146, 444, 1.7 4592,8 4592,7 ol
12580,000 109, 1245, 2.7 4594,3 4594,1 .2
13000,000 123, 1014, 3,4 4594 ,3 4%94,1 2
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TABLE 201

The Flood Insurance Zone Data Table provides for the computation of
Flood Hazard Factors (FHF), Zones, and weighted average differences between
the 100 year dlood (Base Flood) and the 10, 50, and 500 year flood profiles.
The program first computes and prints the required information for the entire
reach (input data set). If 80% of the reach is not within a specified range
around the weighted average value for the difference between the 10 year and
the 100 year profiles, the program will segment the reach by a constant
incremental length and compute and print the FHF continuously by increment.
This second approach will provide information that will help make the determina-
tion of where to subdivide the reach to meet the 80% criterion.

To obtain the Zone Data, code 201 on the J3 card and set up the data cards
to compute the 10, 50, 100, and 500 year profiles in that order. Remember to
request summary printout on the last profile.

FLOOD HAZARD FACTOR FOR ENTIRE REACH USING SECTIONS

This table is the computation of the FHF for the entire reach using
the computed water surface profiles. For each cross section (SECTION NUMBER)
the CUMULATIVE DISTANCE, and the computed ELEVATION DIFFERENCE BETWEEN BASE
FLOOD (the 100 year - profile 3) and: 10% (10 year - profile 1), 2% (50 year -
profile 2), and 0.2% (500 year - profile 4) FLOODS are shown. At the end of
this table the WEIGHTED AVG FOR REACH is shown for the three difference categories.
Also shown are the FHF, the precentage of the reach that is within the FIA
specified range and the ZONE for the reach based on the computed FHF. TIf the
reach has 807 or more of the weighted 10% difference values within the specified
range, the computed FHF, ZONE, and weighted average differences satisfy the
required FTIA criteria for the entire reach. If the differences are not within
the 80% limit, the program will proceed with the computation of the FHF by
even increments, shown in a second table which is described in the next section.
The following table shows the output for a reach that does not meet the 80%
criterion.

12



EXAMPLE OF TABLE 201 (FIRST PART)

FLOOD INSURANCE ZONE DATA FOR LEACH CREEK

FLOOD HAZARD FACTOR FOR ENTIRE REACH USING SECTIONS

SECTION CUMULATIVE ELEVATTON DIFFERENCE
NUMBER DISTANCE BETWEEN nrASE FLOOD AND#
10¢ 2¢ 0,2¢
§500,000 0, =2.49 -, 29 3,91
9805.000 309, 2,52 =, 24 2031
9855.000 355. #2403 “e09 5490
9890,000 390, =2,.83 “, 46 5,17
940,000 4480, wl 09 - 79 44,80
10500.000 1000s =3455 wa 74 3,12
11000.,000 1500, w43 =104 3,46
11500,000 2000, «l4,.01 “,93 3,43
12000g000 ESOOQ '4-67 ".0“ 3lu2
12450,000 2950  =l8,55 21400 3,24
12500,000 3000, wld 67 «l,10 5,79
12530,000 3030, wS,.01 “1,19 531
IESRO-,OOO 3080, 5,89 =1,40 4.60
] 13000-000 3500. 'S.Bu "1039 4'60
13570,000 4070, =3.66 «,73 3,74
13620,000 4120, =l 45 «1,03 4,12
136800000 0180. ”305“ -!.76 0054
14600,000 4500, =3,.26 - 66 2,89
14500,000 5000, 2,27 LY 2e16
YO R e e B e W R OR NE O E T 60 s 0o @ O NR O g ap 9 X 00 R G0 OB BN (o o A 9K AR 8% O 97 ¥ sa AT we R 6RO On BV NG
WEIGHTED AVG FOR REACH =4.07 -.88 31:62

FHF FOR THE REACH = 040 WwIYH 72.8¢ OF THE REACH WITHIN 1.0 FEET
ZUNE.FOR_THE_REAQHV= A &
Qﬂuw--unnnnuuﬂ'Uu.-wﬂ'!g.ﬂ"nuvcn.uu-ugw'uuqucnﬂpﬂﬂ-h"ﬂ

+
R ROt ER RN R R AR e N N TR RN EP R S RN R R NcREEaRR
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CONTINUOUS FLOOD HAZARD FACTORS BY EVEN INCREMENTS

This table is the result of segmenting the total reach by even
increments. By using even increments, the Flood Hazard Factor can be
continuously computed for the reach up to the current increment. The
output information in this table should be sufficient to determine where
the reach could be subdivided to meet the FIA requirements for at least
80% of each reach being within a specific range (based on the magnitude
of the weighted average difference between the 10 and 100 year flood
profiles). A description of each output column follows.

INC NO. is the increment number for the even intervals used to
subdivide the total reach.

TOTAL LENGTH is the channel length from the first section to the
current increment. The length shown for the first
increment is the constant interval length used by
the program to subdivide the reach.

AVG ELEVATION DATA represent average values within each increment;
10% is the water surface elevation for the 10
year flood (Profile 1). 17 is the water surface
elevation from the 100 year flood (Profile 3).
Increment elevations are linearly interpolated
from cross section results.

DIFF. is the difference between elevations for profiles 1 and 3.

WID. AVG. is the length-weighted average elevation difference from
the beginning of the reach to the current increment.

FHF is the flood hazard factor based on the weighted average difference;
therefore, it represents the FHF for the reach up to the current
increment.

PERCENT WITHIN represents the portion of the reach (from the beginning
to the current increment) that is within the specified
range for the current FHF.

Within the printout for even increments the cross section numbers are
printed as they are located within the reach. The numbers are printed within
the data output on the right side of the table as: SEC. XXX.XXX.

At the end of the output there is a statement explaining how the reach
can be subdivided. For example, the reach in this example could be subdivided
by coding 202 32 49. The program would divide the total reach into two
reaches; one ending with increment 32 and the second ending with increment
49. As coded above, all of the incremental data will be printed plus the
results for the two reaches. If only the results for each reach are desired,
the first increment number could be coded with a minus sign. This will suppress
all of the intermediate results. For example, 202 -32 49 will give the
results shown on page 15.

14



CONTINUQUS FLOOD HAZARD FACTORS

INC TOTAL
NO, LENGTH 10¢
0, .
1 100, 4568.26
2 200, 4568 58
3 300, 4568,90
305.
35S,
390, y
4 400, 459,26
an.
L 500, 4569.62
[ 600, 4570,01
T 700, 457047
8 800« 4570.94
9 900, US571.40
1000, -
10 1000, 4571 .86
11 1100, 4572,29
12 1200 4572467
13 1300 4573.06
14 1400, 457345
1500, .
15 1500, 4573,83
16 1600. 45748.29
17 1700, 457482
18 1800, 4575 35
19 1900, 4S575.87
2000, .
20 2000s 4576.40
21 2100, 4576,.94
22 2200 457747
23 2300. 4578,01
24 2400, 4578.55
2500, .
25 2500, 4579,09
26 2600, 4579,47
27 2700, 4579.70
28 2800, 4579,9%
29 2900, 4580,16
2950, .
3o 3000. 45R1.08
3000,
3030,
3080, .
31 3100. 4582,72
32 3200, 4583,58
33 300, 4583,60
34 24900, 4583,63
3500, i
38 3500, 4583.66
16 3600, 4583 95
37 3700, 4584.52
38 3800, 4585.09
39 3900, 4585.66
40 4000, 4586,23
eg70, .
ay 4100, 4587.12
4120,
4130,
4180,
42 4200, 4588,23
43 4300. 4589,28
44 4400, 4560.38
4500, X
45 4500, as9i,47
46 4600. 4552,29
47 4700, 4592.84
48 4800, 4593 38
ig 4900, 453,93
S000.

THIS RgaCH CAN B SUBDIVIDED BY INC NO,

EXAMPLE OF TABLE 201 (SECOND PART)

AVG ELEVATIQON

ie

4570.75
4571 08
4571, 0t

4s572,06

4573,17
4573,99
4s74,36
4574.73
4S7%5.,09

4575 46
4575,.93
4576449
4s77.0%
4s77,61

4s78,.17
us578,.68
4579,12
4579,57
4580.01

458046
458,01
Us581.69
us82.36
4583,03

4s83,70
USR4 .13
useu, 34
4584, 54
us84,78

4585,69

4588.00
4S89, 46
us89 48
4589.49

4s89,51
4589 61
4s5p9 .79
4589,98
4580416
u590,35

4591.145

4s92.07
592,77
4593.77

4594477
4595 .45
L595,.80
4ssé6 .15
456,50

BY FVEN INCREMENTS

DATA
DTFF.

=?,89
=>,%0
«?,8%

2,80

<155
«1,98
3,89
g, 79
=%,69

=%,h0
3,64
«1,82
«1,99
.U.1ﬁ

«i,%48
el,39
«/,%0
all,?2
en,14

wlehb
wl 07
«l,22
-”“5
et U8

«u,61
wa b6
«ll b4
«n b4
vt 58

L

«%,78
8,88
-"!B

-Q.!b

-‘-”5
.‘.bb
«s,27
w89
wt S0
=412

-0,03

-X,84
w49
w%,39

wt %0
“3.16
2,96
2,77
«2,57

70

INFUT 20N WHERE N I8 THE NUMBER OF PFEACHES

OF EACH REACH By INC
A NEGATIVE INC NO

NO,

15

FOR EXAMPIEx 202
®#ILL SUPPRESS TNTERMEDIATE INC QUTPUT,

WTD, PERCENT
AVG, FHF WITHIN
8EC, 9500,000
=2,49 02s 100,
2,49 02% 100,
2,50 02s 100,
SEC, 9805,000
8EC, 9855,000
StC, 9890,000
«2,57 02s 100,
SEC, 9540,000
«2,77 030 100
=2,97 030 83,
«3,10 030 100,
“3,19 030 100
=3,24 030 100
8EC, 10500,000
3,28 03% 100,
3,31 03S 100,
©3,3S 038 100,
=3,40 038 100,
=3,46 038 100,
SEC, 11000.,000
=3,52 03S 80,
«3,57 03% 81,
«3,61 035 62,
3,65 03§ 83,
-3,67 03S 84,
SEC, 11500,000
«3,69 038 &5,
«3,71 038 86,
©3,73 03% 86,
«3.76 040 87,
=3,79 ] 88,
SEC, 12000,000
=3,82 0uo 84,
«3,86 c40 85,
=388 040 8s,
=3,91 040 86,
=3,93 040 86,
SEC, $2450,000
«3,96 040 87,
SEC, 12500.%00
SEC, 12530,000
SEC, 12580.000
w00 040 8a,
wly06 040 81,
bl 11 040 79,
el 16 040 T6.
SEC, 13000,000
wl .24 040 Tu,
o, 25 04s 12,
4,28 04S 76,
cl,30 04s T6a
wld,30 045 77.
4,30 04S 78,
SEC, 13570,000
-l,29 04s 78,
SEC, 13620,000
SEC, 13630,000
SEC, 13680,000
«l, 28 04s 79.
“l,26 04s Tu,
alo2d 040 7S,
SEC, 14000,000
“y,2e 040 764
8,20 0uo Ta,
«led? 040 T72.
4,14 040 1%,
4,14 040 71,
SEC, 14500.000

MEET FIA REGUIREMENTS
AND TKEN INFUT THE END
32 49



As coded on the previous page, all of the incremental data will be
printed plus the results for the two reaches. If only the results for each
reach are desired, the first increment number could be coded with a minus
sign. This will suppress all of the intermediate results. For example,
202 -32 49 will give the results shown below.

CONTINUQUS FLOOD HAZARD FACTORS BY EVEN INCREMENTS

INC TATAL WETGHTED AVG DIFFERENCE
NOD, LENGTH BETWEEN BASE FLOOD AND

10, 1, 0,2,
32 3200, -3,75 -1,14 82

‘FHF FOR REACH 1 = 040 WITH 81,. OF THE REACH WITHIN 1,0 FEET
ZONE FOR THE REACH = A 8 '

======'—‘=====‘_'==::====:=:.‘.‘-".::=:======================;'===:============== i
49 4900, =4,23 ~,96 74

FHF FOR REACH 2 = 040 WITH 47,.. OF THE REACH WITHIN 1,0 FEET
ZONE FOR THE REACH = A 8

R wm e D S S e W WS e T D P e S N G S R ey S M wy S0 o WD R ey St G0 WD WD b N e S me e p S w P S AD WO e O w0 LD e O e D SR T g ST M e W S G

When there is uncertainty as to where to subdivide the reach, the user
should code several alternatives on the J3 card and another run should be
made. For example, (J3 202 -32 49 203 -32 40 49), would provide for
two different subdivisions. The first is the same as the previous example
and the second is for three reaches ending with increments 32, 40, and 49,
as the example shows below.

CONTINUDUS FLOOD HAZARD FACTORS BY EVEN INCREMENTS

INC TOTAL WETGHTED AVG DIFFERENCE
NO, LENGTH RETWEEN: BASE FLOOD AND
32 3200, «3,75 =1,14 B2

FHF FOR REACH { = 040 WITH 8{.,, OF THE REACH WITHIN 1,0 FEET
ZONE FOR THE REACH = A 8 ,

o W -
i - - - o S Y ow S AT s AR iy A S vy A B w8 W o S W M e S3 G T W W e MY S ke R D G G D s NS e NP g S v w
god i A f R p il g et g A T P

40 4000, -5,30 -1,27 e

FHF FOR REACH 2 = 055 WITH 8B8., OF THE REACH WITHIN 1,0 FEET
ZOME FOR THE REACH = Atl

- -
S g e e W e S G M A e AT G ws ¢ T S T G e e e Ry F ae VN W gy ST WP A b xS G S e e 4R G W e E M st G G €N G O v S vt W g B e g 7 W7 s €T

49 4900, -3,28 =, 69 <54

FHF FOR REACH 3 = 035 wITH 100,, OF TRE REACH WITHIN 1.0 FEET
ZONE FOR THE REACH = A 7

-
- e e e - e b - n e o o W By G B WS € b S n W s € G WD e W e S M A G ) G G e G A W7 e S g N s e P
RS b sttt -t e R b g R g R R

w
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ARCHIVAL OPTION

The Archival Option is a useful feature when it is desired to create a
permanent record (on tape) of study results in computer readable form. The
input data and all computed results are written in compact form on tape.

At some future time this tape can be used, with appropriate software, as

a basis for furthéer analysis. For example, additional profile plots can
be generated, new output tables can be produced using any of the variables
available for summary printout (J3 card), and cross section data can be
verified. This may be particularly valuable when analysis is required to
determine encroachments or floodways within the study area. In addition
this tape can be useful when studies of adjoining river reaches are being
performed.

The archival tape is structured as follows:

Section a. Input data cards

Section b. Header block showing program version

Section c. Number of output variables and cross sections
Section d. Alphanumeric names of output variables

Section e. Output variables for each cross section
Sections of the output defined above are separated by numeric delineators.
Section a is terminated by a 130 character line of 1's. Section b, ¢, and d
are terminated, respectively, by line of 2's, 3's, and 4's. This is followed
by the values of all sixty—-three variables for each cross section. Each pro-
file is terminated by a line of 5's. The tape is terminated by a line of 6's.

This is illustrated by the example on pages 19 - 20.
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At the beginning of the normal output for archival executions the following

line will appear:

THIS I8 AN ARCHIVA; RUN ALL DATA AND RESULTS ARE SAVED ON UNIT 96

This indicates the unit number (in this example unit 96) on which the file
is written. It is the users responsibility to provide the required job
control statements to insure that the file written on unit 96 will appear on
magnetic tape or otherwise be saved by the system after execution.

The information written to the tape is formatted 130 character lines.
This will allow the tape to be listed directly on a line printer. It
should be noted that the tape will contain characters in column one that
are not intended as line printer carriage control. Thus for direct tape
listing the lines should be shifted one column.

On an archival execution cross section plots should not be requested.
Also the maximum number of summary tables is reduced by two for an archival

run. The following example shows the type of information that may be appropriate.

18
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FRICTION LQSS EQUATION ORTION

1. A key aspect of water surface profile computation is the estimation
of friction losses. A number of equations have been proposed for calculating
frictions lossesl, four of which are as follows:

AVERAGE CONVEYANCE EQUATION

Q, +Q, \2
I
HL; = L s e e e e e -
(K1+K2> )

AVERAGE FRICTION SLOPE EQUATION

‘8. + 8
HL =L(—12 2) ---------------- (2)

GEOMETRIC MEAN FRICTION SLOPE EQUATION

_ 0.5 o 3
HL =1 (3152) 3)

HARMONIC MEAN FRICTION SLOPE EQUATION

HL =1L <————z Sisg > ---------------- 4)
1 2
Where:
HL = friction loss for reach
L = discharge-weighted reach length
Ql = total discharge at upstream end of reach
Q2 = total discharge at downstream end of reach
Kl = total conveyance at upstream end of reach
K2 = total conveyance at downstream end of reach
Sl = friction slope at upstream end of reach
82 = friction slope at downstream end of reach

lRéed; J.R. and Wolfkfll, A. J., "Evaluation of Friction Slope Models," Rivers
76, Symposium on TInland Waterways for Navigation, Flood Control and Water
Diyersions, Colorado State University, August 1976.
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2. Equation (1) is the same equation as used in all HEC-2 source decks dated
August 1971 that contain Modification 56. Prior HEC-2 source decks utilized
equation (2). Equation (1) is recommended for general application until such
time as research results clearly demonstrate that an alternative equation or
set of equations is more suitable for general application to natural rivers,
including reaches where flow is expanding or contracting.

Equation (2) is a commonly used equation that has been shownl to be most
suitable for Ml profiles. Equation (3) is the friction loss formulation
presently used in the USGS computer program for calculating profiles. Equation
(4) has been shownl to be most suitable for M2 profiles.

3. The November 1976 version of HEC-2 provides an option to enable use of

any of the above equations, (1) through (4), for a run. Another aspect of the
option, described subsequently, permits the program to select one of equations
(2), (3), or (4), on a reach-by-reach basis, depending on flow conditions
within the reach. The friction loss equation option is controlled by variable
THLEQ in field 1 of the J6 card as follows:

Value of THLEQ Friction Loss Equation

Equation (1) is used.

Program selects equation based
on flow conditions.

2 Equation (2) is used.
Equation (3) is used.

Equation (4) is used.

4, TIf THLEQ is set equal to 1, the program selects a friction loss equation
for a reach in accordance with criteria in Table 1.

TABLE 1

Is friction slope at current

cross section greater than

friction slope at preceding

Profile Type cross section? Equation Used

Subcritical (M1, S1) Yes 2)
Subcritical (M2) No (4)
Supercritical (S2) Yes (2)
Supercritical (M3, S3) No (3)
1

Tbid.
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Criteria in Table 1 are based, in large measure, on results reported
by Reed and Wolfkilll. The criteria are intended to select the 'best'
equation for ML, M2, S2 and S3 profiles. Also, the criteria select the
'second best' equation for a M3 profile. The criteria do not select a
'best' equation for a S1 profile, nor do they result in selection of the
best equation for flow expansions such as can occur downstream of bridge
openings.

When using this option, it is appropriate to also use a J3 card to
request printout of the variable IHLEQ to identify the equation used for
each reach. The J3 card code number for THLEQ is 62.

5. Experience to date indicates that application of criteria in Table 1
produces water surface profiles that only rarely differ by more than 0.2
feet from profiles determined with equation (1). 1In a few instances,
application of criteria in Table 1 enabled determination of 'balanced'
water surface elevations at cross sections for which equation (1) could
not produce a solution to the energy equation. Any of the alternative
friction loss equations will produce satisfactory estimates provided
that reach lengths are not too long. The advantage that is sought in
alternative friction loss formulations is to be able to maximize reach
lengths without sacrificing profile accuracy.

lIbid.
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REVISED INPUT REQUIREMENTS

The input requirements have remained basically unchanged with the
exception of a modified J3 card and new J5, J6, and AC cards. Also input
for the ET card has been expanded to include the new encroachment methods.
The J3 card defines the summary output requirements and the J5 card controls
the amount of printout for a job. The J6 card permits the user to select
friction loss equations and allows the program to transfer control of
summary output storage devices to system control cards. The AC card
activates the new Archival Option.

25



AC

AC Card (Archival Option)

To invoke the Archival Option, one or more AC cards should be inserted at
the beginning of a data deck (i.e., before C cards or first Tl card if C
cards are not used). Columns 3 through 80 of each AC card are available for
alphanumeric comments. This may be used to document the Archive tape. As
many AC cards as required may be used.

Card Number Field Variable Value Description

1 0 TIA AC Card identification characters.

2 - as many
cards
necessary 0 IA AC Alphanumeric comments to
document the Archival tape.

26



13

J3 CARD

Optional card (up to five cards may be used). Used on first profile
of a multiple profile run to select variables for the summary print-
out. If a summary printout is requested (J2.1) and a J3 card is not
supplied a pre-defined table 150 is printed.

Field Variable Value Description
0 TA J3 Card identification characters.
1-10 IVAR(I) + Codes to specify summafy tables.

Pre—-defined tables may be called as
shown below (100 and 200 series).
User—-defined tables may be generated
by specifying up to thirteen wvariable
codes per table. For multiple user-
defined tables specify a zero code
between tables. Tables are printed
in order specified. Pre-defined
tables are printed in numerical
order after any user-defined table.
A maximum of five tables may be
generated.

CODES FOR PRE-DEFINED TABLES

100 Cross—section output at bridges (SB only).
105 4 cross-section output at bridges (SB only).
110 Encroachment data.

120 Channel improvement data.

150 Standard summary (2 tables produced).

200 Floodway data (FIA Table 1).

201 Flood insurance zone data (FIA Table 2).

27



j:; J3 CARD (continued)

VARTIABLE CODES FOR USER DEFINED TABLES

Variable Code YWearriable Code
Name Number Name Number
Cross Section and Reach Variables Discharge Variables
from Input
SECNO 38 Q 43
STCHL B QLOB 13
STCHR 22 QCH 14
XLBEL 23 QROB 15
RBEL 24 QLOBY% 35
ELMIN 42 QCHZ 60
XLCH , 39 QROBY 59
CHSLOP 33 ALPHA L7
.01K 34
Velocity Variables TIME 6
Xﬁgg gg Manning's n Variables
VCH 26 XNL 16
HV 10 XNR 18
XNCH 17
Calculated Geometric Variables WNT 19
gggggn Z Bridge Variables
AREA 25 CLASS 49
TWA 37 QWEIR 46
VOL 7 QPR 47
SSTA 53 EGPRS 44
ENDST 54 EGLWC 45
TELMX 63 H3 48
. ELTRD 40
Hydraulic Parameters ELLC 41
géggE (10K*S) 22 Encroachment Variables
KRATIO 58 PERENC 36
STENCL 27
Water Surface and Energy Related STENCR 28
Variables ELENCL 31
CWSEL 1 ELENCR 32
ggég; ; Channel Improvement (CHIMP) Variables
EG 3 CLSTA 29
HL 11 BW 30
ggggg ég See following pages for descriptions

of variables.

Difference Variables

DIFEG 61
DIFWSP 50
DIFWSX Dk
DIFKWS 52
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J3 CARD (continued)

Variable
Name

SECNO

STCHL

STCHR

XLBEL

RBEL

ELMIN

XL.CH

CHSLOP

VLOB

VROB

VCH

HV

DEPTH

TOPWID

AREA

TWA

VOL

SUMMARY PRINTOUT DATA DESCRIPTION

Code
Number

Description

Cross Section and Reach Variables from Input

38

21

22

23

24

42

39

33

Velocity Variables

55

56

26

10

The cross section identifica-
tion number.

Station of the left bank.
Station of the right bank.
Left bank elevation

Right bank elevation.

Minimum elevation in cross
section.

. Channel reach length.

Channel slope.

Average velocity in the left
overbank area.

Average velocity in the right
overbank area.

Mean velocity in the channel.

Mean velocity head across the
entire cross section.

Calculated Geometric Variables

8

&

25

37

29

Depth of flow.

Cross section width at the cal-
culated water surface elevation.

Cross section area.

The cumulative topwidth area.

13

Cumulative volume of water in the
river since the first cross section

in acre-feet.



lz; J3 CARD (continued)

SUMMARY PRINTOUT DATA DESCRIPTION (continued)

Variable
Name

SSTA

ENDST

TELMX

CASE

SLOPE (10K*S)

KRATIO

Code
Number

53

54

63

Hydraulic Parameters

20

58

Description

Starting station where the water
surface intersects the ground.

Ending station where the water
surface intersects the ground
on the right side.

Elevation of the lower of the
two end points of the cross
section.

A variable indicating how the
water surface elevation was
computed. Values of -1, -2,
-3, and 0 indicate assumptions
of critical depth, minimum
difference a fixed change (X5
card) or a balance between the
computed and assumed water
surface elevations.

Slope of the energy grade line
for the current section.

Ratio of the upstream to down-
stream conveyance.

Water Surface and Energy Related Variables

CWSEL

CRIWS

WSELK

EG

OLOSS

THLEQ

1

11

12

62

Computed water surface eleva-
tion.

Critical water surface eleva-
tion.

Known water surface elevation
from high water mark.

Mean energy gradient elevation
across the entire cross section
which is equal to the computed
water -surface elevation CWSEL
plus the mean velocity head HV.

Energy loss due to friction.

Energy loss due to minor losses
such as transition losses.

Friction loss equation index.



J3 CARD (continued)

B

SUMMARY PRINTOUT DATA DESCRIPTION (continued)

Variable Code
Name Number
Difference Variables
DIFEG 61
DIFWSP 50
DIFWSX 51
DIFKWS 52
Discharge Variables
Q 43
QLOB 13
QCH 14
QROB 15
QLOBY 35
QCHZ 60
QROB?% 59
ALPHA 57
.01K 34
TIME 6

31

Description

Difference in energy eleva-
tion for each profile.

Difference in water surface
elevation for each profile.

Difference in water surface
elevation between sections.

Difference in water surface

elevation between known and
computed.

Discharge.

Amount of flow in the left
overbank.

Amount of flow in the channel.

Amount of flow in the right
overbank.

Percent of flow in the left
overbank.

Percent of flow in the channel.

Percent of flow in the right
overbank.

Velocity head coefficient.

The total discharge (index Q)

carried with S = .01

(equivalent to .01 times conveyance).
conveyance) .

Travel time from the first cross
section to the present cross
section in hours.
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J3 CARD (continued)

Variable

Name

XNCH

CLASS

QWEIR
QPR

EGPRS
EGLWC
H3

ELTRD

ELLC

SUMMARY PRINTOUT DATA DESCRIPTION (continued)

Code

Number

Manning's n Variables

16

18

17

19

Bridge Variables

49

46

47

44

45

48

40

41

32

Description

m_nn

Manning's '"'n" for the left
overbank area.

Manning's "n" for the right
overbank area.

Manning's "n" for the channel
area.

Weighted value of Manning's "n"
for the channel based on the
distance between cross sections
and channel flow from the first
cross section. Used when comput-
ing Manning's "n'" from high water
marks.

Controlling flow type for
bridge solution.

Total weir flow at the bridge.
Total pressure flow at the bridge.

Energy elevation assuming
pressure flow.

Energy elevation assuming low
flow.

Change in water surface eleva-
tion from Yarnell's equation.

Minimum elevation for top of
road profile.

Maximum low chord elevation.



J3 CARD (continued)

Variable

Name

PERENC

STENCL

STENCR

ELENCL

ELENCR

CLSTA

BW

13

SUMMARY PRINTOUT DATA DESCRIPTION (continued)

Code

Number

Encroachment Variables

36

27

28

31

32

Description

The target of encroachment
requested on ET card.

The station of the left
encroachment.

The station of the right
encroachment.

Elevation of left encroach-
ment.

Elevation of right encroach-
ment.

Channel Improvement (CHIMP) Variables

29

30

33

The centerline station of the
trapezoidal excavation.

The bottom width of the
trapezoidal excavation.
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J5 CARD (Printout Control)

The optional J5 card can be used to suppress detailed (cross section by
cross section) and summary printout. The J5 card(s) may be used for
single or multiple profile jobs. For multiple profile jobs, the J5
card(s) is inserted with job cards for the first profile. Printout

of the data input list, flow distribution data, and profile and cross
section plots are unaffected by this option. For printout control of
these onfions-refer to_the J1. J2: X1. and X2 cards. Use of the J5 card

for various printout options is illustrated in the following table.

Field
0 1 2 3 4 .va N . .
Desired Printout
(IA) | (LPRNT) | (NUMSEC) | (SECNOS(I))
J5 =10 -10 Summary printout only for
all cross sections.
J5 =10 X Detailed and summary printout
' | beginning at cross section
Koo
J5 -10 N Xl X2...X Detailed and summary print-
™ | out for N cross sections
(Xl’ Xz, - Xn)'
Field Variable Value Description
0 IA J5 Card identification.
1 LPRNT -10 and NUMSEC = -10, suppress detailed

printout for all cross sections.

and NUMSEC = 0 or +, print detailed
and summary printout for only those
cross sections indicated by NUMSEC
and SECNOS(I) (J5.2 and J5.3).

-1 Same as -10 except a list of cross
section numbers is furnished to
aid in debugging runs that do not
run to completion.
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J5 CARD (continued)
Field Variable

2 NUMSEC
3-10 SECNOS (I)

Value

-10

35

15

Description

Suppress detailed printout for
all cross sections. Requested
summary printout is not suppressed.

Suppress all detailed and summary
printout from the first cross
section to the cross section
indicated in J5.3.

Total number of cross sections
for which detailed and summary
printout are desired. This
variable is ignored if J4 card
is used.

If NUMSEC is +, 100 cross section
numbers can be specified. If
additional cards are required, all
ten fields should be used for
SECNOS(I). These variables are
ignored if J4 card is used.
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J6 (Optional Card)

The J6 card is an optional card which can be utilized (a) to select equa-
tions for computation of friction losses and (b) to transfer control of
output print files to computer system control cards. These options may
be used for single or multiple profile jobs. For multiple profiles the
J6 card is inserted with job cards for the first profile.

These options are described further on pages 21 - 23:of -the. friction.less
equation ‘option.

Field Variable Value Description
0 A J6 Card identification.
1 THLEQ 0 Average conveyance equation used to

compute friction losses. This equa-

- tion has been utilized in the preced-
ing version of HEC~2 and is recommended
for general application.

1 Program selects, on a reach by reach
basis, one of the following equations:
average friction slope, geometric
mean friction slope, or harmonic
mean friction slope. Selection is
based on flow conditions. See pages
3 ~ 5 for details.

2 Average friction slope equation used
to compute friction losses.

3 Geometric mean friction slope equa-
tion used to compute friction losses.

4 Harmonic mean friction slope equation
used to compute friction losses.

2 ICOPY 0 The program will internally handle
the disk/tape units containing the
output print files.

1 The program will transfer control of
disk/tape units for output print files
to computer system control cards. See
Programmers Manual for details.
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ET

ET (Optional Card for Specifying Encroachment Methods)

This card is used to specify the method (1 - 6) and target of the encroach-
ment. This method and target will be used until changed by another ET card,
except for Method 1, which only applies to the next cross section. A zero
on the first ET card indicates no encroachment, while a zero on succeeding
ET cards indicates no change in encroachment. The field of the ET card that
is being used for a particular profile is specified by variable INQ (J1.2).
Methods 3 - 6 require a natural profile for the first profile and thus
require reading a zero on the ET card of the "INQ" field of the first
profile. TIf Methods 2 - 6 are being used and it is desired to terminate the
encroachment option, use Method 1 with the encroachment stations specified
near the two ends of the cross section. Each method is capable of evaluat-
ing the effects of encroachments on bridges.

Field Variable Value Description
0 IA IT Card identification characters.
il None None Blank field.

2 - 10 ENCFP (N) 0 No encroachment or no change in

encroachment.

Encroachment method used. The number
X.Y is used to specify that method Y

is being used and X is the target to
be used for that method. Up to nine
values may be specified. The encroach-
ment method or target may be changed

at any cross section or on different
profiles.

or

Positive values of X.Y for methods 3
through 6 provide an encroachment based
on a reduction of conveyance equally

in both overbanks. Negative values of
X.Y for methods 3 and 4 provide an
encroachment based on a reduction of
conveyance in proportion to the distribu-
tion of natural overbank conveyance.

For instance, if the natural cross
section had twice as much conveyance

in the left overbank as in the right
overbank, a 10.3 would reduce five
percent conveyance in each overbank,
whereas a -10.3 would reduce 6.7 percent
from the left overbank and 3.3 percent
from the right overbank.
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ET CARD (continued)
Field Variable

2 - 10 ENCFP (N)

Method

1

Value Description

Bridge encroachments may be evaluated
by adding .01 to the code X.Y for any
of the methods. Thus a 9.11, 100.21,
10.31, 10.41, 10.51, or 10.61 would
request the bridge encroachments for
Method 1 - 6, while a 9.1, 100.2,
10.3, 10.4, 10.5, or 10.6 would not.
The following table describes how each
method handles encroachments on
bridges.

Description

Bridge encroachments set as indicated by target
values of Method 1.

Bridge encroachments set as indicated by target
values of Method 2.

Bridge encroachments defined by encroachments
determined at the cross section immediately
downstream of the bridge.

Further details of the targets and methods are given below.

ET Card
Method Value

1 X.1
or
X1l

2 X2
or
X.21

3 X.3
or
X.31

=X.3
or
~X.31

4 X.4
or
X.41

Description

The Xth and Xth + 1 fields of the ET
card will be used for the encroach-
ment stations STENCL and STENCR. STENCL
should not be O.

The top width of X will determine encroach-
ment stations such that the center of the
top width will be centered halfway between
bank statiomns.

The natural cross section will be
encroached so that X percent of the total
conveyance will be eliminated equally
(X/2 percent) from each overbank.

Same as X.3 except the reduction of
conveyance in each overbank will be in
proportion to the conveyance in the
overbanks.

The natural cross section will be
encroached so that a (X/10) foot increase
in water surface elevation will occur.
The reduction of conveyance will be
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ET CARD (continued)

ET Card
Method Value Description
equal in both overbanks. A one foot
increase in water surface elevation
would require a 10.4 and a .5 foot
increase would require a 5.4.
-X.4 Same as X.4 except the reduction of
or conveyance in each overbank will be in
-X.41 proportion to the conveyance in the
overbanks.
5 X.5 Operates much like Method 4 except that
or an optimization scheme is used to obtain
X.51 the desired difference in water surface
elevations as closely as possible to the
specified target difference. Input to
Method 5 is exactly like Method 4 in
that a 10.5 would mean a target of one
foot difference in water surface eleva-
tions.
6 X.6 Uses an optimization scheme to obtain a
or desired difference in energy grade line
. X.61 elevations between natural and encroached

conditions as closely as possible to the
specified target. 1Input to Method 6 is
exactly like Method 4 in that a 10.6

would mean a target of one foot difference
in energy elevatiomns.
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