











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.
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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.
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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).
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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.



I
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

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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