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. Qutline for HEC2 Seminar
Part I: Introduction

I. Introduction

A. Goals and Objectives

L.

2.

3.

B. Warning

1. To Beginners:

. 2. To Experts:

C. What is HEC2?
1. HEC2 Is:

a. Clomot ke Droaram

b. Waker 2,0 Glev-

2. HEC2 Is Not:




. II. Basic Hydraulics

A. Three Fundamental Principles:

1. Principle #1: V\\u\u éoun L\ i\

2. Principle #2:

a. Continuity

Qin = Qoll + e ————

. b. Energy

= + Head Loss
OR
WS, + a,V.)2g = WS, + a,V?2g + h,

h, = (_ _) + C2g(a,V, - a,Vv)

c. Momentum

3. Principle #3:

a. Gravity (Principle #1)

b. Inertia (Principle #2 & #3)

. (1) Vectors
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4. Hydrauiics Vocabulary

a. Froude Number: ratio of

b. Criticai: F __ 1
c. Subcritical: F _2 1 ( tream Control)

d. Supercritical: F 7 1 ( stream Control)

III. HEC2 Basics

A. How HEC2 Works

1. Inputs =

2. Equations =

3. Determines

B. HEC2 Applications

Water Surface Elevations
Multiple Profiles

Channel Hydraulics

Bridge and Culvert Hydraulics
Floodway Determination
Encroachment Modeling
Channel Improvement Modeling
Split Flow (Side Wiers)

. Tributary Profiles

10. Solving for Mannings "n"

11. Ice-Cover

12. Interface with Sediment Transport Models
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C. Limitations of HEC2
1. Flow is Continuous (Principle #1)

a. Steady Flow (Unsteady Flow)

2. One Dimensional (Principle #2)

a. Length in Energy Equation

b. Gradually Varied Flow

c. Uniform Flow (Rapidly Varied)

d. Horizontal Water Surface Elevation

3. Slope is Small

a. Cosine of depth
b. 10% rule

4. Rigid Channel Geometry

5. Garbage In =




D. Food For Thought

1. Application in Arizona
a. Steady Flow?
b. One Dimensionai?
c. Low Slope?
d. Rigid Channels?

2. Other Models Are Available







. Part II: Program Input

IV. HEC2 Input
A. General Format of Input

1. Cards/Lines/Records
2. Fields

B. Title/Comment Cards
1. Optional, but Recommended
C. Job Cards - REQUIRED
1. J1: Starting Conditions
a. IDIR J1.4: Subcritical?
b. STRT J1.5: Starting Method
c. Q J1.8: Discharge
d. WSEL J1.9: Starting Water Surface
‘ 2. J2: Optional Job Control

3. J3: Output Control
a. SUMPO Program

4. NC: Mannings "n" Values
D. Cross Section Records - REQUIRED

1. X1: General Cross Section Information
a. SECNO Xl1.1: Section Number
b. NUMST X1.2: Number of Geometry Stations
c. STCH* X1.3: Station of Channel Banks

d. XL* X1.5: Distances

2. GR: Cross Section Geometry
a. EL GR.1: Elevation of Point in Section
b. STN GR.2: Station of Point in Section

E. End Cards - REQUIRED

1 . 1. EJ - Ends Read Through Input, 1st Profile
| 2. ER - Ends Computations After Last Profile




‘ V. Exampie of HEC2 Input

A. Problem Statement

You are chairman of the board of a major unnamed southwestern Savings
and Loan. You plan to invest your client’s retirement fund in a subdivision
to be built along the portion of Main Stream shown in Figure 1. Some
faceless bureaucrats are making you pay for a hydrologic analysis to
determine floodplain limits. You have the following information:

. Q100 = 1000 cfs on Main Stream
. Q100 = 90 cfs on Tributary Creek
. Mannings’ Roughness:
Channel = 0.024
Right Overbank = 0.050
Left Overbank = 0.045
. River Valley Slope = 0.01 ft/ft
. Cross Section Geometry (Figure 2)
. Reach Lengths:

. Reach Lengths
Section Channel Right Left
1 0 0 0
2 110 110 110
3 125 130 120
4 155 175 145
5 140 155 120

B. Goal(s) of Analysis

1.

2.




C. Data Entry
1. Where To Find Help
a. HEC2 Manual
b. HEC2 Vendors

c. Chuck Williams

D. How To Obtain Input
1. Data Sources

2. Review Input




HEC-2 Input Description C
Documentation Records

5.2 C_ Record - Comments for Describing Data (optional)

Comment records for labeling a cross section must be placed immediately ahead of the first title
(T1-T9) record. Comments will be printed in the data input list and in the detailed printout just anead
of the cross section whose number appears in Field 1 of records 3 - 100. Multiple comment records
may be used to label a single cross section number.

RECORD
NUMBER FIELD VARIABLE VALUE DESCRIPTION
1 0 1A C_ Record identification characters
(C, blank). Rest of record is blank.
2 0 IA C_ Record identification character.
2 1 NUMCT + Number of data comment records to be
) printed. An unlimited number of comment
records may be used.
3-unlimited 0 1A C_ Record identification character.

1 CNOS Cross section number (Field 1 of X1 record)
where title is to be printed. Cross section
numbers (X1.1) referenced by comment
records should be unique.

3-unlimited 2-10 COCD Comment to be printed ahead of cross section

number CNOS.

/
Example Application

3
100 Junction with Dry Creek
185 Spring Creek Gage
256 Study Limit
1

e HOOOOO
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T1 -TS HEC-2 Input Description
Deccumentaticn Recerds

5.3 T1 - T9 Records - Title Records (optional)

5.3.1 T1, T2, T4 - T9 Records

Title record for output title. These records are entered before the J1 record. An unlimited
number of title records may be input ahead of each J1 record.

FIELD VARIABLE VALUE DESCRIPTION
0 A T1 Record identification characters.
or
T2
etc.
1-10 none Numbers and alphabetical characters.
5.3.2 T3 Record

Title record for output title. The stream name should be entered In Fields 2 through 4 for
output in the title of the summary tables and cross section and profile plots.

FIELD VARIABLE VALUE DESCRIPTION
0 A T3 Record identification characters.
1 0 Not used.
24 TITLE Title for summary tables and cross secticn and
profile plots.
5-10 none Numbers and alphabetical characters for title.

Vil-14



HEC-2 Input Description Ji

. Job Control Records
6 Job Control Records
6.1 J1 Record - Starting Conditions (required)
Job record specifying starting conditions and program options. This record is required for each
job (profile).
FIELD VARIABLE VALUE DESCRIPTION

0 1A J1i Record identification characters.

1 ICHECK -10 Do not print data records NC - EJ.

0 Print data records NC - EJ before execution of first
profile.

2 INQ 0 - QT, ET or X5 records are not used.

2-20 Field number on QT, ET and X5 records to be
used for this profile (job).
. 3 NINV 0 Option to compute Manning's ‘n* from known
high water marks will not be used.

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

4 IDIR 0 Subcritical flow. Cross sectional data (GR records)
are input starting at the downstream end of the
stream.

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

5 STRT -1 Start computations at critical depth.

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

+<1 Start by slope-area method. Enter estimated
energy slope here. This starting option cannot be
used in conjunction with encroachment Methods 3,
4, 5, and 6 at first cross section.

VII-15




Ji HEC-2 Input Descripticn
Job Centroi Records

J1 Record (continued)

FIELD VARIABLE VALUE
+>1
6 METRIC 0
1
7 HVINS 0
+
8 Q 0
<+
9 WSEL +
10 FQ 0
+

DESCRIPTION

Number of rating curve (discharge elevation) pairs
to be read on the following JR records to start the
backwater.

Input and output in English units.
Input and output in Metric units.

No interpolated cross sections to be generated by
computer.

Enter maximum allowable change in velocity head
between cross sections. If this value is exceeded,
interpolated cross sections will be inserted by the
program.

Discharge specified by QT record, INQ(J1.2) is two
or greater.

Starting river flow (cfs or cms).

If STRT(J1.5) is zero enter known starting water
surface elevation.

A factor of 1.0 will be used to muitiply all
discharges (QT, X2.1 and J1.8).

Factor to muitiply all flows by (QT, X2.1 and J1.8).

VII-16



HEC-2 Input Description J2
‘ Job Ccntrol Recorcs

6.4 J2 Record - Optional Features

Optional record for first profile, required record for all subsequent profiles.

FIELD VARIABLE VALUE DESCRIPTION
0 1A J2 Record identification characters.
1 NPROF Qor1t Data records will be read NC - EJ.
-1 Calls for summary printout for a single profile run.
2-14 Profile number using cross section data from first

profile. Up to 14 profiles can be computed using
the initial cross section data records
NC - EJ.

2 IPLOT 0 No cross sections will be plotted for this job unless
individual plots are specified by using IPLOT on X1
record (X1.10).

‘ . 1 Line printer plots for all cross sections in this job.

10 Same as above except, data points will be plotted
only up to the water surface elevation.

3 PRFVS 0 Computer selects vertical scale of profile plot for
current profile based on an elevation spread not
exceeding 12 inches.

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

, - No profile will be plotted.
{

4 XSECV 0 Computer selects vertical scale of cross section
plot for each cross section individually.

+ User selects vertical scale to be used for all cross
sections. Enter number of elevation units per inch.

i Vil-19




J2

J2 Record (continued)

FIELD VARIABLE
5 XSECH
6 FN
7 ALLDC

HEC-2 Input Description
Job Contrcl Recerds

DESCRIPTION

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

User selects horizontal scale to be used for all
cross sections. Enter number of horizontal units
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.

A factor of 1.0 will be used.

Factor to multiply all Manning’s ‘n’ values by.
(NC, NV and NH records).

Factor to multiply NC channel 'n’ values by
(NC.3). NC record overbank ‘n’ values (NC.1
and .2). (All NV and NH ‘n’ values are modified).

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

Same as ALLDC equal to negative one, except
allowable error of ALLDC percent will be used.

Critical depth will not be computed unless the
actual depth is close to critical (except when low
flow occurs for the special bridge method or when
supercritical flow profiles are computed). An
allowable error of 2.5 percent of the depth will be
used.

Same as ALLDC equal zero except, allowable error
of ALLDC percent will be used.
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HEC-2 Input Description J2
Job Controt Records

J2 Record (continued)

Channel Modification Due to Excavation

Through the use of subroutine CHIMP the existing cross section (as described by GR records)
may be modified by a trapezoidal channel excavation as specified by the use of the optional record Cl
and the eighth and ninth fields of the J2 record. A Cl record should be located after the X1 record of
the cross section where the improvement is to be initiated. The trapezoidal modification will start on
the first cross section that has a Cl record and will continue on each cross section until a Cl record is
read that has .01 for the channel bottom. Any changes in the variables on the Cl record must be
made by another Cl record. Only those variables that change need to be shown on the Cl record.

FIELD VARIABLE VALUE DESCRIPTION
8 1BW ' 0 If a Cl or IC record is read, the sixth field of the
record will be used.
6-10 Field number of field on Cl record where channel
bottom width is specified, or ice thickness factor
on IC record.

A negative value will create a TAPE16 file of
adjusted cross section data in GR format. Ci input
is not required for this option.

9 CHNIM 0 Overbank ‘n’ values are unchanged.

+ NH record (horizontal ‘'n’ value variation) is to be
simulated by the 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 Cl record). NH or NV records
should not be used with this option.

10 TRACE 0 No trace for this job uniess specified by individual
cross sections using [TRACE on X2 record (X2.10).
Trace printout is used by programmers to debug
the program, it is not recommended for general

application.
1 Minor trace for all cross sections.
10 Major and minor trace for all cross sections.

(Large amount of output.)

15 Fiow distribution printout for all cross sections (no
major or minor trace for ail cross sections).

Vil-21
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HEC-2 Input Description QT
Change Records

7.6 QT Record - Table of Discharges for Multiple Profiles

Specifies 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 A QT Record identification characters.
1 NuUMQ 1-19 Total number of flows (maximum 19) entered on

the QT records. If NUMQ is greater than nine, two
QT records are required, and the first field of the
second QT record should contain a Q(N) value.

2-20 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.

Vil-a1



HEC-2 Input Descrigtion NC
‘ Change Records

Manning’s ‘n* and the expansion and contraction ccefficients for transition (shock) losses are
! entered for starting each job, or for changing values previously specified. The NC record is required
i for the first cross section.

? 7.2 NC Record - Starting Manning’s ‘n’ Values and Shock Losses
{

FIELD VARIABLE VALUE DESCRIPTION
0 A NC Record identification characters.
1 XNL ] No change in Manning's ‘n* value for the left
overbank.
+ Manning's ‘n’ value for the left overbank.
2 XNR 0 No change in Manning's ‘n’ value for the right
overbank.
+ Manning’s ‘n’ value for the right overbank.
B 3 XNCH 0 No change in Manning’s ‘n* value for the
‘ channel.
+ Manning’s ‘n’ value for the channel.
4 CCHV 0 No change in contraction coefficient.
+ Contraction coefficient used in computing

transition losses.

5 CEHV 0 No change in expansion coefficient.
| + Expansion coefficient used in computing transition
| losses.
|
\
| 6-10 Not used.
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8.1

HEC-2 Input Description X1
Cross Secticn Records

Cross Section Records

X1 Record - General Items for Each Cross Section (required)

This record is required for each cross section (800 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

0

1

VARIABLE

A

SECNO

NUMST

STCHL

STCHR

XLOBL

XLOBR

XLCH

VALUE

X1

+

DESCRIPTION
Record identification characters.
Cross section identification number.
Start new tributary backwater at this cross section.

Previous cross section is repeated for current section.
GR records are not entered for this cross section.

Total number of stations on the following GR records.
NUMST(X1.2) is Q.

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

NUMST(X1.2) is Q.

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

Length of left overbank reach between current cross
section and next downstream cross section. Zero for
first cross section if IDIR = 0, (J1.4).

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

Length of channel reach between current cross

section and next downstream cross section. Zero for
first cross section if IDIR = Q.

VI35



X HEC-2 Input Description
. Cross Section Records

X1 Record (continued)

FIELD VARIABLE VALUE
8 PXSECR 0
+
9 PXSECE 0

®

10 IPLOT 0

10

DESCRIPTION

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

Factor to modify the horizontal dimensions of a cross
section. The distances between adjacent GR stations
(STA) are multiplied by this factor to expand or narrow
a cross section. The STA of the first GR point remains
the same. The factor can apply to a repeated cross
section or a current one. A factor of 1.1 will increase
the horizontal distance between the GR stations by ten
percent. (See X2.9 for station adjustment to BT data.)
This factor will adjust data from Cl records and NH or
NK stations for repeat sections. [t will not adjust data
from X4 records in repeat cross sections.

Cross section elevations will not be changed.

Constant to be added (+ or -) to GR elevation data
(either previous or current). Sediment elevation data
(X3.2) input at current cross section is not modified by
this factor. (See X2.7 for elevation change to BT data.)
Will not adjust X4 records in repeat cross sections.

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

Plot current cross section using all points.

Plot current cross section using only those points up
to the water surface elevation.
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8.8

HEC-2 Input Description
Cross Section Records

GR Record - Ground Profiles Elevations and Stations

This record specifies the elevation and station of each point in a cross section used to describe
the ground profile, and is required for each X1 record unless NUMST (X1.2) is zero. The points
outside of the channel determine the subdivision of the cross section which influences calculation of a
discharge-weighted velocity head for the cross section.

FIELD

0

.1

5-10 etc.

VARIABLE

1A

EL(1)

STA(1)
EL(2)

STA(2)

VALUE

GR

+ or -

+or-

DESCRIPTION
Record identification characters.

Elevation of cross section point one at station
STA(1). May be positive or negative.

Station of cross section point one.
Elevation of cross section point two at STA(2).

Station of cross section point two.

Continue with additional GR records using up to 100 points to describe the cross section. Stations
must be in increasing order progressing from left to right across the cross section.
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EJ HEC-2 Input Description
Job Ccntrol Records
® ER

6.9 EJ Record - End of Job (required)

Required following data for the last cross section. This record is only used for the first profile of
muitiple profile jobs because the cross section data records are read for the first profile only. Each

group of records beginning with the T1 record is considered a job.

FIELD VARIABLE VALUE DESCRIPTION
0 1A EJ Record identification characters.
1-10 Nct used.

6.10 ER Record - End of Run (required)

Required at the end of a run consisting of one or more jobs in order to end computation on 3top

command.
' « FIELD VARIABLE VALUE DESCRIPTION
0 1A ER Record identification characters.
1-10 Not used.

VII-C4




T1 Sampie Problem for AFMA Training Seminar
T2 Fuller 1/92 Subdivision on Main Stream Q100=1000 cfs Q2=50 cfs

13 Sample Problem Hydraulic Data Supplied by Client

J1 2 0 0.01 94

J2 1

QT 2 50 1000

NC 0.045 0.05 0.024 0.1 0.3

X1 1 8 100 130

GR 100 0 90 20 89 100 85 104 85 124
GR S0 130 93 160 100 220

X1 2 0 110 110 110 1

X1 3 15 130 160 120 130 125

GR 105 0 92 20 91 80 88 82 838 87
GR 30 90 %0 130 87 135 87 155 91 160
GR 94 166 94 170 91 175 92 190 105 230
X1 4 12 200 250 145 175 155

GR 110 0 94 20 93 30 9N 35 91 45
GR 93 50 92 200 89 205 89 245 93 250
GR 94 290 110 340

X1 5 8 50 75 120 155 140

GR 115 o} 98 10 97 50 94 541 93 71
GR 96 75 98 280 115 320

EJ

T1 Sample Problem for AFMA Training Seminar

T2 Fuller 1/92 Subdivision on Main Stream Q100=1000 cfs Q2=50 cfs

T3 Sample Q2

J1 3 0 0.01 94

J2 15

ER







HEC 7 EXAMPLE




DESIGN NOTES AND COMPUTATIONS

SUBJECT:

HEC 2 EXAMF

JOB NO.:

CPOSS -SEGTION # |

£

28)
o 50 100 150 200 750

CROSE -LECTION #2 , 2AME A5 # 1 W/ INCREMSED EVEVATION 8Y {FooT

CROSS - HECTION #2

105
925
&5
O 50 100 120 200 250
PREPARED BY: DATE: CHECKED BY: SHEET NO.: ; OF
(N

m 4911 EAST BROADWAY

TUCSON. ARIZONA 85711
CELLA BARR (402; 750-747¢4

ASSOCIATES FAX (602] 750-7470




DESIGN NOTES AND COMPUTATIONS

SUBJECT: -
Hee 2 EXAMPLE ey
CROSS - EECTION #4
11O
100\/
90 _
< 100 200 20 400
OFOLE —AECTION # 56
{115
105
%
O 50 100 150 200 250
PREPARED BY: DATE: CHECKED BY: SHEET NO.: OF/-)
9. &
CELLA BARR ?Uﬁté‘ofj ""”:11

ASSOCIATES fAx 6020 750-7470




* WATER SURFACE PROFILES

----------------------------------------------

* VERSION OF SEPTEMBER 1988
* ERROR: 01,02,03 *
.UPDATED: SEPTEMBER 1989 *
RUN DATE 12/29/91 TIME 19:14:13 *®,

i**'."*'l*i**'ﬁ*'.*‘ﬂ'**‘*******t*****i***********f******

X X XXXXXXX  XXXXX
X X X X X
X X X X
XXXXXXX  XXXX X
X X X X
X X X X X
X X XXXXXXX  XXXXX
END OF BANNER
1
12/29/91 19:14:13
HEC2 RELEASE DATED SEP 88 UPDATED SEPT 1989

®.

[N

ROR CORR - 01,02,03

MODIFICATION -

L s 2 24

m
T2
13

J1

J2

QT
NC
X1
GR
GR

X1

X1

GR

X1
GR

RRRRRR IR AR R TR AR AR R RN R R R R N AR AR AR R AR R R W

Sample Problem for AFMA Training Seminar
Fuller 1/92 Subdivision on Main Stream Q100=1000 cfs Q2=50 cfs

Sample Problem Hydraulic Data Supplied by Client
ICHECK INQ NINV IDIR STRT METRIC HVINS
2 0 0.01
NPROF IPLOT PRFVS XSECV XSECH FN ALLDC
1
2 50 1000
0.045 0.05 0.024 0.1 0.3
1 8 100 130
100 0 90 20 89 100
90 130 93 160 100 220
2 0 110 110
3 15 130 160 120 130
105 0 92 20 91 80
90 90 90 130 87 135
9% 166 9% 170 91 175
4 12 200 250 145 175
110 Q 94 20 93 30

XXXXX
X
X

XXXXX

X
X

XXXXX

XXXXXXX

IBW

85

110

125

87
92

155
91

THIS RUN

WSEL

9

CHNIM

104

82
155
190

35

EETHARAENA A X T XXX AXTAARAXATAXTTRTN T XX IR XX A

* U.S. ARMY CCRPS OF ENGINEERS *
* THE HYDROLOGIC ENGINEERING CENTER *

* 609 SECOND STREET, SUITE D i
* DAVIS, CALIFORNIA 95616-4687 *
* (916) 756-1104 %

AR AREA AT ARAEA AR AXEAAXAXEX XX XXX TN XN

PAGE 1

EXECUTED 12/29/91 19:14:14

FQ

ITRACE

85 124
1

88 87

9 160

105 230

91 45




R 93 50 92 200
&R 94 290 110 340
X1 5 8 50 75
115 0 98 10
‘ 9 75 98 280
1
12/29/91 19:14:13
SECNO  DEPTH  CWSEL  CRIWS  WSELK
Q QLoB QCH QROB ALOB
TIME vLOoB VCH VROB XNL
SLOPE  XLOBL  XLCH XLOBR  ITRIAL
*PROF 1
CCHV= .100 CEHv= .300
*SECNO 1.000
1.000 .58 85.58  85.57  94.00
50. 0. 50. . 0. 0.
.00 .00 4.17 .00 .000
.009994 0. 0. 0. 0
0
*SECNO 2.000
2.000 .61 86.61 .00 .00
50. 0. 50. 0. 0.
.01 .00 3.93 .00 .000
| .008259 110. 110. 110. 2
| 0
| *SECNO 3.000
| 3,000 .62 87.62 .00 .00
| ‘II’ 50. 0. 50. 0. 0.
| .02 .00 3.82 .00 .000
‘ .007730 120. 125. 130. 3
0
*SECNO 4.000
7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
4.000 36 89.36  89.36 .00
50. 0. s0. 0. 0.
.03 .00 3.40 .00 .000
.011926 145. 155. 175. 5
0
*SECNO 5.000
3685 20 TRIALS ATTEMPTED WSEL,CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
5.000 1.05  94.05  94.05 .00
50. 0. 50. 0. 0.
.04 .00 4.28 .00 .000
.010993 120. 140. 155. 20

0
1
PROFILE FOR STREAM Sample Problem

PLOTTED POINTS (BY PRIORITY) E-ENERGY,W-WATER

ELEVATION
SECMO

85.
CUMDIS

90. 95.

N I A el e BRI TR R . SRt DR it e VR T N S0 SOy - Sl

100.

89

120
97
115

ACH
XNCH
IDC

85.85
12.
.024
17

86.85
13.
.024

87.85
13.
.024

89.54
15.
.024
1"

94.33
12.
.024

HV
AROB
XNR
ICONT

.27

.000

.24

.000

.23
0.
.000

.18

.000

.28

.000

155
50
320

HL

VoL
WTN
CORAR

0.
.000
.00

1.00

.000
.00

1.47

.000
.00

1.60

.0o0
.00

39

140
94

oLGoSss
TWA
ELMIN
TOPWID

.00
85.00
21.28

.00
0.
86.00
21.35
.00

87.00
21.82

.00

89.00
41.06

.03

93.00
21.41

93 250

51 93 71

PAGE

BANK ELEV

LEFT/RIGHT

SSTA
ENDST

89.00
90.00

103.42

124.70

90.00
91.00 -

103.38

124.74

90.00
91.00

133.96

155.78

92.00
93.00

204.40

245.45

97.00
96.00

50.98

72.40

SURFACE, I-INVERT,C-CRITICAL W.S.,L-LEFT BANK,R-RIGHT BANK,M-LOWER END STA

105.

110.

115.

120.

125. 130.



1.00 0. IWE LR 3 by|
20. 1 E LR : M
40. CIE L.R |
60. CIWE L.R . M
80. CIl E LR . |
‘II' 100. C IWE LR .M
2.00 120. C IWE LR .M
140. C1E LR M
160. C IE LR M
180. C IWE LR M
200 C IE LR M
220. C IE LR M.
3.00 240. C IWE LR M
260. C IE .LR M
280. C IWE LR M
300. ¢ IE . LR M |
320. C IE . LR M |
340. C WE LR M
360. C IE LR “ M
380. C WE. LR M. - .
4.00 400. . IE. LR . . M
420. . IE LR . . B M 5
440. . IWE LR . 5 S . M . . .
460. . 1 E LR. @ . . M . .
480. . . IWE RL . « " M
500. . . IWE RL 3 . . M.
520. . " 1 E RL ¥ 8 2 M.
5.00 540. . . [ WE. R L . . . M
1
12/29/91 19:14:13 PAGE 3
1 Sample Problem for AFMA Training Seminar
Q Fuller 1/92 Subdivision on Main Stream Q100=1000 cfs Q2=50 cfs
Sample Q2
J1  ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
3 0 0.01 9%
J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC [BW CHNIM ITRACE
15
1
12/29/91 19:14:13 PAGE 4
SECNO DEPTH CWSEL CRIWS WSELK EG HV HL oLess BANK ELEV
Q QLos QCH QROB ALOB ACH ARCB VoL TWA LEFT/RIGHT
TIME vLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR [TRIAL IDC ICONT CORAR TOPWID ENDST
*PROF 2
CCHV= .100 CEHV= .300
*SECNO 1.000
6 CRITICAL DEPTH ASSUMED
1.000 3.90 88.90 88.90 94.00 90.63 1.74 .00 .00 89.00
1000. 0. 1000. 0. 0. 95 0. 0. 0. 90.00
.00 .00 10.57 .00 .000 .024 .000 .30o0 85.00 100.10

.006754 a. 0. a. 0 14 0 .00 28.57 128.487




0

*SECNO 2.000

7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

2.000 3.94 39.94 89.94

. 1000. 0. 1000. Q.
.00 .00 10.44 .00

.006504 110. 110. 110.

0

*SECNO 3.000

3265 DIVIDED FLOW

3301 HV CHANGED MORE THAN HVINS

3302 WARNING:

3.000 4.63 91.63 .00
1000. 220. 7. 2.
.01 2.06 6.41 .58
.001835 120. 125. 130.

0
*SECNO 4.000

3265 DIVIDED FLOW

3301 HV CHANGED MORE THAN HVINS

1

.12‘29/91 19:14:13
SECNO DEPTH CWSEL CRIWS
Q QLoB QCH QROB
TIME VLOB VCH VROB
SLOPE XLOBL XLCH XLOBR

3302 WARNING:

4.000 2.7 91.71 91.64
1000. 15. 985. 0.
.01 1.84 8.26 .00
.005528 145. 155. 175.

0
*SECNO 5.000
3685 20 TRIALS ATTEMPTED WSEL,CWSEL

3693 PROBABLE MINIMUM SPECIFIC ENERGY

3720 CRITICAL DEPTH ASSUMED

5.000 4.68 97.68 97.68
1000. 8. 780. 212.
.02 .89 7.92 1.47
.003088 120. 140. 155.
0
1
PROFILE FOR STREAM  Sample Q2

.00
0.
.000

.00
107.
.045

4

WSELK
ALOB
XNL
ITRIAL

.00
8.
.045
6

.00

.045
20

91.63
96.
.024

CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE,

92.14
121,
.024

0

EG
ACH
XNCH
IDC

CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE,

92.75
119.
.024

1

98.44
98.
.024
1"

1.69 .73
Q. 0.
.000 .000
0 .00
KRATIO =
-5 .39
4. 1.
.050 .000
0 .00
HV HL
AROB voL
XNR WTN
ICONT CORAR
KRATIO =
1.04 .45
0. 1.
.000 .000
0 .00
ol 57
144, 2.
.050 .000
0 .00

.00

86.00
28.66

1.88

12

0.
87.00
129.08

oLoss
TWA
ELMIN
TOPWID

.58

.03

93.00
224.12

90.00
91.00

100.06

128.73

90.00
91.00

42.57

184.36

PAGE

BANK ELEV
LEFT/RIGHT

SSTA
ENDST

92.00
93.00

33.22

248.39

97.00
96.00

22.88

247.00

PLOTTED POINTS (BY PRIORITY) E-ENERGY,W-WATER SURFACE,I-INVERT,C-CRITICAL W.S.,L-LEFT BANK,R-RIGHT BANK,M-LOWER END STA
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1
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19:14:13

AR AT AR AR AR AAAARAARAARRAAAAA AR AR AR RAR

HEC2 RELEASE DATED SEP 88 UPDATED SEPT 1989

ERROR CORR
MODIFICATI

ON -

01,02,03

AR EA AT R EAAAERA TR AR TAARAAAAAAAAAAAAR TR AR RA TR AANAR

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

Sample Probl

SUMMARY PRINTOUT TABLE

em

150
XLCH ELTRD ELLC ELMIN
.00 .00 .00 85.00
.00 .00 .00 85.00
110.00 .00 .00 86.00
110.00 .00 .00 86.00
125.00 .00 .00 87.00
125.00 .00 .00 87.00

Q

50.00
1000.00

50.00
1000.00

50.00
1000.00

CWSEL

85.58
88.90

86.61
39.94

87.62
?1.43

CRIWS

85.57
88.90

.00
89.94

.00
.00

n)

120.

THIS RUN EXECUTED 12/29/91

EG

85.85
90.63

86.85
91.63

37.85
92.14

10*KS

99.94
67.54

82.59
65.04

77.30
18.35

VCH

4.17
10.57

3.93
10.44

.82

.41

Uw

PAGE

19:14:33

AREA

12.00
94.60

12.73
95.83

2a
4o
&

n
[ O ey
n

6

01K

5.00
121.68




Ul w
o

o

.96

x 4.000 155.00 .00 .00 89.00 50.00 39.36 39.36 89.54 119.26 3.40 L. 71
o 4.000 155.00 .00 .00 89.00 1000.00 91.71 91.64 92.75 55.28 8.26 127.80
d 5.000 140.00 .30 ..o 93.00 50.00 94.05 94.05 94.33 109.93 4.28 11.58
. 5.000 140.00 .00 .a0 93.00 1000.00 97.58 97.68 98.44 30.88 7.92 251.95
1
12/29/91 19:14:13 PAGE 7
Sample Problem
SUMMARY PRINTOUT TABLE 150
SECNO Q CWSEL DIFWSP DIFWSX DIFKWS TOPWID XLCH
1.000 50.00 85.58 .00 .00 -8.42 21.28 .00
* 1.000 1000.00 88.90 3.3 .00 -5.10 28.57 .00
2.000 50.00 86.61 .00 1.03 .00 21.35 110.00
X 2.000 1000.00 89.94 3.33 1.04 .00 28.66 110.00
3.000 50.00 87.62 .00 1.01 .00 21.82 125.00
* 3.000 1000.00 91.63 4.00 1.69 .00 129.08 125.00
] 4.000 50.00 89.36 .00 1.74 .00 41.06 155.00
* 4.000 1000.00 91.7 2.34 .08 .00 61.47 155.00
. 5.000 50.00 94.05 .00 4.68 .00 21.41 140.00
* 5.000 1000.00 97.68 3.63 5.97 .00 224.12 140.00

-

‘12/29/91 19:14:13 PAGE 8

SUMMARY OF ERRORS AND SPECIAL NOTES

CAUTION SECNO= 1.000 PROFILE= 2 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 2.000 PROFILE= 2 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 2.000 PROFILE= 2 MINIMUM SPECIFIC ENERGY

WARNING SECNO= 3.000 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
CAUTION SECNO= 4.000 PROFILE= 1 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 4,000 PROFILE= 1 MINIMUM SPECIFIC ENERGY

WARNING SECNO= 4.000 PROFILE= 2 CONVEYANCE CHANGE OQUTSIDE ACCEPTABLE RANGE
CAUTION SECNO= 5.000 PROFILE= 1 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 5.000 PROFILE= 1 PROBABLE MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 5.000 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL
CAUTION SECNO= 5.000 PROFILE= 2 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 5.000 PROFILE= 2 PROBABLE MINIMUM SPECIFIC ENERGY

CAUTION SECNO= 5.000 PROFILE= 2 20 TRIALS ATTEMPTED TO BALANCE WSEL
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Chapter 6

Program Output

(1990 VYersion)

6.1 General

Computer program HEC-2 provides the user with a wide variety of output control options.
Program output is generally written to output files(s), although on PC systems some output is directed
to the monitor. Commonly used output options are shown in Appendix |, Sample Application of

HEC-2. Table 4 summarizes output control options.

Table 4
Control of Program QOutput

Output Control Records

Commentary C
Input Data Listing* J1.1
Detailed Output by Cross Section* J5
Flow Distribution J2.10, X2.10
Traces Ja2.10, X2.10
Summary Tables*® J2.1, J3, Js
Profile Plots* J2.3
Cross Section Plots J2.2, X1.10
Archival Tape AC
Storage-Outflow J4

*These data are normal program output, but may be suppressed.




Appendix VI

Output Data Description

(1990 Version)



Output Data Description

This appendix contains a description of all output variables that apply to any cross section. Many
of these variables can be selected for summary printout display.

Variable

ACH

ACULV

AEX

ALOB

ALPHA

AREA

AROB

ASQ

AV DEPTH

AVG VELOCITY

B
BANK ELEV LEFT/RIGHT

BAREA

B-S N

BW

Description
Cross section area of the channel.

Gross area of culvert.

Area of channel improvement excavation in square feet at cross section.
Cross section area of the left overbank.

Velocity head coefficient.

Cross section area.

Cross section area of the right overbank.

The assumed split flow value used to compute the water surface
elevation.

The average depth of flow for the normal depth section based on the total
area divided by the water surface topwidth (split flow option).

The average velocity of the normal depth overflow reach (split flow
option).

Stream width, used for ice stability analysis.

Left and right bank elevations.

Net area of the bridge opening below the low chord. Entered on S8
record.

Value of composite Manning's ‘n’ for ice covered stream computed by
Belokon-Sabaneev formula.

The bottom width of the trapezoidal excavation.

Chezy's roughness coefficient, used in ice stability equation.

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 (XS record), or a balance between the
computed and assumed water surface elevations, respectively.

Contraction coefficient.




Variable

CEHV

CHRT

CHSLOP

CLASS

CLSTA

CORAR

CRIWS

CULVLN

CUMDS

CUNO

CUNV

CWSEL

DEPTH

DIFEG

DIFKWS

DIFWSP

OIFWSX

Description
Expansion coefficient.
Chart number for FHWA cuivert nomograpins

Channel slope.

Identification number for following types of bridge/culvert flow.

Class Type of Flow
1 Low Flow - Class A
2 Low Flow - Class B
3 Low Flow - Class C
6 Culvert Analysis, Inlet Control
7 Culvert Analysis, Outlet Control
10 Pressure Flow Alone
11,15 Weir and Low Flow - Class A
12 : Weir and Low Flow - Class B
13 Weir and Low Flow - Class C
16 Culvert Analysis, Weir Flow & Inlet Control
17 Culvert Analysis, Weir Flow & Outlet Control
30 Pressure Flow and Weir Flow
59 Special Bridge Reverts to Normal Bridge Method
67 For Encroachment Methods 3 through 6

The centerline station of the trapezoidal excavation.

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

Critical water surface elevation.

Length of culvert barrel.

Cumulative channel distance from first cross section. (Units are based on
J1.6 and J6.4 input).

Number of identical culverts.

Manning’s ‘n’ value for culvert barrel.

Computed water surface elevation.

Depth of flow.

Difference in energy elevation for each profile.

Difference in water surface elevation between known and computed.
Difference in water surface elevation for each profile.

Difference in water surface 2levation between sections.

VI-2



Variable

DSSNO

DSws

EG

EGIC
EGLWC

EGOC

EGPRS

ELENCL

ELENCR

ELLC

ELMIN

ELTRD

ENDST

ENTLC

ERRAC

FRCH

H

H3

H4

HL
HV
IoC

ICEN

Description
The downstream section number where the split flow reach begins.
The computed downstream water surface elevation (split flow option).

Energy gradient elevation for a cross section which is equal to the
computed water surface elevation CWSEL plus the velocity head HV.

Energy grade elevation for inlet control when using culvert analysis option
The energy grade line elevation computed assuming low flow.

Energy grade elevation for outlet control when using culvert analysis
option.

The energy grade line elevation computed assuming pressure flow.
Elevation of left encroachment.

Elevation of right encroachment.

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

Minimum elevation in the cross section.

Elevation of the top of roadway. Equals ELTRD entered on the X2 record
it used, otherwise it equals the minimum top of the road in the BT table.

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

Entrance loss coefficient for culvert analysis.

The percent error between the assumed discharge and computed
discharge using the split flow option.

Channel Froude number for uniform conditions.
Hydraulic radius, used in ice stability equation.

Drop in water surface elevation from upstream to downstream sides of the
bridge computed using Yarnell's equation assuming Class A low flow.

Orop in water surface elevation from upstream to downstream using
culvert analysis option.

Energy loss due to friction.
Discharge-weighted velocity head for a cross section.
Number of trials required to determine criticai depth.

Manning's ‘n’ value for floating ice entered on iC record.

VI3
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Variable

ICONT

IHLEQ

ITRIAL

K*CHSL
KRATIO
L-BANK ELEV

MAX DEPTH

NICE
NITER
OLOoSS
PCWSE
PERENC
POWER
Q

QCH
QCHP

QComp

QCuULV
QLoB
QLosp

QLow

Description
Number of trails to determine the water surface elevation by the slope
area method, or the number of trials to balance the energy gradient by-

the special bridge method, or the number of trials required to calculate
encroachment stations Oy encroachment methods S and 6.

Friction loss equation index.

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

Channel bed slope (times 1,000).
Ratio of the upstream to downstream conveyance.
Elevation of left bank station.

The maximum depth that occurs on the normal depth overflow section
(split flow option). )

Manning's ‘n* for underside of ice cover.
The number of iterations executed to compute split flow discharge.
Energy loss due to minor losses such as transition losses.
Previous computed water surface elevation.

The target of éncroachment requested on the ET record.

Channel stream power (Ib/(ft*s) or N/(m*s)).

Total flow in the cross section.

Amount of flow in channel.

Percent of flow in the channel.

The computed split flow value based on the computed water surface
elevation,

Flow through Culvert, using culvert analysis option.
Amount of flow in the left overbank.
Percent of flow in the left overbank.

Low flow at bridge, special bridge analysis. Pressure flow at the bridge,
special bridge analysis.

Total pressure of low flow at the bridge.

Amount of flow in the right overtank.



Variable
QROBP
QWEIR
R-BANK ELEV
RBEL
RISE
SCL

SECNO

SHEAR
SLOPE
SPAN
SPGR

SSTA

STENCL
STENCR
STCHL
STCHR

TABER

TASQ
TCQ
TELMX

T/H (TH1)

TIME

TOF WIDTH

' TOP WIDTH

Description
Percent of flow in the right overbank.
Total weir flow at the bridge.
Elevation of right bank station.
Right bank elevation.
Height of box culvert or diameter of pipe culvert.
Scale number for FHWA culvert nomogfaphs.

Identifying cross section number. Equal to the number in the first field of
the X1 record.

Boundary shear stress within channel (Ib/ft? or N/m?).
Slope of the energy grade line for the current section.
Width of box culvert. -

Specific gravity of floating ice. Entered on IC record.

Starting station where the water surface intersects the ground on the left
side of the cross section.

The station of the left encroachment.
The station of the right encroachment.
Station of the left bank.

Station of the right bank.

Percent of error between the total assumed split flow and total computed

split flow.

The total assumed split flow for the entire stream.
The total computed split flow for the entire stream.
Elevation of the lower of the end points of the cross section.

Ratio of channel ice thickness and hydraulic radius, used in ice stability
equation.

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

The width of the normal depth over flow section (split flow option).

The width of the overflow section based on the computed water surface
(split flow option).

VI-S




Variable
TOPWID

TOTAL AREA

TRAPEZOID AREA

Tvou

USSNO
USWS
VCH

VEXR

VEXT

VLOB

VoL

VOLICH
VOLIL
VOLIR
VROB

WEIRLN

WSELK

WTN

X*K
XFCH1

XICET

Description

Width at the calculated water surface elevation.

The total cross sectional area for a normal depth overflow reach (split flow
option).

Net area of the bridge opening up to the low chord as defined by SS,
BWP and BWC on the SB record. Should be ciose to BAREA on the S8

record.
Total volume of ice in channel and overbanks.

Cumulative surface area (acres or 1000 square meters) of the stream
(floodplain) from the first cross section.

The upstream section number where the split flow reach ends.
The computed upstream water surface elevation (split flow option).

Mean velocity in the channel.

Volume of channel improvement excavation in thousands of cubic yards
in a reach (between two adjacent cross sections).

Cumulative volume of channel improvement excavation in thousands of
cubic yards up to the current cross section.

Mean velocity in the left overbank.

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

Cumulative volume of ice in channel .
Cumulative volume of ice in left overbank.
Cumulative volume of ice in right overbank.
Mean velocity in the right overbank,

Length of roadway for weir flow computations, defined by "8T* data and
energy grade elevation.

Known water surface elevation; for example, a high water mark.

Length weighted value of Manning's ‘n’ for the channel. Used when
computing Manning's ‘n’ from high water marks.

Pariset’s ice stability indicator (times 1000).
Froude number for ice stability analysis.

Computed ice stability factor (Pariset’ X).

VI-6



Variable
XLBEL

XLCH

XLOBL

XLOBR

XNCH
XNL
XNR

XSTAB1

ZINCH

ZITL
ZITR
ZITCH
01K

10*KS

Description

Left bank elevation.

Distance in the channel between the previous cross section and the
current cross section.

Distance in the left overbank 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.

Manning's ‘n’ for the channel area.
Manning's ‘n’ for the left overbank area.

Manning’s ‘n’ for the right overbank area.

Maximum ice stability factor X, for stable ice cover, from Pariset's ice
stability function.

Composite ‘n’ value for ice covered channel computed with Belokon-
Sabaneev formula.

lce thickness in left overbank.

Ice thickness in right overbank.

Ice thickness in channel

= .01.

The total discharge (index Q) computed assuming S!/2

Slope of energy grade line (times 10,000).

N-7




Appendix V

Special Notes

(1990 Version)

This appendix explains special notes which commonly appear as part of the normal output. The
special notes should be carefully reviewed to assure an accurate profile. If the reason the notes
appear are not satisfactorily substantiated, the job may be rerun obtaining trace printout. (A
programmers manual or source listing is required to interpret program traces).

Statement
Number Notes and Remarks

1221 NUMBER PROFILES TOO LARGE. The number of profiles calculated exceeds limit of
fourteen.

1262 TAILWATER IS BELOW BRIDGE TRAPEZOID BOTTOM PROGRAM ABORTING AT
SECTION X. The water surface elevation at the downstream cross section is below the
trapezoid bottom specified on the SB record for this section. Remodel the invert of the
downstream cross section to raise the water surface elevation or modify the SB
trapezoid.

1340 RECORD NOT RECOGNIZED. First two columns in input record read did not
correspond to any of the standard alphanumeric characters used to identify records.

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 minimum value. (SB.2)

1365 . SB RECORD, BWP = 0. On the special bridge method record SB, the pier width
omitted. If there are no piers, this is satisfactory. (SB.6)

1366 SB RECORD, BAREA = 0. On the special bridge method record SB, the area of the
bridge when flowing full is omitted and therefore this job has been terminated. (SB.7)

1400 CCHV =, CEHV -. A change in contraction and expansion losses has been made.
(NC.4 & .5)

1415 " INQ EXCEEDS NUMQ. The field of the QT records to be used for the current Q,
specified by variable INQ, contained no flow data. (INQ.J1.2)

1445 Q EXCEEDS 19. The number of discharges on the QT record exceed the maximum
allowable number of nineteen.

1452 NV RECORDS EXCEED 4. The number of items specified on the NV record exceed the
allowable.

1455 NV RECORD USED. A table of Manning’s ‘n’ values for the channel and

corresponding elevations, was used.

V-1




Statement

Number

1481

1490

1518

1525

15835

1837

1553

1645

1707

1740

1807

1857

1860

1912

2020

2077

Notes and Remarks

EL(N) DON'T INCREASE. The elevations on the NV records must increase wnen the
channel roughness is varied with elevation and therefore, the job has been terminated.

NH RECORD USED. Manning's ‘n’ value varied horizontally in accordance with values
on NH record.

NH RECORD STATIONS NOT INCREASING. The stations on the NH record specifying
changes in Manning's roughness must increase and therefore, the job has been

terminated.

NH VALUES EXCEED 20. Manning's roughness coefficient specified on the NH record
exceeded the allowable number.

Q = 0. The discharge was not specified on the QT or J1 records.

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 (positive) section number on the main stem.

STARTING NC RECORD OMITTED. The starting values on the NC record were not
given. The roughness values assumed were very small (.00001).

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.

STCHL OF X, GREATER THAN Y. The station of the left bank is larger than the station
of the right bank. The value of STCHL is changed to equal the first station of the cross

section. (X1.3)

CHIMP TEMPLATE DOES NOT INTERSECT CROSS SECTION, STMAX SET EQUAL TO
X. The projected side slopes of the template do not cross the GR data.

BT RECORDS EXCEED 100 PTS. Number of points describing the bridge (BT record)
exceed allowable.

BT RECORD, STA DON'T INCREASE. The roadway stations on the BT record should
increase. Data should be corrected.

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. (BT records)

GR RECORDS, STATIONS DON'T INCREASE. The ground profile points do not
increase in horizontal station. The station must be equal to, or greater than the
previous station.

NUMBER EL, STA, PTS EXCEED 100. The number of points used to describe the
ground profile for the current cross section exceed the allowable. Additional GR points

may have been generated by encroachment options.

GAR RECORDS MISSING. The GR records for a given X1 record with NUMST greater
than zero were not given.



Statement
Number

2096

2620

2725

2750

2800

3073

3075

3170

3235

3265

3280

3301

Notes and Remarks

WSEL NOT GIVEN, AVG OF MAX, MIN USED. The starting water surface elevation was
not given and therefore, has been assumed as halfway between the maximum and

minimum elevation in the cross section. (J1.9)

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

section.

WSEL EXCEEDS LIMITS OF TABLE FOR MANNING's 'n’. An assumed water surface
elevation fell outside the elevation limits which specified Manning’s ‘n’ values on NV

record. Table values were extrapolated for ‘n’ values.

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

of points on the GR record.

NATURAL Q1 = A, WSEL = B, EMC Q1 = C, WSEL = D, RATIO = E. See explanation
in section 11.1, Appendix Il.

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

NO ENCROACHMENT MORE THAN 800 XSEC. The number of cross sections for a
given data set exceeded the maximum allowable for encroachment analysis.

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 methed shouid 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 surface elevations are not necessarily identical at each cross section.

CROSS SECTION EXTENDED X FEET (METERS). The cross section’s ends have been
projected vertically fifty feet (meters) in order to calculate the hydrauiic properties of the
cross section. Exactly X feet (meters) of this extension were used. If this vertical
assumption couid produce unreasonable results, the input data shouid be corrected.

HV CHANGED MORE THAN HVINS. The difference between velocity heads computed
for the current and previous cross sections exceeded the allowable specified by input

as HVINS (or .5 feet if HVINS = 0, J1.7).

AL
-




Statement
Number

3302

3370

3377

3420

3470

3495

3649

3685

3693

3700

3710

Notes and Remarks

WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO =.
The ratio (KRATIO) of the conveyance of this cross section to the conveyanca of the
previous section is outside the following range: 0.7<KRATIO<1.4. This could indicate
that additional cross sections are required if the reach lengths are long.

NORMAL BRIDGE, NRD = X, MIN ELTRD = Y, MAX ELLC = Z. The normal bridge
method was used for this cross section. The number of points used in describing the

bridge deck are given.

BLOSS READ IN. The difference in water surface elevation between the previous and
current cross section was given by input data. (X2.6)

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 = WX 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 one is used instead of percent so
that a percent target can be distinguished from a top width target.

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. (X3.1)

NUMBER SECTION EXCEED LIMIT. The number of cross sections for the given data
set exceeds limit of eight hundred.

20 TRIALS ATTEMPTED WSEL, CWSEL. The number of trials in balancing the
assumed and computed water surface elevations for the standard step procedure of
backwater has reached twenty. 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.

BRIDGE STENCL = X, STENCR = Y. The bridge profile has been encroached upon,
the left and right encroachment stations are X and Y.

WSEL ASSUMED BASED ON MIN DIFF. At the conclusion of twenty trials the assumed
water surface elevation will be made equal to the elevation that came the closest to
balancing. This condition usually occurs near the top of banks when the effective area
option is used (IEARA = 10). Check results for reasonableness.

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.



Statement
Number

3790

3800

3805

3810

3820

3830

3840

3965

4020

4478

4575

4677

5020

Notes and Remarks

DATA EPROR. JOB DUMPED. The computer detected an error in input and terminated
that particular job (profile), but continued on with the next job of the input data.

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

Q = 0. The discharge was not specified for this job.

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) used in the normal bridge method will have caused this
note if any ELLC is greater than the corresponding ELTRD. HIf this is not the case a
program error has been found, and a trace may be required to determine the source of

the error.

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

AROB OR ALOB IS - A negative area in the left or right overbank has been computed.
A program error probably has been detected. A trace may be required to determine

the program error.

SECTION NOT HIGH ENOUGH. The computed water surface elevation exceeds the
maximum specified on input records, therefore, the cross section ends have been

vertically raised fifty feet.

REACH OF - NOT EQUAL TO SECNO OF - The J4 record has been used to specify
routing reaches which must be equal to the section numbers (SECNO) on the first field

of the X1 record. The section numbers must also be in increasing order.

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 may be rerun, with
ITRACE equal to one, in order to obtain reason for failure of parabolic optimization

process.

FLOATING ICE COVER, ICE THICKNESS LOB = X, CH = Y, ROB = Z. Computations
at this cross section include the hydraulic effects of a stationary floating ice cover. Ice
cover thickness in left overbank is X feet or meters, channel thickness is Y feet or

meters and right overbank thickness is Z feet or meters.

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.

BRIDGE DECK DEFINITION ERROR AT STATIONS X Y. The low chord or top of road
line, defined on the BT records for a normal bridge, has intersected the ground line as
defined on the GR records. The program wiil not account for the bridge deck blockage

between GR stations X and Y.

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




Statement
Number

5070

5105

5110

5115

5120

5125

5130

5135

5140

5145

5180

5155

5160

Notes and Remarks

VARIABLE ELCHU OR ELCHD ON Record SB NOT SPECIFIED. The elevations of the
channel upstream and downstream of the bridge are not specified on input fields and
have therefore, been assumed equal to the minimum elevation for the previous cross

section. (SB.9 & .10)

VARIABLE ELCHU ON SC CARD NOT SPECIFIED. The upstream invert elevation of the
culvert is not specified in the input data (SC.9). ELCHU and ELCHD (SC.10) have been

assumed equal to the minimum elevation of the previous Cross section.

ELCHU LESS THAN ELCHD. In the special cuivert option, the upstream invert elevation
is less than the downstream value (adverse slope). The profile analysis is aborted.

SUPERCRITICAL FLOW-SPECIAL CULVERT OPTION NOT AVAILABLE. The profile is
aborted because the special culvert option is only available for sub-critical flow.

Change IDIR (J1.4) to zero.

INCORRECT VALUE FOR FHWA CHART NUMBER. An incorrect value of the FHWA
Chart Number (SC.83a) is entered. The profile is aborted. Correct the Chart Number.

INCORRECT VALUE FOR FHWA SCALE NUMBER. An incorrect value of the FHWA
Scale Number (SC.8b) is entered for the specified Chart Number (SC.8a). The profile is

aborted. Correct the Chart or Scale Number.

EGIC TOO LARGE; REDUCED TO XXXX. The energy gradient elevation (Culvert Iniet
control flow) computed while assuming there is no weir flow is very high. This value is
reduced to a more realistic value for the computation of weir flow.

EGOC TOO LARGE; REDUCED TO XXXX. The energy gradient elevation (culvert outlet
control flow) computed while assuming there is no weir flow is very high. This value is
reduced to a more realistic value for the computation of Weir Flow.

NORMAL DEPTH EXCEEDS CULVERT HEIGHT. The culvert normal depth exceeds the
culvert height. It is therefore assumed equal to the culvert height.

30 TRIALS OF NORMAL DEPTH NOT ENOUGH; POSSIBLY INVAUD. After thirty
iterations, the program cannot obtain a normal depth value within the predefined
precision. The normal depth is assumed equal to the value obtained at the last iteration.

EG OF XXXX LESS THAN XEG OF XX0X. The upstream energy gradient elevation of the
culvert is less than the downstream value, indicating negative losses. The upstream
energy gradient elevation is therefore assumed equal to the downstream energy

gradient.

20 TRIALS OF QWEIR NOT ENOUGH; POSSIBLY INVALID. While computing culvert
flow and weir flow, the total discharge cannot be balanced with the actual discharge

after 20 iterations.

CULVERT BACKWATER, FROUDE > 1; JOB DUMPED. The culvert backwater routine
starts with a super-critical flow condition. Therefore, the job has been terminated.



Statement
Number

5165

5170

5175

5180

5185

5227

5290

5470

6070

6110

6180

Notes and Remarks

CULVERT BACKWATER, STEP < 0; JOB DUMPED. While computing the length for
each iteration {step) the program has ended up with a negative value. Therefore, the
job has been terminated.

100 TRIALS OF CULVERT BACKWATER NOT ENOUGH. The culvert backwater profile
requires more than 100 iterations. Therefore, the Inlet depth DEPIN is set equai to the

Outlet depth DEPOUT.

20 TRIALS OF QELTRD NOT ENOUGH; ASSUMED = J00X. QELTRD is the maximum
discharge through the culvert before any weir flow occurs. The program cannot obtain a

correct value of QELTRD after 20 iterations.

RISE (SC.5) LESS THAN OR EQUAL TO ZERO. The user has entered a rise or
diameter value (SC.5) which is zero or negative. Therefore, the culvert has no

cross-sectional area and cannot be analyzed.

BOX SPAN (SC.6) LESS THAN OR EQUAL TO ZERO. The user has entered a Chart
Number (SC.8a) which is within the range of 8 through 12. This indicates that a box
culvert is to be analyzed. However, the user has entered a span (SC.6) value which is
zero or negative. Therefore, the box culvert has no cross-sectional area and cannot be

analyzed.

DOWNSTREAM ELEV IS X, NOT Y, HYDRAULIC JUMP OCCURS DOWNSTREAM (IF
LOW FLOW CONTROLS). The upstream momentum is so great that the water
downstream of the bridge is supercritical and not subcritical.

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.

ERROR DS DEPTH WRONG SIDE CRITICAL. The calculated depth in the low flow
routine was determined on the wrong side of critical depth. A trace may be required to

determine cause.

LOW FLOW BY NORMAL BRIDGE. When the pier width is specified as zerb for the
special bridge method and when low flow controls, the friction loss is computed using
the normal bridge method instead of the special bridge method. (SB.6=0)

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

has been continued.

SUPERCRITICAL FLOW, PRESSURE FLOW. Based on a comparison of EGPRS and
EGLWC (the higher controis) the program concluded pressure flow. The solution of
pressure flow in combination with supercritical flow is generally not compatible. The
bridge mode! should be examined for possible input errors.



Statement
Number

6400

6790

6840

6870

7185

7230

8190

8560

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 fifty trials. The allowable error of one percent is
too severe for the computation or a programming inadequacy has been detected.

POSSIBLE INVALID SOLUTION 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 elevation could not balance with the actual
discharge to be used in the water surface profile determination. When this condition
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 overbank. . ’

0.S. ENERGY OF X HIGHER THAN COMPUTED ENERGY OF Y. The energy grade line
elevation of X for the previous (downstream) cross section 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 pressure flow. The energy
grade line elevation for this cross section has been assumed equal to the previous
energy elevation in order to efiminate negative losses. The weir coefficients used
apparently were too efficient or a very long flat weir section has been encountered.

MIN SPECIFIC ENERGY. The computer determined that it was impossible to proceed
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 sections should be reversed, IDIR changed and the

profile rerun.

SLOPE-AREA TRIALS EXCEED 100. In determining the starting water surface elevation
using the slope of the energy grade line from input, one hundred 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 programming error has been
encountered. Rerun with trace feature if input data appear 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. 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.

[ L B



Statement
Number

83930

Notes and Remarks

RDST NOT ON GR Record. The roadway station printed out here does not appear on
the ground profile record (GR). For the normal bridge method all stations on the 8T
record must also appear on the GR record. This note can be ignored for the special

bridge method.
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| . Cross Section Locations in the Vicinity of Bridges
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HEC-2 WATER SURFACE PROFILES -

. * Version 4.5.0; September 1990
* RUN DATE 28AUGH0 TIME 16:

efevnmeveccnentvenevranaan

X X Xx0000¢ XXXXX
X X X X X
X X X X
XXXXXXX X000 X XXXXX
X X X X
X X x X X
X X 0000000 XXXXX
END OF BANNER
000000000000AG0E0C00
29AUG90 16:02:27
HEC-2 WATER SURFACE PROFILES
Varsion 4.5.0; September 1950
T SPECIAL BRIDGE EXAMPLE
T2 Low flow prorile
T3 Simple Creek
J1  ICHECK NG NINV IDIR STRT METRIC HVINS Q
2
Request the Speical 8ridge Summary Tables on J3.
J3 VARIABLE CODES FOR SUMUARY PRINTOUT
100 105
NC .08 .08 .05 .3 .3
QT 3 2000 4500 §000
X1 1 10 325 375 ] 1] [+]
GR 50 4] 40 75 35 250 0
GR 20 360 28 7s 338 475 43

New NC contraction and expantion coefficients go here if They are changed for
the dridge calculations. Expansion lo3ss would be evaluated at Section 2.

X1 2 240 240 240
Effective area option to control the flow 12 the bridge width up to elev. 36.

X3 10

Special Bridge input between downstream and upstream sections

s8 1.05 1.8 2.8 15 2 585

Rematning bridge input i{s provided with the upstream section.
X1 €0

X2 input for Special 8ridge, Max. low-chord elev., and Min. top-of-road elev,
X2 7

1 3.
Effective area option to control the flow to the bridge width up to elev. 37.
X3 10
Bridge Table to define top-of-road profile, Low chord values are not
required because the bridge has a pier width for low-flew calculations.

Low chord values are required Tor standard step low-flow solution.

ar -6 0 50 75 40
ar 475 38 625 43
BOAOA0VO0ATVACOCOOCT
29AUGS0 16:02:27
X1 4 80 (=] 60

New NC contraction anc¢ expansion coefficients 00 here if they were change
for the bridge. The new coefficients would apply to the following sections.

0A00ANA0A0GGAA0N0000
29AUGS0 16:02:27
SECNO OEPTH CWSEL CRIWS WSELK [3:] w
a QLos QCH QRO8 ALOB ACH AR08 Vo
TIME viLo8 VCH YROB XNL XNCH XNR #TN
stopPg XLOBL XLCH XLOBR ITRIAL 10C ICONT CORAR
*PROF 1
CCHv= .300 CEWV= .500
"SECNO 1,000
1.000 11.00 30.00 .00 30.00 30.47 A7 .00
2000.0 .0 1980.2 19.8 .0 3s7.5 20.0 .0
.00 .00 5.54 .99 .000 050 .080 000
002853 0. 0. 0. 0 e Q .00

XXXXX
X X
X
XXXXX
X

XXXXXXX

tevesmenerercansan

U.S. ARMY CORPS OF ENGINEERS -
HYDROLOGIC ENGINEERING CENTER -
609 SECONO STREET, SUITE O .
DAVIS, CALIFORNIA 95618-4687 -

(916) 756-1104 -

L T T T P,

PAGE 1
THIS RUN EXECUTED 29AUGSO 16:02:27
WSEL fFQ
30
325 19 345
625 50 700
38 38
1.8 20 20
37 37
350 37
700 s0
PAGE 2
PAGE 3
oLoss L-BANK ELEV
TWA R-BANK ELEV
SLUIN SSTA
ToPWID ENOST
.00 30.00
.0 28.00
$9.00 325.00
70.00 395.00



=SECNG 2.000

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

2.000 11.68 30.68 .00 .00
2000.0 .0 2000.0 .0 .0
.01 .00 5.1 .00 .000
002146 240. 240. 240. 0
SPECIAL BRIDGE
s8 XK XKOR COFQ ADLEN BwC
1.05 1.60 2.60 . 15.00
~SECNO 3.000
CLASS A LOW FLOW
3420 BRIDGE W.S.= 30.59 SBRIDGE VELOCITY=
EGPRS EGLWC H3 QwEIR oLow
.00 31.12 .04 0. 2000.
3485 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=
3.000 11.72 30.72 .00 .00
2000.0 .0 2000.0 .0 .0
.02 .00 5.08 .00 .
.002112 €0. 60. 60. 1]
29AUGS0 16:02:27
SECNO OEPTH CWSEL CRIWS WSELK
aLos acH QRO8 ALOB
TIME vLO8 VCH VROB XNL
SLOPE xLost. XLCH XLOBR ITRIAL
*SECNO 4.000
4. 11.80 30.90 .00 .00
2000.0 2.8 1954.1 43.1 6.0
. .47 4.86 1.03 .080
.001874 60. 60. 60. 2
29AUGS0 16:02:27
Tt PRESSURE FLOW PROFILE
J1  ICHECK -] NINV IDIR STRT
3
J2 NPROF 1PLOT PRFVS XSECV XSECH
2
29AUGS0 16:02:27
SECNO OEPTH CWSEL CRIWS WSELK
Q aLos ocH QRO8 ALOB
TIME vL08 VCH VRO8 XNL
SLOPE XLOBL XLCH X1 08R ITRIAL
*PROF 2
CCHV= .300 CEWvV= .500
*SECNO 1,000
1.000 15.00 34.00 .00
4500.0 180.2 3966.1 353.6 120.0
.00 1.50 7.11 1.96 .080
002603 0. 0. 0.
*SECNO 2,000
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=
2,000 15.54 34.54 .00 .00
4500.0 .0 4500.0 .0 .0
.0t .00 7.70 .00 .000
.002859 240. 240. 240. 2
SPECIAL BRIDGE
s8 XK XKOR COFQ ROLEN swC
1.08 1.60 2.60 .00 15.00
*SECNO 3.000
PRESSURE FLOW
EGPAS EGLWC H3 owEIR PR
36.12 35.56 1 a. 4500.

3495 OVERBANK AREA ASSWMED NON-EFFECTIVE, ELLEA=

3.000 16.31
4500.0 .0
.01 .00
.go2310 80.

s .00 .00
4500.0 .2 .0
7.2 .00 .000
60. 60. 2

36.00 €LREA= 26.00
31.08 40 .59 .02 30.00
391.7 .0 2.1 .3 28.00
.050 .000 .000 19.00 325.00
2 o .00 50.00 375.00
awp BAREA ss” ELCHY ELCHO
2.00 565.00 1.60 20.00 .00
5.31 CALCULATED CHANNEL AREA= 7.
BAREA  TRAPEZOID ELLC ELTRO WEIRLN
AREA
565. 555, 25.00 37.00 0.
37.00 ELREA= 37.00
31,12 .40 .04 .00 30.00
393.6 .0 2.7 K 26.00
. .000 .000 19.00 325.00
1] -] .00 50.00 375.00
QWM‘

PAGE
€6 HY HL oLOSS L-BANK ELEV
ACH AROB voL TWA R-BANK ELEV
XNCH XNR N ELMIN SSTA
10C 1CONT CORAR JOPWID ENOST

31.26 .36 .12 K 20.00
402.3 42.0 3.2 - .5 28.00
. .080 .000 19.00 311,55
] .00 92.42 403.97
“mooooomm
PAGE
UETRIC HVINS Q WSEL fQ
34
N ALLOC 18W CHNIM ITRACE
Wooooooomw

PAGE
£G W HL 0LOSS L-BANK ELEV
ACH AROB voL TWA A-BANK ELEV
XNCH XNR wIN ELMIN SSTA
10C 1CONT CORAR TOPWID ENDST

34.70 .70 .00 .00 30.00
557.5 180.0 .0 .0 28.00
.050 .080 .000 19.00 265.00
[ <] .00 170.00 435.00
36.00 ELREA= 36.00
35.46 .92 .65 B3 30.00
584.7 .0 4.0 .8 26.00
.00 000 .000 19.00 325.00
o o .00 50.00 375.00
BAREA sS ELCHRU ELCHD
2.00 565.00 1.60 20 20.00
BAREA  TRAPEZOID ELLC ELTROD WE [ALN
AREA -
565. 555. 35.00 37.00 .
37.00 ELAEA= 37.00
36.12 .81 .66 .00 30.00
623.3 .0 4.8 7 28.00
050 .000 .000 19.00 325.00
o 0 .00 50.00 375.00




. 29AUGI0 16:02:27 PAGE
SECNO OEPTH CWSEL CRIWS WSELK EG w HL OLOSS L-BANK ELEV
a QLos OCH aROB ALOB ACH AROB vCL TWA R-8BANK ELEV
TIME vLO8 veH VROB. XNL XNCH XNR wTN ELMIN SSTA
SLOPE xtosL XLCH XLOBR ITRIAL I0C ICONY CORAR TOPWID ENOST
~SECNO 4.000
4.000 16.87 35.97 .00 .00 36.35 .38 .10 .13 30.00
4500.0 396.5 35383.4 520.1 277.4 §56.3 318.1 8.1 .9 28.00
.01 1.43 5.46 1.84 .080 .050 .080 .000 19.00 215.33
.001233 80. 60. 80. 2 o ] .00 238.54 454.76
00000G00CAONGA00ACO0
29AUGI0 16:02:27 PAGE
T PRESSURE AND WEIR FLOW PROFILE
J1  ICHECK INQ NINV TDIR STRT METRIC HVINS Q WSEL . fQ
4 36
J2 NPROF IPLOT PRFVS XSECV XSECH N ALLDC 18w CHNIW ITRACE
3
BOO00AA0000000000000
29AUGHS0 16:02:27 PAGE
SECNO DEPTH CWSEL CRIwWS WSELK £G HV HL oLOosS L-BANK ELEV
Q alLos QCH CROB ALOS ACH AROB VoL TWA R-BANK ELEV
TIME veos VCH VRO8 XNL XNCH XNR WIN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITAIAL 10C 1CONT coRaR TOPWID ENOST .
\ *PROF 3
CCHV= .300 CEHv= .500
*SECNG 1.000
1.000 17.00 36.00 .00 36.00 36.66 .66 .00 .00 30.00
6000.0 532.8 4771.3 696.0 280.0 657.5 320.0 .0 .0 28.00
.00 1.90 7.26 2.17 .080 .050 .080 .000 19.00 215.00
.002123 Q. g. Q. [+ o ] .00 240.00 455.00
*SECNO 2.000
2.000 17.62 36.62 - .00 37.16 .54 .46 .04 30.00
6000.0 643.5 4598.6 757.8 354.8 €88.5 371.4 7.4 1.4 28.00
.01 1.81 6.68 2.04 .080 .050 . .000 19.00 193.33
.001732 249, Q. 240. - Q ] .00 267.86 461.19
SPECIAL BRIDGE
S8 XK XKOR coFa RADLEN 8wC 8w BAREA ss ELCHU ELCHD
1.08 1.60 2.80 .00 15.00 2.00 $65.00 1.60 20.00 .00
*SECNO 3,000
PAESSURE AND WEIR FLOW, Welir Submergence Based on TRAPEZOIDAL Shape
£GPRS EGLWC H3 OwelR QPR BAREA TRAPEZOID ELLe ELTRD WEIRLN
AREA
38.42 37.83 .04 76S. 5182. s$6S. 555. 35.00 37.00 303.
3.000 19.40 38.40 .00 .00 38.71 .3t 1.55 .00 30.00
6000.0 973.5 4094.5 932.1 645.4 717.7 542.8 9.7 1.8 26.00
.02 1.51 5.27 1.72 .080 .050 .080 .000 19.00 130.89
.000915 60. 80. 6Q. 2 (4] 2 .00 356.21 487.10
| “SECNO 4.000
4.000 19.47 38.47 . .00 38.77 .30 . .00 30.00
6000.0 986.3 4073.1 940.7 £59.3 781.2 550.8 12.4 2.3 28.00
.02 1.50 5.1 1.7 .080 . -080 -.000 19.00 12840
i .000891 60. . 60. 1 [+] .00 360.83 489.23
|
\
‘ 20000000000000000000
1
|
i 29AUGS0 16:02:27 PAGE 10
‘ THIS RUN EXECUTED 2SAUGSO 16:02:32
HEC-2 WATER SURFACE PROFILES -
Version 4.5.0; September 1990
NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER [NOICATES MESSAGE [N SUMMARY OF ERRORS LIST
Simple Creek
SUMMARY PRINTOUT TABLE 100
SECNO EGLwC ELLC EGPARS ELTRO OPRA OWEIR CLASS H3 DEPTH CWSEL VCH [Xed
3.000 3112 35.00 .00 37.00 2000.00 .00 1.00 .04 172" 30.72 5.08 31.12
3.000 35.56 35.00 36.12 37.00 4500.00 .00 10.00 1 18.31 35.31 7.22 36.12
3.000 37.33 35.00 39.42 37.00 5182.04 765.3% 30.00 .04 19.40 18.40 5.27 38.7




23AUG90 16:02:27 PAGE n
Simple Creek

SUMMARY PRINTOUT TABLE 105

SECNO CwSEL o OLOSS TOPWID @08 QCH CROB
1.000 30.00 .00 .00 70.00 .00 1980.22 19.78
1.000 34.00 .00 .00 170.00 180.25 3966.11 353.64
1.000 36.00 .00 .00 240.00 532.78 4771.26 695.96
2.000 30.68 .59 .02 50.00 .00 2000.00 .00
2.000 34.54 .65 .11 50.00 .00 4500.00 .00
2.000 36.62 .46 .04 267.86 43.54 4598.57 757.88
3.000 30.72 .04 .00 50.00 .00 2000.00 .co
3.000 BN .68 00 50.00 .00 4500.00 .00
3.000 38.40 1.55 .00 356.21 973.47  4094.47 932.06
4.000 30.90 .12 .01 82.42 2.84 1954.31 43.05
4.000 35.97 .10 .13 238.94 396.47 3583.39 520.14
4.000 38.47 .05 .00 360.83 906.26 4073.07 940.67
$0000A0A00LAG0000G00
29AUGS0 16:02:27 PAGE 12

SUMMARY OF ERRORS AND SPECIAL NOTES




ERAAR L LR LR D D ey ORI

v  WATER SURFACE PROFILES

T Version 4.5.0; Septemoer 1930 -
*  RUN DATE 21AUG90 TIME 07:43:14 =
X X XXXXXXX XXXXX
X X X X X
X X X X
’ XXXXXXX  XXXX X XXXXX
X X X X
X X X X
X X XXXXXXX  XXXXX
ENO OF BANNER
DO00000COBCAN00G0000
21AUGSO 07:43:14
HEC2 WATER SURFACE PROFILES
Version 4.5.0; September 1930
Tt Multiple Arch Raflroad 8ridge (Normal 8ridge Example)
T3 Doaner River, 1969 Flood
J1  ICHECK INQ NINV IDIR STRY METRIC HVINS Q
] 3 [+] [} 0.0025 ] ] 0
J2 NPROF IpLor PRFVS XSECV XSECH FN ALLDC isw
-1 Q -1 o 0 [+ ] 0 0
NC 0.055 0.060 0.035 0.3 0.5
QT S 41000 105000 130000 285000 $30000
X1 1 20 1280 1970
GR 775 1000 750 1080 725 1120 720
GR 714 1170 712 1200 711 1220 710
GR 708 1300 700 1560 §97 1590 697
GR 703.1 1720 705 1930 72 1970 716
Limit flow width with EFFECTIVE AREA OPTION
X1 2 65 1295 1676 400 400 400
X3 10
GR 760 1000 750 1010 * 734 1043 732
GR 727 1063 725 1070 723 1076 22
GA 718 1100 717 1104 715.5 116 715
GR 708 1142 705 1295 705 1300 705
GR 708 1338 704.5 1352 704 1365 704
GR 704 1394 704 1399 703 1409 703
GR 703 1451 703 1463 702.5 1474 702
GA 702 1498 702 1508 702 1522 702
GR 701.5 1562 701 1572 701 1577 701
GR 701 1600 701 1608 701 1621 701.5
GR 701.5 1660 702 1671 702 1676 705
GR 710 1874 716 1890 719 1837 721
GR 728 1818 730 1927 750 1980 760
California Northeen R.R. Bridge (River Mile 15.434)
NC .025
X1 3 1 1 1
BT -64 1000 760 760 1010 760 750
ar 1049 760 732 1056 760 730
8T 1070 760 725 1076 760 723
8T 1090 760 720 1100 760 718
B0000000000AA00000aa
21AUGSO 07:43:14
8T 1116 760 715.5 1120 760 71$
8T 1142 760 706 1295 760 705
ar 1311 760 741 1323 760 747
87 1352 760 747 1385 760 738
BT 1380 760 704 1394 760 704
BT 1409 760 741 1423 760 748
BT 1451 760 747 1463 760 739
318 1478 760 702 1493 760 702
:13 1508 760 740 1522 760 748
ar 1548 760 747 1562 760 739
BT 1877 T80 701 1592 760 701
8T 1600 760 732 1608 760 740
:23 1633 760 749 1647 760 747
8T 1671 760 727 1676 760 702
a7 1869 760 709 1874 760 710
8T 1897 760 79 1903 760 721
a7 1918 760 728 1927 760 730
87 1981 760 760
Aepeat 8T and GR data from downstream face of bridge
X1 < 20 20 <
X2 1
NC .035

® U.S. ARMY CORPS OF ENGINEERS -
~ HYDROLOGIC ENGINEEAING CENTER -
* 609 SECOND STREET, SUITE o -
~ OAVIS, CALIFORNIA 95616-4687 -
- (916) 756-1104 .

Peeavaever e retrrcscoancasesnensema

XXXXX
X X
X
XXXXX
X

X
XXXXXXX

PAGE
THIS RUN EXECUTED 21AUGS0 07:43:14
WwSEL fa
715 0
CHNIM ITRACE
4] o
1140 715 1150
1240 710 1280
1620 700 1630
2030 757 2090
755 755
1049 730 1056
1081 720 1090
1120 710 1130
1311 705 1323
1375 704 1380
1423 703 1437
1478 702 1493
1536 702 1548
1592 701 1596
1633 701.5 1647
1860 709 1869
1903 725 1910
1981 762 2010
1043 760 734
1063 760 727
1081 760 722
1104 760 nz
PAGE
1130 780 710
1300 760 728
1338 760 750
1375 760 727
1399 760 728
1437 760 750
1474 760 726
1498 760 729
1536 760 750
1572 760 727
1596 760 728
1621 760 747
1660 760 740
1860 760 705
1890 760 716
1910 760 725
1980 760 750




Lim1t flow width
12 1230

with CFFECTIVE AREA OPTION
1860 1 t

X3 10
GR 750 1000 725 1070 720 1090 715
GR 705 1150 705 1230 701 1350 702
GR 708 1980 750 1990
X1 s 20 1240 1860 110 110 110
GR 755 1000 750 1030 725 1080 718
GA 716 1140 715 1180 713 1240 705
GR 703 1840 715 1860 717 1870 717
GR 719 1980 725 2020 730 2040 735
GGOOQOOGQOOOGOGGOGOG
21AUGS0 07:43:14
SECNO DEPTH CWSEL CAIWS WSELK EG HY HL
Q oLos ocH QROB ALOB ACH AROB vot.
TIME vio8 veH VROB XNL XNCH XNA WIN
SLOPE XLOBL XLCH XLOBR ITAIAL 10C ICONT CORAR
*PROF 1
CCHV= .300 CEWV= .500
*SECNO 1.000
1.000 18.67 715.67 .00 715.00 717.74 2.07 .00
105000.0 1937.1 102874.3 188.5 518.1 8835.2 101.3 .0
.00 3.74 11.64 1.86 .0S5 035 . .000
002520 o. o. o. o o 3 .00
*SECNG '2.000
3301 HY CHANGED MORE THAN HVINS
7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSIMED
1495 OVERBANK AREA ASSLMED NON-EFFECTIVE, ELLEAS 755.00 ELREA= 755.00
2.000 14.92 715.92 715.92 .00 722.64 6.72 1.63
105000.0 .0 105000.0 .Q .0 5047.4 .0 66.6
.01 .00 20.80 .00 .000 .0as .000 .000
.007661 400. 400, 400, 4 15 0 .00
*SECNO 3.000
3301 HV CHANGED MORE THAN HVINS
3370 NORMAL BRIDGE, NRO= 64 MIN ELTRD=  760.00 WAX ELLC=  750.00
3685 20 TRIALS ATTEMPTED WSEL ,CWSEL
3593 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
3.000 16.30 717.30 717.30 .00 724.90 7.60 .0t
105000.0 .0 105000.0 <0 .0 4746.1 .0 66.7
.01 .00 22.12 .00 .000 .025 .000 .000
.006107 1. 1. 1. 20 19 0 -5549.82
*SECNO 4.00C
acaoooooooooooaoocoa
21AUG90 07:43:14
SECNO DEPTH CWSEL CRIWS WSELK EG Y HL
Q oLos oCH CROB ALOB ACH ANOB VoL
TIME vL08 VCH VROB XNL XNCH XNR wTN
SLOPE XLOBL XLCH XLOBR ITRIAL 10C ICONT CORAR
3301 HV CHANGED MORE THAN HVINS
3370 NORMAL BRIDGE, NRD= 64 MIN ELTRD=  760.00 uAX ELLC=  750.00
3685 20 TRIALS ATTEMPTED WSEL ,CWSEL
4.000 19.59 720.59 717.30 .00 725.73 5.13 .09
105000.0 .0 105000.0 ) .0 5774.5 .0 69.1
.0 .00 18.18 .00 .000 025 .000 .000
.003427 20. 20. 20. 26 19 0 -763.23
*SECNO 5.000
3301 HV CHANGED MORE THAN HVINS
3302 WARNING: CONVEYANCE CHANGE OUTSIOE OF ACCEPTABLE RANGE, KRATIO = 2.79
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 760.00 ELREA= 760.00
5.000 25.14 726.14 .00 .00 727.01 .87 .00
105000.0 .0 105000.0 .0 .0 14064.3 .0 69.3
.01 .00 7.47 .00 .000 .035 .000 .000
.000441 1. 1. i 3 0 0 .00
*SECNO 6.000
§.000 23.23 726.23 .00 .00 727.97 .84 .05
105000.0 4712.5 97502.4 2785.0 1537.9  12831.% 11944 106.7
. 3.06 7.50 2.23 055 .035 060 .000
000568 110. $10. 110, 2 o 0 .00
GAGAOVOCCOANVTTAQAAT

760
1120
1800

1120
1380
1890
2060

MOSS

ELMIN
TOPWID

.00
.0
697.00
876.46

2.33

701.00
381.00

790.21

0OLOSS

ELMIN
TOPWID

.74
8.2
701.00
814.43

L-BANK
A - BANK
SSTA

ENDST

710.00

2025.11

705.90
702.00
1295.00
1676.00

1893.02

L -BANK
R-BANK
SSTA

ENDST

705.00
702.00
1087.34
1901.77

705.00
705.00
1280.00
1860.00

713.00
715.00
1077.54
2024.91

760
708 1130
Tos 1860
77 130
704 1760
718 1930
750 2090
PAGE 3
ELEV
ELEV
PAGE 4
ELEV
ELEV




21AUGS0 Q7:43:14
THIS AUN EXECUTED 21AUGSO C7:43:24

HEC2 WATER SURFACE PROFILES

Version 4.5.0; Ssptember 1990

deemmtvecuuetecscanenavatcanmtarreeneT

NOTE- ASTERISK (*} AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERROAS LIST

Donner River, 1969 Flood

SUMMARY PRINTOUT TABLE 130

SECNO XLCH ELTRD ELLC ELMIN a CwsSEL CRIWS &6 10°KS VCH AREA
1.000 .00 .00 .00 697.00 105000.00 715.67 .00 717.74 25.20 11.64 9454.60
. 2.000 400.00 .00 .00 701.00 $05000.00 715.92 715.92 722.64 76.61 20.80 5047.44
- 3.000 1.00 760.00 750.00 701.00 105000.00 717.30 717.30 724.90 81.07 22.12 4746.14
- 4.000 20.00 760.00 756.00 701.00 105000.00 720.59 717.30 725.73 34.27 18.18 5774.50
- 5.000 1.00 .00 .00 701.00 105000.00 726.14 .00 727.01 4.4 7.47 14064.30
6.000 110.00 .00 .00 703.00 105000.00 726.23 .00 727.07 5.68 7.60 15563.41
2G000000000080000000
21AUG90 07:43:14 PAGE
Donner River, 1969 Flood
SUMMARY PRINTOUT TABLE 150
SECNO Q CWSEL OIFWSP OIFwSX OIFKWS TOPWID XLCH
1.000 105000.00 715.67 .00 .00 .67 876.46 .00
- 2.000 105000.00 715.92 .00 .25 .00 381.00 400.00
- 3.000 105000.00 717.30 .00 1.37 .00 790.21 1.00
. 4.000 105000.00 720.59 .00 3.30 .00 814.43 20.00
. 5.000 105000.060 726.14 .00 5.55 .00 580.00 1.00
6.000 105000.00 726.23 .00 .09 .00 947.37 ‘110.00
STOCACAACINNACTAD000
21AUGS0 07:43:14 ) PAGE 7
SUMMARY OF ERRORS AND SPECIAL NOTES
CAUTION SECNO= 2,000 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 2.000 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 3.000 PROFILEx 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 3.000 PROFILE= 1 PROBABLE MINIMUM SPECIFIC EMERGY
CAUTION SECNO= 3.000 PROFILE= 1 20 TAIALS ATTEUPTED TO BALANCE WSEL
CAUTION SECNO= 4.000 PROFILE= 1 20 TRIALS ATTEMPTED TO BALANCE WSEL
WARNING SECNO= 5.000 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

1K
20918.40
11996.08
13436.58
17935.29
50020.34
44057.865




Chapter 4

Examples of the Speciai Cuivert Method

This chapter presents four examples of culvert models using the Special Culvert Method. The
following examples are-included:

1) A road crossing with a single box culvert.
2) A road crossing with a single pipe culvert.

3) A road crossing with multiple box culverts.

4) A road crossing with muitiple pipe culverts.

4.1 Example of Box Culvert Analysis

As an example of the application of a special culvert model of a box culvert, the culvert illustrated
in Figure 4.1 is considered. The culvert undemeath the roadway is a 10’ X 6' concrete box culvert,
fifty feet in length. A Manning’s ‘n’ value of 0.013 is assumed for the culvert. At both ends of the
culvert are a vertical headwall and 45-degree wing walls. According to Table 3.9 of this appendix,
Scale 1 of FHWA chart 8 is appropriate for this type of culvert. According to Table 3.4 of this
appendix, the entrance loss coefficient for this type of entrance is about 0.4, assuming that the top
edge of the entrance is not rounded.

A concrete apron extends about five feet past the end of the culvert. The roadway on either side
of the channel is not elevated. The drop in invert elevation is 0.1 foot through the culvert, so the slope

of the cuivert invert is 0.2%.

— \-——-li
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/t 1] | T
— =T % T . -
1 | |J + 1
PLAN ViEw [
=1 =\
.o{ )
Z "\
5 JQT \ f— /
i t \] I/
B ] SECTION A-A
20 |
350 900 950 1000 1090 1920 nso
OISTANCE {t=z=t)
Figure 4.1

{llustration of S8ox Culvert Exampie
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Cross-section 1 of the special culvert model is located downstream of the culvert crossing at a
distance determined by the 4:1 flow expansion rule. The flow expands from a top width of ten feet in
the culverts to a maximum of about sixty feet downstream, the spacing between cross-sections 1 and
2 should be about 4 X (30 - 5) = 100 feet.

Cross-section 2 is located at the downstream end of the culvert. The n-value is changed at
cross-section 2 because the concrete apron extends past the downstream end of the cuivert. The
effective area option is used at cross-section 2 to restrict flow to the portion of the cross-section in
and directly above the culvert opening until the roadway is overtopped. Both of the test elevations on
the X3 record at cross-section 2 are set at thirty-two. These elevations are computed by subtracting
the expected head loss through the culvert (about 1.3 feet) from the top-of-road elevations for the left

and right sides of the road (each of which is 33.3).

The weir flow coefficient is set at 3.0. This is the recommended value for roadway embankments.
The fill over the culvert is assumed to be similar to a roadway embankment.

The downstream channel flow-line elevation is equal to 24.9 for this example. The upstream
flow-line elevation is 0.1 foot higher. These values are entered in Fields 9 and 10 of the SC record.

20AUGS0 14:03:37 - PAGE 1

THIS RUN EXECUTED 20AUGSO 14:03:38

HEC-2 WATER SURFACE PROFILES

Version 4.5.0; September 19390

“eecececeevcaevnsscasccesascamnvasans

T1 SINGLE BOX CULVERT EXAMPLE - SPECIAL CULVERT WETHOO
T3 Dodson Cr., 10X6 30X Profile 1
J1  ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
2 .00015 30.0
J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC Tew CHNIM ZTRACE
1 -1
USE J3 RECORDS TO REQUEST CUSTCU SWRUARY TABLE

AND REGULAR SPECIAL CULVERT SWUMARY TABLES 101 AND 105

J3 VARIABLE CODES FOR SUMMARY PRINTOUT
38 66 a2 1 2 43 26 2 S8
101 105

USE NC RECORD TO SET REGULAR CHANNEL LOSS COEFFICIENTS
NC 0.1 0.1 0.04 0.1 0.3
ar 3 150 300 400

CROSS-SECTION 1 OF SPECIAL CULVERT MODEL - DOSNSTREAM OF CULVERT
X1 1 10 975 1042
GR 37.1 865 36.6 3903 35 939 33.7 s7S 24.9 1000
GR 24.9 1011 34.1 1042 35.7 1074 35.7 1106 38.7 1145

USE NC RECORD TO SET EXPANSION AND CONTRACTION COEFFICIENTS FOR CULVERT
NC 0.3 0.5

CROSS-SECTION 2 OF SPECIAL CULVERT MODEL - AT DOWNSTREAM CULVERT FACE

LEFT AND RIGHT BANKS REDEFINED TO LIMIT FLOW TO WIDTH OF CULVERT

NH 3 0.1 97s 0.04 1042 Q0.1 1135
X1 2 10 1003 1013 100 100

USE X3 RECORD TQ RESTRICT EFFECTIVE FLOW AREA TO CULVERT WIDTH
X3 10 32.8 32.5
GR 36.9 885 34.9 938 33.5 975 25.2 1003 25 1003
GR 25 1013 25.3 1013 33z 1042 35.8 1085 38.3 1135

SC RECORD DOEFINES A SINGLE 10X6 CONCRETE BOX CULVERT

Figure 4.2a
Box Culvert Example Output

(@]

Cross-section 3 is located at the upstream end of the cuivert. The affective area option s ils
used at cross-section 3 to restrict tlow to the portion of the cross-secton in ana directly abtove "he

V-21



culvert until the roadway is overtopped. The test elevations on the X3 record at cross-section 3 are

‘ set at the top-of-road elevations for the left and right sides of the road (each of which is 33.3).

Cross-section 4 is located upstream of the cuivert at a distance determined using the 1:1

contraction rule. Since the flow must contract from a total top width of about one hundred and twenty
feet at cross-section 4 to a top width of ten feet in the culvert, the spacing between cross-sections 3

and 4 should be about 60 - 5 = 55 feet.

20AUGS0 14:03:37 PAGE 2
sC 1.013 0.4 3.0 6.0 10.0 50 8.1 25 24.9
CROSS-SECTION 3 OF SPECIAL CULVERT WOOEL - AT UPSTREAM CULVERT FACE
USE NH FOR N-VALUES AT CROSS-SECTION 3 BECAUSE OF CONCRETE APRON
NH 0.1 975 0.04 1042 0.1 1135
X1 :) 10 1003 1013 50 50 50
X2 2 33.3
X3 10 33.7 33.7
8T -8 885 36.9 938 34.9 975 33.5
8T 1003 33.3 1013 33.3 1042 33.7
8T 1085 is.s 1135 38.3
GR 36.9 885 34.9 938 33.s 975 25.2 1003 25.1 1003
GR 25.1 1013 25.3 1013 33.7 1042 35.8 1085 38.3 1135
NC 0.1 0.1 0.04
CROSS SEc‘rxo« 4 OF SPECIAL CULVERT UODEL - UPSTREAM OF CULVERT
X1 975 1042 25 25 2s
GR 37. 1 eas 36.6 803 35 939 33.7 975 25.1 1000
GR 25.1 1011 34.1 1042 35.7 1074 37.2 1106 38.7 1145
-
Figure 4.2b

Box Culvert Example Output (continued)

PAGE 3

20AUGS0 14:03:37
SECNO DEPTH CWSEL CRIWS WSELK EG HY HL oLoss L-BANK ELEV
Q oLos QCH QRO8 ALO8 ACH ARO8 voL TWA R-BANK ELEV
TIME viLos VCH VRO8 XKL XNCH XNR wWTN ELMIN SSTA
SLOPE xLosL XLCH XLO8R ITRIAL 10C ICONT CORAR TOPWID ENOST
“PROF 1
CCHv= . 100 CEHV= .300
“SECNO 1.000
1.000 S. 40 30.30 .00 30.00 30.31 .02 .00 .00 33.70
150.0 150.0 .0 .0 148.9 .0 [} .0 34.10
.00 00 1.00 .00 .000 .040 .000 .000 24.90 984 .66
000151 0. 0. o o 4 .20 44.53 1029.19
CCHV= .300 CERV= .500
1490 NH CARD USED
*SECNO 2.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE. KRATIO = 47
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 32.50 ELREA= 32.50
2.000 s.27 30.27 .00 .00 30.40 13 .03 .06 25.20
150.0 .9 150.0 .0 .0 s2.7 .0 2 21 25.30
.01 .00 2.85 .00 . 000 .040 .000 .000 25.00 1003.00
.000682 100. 100. 100. 2 ] ¢} .00 10.00 1013.00
SPECIAL CULVERT
SC CunNOo CUNV ENTLC CofFQ ROLEN RISE SPAN CULVLN CHRT cL ELCHU ELCHD
.013 .40 3.00 .00 .00 10.00 £0.00 3 ! 25.00 24.30

CHART 8 - BOX CULVERT WITH FLARED WINGWALLS: MO [NLET TOP EDGE BEVEL
SCALE 1 - WINGWALLS FLARED 30 TO 7S DEGREES

1490 NH CARO USED
*SECNO 3.00

SPECTAL CULVERT OUTLET CONTROL

29.355 EGOC = 30.454 PCWSE= 30.272 ELTRD= 23.
JPECIM_ CULVERT

300

Figure 4.2¢c
Box Culvert Example Output

iV-32




PAGE

Z0AUGS0 14:03:37
SECNO DEPTH CWSEL CRIWS wSELK £G H L oLoss L-BANK ELEV
Q QLos QCH QROB ALO8 ACH ARO8 voUL TwA R-BANK ELEV
TIME vios VCH VRO8 XNU XNCH XNR wTN CLMIN SSTA
SI.0PE xLosL XLCH XLOBR ITRIAL I0C ICONT CORAR TOPWID ENDST
EGIC € H4 QWEIR ocuLv VCH ACULY ELTRD WEIRLN
29.3s5 30.45 .05 Q. 150. 2.870 60.0 33.30 0.
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 33.70 ELREA= 33.70
3.000 5.23 30.33 .00 .00 30.45 .13 .06 .00 25.20
150.0 .0 150.0 .0 .0 52.3 .0 .3 -1 25.30
.01 .00 2.87 .00 .000 .040 .000 .000 25.10 1003.00
50. 50 50. o o o .00 10.00 1013.00
*SECNO 4.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE Of ACCEPTABLE RANGE, KRATIO = 2.14
4.000 5.38 30.48 .00 .00 30.49 .02 .ot .03 33.70
150.0 .0 150.0 .0 .0 151.1 .0 -4 -1 34.10
.02 .00 .99 .00 .000 .040 .000 .000 25.10 664 .36
.000150 25. 2s. 2s. 2 o o .00 45.17 1029.53

A R [ T e B e S S S P [N N

Figure 4.2d
Box Culvert Example Output (continued)
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20AUGSO 14:03:37 PAGE
T1 SINGLE BOX CULVERT EXAMPLE - SPECIAL CULVERT WETHOO
T3 Dodson Cr., 10X6 BOX Profile 2
J1 ICHECK N NINV IDIR STRT WETRIC HVINS Q wSEL FQ
3 .00015 32.0
J2  NPROF 1PLOT PRFVS XSECV XSECH FN ALLDC 18w CHNIM ITRACE
2 -1
Figure 4.2e
Box Culvert Example Output (continued)
20AUGS0 14:03:37 PAGE
SECNO EPTH CWSEL CRIS WSELK €G 0SS -
Q 2L03 OCH QROB ALOB ACH AROB %L %IA k~gAm< ELEV
TIue vLos VCH VRO8 XNL XNCH XNR wTN ELMIN SSTA
SLOPE XLOBL XLCH XLO8R ITAIAL 10C ICONT CORAR TOPWID ENOST
*PROF 2
CCHV = 100 CEHV= 300
“SECNO 1 800
7.49 32,30 o§ 32.00 32,32 -02 -00 .og ;3'178
; .00 %8 0 008 .04§ 060 .00 ‘. :
.00012, g & 8 ¢ o 283 38883
300 CEHV= 500
5599 w_cang UsEd
“SECNO 2.
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 40
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 32.50 ELREA= 32.50
7.20 2.20 .00 .00 32,47 .27 .03 12 .20
50008 Q 0.9 0 Q0 gé.o 0 4 1 3§.So
.00 4 00 .000 .040 .060 .000 25.00 1003.00
oooés4 100. 100 100. 2 ] 00 10200 101300
SPECIAL CULVERT
SC CuNnO CUNV EN\'LC OOFO RDLEN RISE SPAN CULVLN CHRT sCL ELCHU —LCHO
1 4013 3 £.00 10.00 0.00 8 1 25.00 24 .90
CHART 8 - BOX CULVERT WITH FLARED WINGWALLS; NO INLET TOP EDGE BEVEL
SCALE 1 - WINGWALLS FLARED 30 10 75 DEGREES
1499 NH_CARD USED
SeECNO 3.600
SPECTAL CULVERT OUTLET CONTROL
£6IC = 32 £GOC = 33.024 PCWSE= 32.203 ELTRD= 33.300
$38& 1AL cuda?Y
Figure 4.2f

Box Culvert Example Output (continued)



PAGE

204UG90 14:03:37
SECNO DEPTH CWSEL CRIWS WSELK £G HV HLL oLoss L-BANK ELEV
Q aL08 QCH QROB ALO8 ACH AROB vou TWA R-BANK ELEV
TIME vLOB VCH VROB XNL XNCH XNR wTN ELMIN SSTA
SLoPE XLO8BL XLCH XLo8sR ITRIAL 10C ICONT CORAR TOPWID ENOST
EGIC EGOC H4 QWEIR QcuLv VCH ACULV ELTRD wEIRLN
32.04 33.02 .58 0. 300. 3.902 60.0 33.30 0.
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 33.70 ELREA= 33.70
3.000 7.89 32.79 .00 .00 33.02 .24 .85 .00 25.20
300.0 .0 300.0 .0 0 76.9 .0 .5 % 25.30
.01 .00 3.90 .00 .000 .040 .000 .000 25.10 1003.00
000756 s0. so. s0. 0 0 0 .00 10.00  1013.00
*“SECNO 4.000
3302 WARNING: COMVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.70
4.000 7.98 33.08 .00 .00 33.10 .02 .01 .07 33.70
300.0 .0 300.0 .0 .0 289.9 .0 .6 1 34.10
.02 .00 1.03 .00 .000 040 .000 .000 25.10  976.81
.000104 2s. 2s. 25. 2 o o .00 61.68 1038.48
s S—
Figure 4.2g
Box Culvert Example Output (continued)
20AUG90 14:03:37 PAGE 8
T1 SINGLE BOX CULVERT EXAMPLE - SPECIAL CULVERT METHOO
T3 Oodson Cr., 10X6 BOX Profile 3
J1  ICHECK P! NINV IDIR STRT UETRIC  HVINS Q WSEL Fa
4 .0001Ss 34.0
J2  NPROF IPLOT PRFVS XSECV XSECH FN ALLOC 18w CHNIU ITRACE
15 -1
Figure 4.2h
Box Culvert Example Output (continued)
20AUGS30 14:03:37 PAGE 9
SECNO OEPTH CWSEL CRI¥S WSELK 13 HY HL oLoss k:BaNK fLev
Q aLos QCH QAR08 ALOB ACH AR08 VoL TwA -BANK ELEV
TTue viLos VCH VROB XNL XHCH XHR ®TN ELUTN SSTA
SLOPE XLoaL XLCH XLOSR ITRTAL 10C {CONT CORAR ToPwID ENOST
“PROF 3
Hy = 100 CEHV= .300
“SECNO 1,000
1.000 8.42 3.32 .00 34.00 33,34 .03 .00 .00 33.70
400,0 0 400.0 0 0 31205 2 0 .0 310
; .00 1.28 .00 000 .040 .000 .000 24.30  976.09
000149 05 a. 0. 0 0 4 ~00 6327  1039.36
?Egg=~u CARD USESW= +300
“SECNO 2.000
2.560 8.33 33.33 .00 .00 33.36 .03 o1 .00 25.20
et B P e B O I B S =
.000149 100~ 160. 160~ o o o .00 65:?8 13431 3
SPECIAL CULVERT
SC cuno cunv ENTLC coFq ROLEN RISE sPAN CULVIN  CHART scL ELCHU £LCHD
1 .013 .40 3.00 .00 6.00 10.00 50.00 8 1 25.00 24.30
CHART 8 - BOX CULVERT WITH FLARED WINGWALLS; NO INLET TOP EDGE BEVEL
SCALE 1 - WINGWALLS FLARED 30 TO 75 DEGREES
1490 NH CARD USED
SSEChO
SPECTAL CULVERT
£GIC LEGO(_: H4 QWE IR acuLv VCH ACULV ELTRD WEIRLN
33.31 3439 52 37. 316. 1.585 5.0 33.30 3s.
3.000 3.85 33.95 00 00 33,38 02 .62 .00 25.20
400,0 134 1463 1288 1318 88 1293 i1 25 i2 2530
. 9 s 3 @ .040 2040 .000 25.1 96306
000103 3. 50, $0. 0 760 81110 104716
Figure 4.2i

Box Culvert Example Output (continued)
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20AUGS0 14:03:37 PAGE 10
SECNO OEPTH CWSEL CRIWS WSELK € HY HL 0oLO0SS L-BANK ELEV
Q acLos QCH QROB ALO8 ACH ARO8 vou TwA R-BANK ELEV
TIME vLo8s VCH VROB XNL XNCH XNR TN SLMIN SSTA
SLOPE xLosL X_LCH XLOBR ITRIAL I0C ICONT CORAR TOPWID ENOST
“SECNO 4.000 ¢
4.000 8.86 33.96 .00 .00 33.88 02 .00 .00 33.70
400.0 .0 400.0 .0 .9 346.3 o] 1.3 e 34.10
.04 .04 1.15 .00 100 .040 000 .000 2S.10 967.34
.000113 2s. 25. 2s. o o] [o] .00 73.56 1041.50
Figure 4.2j
Box Culvert Example Output (continued)
(e 5
20AUGSO 14:03:37 PAGE 11
THIS RUN EXECUTED 20AUGSO 14:03:40
HEC-2 WATER SURFACE PROFILES
Version 4.5.0; September 1990
NOTE- ASTERISK () AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST
Dodson Cr., 10X6 BOX
SUMMARY PRINTOUT
SECNO CuMos ELMIN CWSEL CRIWS Q VCH TOPWID KRATIO
1.000 .00 24.80 30.30 .00 150.00 1.00 44.53 .00
1.000 .00 24.90 32.30 .00 300.00 1.19 56.93 .00
1.000 .00 24.90 33.32 .00 400.00 1.28 63.27 .00
= 2.000 100.00 25.00 30.27 .00 150.00 2.85 10.00 .47
¢ 2.000 100.00 25.00 32.20 .00 300.00 4.17 10.00 .40
2.000 100.00 25.00 33.33 .00 400.00 1.81 65.16 1.00
3.000 150.00 25.10 30.33 .00 150.00 2.87 10.00 1.00
3.000 150.00 25.10 32.79 .00 300.00 3.90 10.00 1.13
3.000 150.00 25.10 33.95 .00 400.00 1.59 84.10 1.20
- 4.000 175.00 25.10 30.48 .00 150.00 .99 45.17 2.14
. 4.000 175.00 25.10 33.08 .00 300.00 1.03 61.68 2.70
4.000 175.00 25.10 33.96 .00 400.00 1.18 73.56 .96
—
Figure 4.2k
Box Cuivert Example Output (continued)
20AUG90 14:03:37 PAGE 12
Dodson Cr., 10X6 BOX
SUMMARY PRINTOUT TABLE 101
SECNO EGOC EGIC H4 ELTRO ocuwyv QwEIR CLASS OEPTH CwsSEL VCH €G
3.000 30.45 29.35 .0s 33.30 150.00 .00 7.00 5.23 30.33 2.87 30.45
3.000 33.02 32.04 .58 33.30 300.00 .00 7.00 7.69 32.79 3.90 33.02
3.000 34.39 33.31 .62 33.30 315.60 87.11 17.00 8.85 33.95 1.59 33.98

Figure 4.2|
Box Culvert Example Output (continued)
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YAGE 13

20AUGS0 14:03:37
Qodson Cr., 10X6 30X
SUMMARY PRINTOUT TABLE 105
SECNO CWSEL HL oLoSs TOPWID .08 acH 2R08
1.060 20.30 .00 .00 44.53 .00 150.00 .00
1.000 32.30 .00 .00 56.93 .00 300.00 .00
1.000 33.32 .00 .00 83.27 .00 400.00 .00
- 2.000 30.27 .03 .06 10.00 .00 150.00 .00
i 2.000 32.20 .03 12 10.00 .00 300.00 .00
2.000 33.33 .01 .00 65.16 125.34 150.40 124.26
3.000 30.33 .06 .00 10.00 .00 150.00 .00
3.000 32.79 <35 .00 10.00 .00 300.00 .00
3.000 33. .62 .00 84.10 131.12 140.33 128.54
- 4.000 30.48 .01 .03 45.17 .00 150.00 .00
- 4.000 33.08 .01 .07 61.68 .00 300.00 .00
4.000 33.96 .00 .00 73.56 .04 399.96 .00
= N
Figure 4.2m

Box Culvert Example Output (continued)

“

20AUGS0 14:03:37 PAGE 14

SUMMARY OF ERRORS AND SPECIAL NOTES

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECNO= 2.000 PROFILE=
WARNING SECNO= 2 PROFILE=

N= N

WARNING SECNO=

.000
.000 PROFILE=
WARNING SECNO= .000

PROFILE=

~a

S

Figure 4.2n
Box Culvert Exampie Output (continued)

4.2 Example of Pipe Culvert Analysis

This example deals with a roadway crossing over a reinforced concrete pipe culvert. As shown in
Figure 4.3, the culvert is a 84-inch reinforced concrete pipe 50 feet in length. A Manning's ‘n’ value
of 0.013 is assumed for the culvert. At both ends of the culvert are a vertical headwall and 45-degree
wing walls. According to Table 3.9 of this appendix, Scale 1 of FHWA Chart 1 is appropriate for this
type of culvert. According to Table 3.6 of this appendix, the entrance loss coefficient for this type of
entrance is about 0.5, assuming that the top edge of the entrance is not rounded.

A concrete apron extends about S feet past the end of the culvert. The roadway on either side of
the channel is not elevated. The drop in invert elevation is 0.1 foot through the culvert, so the slope of

the culvert invert is 0.2%.

Cross-section 1 of the special culvert model is located downstream of the culvert crossing at a
distance determined by the 4:1 flow expansion rule.

Cross-section 2 is located at the downstream end of the culvert. The n-value is changed at
cross-section 2 because the concrete apron extends past the downstream end of the culvert. The
effective area option is used at cross-section 2 to restrict flow to the portion of the cross-section in
and directly above the cuivert opening until the roadway is overtopped. Both of the test slevations on
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the X3 record at cross-section 2 are set at 32.9. These elevations are computed by subtracting the
expected head loss through the cuivert (about 0.8 feet) from the top-of-road elevations for the left and

right sides of the road (each of which is 33.7).

The weir flow coefficient is set at 3.0. This is the recommended value for roadway embankments.
The fill over the culvert is assumed to be similar to a roadway embankment.

The downstream channel flow-line elevation is equal to 25 for this example. The upstream
flow-line elevation is 0.1 foot higher. These values are entered in fields 9 and 10 of the SC record.

—> >
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Figure 4.3
Pipe Culvert Example

Cross-section 3 is located at the upstream end of the cuivert. The effective area option is also
used at cross-section 3 to restrict flow to the portion of the cross-section in and directly above the
culvert until the roadway is overtopped. The test elevations on the X3 record at cross-section 3 are
set at the top-of-road elevations for the left and right sides of the road (each of which is 33.7).

Cross-section 4 is located upstream of the culvert at a distance determined using the 1:1
contraction rule.
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20AUG90 13:11: 31

THIS RUN EXECUTED 20AUGS0

"eeececcevccaceen

e eeeccccecccawea

HEC-2 WATER SURFACE PROFILES

Version 4.5.0; September 1990

Tt teerccectcccveecneraencancnaan

T1

SINGLE PIPE CULVERT EXAMPLE -

SPECIAL CULVERT METHOO

T3 Oodson Cr., 7 rt. Pipe Profile 1
J1  ICHECK N NINV IDIR STRT WETRIC HVINS Q WSEL FQ
2 .00015 31.0
J2  NPROF IPLOT PRFVS XSECV XSECH FN ALLDC 18w CHNIW ITRACE
1 -1
USE J3 RECORDS TO REQUEST CUSTOM SUMUARY TABLE
AND REGULAR SPECIAL CULVERT SUMMARY TABLES 101 AND 105
Y3 VARIABLE CODES FOR SUMMARY PRINTOUT
38 66 42 1 2 43 26 < s8
101 105
USE NC RECORD TO SET REGWAR CHANNEL LOSS COEFFICIENTS
NC 0.1 0.1 0.04 0.1 0.3
ar 3 200 280 400
CROSS-SECTION 1 OF SPECIAL CULVERT MOOEL - DOWNSTREAM OF CULVERT
X1 1 10 975 1042
GR 37.1 86s 36.6 903 3s 939 33.7 975 24.9 1000
GR 4.9 1011 34.1 1042 3s.7 1074 35.7 1106 38.7 1145
USE NC RECORD TO SET EXPANSION AND CONTRACTION COEFFICIENTS FOR CULVERT
NC 0.3 0.5
CROSS-SECTION 2 OF SPECIAL CULVERT MOOEL - AT DOWNSTREAM CUWLVERT FACE
. LEFT AND RIGHT BANKS REDEFINED TO LIMIT FLOW TO WIOTH OF CULVERT
NH 3 1 975 .04 1042 1 1145
X1 2 12 1003 1010 100 -100 100
USE X3 RECORD TO RESTRICT EFFECTIVE FLOW AREA TO CULVERT WiDTH
X3 10 32.2 32.2
GR 3z.1 865 36.6 903 as 939 33.7 975 25 1000
GR 25 1003 25 1010 25 101 34.1 1042 35.7 1074
GR 37.2 1106 38.7 1145
SC RECORD OEFINES A SINGLE 84-INCH CONCRETE PIPE CULVERT
Figure 4.4a
Pipe Culvert Example Output
20AUGS0 13:11:31 PAGE 2
sc 1.013 0.5 3.0 7:0 so 1.1 25.1 25.0
NH 3 1 975 .04 1042 1 1145
CROSS-SECTION 3 OF SPECIAL CULVERT MODEL - AT UPSTREAM CULVERT FACE
X1 3 12 1003 1010 S0 so 50
X2 2 33.7
X3 10 33,7 33.7
8T -10 865 37.1 903 36.6 939 35
8T 975 33.7 1003 33.7 1010 33.7
ar 1042 34.1 1074 35.7 1106 37.2
8T 1145 38.7
GR 37.1 865 36.6 303 3s 939 33.7 975 25.1 1000
GR 25.1 1003 25.1 1010 25.1 1011 34.1 1042 3s.7 1074
GR 37.2 1106 38.7 1145
NC 0.1 0.1 .04
CROSS-SECTION 4 OF SPECIAL CULVERT WODEL - UPSTREAM OF CULVERT
X1 4 10 975 1042 25 25 25
GR 37.1 865 36.6 903 35 939 33.7 975 25.1 1000
GR 25.1 1011 34.1 1042 35.7 1074 37.2 1106 38.7 1145
Figure 4.43

Pipe Culvert Example Output




PAGE

3

20AUGS0 T3 ¥133Y
SECNO OEPTH CWSEL CRIWS wSELK £G HV L 0oLoSss L-BANK ELEV
Q QLos QCH QROB ALO8 ACH AROB vou TwWA R-BANK ELEV
TIME vLos VCH VROB YNL XNCH XNR wTN ELMIN SSTA
SLOPE XLo8L XLCH XLLOBR ITRIAL [oCc ICONT CORAR TOPWID INOST
“PROF 1
CCHV = . 100 CEHV= 300
“SECNO 1.000
1.000 6.16 31.06 .00 31.00 31.08 .02 .00 .00 33.70
200.0 .0 200.0 .0 40 185.5 .0 .0 .0 34.10
.00 .00 1.08 .00 . 000 .040 .000 .000 24.30 382.51
.000151 Q. 0. 0. Q 0 3 .00 49.24 1031.75
CCHV= .300 CEHv= .500
1430 NH CARD USED
*SECNO 2.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .31
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 32.20 ELREA= 32.20
2.000 S.92 30.92 .00 .00 31.28 .38 .04 17 25.00
200.0 .0 e .0 .0 41.5 .0 -3 .1 25.00
.01 .00 4.83 .00 .000 .040 .000 .000 25.00 1003.00
.001574 100. 100. 100. 2 ) o .00 7.00 1010.00
SPECIAL CULVERT
SC CuNO cunv ENTLC cofaQ ROLEN RISE SPAN CULVLN CHRT scL ELCHU ELCHO
1 .013 .50 3.00 .00 7.00 .00 50.00 1 1 25.10 25.00
CHART 1 - CONCRETE PIPE CULVERT; NO BEVELED RING ENTRANCE
SCALE 1 - SQUARE EDGE ENTRANCE WITH HEADWALL
1490 NH CARD USED
*SECNO 3.000
SPECIAL CULVERT OUTLET CONTROL
EGIC = 30.854 EGOC = 31.559 PCwse= 30.921 ELTRO= 33.700
SPECIAL CULVERT
Figure 4.4c
Pipe Culvert Example Output (continued)
S R
20AUGS0 13:11:31 PAGE
SECNb DEPTH CWSEL CRIWS WSELK EG HV HL oLoss L-BANK ELEV
Q aLos QCH QROB ALOB ACH ARO8 voL TWA R-BANK ELEV
TIME veLos VCH VROB XNL XNCH XNR wWTN ELMIN SSTA
SLOPE Xrosu XLCH XLOBR [TRIAL 1oc ICONT CORAR TOPWIOD ENOST
EGIC EGOC He QWEIR ocuLv VCH ACULV ELTRO WEIRLN
30.85 31.56 .30 Q. 200. 4.668 38.5 33.70 0.
3435 OVERBANK AREA ASSWMED NON-EFFECTIVE, ELLEA= 33.70 ELREA= 33.70
3.000 6.12 31.22 .00 .00 31.56 34 .28 25.10
200.0 .0 200.0 .0 .0 42.8 .0 3 -1 25.10
.01 .00 4.67 .00 .000 .040 .000 . 000 25.10 1003.00
.001410 SO. S0. S0. Q0 Q o] .00 7% 1010.00
*SECNO 4.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 3.54
4.000 6.55 31.65 .00 .00 31.66 o1 .01 .10 33.70
200.0 s ) 200.0 .0 .0 208.3 .0 .4 .1 34.10
.02 .00 .96 .00 . 000 .040 .000 . 000 25.10 980.96
.000112 25 2s. 2S. 2 Q 0 .00 52.60 1033.56
e R S N VR
Figure 4.4d

Pipe Culvert Example Output (continued)



20AUGS0 13:11:3
T SINGLE PIPE CULVERT EXAMPLE - SPECTAL CULVEAT UETHOO
T Dodson Cr., 7 ft. Pipe Profile 2
J1  ICHECK INQ NINV IDIR STRT METRIC HVINS Q WwSEL
3 .0001s 32.5
J2 NPROF IeLOT PRFVS XSECV XSECH FN ALLDC 1w CHNIW

ITRACE

-1

Figure 4.4e
Pipe Culvert Example Output (continued)

“

20AUGS0 13:11:31
SECNO DEPTH CwsSEL CRIWS WSELK EG HV HU oLosS
Q oLos QCH QRO8 ALOS ACH AROS voL TWA
TIME vios VCH VRO8 XNL XNCH XNR wTN ELMIN
SLOPE XLosL XLCH XLO8R ITRIAL 10C ICONT CORAR TOPWID
*PROF 2
CCHV= .100 CEHV= .300
“SECNO 1.000
1.000 7.19 32.09 .00 32.50 32.11 .02 .00 .00
280.0 .0 280.0 .0 .0 239.7 .0 .0 .0
.00 .00 1.17 .00 .000 .040 .000 .000 24.90
.000148 o. 0. 0. 0 [ 4 .00 55.66
CCHV= .300 CEHV= .500
1490 NH CARD USED
“SECNO 2.000
3301 HV CHANGED MORE THAN HVINS
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .28
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 32.20 ELREA= 32.20
2.000 6.87 31.87 .00 .00 32.40 .53 .04 .25
280.0 .0 280.0 .0 .a 48.1 0 .3 1
.00 .00 5.82 .00 .500 .040 .000 000 25.00
.001876 100. 100. 100. 2 o ) 00 7.00
SPECIAL CULVERT
SC cuno cunv ENTLC CoFQ ROLEN RISE SPAN CULVLN CHRT
1 .013 .50 3.00 .00 7.00 .00 50.00 1

CHART 1 - CONCRETE PIPE CULVERT; NO BEVELED RING ENTRANCE
SCALE 1 - SQUARE EDGE ENTRANCE WITH HEADWALL

1490 NH CARD USED
*SECNO 3.000

SPECTAL CULVERT OUTLET CONTROL

EGIC = 32.358 EGOC = 32.844 PCWSE= 31.875 ELTRD= 33.700

L-BANK ELEV
R-BANK ELEY

ENOST

33.70
34.10
979.57
1035.23

25.00
25.00
1003.00
1010.00

SCL ELCHU ELCHO
1 25.10 25.00

Figure 4.4f
Pipe Culvert Example Output (continued)
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20AUGS0 13:11:31
SECNO DEPTH CWSEL CRIwWS WSELK EG HV HL oLoss L-BANK ELEV
Q aLos QCH QROB ALO8 ACH AROB vou TwA R-BANK ELEV
TIME veos VCH VRO8 XNL XNCH XNR wTN ELMIN SSTA
SLOPE xLosu XLCH XLOBR [TRIAL [oC ICONT CORAR TOPWID ENDST
SPECIAL CULVERT
EGIC EGOC _H4 QwEIR oCuLY VCH ACULY ELTROD WEIRLN
32.36 32.84 .50 0. 280. 5.499 38.5 33.70 Q.
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 33.70 ELREA= 33.70
3.000 7.27 32.37 .00 .00 32.84 .47 .44 .00 25.10
280.0 .0 280.0 .0 .0 50.9 .0 .4 ) 25.10
.01 .00 5.50 .00 .000 .040 .000 .000 25.10 1003.00
.001554 S0. S0. 50. [} Q 0 .00 7.00 1010.00
*SECNO 4.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 4.02
4.000 7.87 32.97 .00 .00 32.99 .02 .01 .14 33.70
280.0 .0 280.0 .0 .0 283.4 .0 .5 % | 34.10
01 .00 .99 .00 .000 .040 .000 .000 25.10 977.12

00 81.00 1038.11

000086 2s. 2s. 2s. 2 0 o 3
e e e e 5 S S O

Figure 4.4g
Pipe Culvert Example Output (continued)

20AUG90 13:11:31 PAGE 8
Ti SINGLE PIPE CULVERT EXAMPLE - SPECIAL CULVERT METHOO
T3 Oodson Cr., 7 ft. Pipe Profile 3
J1  ICHECK INa NINV IDIR STRT METRIC HVINS Q WSEL fQ s
4 .0001s 33.5
J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC 18w CHNIMW ITRACE
15 -1
Figure 4.4h
Pipe Culvert Example Qutput (continued)
e A S e A R St S N R
20AUGSO 13:11:31 PAGE 9
SECNO DEPTH CWSEL CRIWS WSELK EG KV HU oLoss L-BANK ELEV
Q aLos QCH QRO8 ALOB ACH ARO8 vou TWA R-BANK ELEV
TIME veos VCH VROB XNU XNCH XNR wTN ELMIN SSTA
SLoPE XLO8L XLCH XLOBR ITRIAL IoC ICONT CORAR TOPWID ENDST
*PROF 3
CCHV= 100 CEHV= .300
*SECNO 1.000
1.000 8.37 33.27 .00 33.50 33.30 .03 .00 .00 33.70
400.0 .0 400.0 .0 .0 309.7 .0 .0 .0 34.10
.00 00 1.29 .00 .000 .040 .000 .000 24.90 976.22
.000153 0. 0. 0 0 0 3 00 62.99 1039.21
CCHV= .300 CEHV= .500
1490 NH CARD USED
*SECNO 2.000
2.000 8.28 33.28 .00 .00 33.31 .03 .01 .00 25.00
400.0 152.1 104.2 143.7 123.5 58.0 125.3 .7 .1 25.00
.02 1.23 1.80 1.1§ .040 .040 .040 .000 25.00 976.19
.000139 100. 100. 100. 0 o] Q 00 63.04 1039.23
SPECIAL CULVERT
SC  Ccuno CUNV ENTLC CoFa ROLEN RISE SPAN CULVLN CHART sCL ELCHU ELCHD
1 .013 .50 3.00 .00 7.00 .00 50.00 1 1 25.10 25.00
CHART 1 - CONCRETE PIPE CULVERT: M) BEVELED RING ENTRANCE
SCALE 1 - SQUARE EDGE ENTRANCE WITH HEAOWALL
1490 NH CARO USED
“SECNO 3.
SPECIAL CULVEHT
EGIC £GOC H4 QwelR ocuv VCH ACULV ELTROD WEIRLN
34.18 36.01 1.17 133, 266. 1.430 38.5 33.70 96.
3.coo 3.36 34 .46 .00 .00 34.48 .02 1.17 .00 25.10
400.0 156.8 93.8 149 .4 163.2 65.6 161.8 1.1 o2 25.10
.03 .96 1.43 .92 .040 .040 .040 .000 25.10 953.61
.00007s 50. 50. S0. 1 [o] Q .00 95.83 1049.45
Figure 4.4i

Pipe Culvert Example Output (continued)
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PAGE 10

20AUG90 1321953
SECNO DEPTH CwSEL CRIwS WSELK £EG [l HU oLoss L-BANK £LE
Q aLos ocH QRO8 ALOB ACH AROB VOL TwA A-BANK ELEV
TIME vLes VCH VRO8 XNL XNCH XNR wTN ELMIN SSTA
SLOPE XxLosu XLCH XLO8R ITRIAL IDC ICONT CORAR TOPWID ENDST
*SECNO 4.000
i 4.000 9.37 34 .47 .00 .00 34 .48 .02 .00 .00 33.70
400.0 .6 399.4 s | 8.1 380.5 1.3 1.3 -3 34.10
.04 .07 1.0S .04 .100 .040 100 .000 25.10 953.79
.000083 2s. 25. 2s. [o] o] [} .00 95.53 1049.32
Figure 4.4j
Pipe Culvert Example Output (continued)
20AUGSO 13:11:31 PAGE 1
THIS RUN EXECUTED 20AUGSO 13:11:34
HEC-2 WATER SURFACE PROFILES
Version 4.5.0; September 1990
NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST
Codson Cr., 7 ft. Pipe
SUMMARY PRINTOUT
SECNO Cuvos ELMIN CWSEL CRIWS Q VCH TOPWID KRATIO
1.000 .00 24.30 31.06 .00 200.00 1.08 49.24 .00
1.000 .00 24.90 32.09 .00 280.00 1:17 55.66 .00
1.000 00 24.90 33.27 .00 400.00 1.29 62.99 .00
- 2.000 100.00 25.00 30.92 .00 200.00 4.83 7.00 .31
B 2.000 100.00 25.00 31.87 .00 280.00 5.82 7.00 .28
2.000 100.00 25.00 33.28 .00 400.00 1.80 63.04 1.08
3.000 150.00 25.10 312 .00 200.00 4.67 7.00 1.06
3.000 150.00 25.10 32.37 .00 280.00 5.50 7.00 1.10
3.000 150.00 25.10 34.46 .00 400.00 1.43 95.83 1.36
. 4.000 175.00 25.10 31.65 .00 200.00 .96 52.60 3.54
® 4.000 175.00 25.10 32.97 .00 280.00 .99 61.00 4.02
4.000 175.00 25.10 34.47 .00 400.00 1.08 95.53 .95
Figure 4.4k
Pipe Culvert Example Output (continued)
20AUGS0 13:11:31 PAGE 12
Dodgson Cr., 7 ft. Pipe
SUMMARY PRINTOUT TABLE 101
SECNO EGOC EGIC H4 ELTRD ocuy QweEIR CLASS DEPTH CWSEL VCH EG
3.000 31.56 30.85 .30 33.70 200.00 .00 7.00 6.12 31.22 4.867 31.56
3.000 32.84 32.36 .50 33.70 280.00 .00 7.00 7.27 32.37 5.50 32.84
3.000 36.01 34.18 117 33.70 265.68 132.80 17.00 3.36 34.46 1.43 34 .48
S SO gRee
Figure 4.4(

Pipe Culvert Exampie Output (continued)




20AUGS0 13:11:31 PAGE 13

Oodson Cr., 7 rt. Pipe

SUMMARY PRINTOUT TABLE 105

SECNO CwSEL HL OL0SS TOPWID 08 2CH QR08
1.000 31.06 .00 - .00 49 24 .00 200.00 .00
1.000 32.09 .00 .00 55.66 .00 280.00 .00
1.000 33.27 .00 .00 52.99 .00 400.00 .00
e, 2.000 30.92 .04 T 7.00 .00 200.00 .00
& 2.000 31.87 .04 .25 7.00 .00 280.00 .00
2.000 33.28 .01 .00 63.04 152.14 104.20 143.66
3.000 31.22 .28 .00 7.00 .00 200.00 .00
3.000 32.37 .44 .00 7.00 .00 280.00 .00
3.000 34 .46 1.17 .00 95.83 156.79 93.82 149.39
s 4.000 31.65 .01 .10 52.60 .00 200.00 .00
- 4.000 32.97 .01 .14 61.00 .00 280.00 .00
4.000 34 .47 .00 .00 95.53 .58 399.36 .06
Figure 4.4m

Pipe Culvert Example Output (continued)

20AUGS0 13:11: PAGE 14

SUMMARY OF ERRORS ANO SPECIAL NOTES

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

WARNING SECNO= 2.000 PROFILE=
CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

1
WARNING SECNO= 2.000 PROFILE= 2

WARNING SECNO= 4.000 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
WARNING SECNO= 4.000 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

Figure 4.4n
Pipe Culvert Example Output (continued)

4.3 Multiple Culverts Example

This example deals with a situation where the roadway crossing consists of two 72-inch
reinforced concrete pipe culverts. As illustrated on Figure 4.5, the culverts are 50 feet in length. A
Manning's ‘n’ value of 0.013 is assumed for the culverts. At each end of the Culverts is a vertical
headwall and 45-degree wingwalls. According to Table 3.8 of this Appendix, Scale 1 of FHWA Chart 1
is appropriate for this type of culvert. According to Table 3.5 of this Appendix, the entrance loss
coefficient for this type of entrance is about 0.5, assuming that the top edge of the entrance is not

rounded.

A concrete apron extends about five feet past the end of the culvert. The roadway on either side
of the channel is not elevated. The drop in invert elevation is 0.1 foot through the culvent, so the slope
of the culvert invert is 0.2%. Elevated roadway approach embankments extend into the floodplain on

each side of the bridge.

Cross-section 1 of the special culvert model is located downstream of the culvert crossing at a

distance determined by the 4:1 flow expansion rule.

hanged at

Cross-section 2 is located at the downstream end of the culvert. The n-value is ¢
culvert. The

Cross-section 2 because the concrete apron extends past the cownstream end of the
effective area option is used at cross-section 2 10 restrict flow 10 the portion of the cross-section in

Va3
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Figure 4.5
lllustration of Multiple Culverts Example

and directly above the culvert opening until the roadway is overtopped. Both of the test elevations on
the X3 record at cross-section 2 are set at 32.5. These elevations are computed by subtracting the
expected head loss through the culvert (about 1.3 feet) from the top-of-road elevations for the left and
right sides of the road (each of which is 33.8).

The weir flow coefficient is set at 3.0. This is the recommended value for roadway embankments.
The fill over the culvert is assumed to be similar to a roadway embankment.

The downstream channel flow-line elevation is equal to twenty-five for this example. The
upstream flow-line elevation is 0.1 foot higher. These values are entered in fields 9 and 10 of the SC

record.

Cross-section 3 is located at the upstream end of the culvert. The effective area option is also
used at cross-section 3 to restrict flow to the portion of the cross-section in and directly above the
culvert until the roadway is overtopped. The test elevations on the X3 record at cross-section 3 are
set at the top-of-road elevations for the left and right sides of the road (each of which is 33.8).

Cross-section 4 is located upstream of the culvert at a distanc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>