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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)

iV-34




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 distance determined using the 1:1
contraction ruie.

The results of a multi-profile HEC-2 run for this exampie may be found in Figure 4.6. Solutions {cr
culvert flow and combination culvert flow and weir flow conditions are determined by the HEC-2

program.

V44




PAGE 1

20AUGS0 14:52:29
THIS RUN EXECUTED 20AUGSO 14:52:29
HEC-2 WATER SURFACE PROFILES
Version 4.5.0; September 1990
] MULTIPLE PIPE CULVERTS EXAMPLE - SPECIAL CULVERT WETHOD
T3 Dodson Cr., 2-7 tt PIPES Profile 1
J1  ICHECK N NINV IDIR STRT METRIC HVINS Q WSEL Fa
2 .00015 30.0
J2  NPROF 1PLOT PRFVS XSECV XSECH FN ALLDC 18w CHNIM ITRACE
1 -1
USE J3 RECORDS TO REQUEST CUSTOM SUMMARY TABLE
AND REGULAR SPECIAL CULVERT SUMMARY TABLES 101 AND 105
J3 VARIABLE CODES FOR SUMMARY PRINTOUT
38 66 42 1 3 43 26 4 58
101 105
USE NC RECORD TO SET REGULAR CHANNEL LOSS COEFFICIENTS
NC 0.1 0.1 0.04 0.1 0.3
aT 3 250 400 500
CROSS-SECTION 1 OF SPECIAL CULVERT MODEL - DOWNSTREAM OF CULVERTS
X1 1 8 97 1027
GR 36.1 856 32.7 917 30.9 972 24.8 986 24.8 1013
GR 31 1027 33.2 1095 37.2 1150
USE NC RECORD TO SET EXPANSION AND CONTRACTION COEFFICIENTS FOR CULVERTS
NC 0.3 0.5
CROSS-SECTION 2 OF SPECIAL CULVERT MODEL - AT DOWNSTREAM CULVERT FACE
LEFT AND RIGHT BANKS ARE REDEFINED TO LIMIT FLOW TO WIDTH OF CULVERT
NH 3 0.1 972 0.04 1027 0.1 1150
X1 2 10 993 1007 200 200 200
USE X3 RECORD TO RESTRICT EFFECTIVE FLOW AREA TO CULVERT WIDTH
X3 10 32.3 32.3
GR 36.1 856 32.7 917 30.9 972 25 986 25 993
GR 25 1007 25 1013 a1 1027 33.2 1095 37.2 1150
SC RECORD DEFINES DUAL 72-INCH CONCRETE PIPE CULVERTS
——— — -
Figure 4.6a
Multiple Culverts Example Output
20AUG90 14:52:29 PAGE 2
sc 2.013 0.5 3.0 6.0 50 1.1 25.1 25.0
CROSS-SECTION 3 OF SPECIAL CULVERT MODEL - AT UPSTREAM CULVERT FACE
NH 3 0.1 972 0.04 1027 0.1 1150
X1 3 10 993 1007 50 so 50
X2 2 3.7
X3 10 33.7 33.7
BT -8 856 36.1 917 34.8 972 33.9
8T 993 33.8 1007 33.8 1027 33.7
8T 1095 35.7 1150 37.2
GR 36.1 856 32.7 917 30.9 972 25.1 986 25.1 393
GR 25.1 1007 25.1 1013 3 1027 33.2 1095 37.2 1150
NC 0.1 0.1 0.04
X1 4 8 972 1027 50 50 50
GR 36.1 856 32.7 917 30.9 972 25.1 986 25.1 1013
GR 31 1027 33.2 1095 37.2 1150
——

Figure 4.6b

Multiple Culverts Example Output (continued)
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20AUG90 14:52:29
. SECNO DEPTH CWSEL CRIwS WSELK £ v HL oLoSS L-BANK ELEV
Q aLos ocH cROB ALO8 AcH AROB VoL ™A A-BANK ELEV
TIuE vLo8 VCH VRO8 XNL XNCH XNR TN ELMIN SSTA
SLOPE XLO8L XUCH XLOBR [TRIAL  10C ICONT CORAR TOPWID  ENDST
“PROF 1
CCHv= 100 CEHV= .300
“SECNO 1.000
1.000 5.49 30.29 00 30.00 30.31 .02 .00 .00 30.90
250.0 -0 250.0 0 0 217.0 0 0 0 31.00
.00 .00 1.1s 00 000 .040 .000 .000 24.80  973.39
.000152 0. o. 0 0 o < .00 52.01  1025.40
ccHv= .300 CEHV= .500

1490 NH CARD USED
“SECNO 2.000

3302 WARNING: CONVEYANCE CHANGE OUTSIDE .OF ACCEPTABLE RANGE, KRATIO = .41

3 .00015 32.0

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 32.30 ELREA= 32.30
2.000 S.28 30.28 .00 .00 30.45 18 .06 .08 25.00
250.0 .0 250.0 .0 .0 73.9 .0 4 2 25.00
.02 .00 3.38 00 e .040 .000 .000 25.00 993.00
. 000904 200. 200. 200. 2 ] Qo .00 14.00 1007.00
SPECIAL CULVERT
SC Ccuno cunv ENTLC CcofFaQ ROLEN RISE SPAN CULVLN CHRT scL ELCHU ELCHD
2 .013 .50 3.00 .00 6.00 .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
SPECTAL CULVERT OUTLET CONTROL
- S SO TH O O
- Figure 4.6¢c
Muiltiple Culverts Example Output (continued) .
I S R I
. 20AUGS0 14:52:29 PAGE
SECNO DEPTH CWSEL CRIWS WSELK EG HV HL oLoss L-BANK ELEV
Q aLos QCH GRO8 ALO8 ACH AROB voL TWA R-BANK ELEV
TIME vios VCH VRO8 XNL XNCH XNR wTN ELMIN SSTA
SLOPE XrosL XLCH XLOBR ITRIAL IoC ICONT CORAR TOPWID ENOST
EGIC EGOC H4 QwEIR acwv VCH ACULV ELTRD WEIRLN
29.67 30.66 .21 0. 250. 3.315 56.5 33.70 Q.
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 33.70 ELREA= 33.70
3.000 5.39 30.49 .00 .00 30.66 7 .20 .00 25.10
250.0 .0 250.0 .0 .0 75.4 .0 .8 o2 25.10
.02 .00 3.32 .00 .000 .040 .000 .000 25.10 993.00
.000843 S0. S0. S0. (o} Q [} .00 14.00 1007.00
‘ “SECNO 4.000
| 3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.47
; 4.000 5.60 30.70 .00 .00 30.72 .02 .01 .05 30.90
‘ 250.0 .0 250.0 .0 .0 226.1 .0 -9 £ 31.00
1 .03 .00 1.11 .00 .000 .040 .000 .000 25.10 972.49
1 .000138 50. 50. S0. 2 [} Q .00 53.79 1026.28
|
\
\
| .
| Figure 4.6d
| Multiple Culverts Example Output (continued)
|
\
|
\
‘
|
\
! 20AUGS0 14:52:29 PAGE 5
‘ Tt WULTIPLE PIPE CULVERTS EXAMPLE - SPECIAL CULVERT METHOD
i T3 Dodson Cr., 2-7 ft PIPES Profile 2
‘ Ji1 ICHECK Na NINV IDIR STAT METRIC HVINS Q wWSEL FQ
i
\

. Figure 4.6e

Multipie Culverts Exampie Output (continued)




20AUGS0 14:52:29
SECNO OEPTH CwSEL CRIws WSELK £G HV HL oLoss L-BANK ELEV
Q QLos QCH QRO8 ALOB ACH ARO8 VoL TWA R-BANK ELEV
TIME vios VCH VRO8B XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLosL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENOST
“PROF 2
CCHv= -100 CEHV= .300
*SECNO 1.000
1.000 6.94 31.74 .00 32.00 31.77 .03 .00 .00 30.80
400.0 1.1 398.1 -8 10.9 295.8 8.6 -0 .0 31.00
.00 .10 1.35 .09 .100 .040 .100 .000 24.80 946.21
.000148 0. 0. 0. [} o 4 .00 103.78 1049.99
CCHv= .300 CEHV= .500
1490 NH CARD USED
“SECNO 2.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .37
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 32.30 ELREA= 32.30
2.000 6.68 31.68 .00 .00 31.96 .28 .08 .13 25.00
400.0 .0 400.0 .0 .0 93.5 .0 .9 .3 25.00
.01 . 4.28 .00 .000 .040 .000 .000 25.00 993.00
.001054 200. 200. 200. 2 ] o .00 14.00 1007.00
SPECIAL CULVERT
sC  cuno cunv ENTLC CoFQ ROLE RISE SPAN CULVLN CHRT SCL ELCHU ELCHD
2 .013 .50 3.00 .00 6.00 .00 50.00 1 1 25.10 25.00
CHART 1| - CONCRETE PIPE CULVERT; NO BEVELED RING ENTRANCE
SCALE | - SQUARE EDGE ENTRANCE WITH HEADWALL
1490 NH CARD USED
“SECNO 3.000
SPECIAL CULVERT OUTLET CONTROL
EGIC = 31.330 EGOC = 33.161 PCwse= 31.678 ELTRO= 33.700
SPECIAL CULVERT
Figure 4.6f
Multiple Culverts Example Qutput (continued)
20AUGSO 14:52:29 PAGE
SeCno OEPTH CWSEL CRIWS WwSELK €G HV HL 0oLoss L-BANK ELEV
Q aLos QCH QRO8 ALO8 ACH AR08 vou TWA R-BANK ELEV
TIME vLos VCH VROB XNL XNCH XNR WIN ELMIN SSTA
SLOPE xLost XLCH XLO8R ITRIAL IoC ICONT CORAR TOPWID ENDST
EGIC £GOC H4 OWEIR acuLy VCH ACULV ELTRD WEIRLN
31.33 33.16 1.28 0. 400. 3.637 56.5 33.70 0.
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 33.70 ELREA= 33.70
3.000 7.86 32.96 .00 .00 33.16 .21 1.20 .00 25.10
400.0 .0 400.0 .0 .0 110.0 .0 1.1 .3 25.10
.02 .00 3.64 .00 .000 .040 .000 .000 25.10 993.00
.C0061¢ 50. S0. 50. 0 0 0 .00 14.00 1007.00
*SECNO 4.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 3.04
4.000 8.1 33.21 .00 .00 33.23 .02 .01 .06 30.390
400.0 11.9 378.3 9.8 75.8 364.1 75.4 1.4 .4 31.00
.03 .15 1.04 .13 .100 .040 -100 .000 25.10 907.86
.000067 50. s0. S0. 2 o o .00 187.27 1095.13
Figure 4.6g

Muitiple Culverts Example Output (continued)
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Multiple Cuiverts Example Output (continued)

IV-48

20AUGS0 14:52:29 PAGE
Tt MULTIPLE PIPE CuL VERTS EXAMPLE - SPECIAL CULVERT UE THOD
13 Oodson Cr., 2-7 1t PIPES Profile 3
J1 ICHECK NG NINV IDIR STRT METRIC HVINS Q WSEL Fa
4 .0001s 35.0
J2 NPROF 1PLOT PRFVS XSECV XSECH N ALLDC I8w CHNIM ITRACE
15 -1
Figure 4.6h
Multiple Culverts Example Output (continued)
20AUGS0 14:52:29 PAGE
SECNO DEPTH CwWSEL CRIws WSELK EG HY HU oLoss L-BANK ELEV
Q aLos QCH QRO8 ALO8 ACH ARO8 VoL TWA R-BANK ELEV
TIME vLo8 VCH VRO8 XM XNCH XNR WTN ELMIN SSTA
SLOPE XxLosL XLCH XLO8R ITRIAL IoC ICONT CORAR TOoPWID ENOST
*PROF 3
CCHV= .100 CEHv= .300
*SECNO 1.000
1.000 7.64 32.44 r 15.00 32.48 .03 .00 .00 30.90
S00.0 5.6 489.7 4.7 36.4 334.3 32.2 .0 .0 31.00
.00 18 1.46 1S .100 .040 .100 .000 24 .80 924 .82
.000149 O 0. 0. "] 4 .00 146.81 1071.63
CCHV= .300 CEHv= .500
1490 NH CARD USED
®SECNO 2.000
2.000 7.48 32.48 .00 .00 32.51 .03 .03 .00 25.00
500.0 168.3 178.6 153.2 153.5 104.6 141.0 1.8 < 25.00
i 1.10 1.71 1.09 .042 .040 .042 .000 25.00 923.91
.000144 200. 200. 200. o 0 0 .00 148.64 1072.5s
SPECIAL CULVERT
SC cuno cunv ENTLC CoFQ ROLEN RISE SPAN CULVLN CHART sCL ELCHU ELCHD
2 .013 .56 3.00 .00 6.00 .00 50.00 1 1 25.10 25.00
CHART 1 - CONCRETE PIPE CULVERT: o SEVELED RING ENTRANCE
SCALE 1 - SQUARE EDGE ENTRANCE IIYH HE ADvs
1430 NH CARD USED
“SECNO 3.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.60
SPECTAL CULVERT
EGIC EGOC Hae QwEIR ocuLv VCH ACULV ELTRD WEIRLN
32.35 34 .48 1.65 43. 459, 1.209 56.5 33.70 87.
3.000 9.05 34.15 .00 .00 34.16 .01 1.65 .oc 25.10
$00.0 180.2 153.3 166.5 2398.1 126.8 285.8 2.5 +9 25.10
.08 .60 .21 .58 .049 .040 .049 .000 25.10 890.90
.0000s6 S0. 50. SO. 1 0 0 .00 217.23 1108.13
Figure 4.6i
Multiple Culverts Example Output (continued)
; 20AUGS0 14:52:29 PAGE 10
|
| SECNO DEPTH CWSEL CAIws ®SELK €6 W HL oLoss L-8ANK ELEV
} Q acLos QCH CRO8 ALO8 ACH AROB vou TWA R-BANK ELEV
1 TIME vLos VCH VROB XNL XNCH XNR wTN ELMIN SSTA
| SLOPE XLosL XLCH XLOBR ITRIAL IoC {CONT CORAR ToPwiD ENOST
‘ *SECNO 4.000
! 4.000 9.05 34.15 .00 .00 34.17 .02 .00 .00 30.90
500.0 27.9 445.8 26.2 148.5 4161 146.0 3.3 1.1 1.00
| .07 <19 1.07 .18 .100 .040 . 100 .000 25.10 890.91
; .0000s3 S0. 50. 50. [} 0 Q .00 217.22 1108.12
| -
Figure 4.6j
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20AUGS0 14:52:29 PAGE 11
THIS RUN EXECUTED 20AUGS0 V4::52:32

“eecceccne

“ececececcscacancccvun

HEC-2 WATER SURFACE PROFILES

Version 4.5.0; September 1390

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST
Dodson Cr., 2-7 frt PIPES
SUMMARY PRINTOUT

SECNO cuuos ELMIN CwseL CRIWS Q VCH TOoPWID KRATIO
1.000 .00 24.80 30.29 .00 250.00 1.18 S$2.01 .00
1.000 00 24.80 31.74 .00 400.00 1.35 103.78 .00
1.000 00 24.80 32.44 .00 500.00 1.46 146.81 .00

b 2.000 200.00 25.00 30.28 .00 250.00 3.38 14.00 .41
- 2.000 200.00 25.00 31.68 .00 400.00 4.28 14.00 .37
2.000 200.C0 25.00 32.48 .00 500.00 1.71 148.64 1.02

3.000 250.00 25.10 30.49 .00 250.00 3.32 14.00 1.04

3.000 250.00 25.10 32.86 .00 400.00 3.64 14.00 1.31
. 3.000 250.00 25.10 34.15 .00 500.00 .21 217.23 1.60
- 4.000 300.00 25.10 30.70 .00 250.00 1.11 53.79 2.47
- 4.000 300.00 25.10 33.21 .00 400.00 .04 187.27 3.04
4.000 300.00 25.10 34.15 .00 500.00 1.07 217.22 .97

I
l

Figure 4.6k
Muitiple Culverts Example Output (continued)

* R e S Ty DO W

20AUG90 14:52:29 PAGE 12
Dodson Cr., 2-7 ft PIPES
SUMMARY PRINTOUT TABLE 101
SECNO EGOC EGIC H4 ELTRD acuv QWEIR CLASS DEPTH CWSEL VCH EG
3.000 30.66 29.67 .21 33.70 250.00 .00 7.00 5.39 30.49 3.32 30.66
3.000 33.18 31.33 1.28 33.70 400.00 .00 7.00 7.86 32.96 3.64 33.16
- 3.000 34 .48 32.35 1.65 33.70 458.93 43.14 17.00 9.05 34.15 1.21 34.16

“ R T T
Figure 4.6l
Muitiple Culverts Example Output (continued)

20AUGSO 14:52:29 PAGE 13

Dodson Cr., 2-7 ft PIPES
SUMMARY PRINTOUT TABLE 105

SECNO CwseL HL oLoss TOPWID oLos QCH QROB
1.000 30.29 00 .00 52.01 .00 250.00 00
1.000 31.74 00 .00 103.78 .11 398.09 80
1.000 32.44 00 .00 146.81 5.56 489.74 4.70
2.000 30.28 06 o8 14.00 .00 250.00 00
2.000 31.68 .06 13 14.00 00 400.00 .00
2.000 32.48 .03 148.64 168.27 178.56 153.18
3.000 30.49 20 00 14.00 .00 250.00 00
3.000 32.96 1.20 .00 14.00 .00 400.00 00

- 3.000 34.15 1.6S .00 217.23 180.25 1583.27 166.48

4.000 30.70 .01 .05, 53.79 .00 250.00

4.000 33.21 01 06 187.2 11.92 378.29 9.79
000 34.15 .00 00 217.22 27.95 445.81 26

Figure 4.6m
Multiple Culverts Exampfe Output (continued)
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‘ CALL.H2PLOT(1=XSECPL.DEU=GCSTK4.GEOM«SB2. COMP=55585)
)$ 5050020005300 000000 0000200300 0000000 0!

XOHABICM( M

XOm~“dDCMCM

"THEC-2 CROSS-SECTION PLOTTING PROGRAMN X
19890

XUERSION AA. JANUARY. 28.

b ¢

IIIIXXIIIIXIXXXIXIXIIXXXIXIIXIIIXIIXXII

ENTER - UQRIABLE?SEPQRQTOR/URLUE OR STRING

I>GO

T T

Tie T

10009, 1109. 129e. 1399. 1400. 1500

STATION (FEET)

1600

1Z2% {>ee 1409 1549

STATION (FEET)

1l1ee.

1689

10990

1100

1300 1308. 1408
STATION (FEET)

1500 .

1608

d

AO~4DCMmrm
o
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t
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110e.

13%e
(FEET)

1290 1+00

STATION

1500

160e



X O——>CMrm
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CYCALL.HRPLOT(I=XSECFL, DEU-GCSTKA COnP=5EYS -
1SS0S PO S PO SRR CE RN C OO SO TS CESOERE
THEC-2 CROSS-SECTION PLOTTING PROGRAM ¢
tUERSION AA. JANUARY 28. 1980 ¥
ISR LCPEPLORSSPPVOPEPEEPE PSP P OO EOR

ENTER: UARIABLE/SEPARATOR/VALUE OR STRING
I>XLBL.DISCHARGE IN CFS

ENTER- UARIABLE/SEPARATOR/VALUE OR STRIMNG
I>PLOT

EXISTING CURVE SPECS. TO ELIMINATE CURVE., ENTER *NULL® FOR SYMEOL + LINE OPTS

CURLE | PLOTS DATA FORS GROWD PROFILE (GR)
XUAR [ YUAR» ) SYMBOL+ DEFA LINEs DEFA . CHARKC 1ZEe )
l;xxz;x;zn;{ngg-EguRue. XUAR, YURR, SYnpoL. LINE, CHARAC TER S12€, unPDEStxax:usax: '
1.43.3..,, )
CURVE 2 PLOTS DATA FOR3 TOP OF ROAD (N’)
3 YUNR» () SYNBOL= DEFA . LINEe DEFA CHAFAC S12E- I\
11883388 leHTER- cunuc xuan, YUAR, SYRBOL. LINE, CHARACTER SI2E. VARDES181Vs1ta
1>2,43.41.,...L0U CORD !
CURVE 3 PLOTS DATA FORS LOM CHORD (BT) .
VAR« [} YUAR» Q SYMBOLs DEFA . . LIKEs DEFA CHRRAC SI2E. 10
xxuuunEnTER- CURVE, XUAR, YVAR, S\rnioL LINE, CHARACTER SIZE, VARDESsTvIszsszsg
123,43.,40....10P OF ROAD
CORVE 4 PLOTS DATA FOR1 CHARE L thROUEH£NT lCE)
VAR YUNR» 0. YMAOLs DEFA + LINEs DEFA . CHARAKC 312€. 19
l;:x:;x;xn:sg;ga- cggvf xvan YUAR, SYMBOL. LINE CHARACTER SI2E. UARDESSSISSistvs
CURVE 5 Pkozg DATA FORx, Akirr LANK (xx)
. YV 0. MBOLes DEFA . LINE- DEFA . CHHRAC 312€s 14
TIBEILLILAENTER~ CURVE, xUAR YUAR, SYMRoL, LIHE CHARACTER E. VAR 1131582
135.46.3.C+.D9..QUEIR U5 E0 pie PRSI
CURUVE 6 PLOL% Dmg FOR3 RIGHT BAIK (Xl)
NUAR« | YUARs @, SYMBOLs DEFA . LINE> DEFA . CHARAC §12¢ 14
1;;{{“““EHTER- CURUVE. XVAR. YUAR. SYmBoL, LINE, CHARACTER SI2E. UARDESS3vRstiss

ENTER VARTABLE/SEPARATOR/VALUE OR STRING

I1>G0

740

L BRIDGE RATING CURUE

" SECTION 12
Q VS EG

N e s vy ey LOU CORD
—————————— TOP OF ROAL
————— QPR US £G
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16 t t t ' t + ¥ + —— + +
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C>CALL. H2PLOT(I=-PROFPL.DEUsGCSTKA4.COMP=5SBI5)
1900200200000 020000 0000000000000 000000080
¥HEC-2 PROFILE PLOTTING PROGRAM b ¢
XUERSION AA. JANUARY 28. 1980 X
1920000003000 00 0009000080000 0000000003080
ENTER: UARIABLE/SEPARATOR/UALUE OR STRING
I>SECNO.1,BRIDGE. 1
ENTER: UVARIABLE/SEPARATOR/UALUE OR STRING
I>G0
mqr
T |
ST SRR R———— ‘ gutm, = T TR SRS e = e
: —————— 5 I - -
5 fm{ ~-ZZIZIZ=ZZZZZzoCcCIIN
V]l 5 o e am e i e e e en e se e e e e
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SECTION 705
—————————XGROUHD PROFILE (GR)
e e 10# OF ROAD (}T)
—————— LOW CHORD (DT)
LLEFT BANK (X1
RRIGHT BANK (X1)
....................... Lou FLW ’Rm"olb (s‘|
VUL e TR FLOU THRESHOLD (5D)X2)
e = PRESSURE FLOU THRESHOLD (X2
BERIRNBIRINNNNI ppy pang EFFECTIVE FLOW LIMIT

[PARISIRARENTENNR onT park EFFECTIVE FLOU LINIT
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PART I

HEC—-2 REVIEWERS CHECKLIST




HEC 2 REVIEWER’S CHECKLIST

‘ INPUT CHECKLIST
1. TOPOGRAPHY AND CROSS-SECTION GEOMETRY
A. Review individual cross-section plots (see Figure
1Ai) . Is the topography of the channel and

floodplain accurately reflected in the geometry of
the cross-sections (see Figure 1Aii)?

B. Are the cross-sections properly oriented (i.e.,
perpendicular) with the direction of flow suggested
by the topography (see Figure 1B)?

PROFILE PLOTS
Review the following for abrupt changes, adverse grade or

other anomalies (see Figure 2):

A. Channel bed profile

B. Top of bank profiles

DISCHARGE

A. What discharge was used and how was it derived (see

Figure 3A)7?

B. Is there existing discharge data which may be more
appropriate or required for regulatory purposes
(see Figure 3B/4B)?

G- Are there any tributaries at which a change in
discharge might be expected (see Figure 3C)?

D. Are there multiple discharges (ie., multiple
profile run)? What return interval (event) do the
discharge(s) represent (see Figure 3D)?

STARTING WATER SURFACE

A. What method was used to establish the starting
water surface elevation; known, slope area,
critical or other? Is this method appropriate
based on available information on flow regime and
topography (see Figure 4A)?

B. Is there a known starting water surface from a
downstream (for subcritical) or upstream (for
supercritical) location which should be used (see
Figure 3B/4B)?



MAPPING

Review the mapped floodlimits (if prepared) shown on the
topographic mapping used to develop the model.

A.

Compare the topwidths from the output to the actual
topwidths shown on the mapping.

Compare the water surface elevations from the
output to the elevations at the intersection of the
floodlimits and cross-section locations as shown on
the mapping.

Perform a random check of intermediate flood
elevations based on interpolation between cross-
sections and corresponding intersecting ground
elevations. Do the floodlimits extend to the
ground elevations expected based on the
interpolated water surface elevations?

Check the mapping to ensure that embayments such as
slackwater areas have been properly indicated where
inundated. -

Other anomolies: Check the mapping for any extreme
or otherwise unusual variations 1in floodplain
delineations which seem inconsistent with either
the topography as shown on aerial/topographic
mapping or with the HEC-2 model results.



HEC 2 REVIEWER’S CHECKLIST

. OUTPUT CHECKLIST (refer to sample HEC-2 input/output for items
1 through 3)
1. KEY HYDRAULIC PARAMETERS
Check the following parameters for consistency and
reasonableness:
A. flow depth,
B. velocity,
€ velocity head,
D area,
E. topwidth
F. channel slope
G.

energy slope

These parameters should be constant or vary gradually
from cross-section to cross-section. Note any unusual
variations and any extreme values which do not seem
realistic or are inconsistent with known conditions
regarding the stream reach.

2. FLOW DISTRIBUTION
A, Check the flow distribution from cross-section to
| cross-section. Does the distribution in any one
| . area (i.e., left overbank, channel, right overbank)
vary dramatically from one cross-section to the
next?
B. Does the distribution of flow between channel and

overbanks seem reasonable (e.g., if majority of
flow is in one overbank is this what you would
expect based on the input review)?

3. ERROR AND WARNING MESSAGES
Review both detailed and summary output for messages.
Some common messages to look for include:

profile defaulting to critical depth? If so
modeling of the alternative flow regime (i.e.,
subcritical vs. supercritical) may be warranted.

B. Are there any extended cross-section messages
(these messages indicate the computed vertical
floodplain limits exceed the limits of the cross-
section)? If so are the implications of this
significant and can the cross-sections be extended
or otherwise modified to account for the additional

\
|
|
|
A. Are there consistent warning messages indicating
|
|
\
|
|
|
‘ flow area?

|

|

\

\




Are there any divided flow messages? If so these
areas may warrant separate modeling efforts (see 4
below) .

Are there any messages indicating change in
velocity head exceeding allowable limit? If so,
are they significant?

Are there any other messages (see OUTPUT section of
notebook for listing of all messages and most
common) .

SPECIAL CONDITIONS

Based on the foregoing review determine whether the model
input or output suggests any of the following special
flow conditions (see also Figures 7A through 7E from
Input Checklist section):

A,

Bridges and/or culverts? Has the proper method
been used (i.e., normal, special or culvert)?
Refer to HEC Training Document #18 for method
application guidelines.

Levees? Is flow confined within levees allowing
overbank flow only above the levee crest stage? If
so have ineffective flow areas been modeled (e.g.,
using X3 encroachments)?

Distributary or alluvial fan conditions? Does the
output indicate consistent occurance of flows
diverging from a common path without rejoining
downstream or do flow characteristics indicate a
gradually expanding pattern of flow with little or
no boundary definition? If so a distributary type
flow pattern may predominate making modeling by
HEC-2 impractical or impossible.

Split and/or divided flow? Flow overtopping a
divide as side weir flow? Have these areas been
accounted for using split flow modeling oxr other
approximation to account for lost flow? Refer to
HEC Training Document #2?? for method application
guidelines.

Islands? Do the model results indicate isolated
flood free areas within the floodplain? If so
check the modeling in these areas again to insure
that these areas are truly above the surrounding
floodwater elevations. The occurence of islands
may indicate a flow pattern similar to split or
divided flow where the two (or more) separate flow
paths around the island must be modeled separately
to accruately determine flow profiles.



by, ROUGHNESS COEFFICEINTS AND OTHER LOSSES

‘ A. What Manning’s roughness coefficeints were used
for the channel and overbank areas? Review
available aerial and/or ground photography. Are
the coefficients realistic and representative (see
Figure 5A)7

B. Is there a need to model more than three distinct
areas within each cross-section (i.e., left
overbank, channel and right overbank)? Does aerial
photography or field review indicate braided
channel areas or other areas where the roughness
appears to vary within the overbank or channel
(see Figure 5B)?

C. What expansion and contraction losses are
specified? Are these reasonable? (see Figure 5C)

6 INEFFECTIVE ' FLOW AREAS

A. Are areas such as expansion or contraction
"shadow" areas (e.g., areas outside the main flow
conveyance zone approaching or exiting a bridge)
modeled as ineffective (see Figure 6A)?

. B Are there depressions such as overbank
excavations, reflected as ineffective flow areas
(see Figure 6B)?

T SPECIAL CONDITIONS

Based on review of the input data note the existence or
any indication of the possible existence of the
following conditions for further investigation when
reviewing the output:

A Bridges and/or culverts (see Figure 7A)?
B. Levees (see Figure 7B)?
C. Distributary or alluvial fan conditions (see

Figure 7C) ?

D Split and/or divided flow (see Figure 7D)?

E. Islands (see Figure 7E) ?




PART II

HEC—-2 REVIEWERS CHECKLIST FORM




HEC2 REVIEWER’S CHECKLIST: MODEL INPUT (page 1 of 2)

ITEM HEADING CHXD | COMMENTS

A Section Geometry
B Section
Orientation

A Channel Bed

B Top of Bank

A Value/Method

B Known Value
¢ Multiple Runs

D Tributaries




HEC2 REVIEWER’S CHECKLIST: MODEL INPUT (page 2 of 2)

ITEM

HEADING

CHKD

COMMENTS

Value/Method

Known Value

A Values
B Multiple Values
C Exp/Cont Losses

Shadow Zones

Depressions

Bridges

Levees

Dist./Braided

Split/Divided

MmO | |w

Islands




HEC2 REVIEWER’S CHECKLIST:

MODEL OUTPUT (page 1 of 2)

ITEM

HEADING

CHKD

COMMENT

Flow Depth

Velocity

Vel. Head

Area

Topwidth

Channel Slope

Energy Slope

Section to Section

Channel v.
Overbank




HEC2 REVIEWER’S CHECKLIST:

MODEL OUTPUT (page 2 of 2)

HEADING

CHKD

COMMENT

Critical Depth

Extended X-Section

Divided Flow

Chng in Vel. Head

Other

Bridges

Levees

Dist./Braided

Split/Divided

Islands

Topwidths

WSEL v. Contours

Intermediate WSELs

Embayments

Other anomolies




PART III

FIGURES 1Ai THROUGH 7E
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1T sample HEC-2 Model for HEC-2 Workshop e e L
| T2 Arizona Fleodplain Management Association R S e
| T3 February 20 and 21, Ramada Inn, Tucson, Arizona e
il 8 2 0 0 .0 0 o0 EE S0 0 pouohiniiiin
| 2 | 0 -1 0 1] 0 -1 {i 0 Mol e et
|3 38 & 26 10 25 4 33 b ", (2 N B B S R R
L J3 14 15 3"t i e O
| NC.045 050 .024 3 L
HELIEERE: 1 e
S #3100 130 0 0 0 0 0 I P N
| GRIGD 0 XJ0 20 89 100 85 {104 85 124 [l
| GR 90 130 160 100 220 SRR
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{11 Sample HEC-2 Model for HEC-2 Waorkshaop
12 Arizona Floodplain Management Association % R
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PART IV

EXAMPLE HEC—-2 INPUT/OUTPUT



1k**t*x*iii***X*t****x*******k***************

*  HEC-2 WATER SURFACE PROFILES *
* *
*  Version 4.6.0; February 1991 *
* *
* RUN DATE 10FEB92 TIME 11:00:39 «*

AAKKKKAAAAKAAAKKA AR KKK KA A A KAA AR KR AR Kk kk ok kok ok ok k&

X X XXXXXXX XXXXX XXXXX
X X X X X X X
X X X X X
XXXXXXX XXXX X XXXXX XXKKXX
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXXXXXX
1
10F1EB92 11:00:39 PAGE ]
THIS RUN EXECUTED 10FEB92 11:00:39
AKAKKKKAAAARNKNKRKXAAAAAANKKKKKKRANKNKKA KKK K KK k&
HEC-2 WATER SURFACE PROFILES
Version 4.6.0; February 1991

AAKKAKAANKARRAAAARAAAARKRAKNKKARKR AR KA KA kA &k k&

i Sample HEC-2 Model for HEC-2 Workshop

12 Arizona Floodplain Management Association; Winter 1992

T3 February 20 and 21, Ramada Inn, Tucson, Arizona

J1 TCHECK 1NQ NINV IDIR STRT METRIC HVINS Q WSEL FQ

0 2 0 0 01 0 0 0 90 0
J2  NPROE IPLOT PREVS XSECV XSECH E'N ALLDC IBW CHNIM ITRACE
1 0 ~1 0 0 0 -1 0 0 15

J3 VARIABLE CODES FOR SUMMARY PRINTOUT

38 1 8 26 10 25 4 33 5 43



13 14 15
NC 0.045 0.050 0.024 0.1 0.3
QT 1 1000
X1 1 8 100 130 0 0 0 0 0 0
GR 100 0 90 20 89 100 85 104 85 124
GR 90 130 93 160 100 220
Gl 2 9 100 130 0 0 0 0 0 0
GR 101 0 91 20 30 100 86 104 86 124
GR 91 130 94 160 101 220 89 225
X1 3 15 130 160 0 0 0 0 0 0
GR 105 0 92 20 91 80 88 82 88 81
GR 90 90 90 130 87 135 87 155 91 160
GR 94 166 94 170 91 175 92 190 105 230
X1 4 12 200 250 0 0 0 0 0 0
GR 110 0 94 20 93 30 91 35 a1 45
GR 93 . 50 92 200 89 205 89 245 93 250
GR 94 290 110 340
X1 9 8 50 75 0 0 0 0 0 0
GR 115 0 98 10 97 50 94 51 93 11
GR 96 75 98 280 115 320
10FEB92 11:00:39 PAGE
SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV
T1ME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST
*PROF 1
CRITICAL DEPTH TO BE CALCULATED AT ALL CROSS SECTIONS
CCHV= .100 CEHV= .300
*SECNO 1.000
3720 CRITICAIL DEPTH ASSUMED
1.000 3.90 88.90 88.90 90.00 90.63 1.73 .00 .00 89.00
1000.0 .0 1000.0 .0 .0 94.8 .0 .0 «0 90.00
.00 .00 10.55 .00 .000 .024 .000 .000 85.00 100.10
.006721 0. 0. 0. 0 14 4 .00 28.58 128.68
FLOW DISTRIBUTION IFOR SECNO= 1.00 CWSEL= 88.90
STA= 100. 130.
PER Q- 100.0
AREA-=- 94.8
VEL= 10.6
DEPTH= 33

*SECNO 2.000



32€5 DIVIDED FLOW

~
3280 CROSS SECTION 2.00 EXTENDED .94 FEET <5;______
7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
2.000 3.94 89.94 89.94 .00 91.63
1.69 .00 .00 90.00
1000.0 .0 999.9 ¢ 0 95.8
.2 .0 .0 91.00
.00 .00 10.44 .49 .000 .024
.050 .000 86.00 100.06
.006511 0. 0. 0. 0 5
0 .00 29.05 225.00
FLOW DISTRIBUTION FOR SECNO= 2.00 CWSEL= 89.94
STA= 100. 130. 225.
PER Q= 100.0 .0
AREA= 95.8 =2
VEL= 10.4 5
DEPTH= 3.3 .0
1
10FEB92 11:00:39
PAGE 3
SECNO DEPTH CWSEL CRIWS WSELK EG HV
HL 0LOSS L-BANK ELEV
0 QLOB QCH QOROB ALOB ACH
AROB VOL TWA R-BANK ELEV
TTME VIOB VCH VROB XNL XN ~
XNR WIN ELMIN SSTA .S

SLOPE XLOBL XLCH XLOBR IDC ICONT CORAR TOPWID ENDST
*SECNO 3.000
3301 HV CHANGED MORE THAN HVINS ,
7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
3.000 3. 18 90.78 90.78 .00 91.86 1.07 .00 .06 90.00
1000.0 144.3 855.7 .0 53.2 96.1 .0 .0 .0 91.00
:QO 2.1 8.91 .00 .045 .024 .000 .000 87.00 80.14
.004758 0. 0. 0. 0 11 0 .00 79..59 159.73
FLOW DISTRIBUTION FOR SECNO= 3.00 CWSEL= 90.78
STA= 80. 82. 87. 90. 130. 160.
PER Q= ) 6.3 1.6 6.1 85.6
AREA= 2.6 13.9 5.4 31.4 96..1
VEL= 1.9 4.5 3.0 1.9 8.9
DEPTH= 1.4 2.8 1.8 -8 3.2

*SECNO 4.000 .




3265 DIVIDED FLOW

7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

4.000 2:65 91.65 91.65 .00 92.75 1.10 .00 01 92.00
1000.0 13.6 986.4 .0 145 116.2 .0 .0 .0 93.00
.00 1.81 8.49 .00 .045 .024 .000 .000 89.00 33.38
.006011 0. 0. 0. 0 16 0 .00 60.97 248.31
FILOW DISTRIBUTION FOR SECNO= 4.00 CWSEL= 91.65
STA= 33: 35. 45. 47. 250,
PER Q- &l 1.2 3 i 98.6
ARLEA= ) 6.5 ol 116.2
VEL= 1.1 1.9 1.1 8.5
DEPTH= .3 6 .3 2.4
1
10FEBY92 11:00:39 . PAGE 4
SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV
Q 0LOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV
T 1M VI.OB VCH VROB XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

*SECNO 5.000
7185 MININUM SPECIFIC ENERCY -
3720 CRITICAL DEPTH ASSUMED ™~

5.000 4.66 97.66 97.66 .00 98.45
.19 .00 +03 97.00
1000.0 s @ 783.8 208.5 8.1 98.0
141.1 .0 .0 96.00
.00 .89 8.00 1.48 .045 .024
.050 .000 93.00 23.63
.003170 0. 0. 0. 0 11
0 .00 221.44 245.07
FLOW DISTRIBUTION FOR SECNO= 5..00 CWSEL= 97.66
STA= 24. 50. 15+ 245.
PER Q= .8 8.4 20.8
AREA= 8.7 98.0 141.1
VEL= :9 8.0 1«5
DEPTH= :3 3.9 .8

10FEB92 11:00:39 PAGL 5



THIS RUN EXECUTED 10FEB92 11:00:42
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HEC-2 WATER SURFACE PROFILES

Version 4.6.0; February 1991

KRKAKKKAANKAKKAKAKRA KA KRR ARK kA Ak khkkk Kk k

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES
MESSAGE 1N SUMMARY OF ERRORS LIST

February 20 and 21, Rama

SUMMARY PRINTOUT

SECHO CWSEL DEPTH VCH BV AREA TOPWID K*CHSL 10*KS Q QLOB GCH QOB
* 1.000 88.90 3.90 10.55 1.73 94.76 28.5¢8 .00 67.21 1000.00 .00 1000.00 .00
* 2.000 29.92 3.94 10.44 1.69 95.97 29.05 1000.00 €5.11 1000.00 .00 593%.91 .09
* 3.000 90.78 3.78 8.91 1.07 149.27 79.59 1000.00 47.58 1000.00 144.33 855.¢7 .00 V{
* 4.0C0 91.6€5 2.865 8.49 1.10 123.70 €0.97 2000.00 €0.11 1000.00 13.65 98€.35 .00 i
* 5.000 97.66 4.€6 8.00 .19 247.17 221.44 4000.00 31.70 1000.00 7.71 783.84 206.45 /
1

10FEB92 11:00:39
PAGE 6
SUMMARY OF ERRORS AND SPECIAL NOTES

CAUTION SECNO= 1.000 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 2.000 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 2.000 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTTON SECNO- 3.000 PROFTLE= 1 CRTTICAL DEPTH ASSUMED
CAUTION SECNO- 3.000 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 4.000 PROFILE= 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 4.000 PROFILE= 1 MINIMUM SPECIFIC ENERGY
CAUTION SECNO= 5.000 PROFILE= 1 CRITICAL DEPTH ASSUMED

CAUTION SECNO= 5.000 PROFILE= 1 MINIMUM SPECIFIC ENERGY
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PART VI

ADDITIONAL CHECKLIST FORMS




. CONTIGUOUS STUDY CHECK

PREPARED BY FIS DATE
AGREEMENT
CRITERIA COMMENTS
YES NO

CONTIGUOUS STUDY

LOCATION WRT CURRENT STUDY

FLOODING SOURCE

A — MAPS AND PROFILES
1 - FLOODWAY WIDTHS
2 - BFE'S & ZONE VALUES
3 - 100 & 500 YR FLOOD BDY'S
} . 4 - CORPORATE LIMITS
} B — NARRATIVES
| 1 - DISCHARGES
2 - METHODOLOGIES

CONTIGUOUS STUDY

LOCATION WRT CURRENT STUDY

FLOODING SOURCE

A — MAPS AND PROFILES
1 - FLOODWAY WIDTHS
2 - BFE'S & ZONE VALUES
3.100 & 500 YR FLOOD BDY'S
4 - CORPORATE LIMITS
B — NARRATIVES
1 - DISCHARGES B
. 2 - METHODOLOGIES \

Exhibit




Page of

Engineer: Date
Study: Stream:
ROUGHNESS COEFFICIENT CHECK
- SECNO XNL XNCH XNR CCHV|CEHV REMARKS




Page of

CROSS-SECTION LOCATION

DATE

ENGINEER

STREAM

COMMUNITY

REACH LENGTH
COMPARE XLOBL AND XLOBR WITH XLCH

Note cross sections where it seems unreasonable

SPACING
CHECK El'T:HER Ku/Kd OR Su/Sd (100-YEAR ONLY)
Note Cross sections where either
0.7 > Ku/Kd > 1.4andH1 > 1.0'and XLCH > 1,000’
@ B
0.5 > Su/Sd > 2.0andH1 > 1.0'and XLCH > 1,000’

If all the flow is contained within the channel, this check can be ignored.

Exhibit 3




ALIGNMENT

CHECK THAT ALL CROSS SECTIONS SPAN THE ENTIRE EFFECTIVEFLOW
AREA AND THAT THEY ARE PERPENDICULAR TO THE FLOOD FLOW

d be lengthened and/or those which, if realigned

Note cross sections that shoul
way/flood boundary width.

properly, would make a significant change in flood

LOCATION
CHECK FOR CROSS SECTIONS LOCATED:

At changes in discharge, slope, shape or roughness
Where levees begin and end
At structures (see bridge checks)

Note between which two cross sections a new cross section might be added

DEFINITE CHANGES

CROSS SECTIONS TO BE MODIFIED, AND HOW:

CROSS SECTIONS TO BE ADDED (BETWEEN WHICH TWO CROSS SECTIONS): &

‘ Exhibit 4




BRIDGE INVENTORY CHECK

Engineer Date Page of
Study Stream
Bridge/Street Profile Work Map HEC-2! USGS Community Other
Name Base Quads Base Sources
Map

' — or other hydraulic model




NORMAL BRIDGE CHECK - Date: Page of

Engineer: Study:
Stream: Bridge Name:
SECNO XLCH | CWSEL EG X3ELV | SLOPE | TOPWID

2

| 1
@_‘_'_-—_"I__
T T
| i
| |

Oy—w

g !
:I!I

XLCEL LRDEL | RRDEL

OK NOK

Type of Flow Check — ‘

Slope Check — I—

Bridge Deck Check —

X3 Elevations Check —

Manning's “n” & Con. Exp. loss coeff. Check —

Distance Check —

Error Messages —

Comments —

Exhibit 6




SPECIAL BRIDGE CHECK Date: Page of
Engineer: Study:
Stream: Bridge Name:
SECNO | XLCH | CWSEL EG X3ELV | TOPWID | WRLEN |
CHWID
TH— 4 :
{ I
1 !
| ]
1 I
(B
P
| |
&
XK XKOR | COFQ | RDLEN | BWC BWP | BAREA | TRAPA ss ELCHU | ELCHD
EGPRS EGLWC | QWEIR QPR aLow aTt ELLC ELTRD | XLCEL | LRDEL | RRDEL
i OK NOK
| SB Card Values Check —
Weir Length Check (for weir flow) — E::]
SGLWC Check (for low flow) —
ELLC & ELTRD Check — l
X3 Elevations Check —
Manning's “n” & Con./Exp. loss coeff. Check —
i Distance Check — ‘ l
Encroachment Check — r

Error Messages —

Comments —

Exhibit 7
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AGREEMENT TABLE
COMMUNITY DATE: o .
STREAM PREPARED BY PAGE_____ OF ___
Cumulative Channel Distance Distance B/X-Sec Floodway Width Base Flood Elevation
Physical #H abc (profiles) y
Feature | x-sec | x-sec | table | profile |printout| maps maps printout | table maps |printout| table profile |printout

)
|
=3

1QiuX

6







Advances In
Hydrologic Engineering

January 1992

Training at HEC

The FY 1992 training program is under-
way. The Hydrologic Engineering in
Planning course continues to be in high
demand with thirty-six students attending
during 18-22 November. The course
provides the planning professionals with an
overview of hydrologic analytical methods
used in flood damage studies.

The next course was the Real-Time
Water Control, which was 9-20 December.
This year the water control software is
operating on UNIX workstations. The
computer workshops were conducted with
our classroom PC's connected through a
ETHERNET to INTERGRAPH and MIPS
workstations.

Openings still remain for the Flood
Warning Preparedness and Hydroiogic
Engineer Role in Planning courses. Peopie
interested in the courses should contact the
Hunstville Training Division at (205) 722-5822
for registration information.

HEC has also presented several work-
shops for the field during the first months of
this fiscal year. An HEC-5 workshop on
water supply was conducted in Atlanta,
sponsored by South Atlantic Division. An
HEC-1 workshop was presented to Corps.
TVA, and others in Nashville, sponsored by
the District; and an HEC-2 workshop was
presented in Fort Wayne, !A, sponsored dy
the Detroit District. (Bonner)

Course Title
Flood Plain Hydroiogy
Fiood Warning Preparedness
Hydrologic Data Management

Advanced HEC-1

HEC Training Schedule for 1992

Hydrologic Engineer Role in Planning

Date Tuition
9-20 Mar 92 $ 1,850
5-10 Apr 92 $ 1,210
11-15 May 32 3 1,570
22-26 jun 22 $ 1.570
14-18 Sep 32 5 1.a3b




HEC Patriarch Al Onodera Announces

Retirement

Alfred Cnodera, affectionately known as
“Big Al" to his colleagues at HEC, has an-
nounced that he has selected February 1,
1992 as his retirement date. Upon his
retirement, Al will have completed more than
thirty-five years of Federal service. He began
his federal service as a paratrooper with the
101st Airborne Division. Upon his return to
civilian life, Al joined the Corps ‘Sacramento
District as a draftsman.

Al was a member of the original group
headed by Leo Beard when HEC was estab-
lished as a part of the Sacramento District in
July 1964. During his twenty-seven plus
years with HEC, Al has worked as an
Engineering Technician and Computer
Specialist. He has helped HEC and the
Corps to implement its hydrologic and
administrative software on virtually every
computer and operating system ever made!

Al has indicated that he will continue his
interest in water resources as he intends to
visit many of the beaches in the South Pacific

during his retirement. He has promised to
send post cards to keep the Corps informed
about his findings on beach erosion. (Hayes)

Training Assistance for Bolivian

Engineers

The US Agency for International Devei-
opment (US AID) sponsored a Corps of
Engineers review of water resources activities
and professionals in Bolivia. Mobile District
staff identified and prioritized several potential
orograms. it was recommended that an

o

immediate effort shouid be made to transfer
appropriate analytical technoicgy to Bolivian
engineers involved with water resource
development activities. US AID requesiec
the Corps Mobiie District to provide
aydrelegic and hvdrauiic training scecificaily



on the Corps HEC-! anc ==C-2 cocmouter
programs. A cooperative agreement has
been develcced and acercved tetween the
Government of 2olivia, US AIC anc the Ccres
to provide the technoicgy iranster.

HEC is assisting the Moriie 2istrict oy
presenting training in computer programs
HEC-1 and HEC-2 to engineers in Bolivia.
Around February 1892, Aifredo Montaivo wiil
join two Mobile staff engineers in presenting

—_— o~

WG Sre-week 'WOrksneps on ~=72-2.
Approximately one month iater, Savic
Zoldman will loin the Mobile team tc zresent
WO SEC-! NOrksnops. 1 Ne one-year oreiect
also inciudes transiation of the program
user's manuais into Spanish anc continuec
appiication assistance after the ‘worksnces 2y
the Mobiie District staff. An initial applicaticn
for the programs will e o deveicpo the flows
and stages to design bridge crossings in
Bolivia. (Bonner)

2-D Hydraulics Modeling Update

HEC has recently negotiated an agree-
ment with PLOTWORKS, Inc. (Ramona, CA)
whereby we can provide executable pro-
grams linked with the PLOT88 graphics
library free of charge to Corps of Engineer
offices. This means that graphic displays
created by the RMA-2 system of two-dimen-
sional hydrodynamics programs wiil be
readily available from applications run on MS-
DOS PC’s. Numerous output devices are
supported, including: HP pen plotters, screen
output, laserjet printers, AutoCad" files, and
files that can be imported to WordPertect” as
graphics images (as was done here). The
RMA-2 system is the hydrodynamics compo-
nent of
the
TABS-2
sedi-
ment
trans-
port
model-
ing
system
sup-
ported
by WES. An extended memory version of
this system will be deveioped shortly; this will
allow the analysis of systems with more than

LOCK AND DRM MO, 8, BOTTOM ELEVATIONS.

£55.00

SoBBRREEISREAR
888888888888

oo
=}

Contour Plot

500 elements, depending upon the computer
memory available to the user. This agree-
ment
wiil
provide
Corps
offices
with an
interim
means
for
applying
RMA-2,
using in-
house hardware, until HEC finalizes NexGen
UNIX Workstation graphics issues. (Gee)

Network (Mesh) Plot

*Autocad is a registered trademark of
Autodesk, Inc. Sausalito, CA.

WordPerfect is a registerea rademark 21 :he
WoraPerect Corporation, Crem, UT.



HEC Computer Resources Changing

Where have all the mainframes gone;
long time forgotten (by many). Now itis PC's,
workstations and supercomputers; times are
a changin’. HEC is
rapidly moving into

TS SO ESS §)

the “workstation and § Sosocccoosel| S

PC" network capability HNN
for its computational \\

i

resources. Our ol'blue

HARRIS 1000 is due to §\\

be unplugged in mid- T

February 1992. Does that
mean we will ignore our
friends working on the
HARRIS? No! HEC will
continue to support HARRIS
users (and other Corps computers) as the
field-office demand indicates. We have made
arrangements with Sacramento District to use
their HARRIS, via COCNET, to support that
software. Copies of all our current HARRIS
software will still be available.

The current thrust in HEC's computa-
tional resources is toward workstations and
high-performance PC's. Workstations offer
the greatest potential for

e Hl increased performance
E———aiN ecause of their speed,
Ne=——12\\ graphics, and
S————— "\ multitasking/multiuser
N N
ISR capabilities. HEC's
#T R aitr 'm“

\ latest purchase was a

: > CDC 4330 with the
graphics conversion kit (a potent MIPS
machine) off the Corps CEAP contract for
about $25,000. Our latest PC’s are 33 mhz
486s with hardware caching, powerful and
cheap at about $3,000. Most of our ma-
chines are on a LAN which includes the
device interface to COCNET. Thus, an
engineer can sit at a PC ana have access t0
workstations at HEC, larger CODC main-
frames, WES's supercomputer, Districts and
Divisions, and beyond.

'

This increased workstation cower comes
at some expense: UNIX. UNIX is unfriencly,
but powerful. We are currently developing
the next generation of HEC software ©© run in
the UNIX X-Windows (and DOS Winccws)
environment. The user will be shielded from
the rigors of UNIX as much as possible. The
X-Windows workstation environment will
come first, and the PC transfer will be made
after that. (Who knows what PC Windows
capabilities will be then; we’re guessing it will
be close to the workstation X-Windows.)
Transfer of code from one workstation to
another will be more difficult than for DOS
machines. The CPU chips used are different
between hardware manutacturers (e.g., SUN
and CDC) so the transfer needs to be made
at the source code level and recompiled.
UNIX is becoming more and more standard
so that may not even be a problem in the not
so distant future.

Yes, computer resources are rapicly
changing. HEC is developing new software
to bring these computational capabilities to
the hydrologic engineering community.
(Feldman)




HEC Computer Program Activities

New Program Release - HEC-IFH

HEC is now making a provisional release
of a new computer program for the personal
computer. The program, “Interior Fiood
Hydrology (HEC-IFH)", can be used to
analyze flood damage reduction measures for
leveed interior areas.

Projects that include flood damage
reduction measures such as levees and
floodwalls usually involve special problems
associated with isolated interior areas. Storm
runoff patterns are altered and remedial
measures are often required to prevent
increased or residual flooding in the interior
due to natural flow blockage. Hydrologic
analyses are needed to characterize the
interior area flood hazard and to evaluate the
performance of the potential flood damage
reduction measures and plans. The HEC-IFH
program services this need. HEC-IFH is a
comprehensive interactive program that is
operational on 386 class personal computers
with 3 MB of extended (4 MB total) memory.
It is particularly powerful for performing long,
historical period simulations and makes
extensive use of a menu-driven user
interface, statistical and graphical data
representations, and data summaries.
Annual or partial series interior
elevation-frequency relationships can be
derived directly for various alternative
configurations of interior features such as
gravity outlets, pumps, and diversions.

The program consists of two analysis
components, one for Continuous Simuiation
Analysis (CSA) and one for Hypotheticai
Event Analysis (HEA). This first, provisional
release will consist of the CSA sortion 31 the
package and is limited to Corps’ offices.
Single events may also be entered and
analyzed independently using the CSA

-

version. Release of the final, compiete
package is planned for March 1392. Corps
offices can obtain a copy of the provisional
release (CSA, version 1.0) by contacting
HEC. (Dotson)

HEC-1

Use of the kinematic wave runoff with the
multiratio option does not combine
hydrographs appropriately in Version 4.0 of
HEC-1 (see the description of the JR record
in the HEC-1 User’s Manual). The probiem
can be detected by noting that the basin area
is not totaled correctly in the runoff summary
output.

The kinematic wave option does not have
this problem when used in the stream
network option (i.e., when the muitiratio
capability is not applied). Consequently,
gach storm that would have been used via
the muitiratio approach can be simulated
individuaily with the stream netwoerk option.

The error has been corrected in the
large-array (extended memory) version of
HEC-1 (Version 4.0.1E, September 1991). A
correction to Version 4.0 wiil be macde anc
releasec in the near ‘“uture. ‘Golaman)




HEC-3Q

The new water guaiity version of
“Simulation of Fiood Control and
Conservation Systems,” HEC-5Q has
recently been released. The new version
includes the March 1291 water quantity
routines from HEC-5, an option for flow
augmentation, and the capability for up to 200
layers in the reservoir water quality analysis.
The new version is about five times faster
than the previous release for PC equipment.
A 386 class of personal computer with at
least 2Mb of extended memory is required to
execute HEC-5Q.

The long awaited flow augmentation
option of HEC-5Q was finally made
operational. This option provides the water
control manager the capability to evaluate the
relative value of a “best” water quality
reservoir operation versus the "best” water
quantity conservation operation. The

New Publications

‘New Technical Papers at HEC

Papers in this series have resulted from
technical activities of HEC. Versions of some
of these have been published in technical
journals or in conference proceedings. The
purpose of this series is to make the
information available for use in the Center’s
training program and for distribution within the
Corps of Engineers.

TP-130 Estimating Sediment Delivery and ield
on Alluvial Fans

TP-131 Hydrologic Aspects of Flood Warning -
Preparedness Programs

(OD]

manager can then assess f an imorevec
water Guality concition is worth the mocifiec
gperation of the system.

Briefings on HEC-5Q anc/or start-uc
assistance on project applications is funcec
by Water Operations Technical Suppon
(WOTS) at no cost to Corps of Engineers
offices. HEC-5Q is available from HEC for
Federal government offices and is available
from several vendors for non-Federal offices.
A list of vendors is available by calling HEC.
(Willey)

TP-132 Twenty-Five Years of Deveioping,
Distributing, and Supporting Hyarologic
Engineering Computer Programs

TP-133 Predicting Deposition Patterns in Smail
Basins

TP-134 Annual Extreme Lake £ievatens ov
Total Probabiiity Theorem

TP-135 A Muskingum-Cunge Channei Fiow
Routing Method for Drainage
Networks

TP-136 Prescriptive Reservoir System
Analysis Model - Misscuri River System
Applicaticn



The puplications of =EC are avaiiaole :© Ienc ¢
public and private organizations and to

individuals at the cost of reprocucticon anc
distribution. Technical Papers are 32 per

=vdrolcgic =ngineering CTenter
_.S. Army Corps of =ngineers

copy. Corps of Engineers offices and cther 309 Second Street

federal agencies may recaive the publications

at no cost.

Davis. CA 95616-4637

To order HEC pubiications, send your
request, together with payment made payable
to: FAO-USAED, Sacramento. (Tomita)

Columbia River System Analysis Model - Phase I

HEC has completed the six-month Phase
| study for North Pacific Division (NPD) that
developed and successfully applied a pre-
liminary model for operations of the Columbia

River reservoir system.
The study is part of a two-
phase effort of HEC
(overall project and model
development) and the
Institute for Water Re-
sources (IWR) (economic
concepts and penalty
function development).
The system was analyzed
using the HEC Prescrip-
tive Reservoir Model
(HEC-PRM) originally
developed for study of

the Missouri River
mainstem reservoir
system. The model
represents the Columbia
River system as a network
and uses network-flow
programming to optimally
allocate the system water.
A one-year second phase
study is anticipated to
begin in the fourth quarter
of this year. The Phase |
report for the study is now

e e ————————— R

available. The document number is PR-16
and the cost is §7. (Burnnam)

ﬁ
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Hydroilogic Engineering Center Software Disiribution
Domestic

Since October 1988, the Hydrologic Engineering Center (HEC) has not directly
distributed software to non-Federal offices. To help meet the need for these services,
HEC has transferred documentation and executable saoftware for MS-DOS computers to
the National Technical Information Service (NTIS) for general distribution. Additionally,
computer programs HEC-1 and HEC-2 have been provided to PC-Trans and McTrans,
which distribute software for state and federal highway agencies.

To promote a wider distribution and additional user support of HEC software, a list of
vendors has been developed. These vendors have obtained their software from HEC
and have indicated their distribution and support services. The list is divided into
categories to assist in locating a vendor that provides an appropriate service for your
needs. The vendors are listed by the following categories:

1. Government-Spcnsored Distributors
2. Vendors Providing Programs. Plus Cther Services
(Distributors of program source code are included in this category)
3. Vendoars Providing Modified (Enhanced) Programs
(Distributors of executable programs for computers other than MS-DOS are

included)

All vendors, except Category 3, provide the programs and documentation they received
from HEC. Category 3 vendors have deveioped supplemental program capabilities and,
in some cases, additional or replacement documentation. To obtain HEC software not
listed, or if you have difficuity obtaining HEC software, piease contact us at: (316) 756-
1104, office hours are: 7:30 a.m. to 4:15 p.m. Pacific Time. _

All office haurs listed for the vendors are iccal times.

US Army Corps of Engineers
Hydrologic Engineering Center
809 Second Street
Davis, Caiifornia
USA 385616

'318) 758-11C4 FAaX (916) 756-3280




1. Government-Sponsocored Clstributers:
Natlonai Technicai Information Servica (NTIS) Contact:  Crdenng
U.S. Department of Ccmmerca Cffice Hours: 3 am. -3 2m
5285 Port Royal Road
Sprindfield, VA 22161
(703) 4874650
FAX (703) 321-8547

Software Available: HEC-1 (PB91-505222)  $130.00
HEC-2 (PB91-506550)  $130.00

HEC-5 (PB92-500263)  $230.00

HEC-6 (PB92-500255)  $130.00

COED (AD-A204 559)  $55.00

HECWRC (AD-A204 571) $50.00

HMRS2 (AD-A204 563)  $50.00

MLRP (AD-A204 S65) $50.00

STATS (AD-A204 567)  $50.00

WQRRS (PB91-509984) $180.00

Services Available:  Distribution

McTrans Center ' Contact: Mike Tootle
University of Flonda Office Hours: 7 am. - 5 p.m.
512 Weil Hall .

Gainesville, FL 32611-2083

(904) 392-0378

FAX (204) 3923224

Software Available: - HEC-1 (w/o GSS drivers) $90.00
HEC-1 (with GSS drivers) $150.00
HEC-2 $70.00
GSS Drivers onty $60.00
Services Available:  Distnibution

Transportation Center (PC-TRANS) Contact: Carl Thor

University of Kansas Cffice Hours: 8 am. - 5 o.m.
2011 Leamed Hall

Lawrence, KS 66045

(913) 864-5658

FAX (913) 864-3199

Software Available: HEC-1 (with GSS drivers) $160.00
HEC-2 $72.50
GSS Drivers only $72.50

Services Available: Distribution; Telephone Hotfine

The GSS drivers are soiftware tackages or speciic cictters, znnters and graphics adapters. "ne
HECDSS DSPLAY grapchics programs requires the GSS drivers to create grachicai disciays. The &SS
drivers ara products cf Graphic Software Systems, .nc., 3550 3.'V. Cemini Crive, Beaverton, CR 37CCS.



2. Yanders Providing Pregrams [Clstribution) Plus Cther Services:

. Advancad Hydroiogic Contact: John Gauthier |
PO Box 278 Cffice Hours: 5:30 am. - 11 p.m. |
Pitsford, NY 14534
(716) 2483215

Soitware Availabie: HEC-2
Cther Services: Telephone Hotline

Albert H. Halff Assoclates, inc. Contact: Mr. Lynn Lovell
4000 Fossil Creek Bivd. Office Hours: 8 am. -5 p.m.
Fort Worth, TX 76137

(817) 847-1422 FAX: ext. 232

Software Available: HEC-1, HEC-2, HEC-5, HEC-6, FDA, HECWRC, HMRS2
Other Services: Engineering Assistance (HEC-2 & FDA only); Training (HEC-2 only)

Bowen Engineering Contact: Teresa Bowen
216 F Street Office Hours: 8 am. - 5 p.m.
Davis, CA 95616

(916) 758-1028

Software Available: HEC-2, HEC-§, FDA
Other Setvices: Engineering Assistancs; Training (HEC-5 only)

. Carter & Burgess, inc. Contact: James Amick
1100 Macon Street Office Hours: 8 am. -5 p.m.
Fort Worth, TX 76102
(817} 335-2611

Software Available: HEC-1, HEC-2, HEC-5, HMR52

CEDRA Corparation Contact: Amy Harrington-
65 West Broad Street Cffice Hours: 3 am. -5 p.m.
Rochester, NY 14614

(716) 232-6998

Software Available: HEC-1, HEC-2, HEC-3, HEC-5, HEC-6, HECDSS, STORM

ChvilSoft Contact: Sales Department
1592 N. Batavia, Suite 1A Office Hours: 8 am. -5 p.m.
Orange, CA 92667

(714) 974-1864

Software Availatle: HEC-1, HEC-2, HET-3, CCED
Cther Services: Source Ccde Distribution HEC-1 & HEC-2 onty; PC's oniy; MS/PC CCS
svstems)




Consuiting Engineering Services Comtact: Anthony Weller
14780 3.'V. Csprav Crnive. Sute CSS ZHfica Hours: 3 1ML - 3 o.M
8eaverton, CR 37C07

{503) 8464509

Soitware Availapie: SEC-1, HEG-2
Cther Services: Telephione Hotline; £ngineening Assistance

David J. Newton Associates, inc. Contact: Mary Ann Tawney
1201 SW 12th Avenue, Suite 620 Office Hours: 8 am. - 5 p.amu
Portiand, OR 97205

(503) 228-7718

Software Available: HEC-1, HEC2

DeVries & Assoclates Contact: Dr. Johannes DeVries
324 Encina Avenue Office Hours: 12 noon - 6 p.m.
Davis, CA 95616

(916) 757-103S

(916) 757-8901 (messages)

Saftware Available: HEC-1, HEC-2, HEC-3, HEC-6, HECWRC
Other Services: . Engineering Assistance; Training;
Source Code Distribution (HEC-1, HEC-2, & HEC3 only)

deRES Consultants : Contact: Darde G. de Rouihac
PO Box 1615 - . Cffice Hours: 9 a.m. - 5 p.m.
Coolidge, AZ 85228 "
(602) 723-5126

Software Available: HEC-1, HEC-2

Dewberry & Davis Contact: Moe Khine/Vemon Hagen
8401 Arfington Blvd. Office Hours: 8 am. -5 p.m.
Fairfax, VA 22031-1665

(703) 849-0338

(703) 849-0307

Software Available: HEC-1, HEC-2, HEC-5, HECWRC

Other Services: Engineering Assistance; Distribution Only for HEC-5
Engineering Data Systems Contact; Randy Dymond
Clock Tower West , Cffice Hours: 8 am. -5 po.m.
Dubugue, IA 52001

800-369-6344

(319) 556-3392

Scitware Availacle: —HEC-1, HEC-2
Cther Services: Talephcne Hctling; Zagineering Assistancs

2



Ensign & Buckiey Consuiting Engineers Contact: - Gary Parker

3327 Longview Crive Cffice Heours: 3 am. - 3 Dun.
Sacramento, CA 95660-5895

{916) 971-3961

Software Available: HEC-1, HEC<«

ERC\EDGe Contact Byron Hinchey
3325 Penimeter Hill Drive - Cffice Hours: 7 am. -5 p.m.
Nashville, TN 37211 '

800476-5770

(615) 333-0630 (TN)

Software Available: HEC-1, HEC-2, HEC-5, HECWRC, HMR52
Other Services: Telephone Hotline; Engineering Assistance (HEC-1 & HEC-2 only)

ETC Engineers, Inc. Contactt Mizan Rahman
1510 South Broadway Office Hours: 8 am. - 5§ p.m.
Little Rock, AR 72202

(501) 375-1786

Software Available: HEC-1, HEC-2, HEC-5, HECWRC, HMR52
Other Services: Telephone Hotline; Engineering Assistance; Training;
Distribution Only for HEC-5, HECWRC & HMRS2

FTN Assoclates, Ltd. Contact: Marc Johnson
#3 Innwood Circle, Suite 220 Office Hours: 9am. -5p.m
Little Rock, AR 72211

(501) 225-7779

Software Available: HEC-1, HEC-2, HEC-5, HECDSS, HECWRC, WQRRS
Cther Services: Engineering Assistance, Distribution Only for HEC-5

German-Wong & Associates inc. Contact: John German

201 Lathrop Way, Suite F Office Hours: 8 am. - 5 p.m.
Sacramernto, CA 95815

{916) 6464262

FAX (916) 6464874

Software Available: HEC-2
Other Services: Engineering Assistance

GKY & Associates, Inc. : ’ Contact: Stuart Stein

5411-& Backlick Road Office Hours: 9 am. - 5:30 o.m.
Springfield, VA 22151

(703) 642-5080

Soitware Availatle: HEC-1, HEC-2
Cther Services: Telephone Hotline; Engineering Assistance; Training




Gregory L Morris 4 Associates
286 3an Jusic Street

PQ Box 5635

San Juan, PR 00802

{809) 722-8C0S

Software Available: HEC-3
Cther Servicss: Zngineenng Assistance

Haner, Ross & Sporseen, Inc.
15 Southwest 82nd Drive
Gladstone, OR 97027

(503) 657-1384

Software Available: HEC-1, HEC-2, HEC6
Other Services:

Hydraulic Enhancements
2204 Bracyridge Road
Greensboro, NC 27407
(919) 5740706

Centact:  Gregory Morris
ZHfica ~curs: 3 aim -3 o

Contact J.H. (Jim) Greetwnan :
Office Hours: M-Th 7:30 am. - 5:30 p.m.
F 7:30 am. - 11:30 a.m.

Telephone Hotline; Engineering Assistance

Contact: Scott Edelman/Eric Lintz
Office Hours: 7 am..- 6 p.m.

Computer Bulletin Board: (919) 852-7375 (24 hours a day)

Software Available: HEC-2
Other Services:

HydroTel Internationai
PO Box 32171

Lafayette, LA 70593-2171
(318) 981-5450

Software Available: HEC-1, HEC-2, HEC-6
Other Services:

lowa institute of Hydrauiic Research
University of lowa

lowa City, IA 52242

(319) 335-5229

Software Available: HEC-8
Other Services: Engineering Assistance

Joseph E. Bonadiman & Assgociates, inc.
P.O. Box 5852

San Bemardino, CA 32412

(714) 8853806

SEC-1, HEC-2, HECS
Telepnone Hatline;

Software Availarie:
Zther Servicas:

Telephone Hotline; Engineering Assistance; Training

Contact: Or. Nosrat Maghsouai
Office Hours: 8 am. - 5 p.m.

Engineenng Assistance; Training

Contact: Forrest Holly, Jr.
Office Hours: 3 am. - 5 p.m.

Contact: Cennis Jackson
Cffice Hours: 3 am. - 53 o.m.

HEC-1 & HEC-2 versions for ALPHA-MICAC ccmputer systems aiso availabie

5



Law Engineering, Inc. Contact: Mark ‘Watter

. T616 L3 Freeway, Suite 500 Cffice Hours: 3 am. -3 pm.
Dallas, TX 75251
(214) 9340800

Software Available: HEC-1, HEC-2
Other Services: Engineering Assistance, Training

Liberty Computers Ltd. Contact:  Arden Weiss
326 Kingsberry Drive ) Office Hours: Anytime

Annapolis, MD 21401
(301) 757-3487

Software Available: HEC-2, HEC-5

OTAK, Inc. Contact: Seth Jelen

17355 S.W. Boones Ferry Road Office Hours: 8 am. -5 p.m.
Lake Oswego, OR 97035 :

(503) 635-3618

Software Available: HEC-1, HEC-2, WQRRS
Other Services: Telephone Hotfine; Engineering Assistance; Training;

Distribution Only for WQRRS

Pate Engineers, Inc. Contact: Alan McKee

13403 Northwest Fresway, Suite 160 Office Hours: 8 am. -5 p.m.
. Houston, TX 77040-6071

(713) 4623178

Software Available: HEC-1, HEC-2

Other Services: Engineering Assistance

Pennsyivania State University Contact:  Art Miller

Department of Civil Engineering Cffice Hours: 8 am. - 5 p.m.

212 Sackett Building
University Park, PA 16802

Software Available: HEC-1, HEC-2, HEC-5, HEC-6

Other Services: Training )
Placer County Fiood Control District Contact: Dennis Huif
1144 B Avenue Office Hours: 8 am. - 5 p.m.

Aubum, CA 95603
(916) 889-7592

Software Available: HEC-1, HEC-2
Cther Services: Targeted for local, ciy, county & cther public agencies. For these groups
imited phone support and training.




Rampone Engineering inc. Contact: Richard Rampone

30 3ox 287 Zfficea Heurs: 3 am. - 420 oum.

3eech Grove, iN 46107

{317) 788-1880

Scoftware Available: HECT-1, HEC-2

Cther Services: Telephone Hotline; Engineering Assistance; Training;
Cistribution Cnly for HEC-1 ' -

Resource Conauitants, inc. Comtact: David Frick

402 West Mountain Avenue Office Hours: 8 am.- 5 p.m.

PO Box Q

Fort Collins, CO 80522

(303) 482-8471

Software Available: HEC-1, HEC-2, HEC-6, COED, FDA, HECWRC
Other Sesvices: Telephone Hotline; Engineering Assistance;
Source Code Distribution for HEC-2 Only (PC’s only; MS/PC DOS systems)

RlverTech, Inc. Contact Douglas Hamiiton
23332 Mill Creek Drive, Suite 100 Office Hours: 7 am. - 6 p.m.
Laguna Hills, CA 82653

(714) 5866121

Software Available: HEC-1, HEC-2, HEC-S
Cther Services: Telephone Hotline; Engineering Assistance; Training

Sear-Brown Group ’ Contact: Paul Way

85 Metro Park Cffice Hours: 7:30 am.- 5:30 p.m.
Rochester, NY 14623

(716) 475-1440 (messages are taken during non-office hours)

FAX (716) 272-1814

Software Available: HEC-1, HEC-2, HEC-S, HEC-6, CCED, FDA, HECWRC, HMRS52, HYCOST,
PAS, WQRRS

Other Services: Engineering Assistance;
Telephone Hatline (not for HECWRC, or HMRS2)

Shannon Englneering Associates, Inc. Contact: Thomas Shannon

PO Box 1043 Cffice Hours: 3:30 a.m. - 4:30 p.m.
Avon, CT 06001-1043

(203) 678-7228

Software Available: HEC-i, HEC-2, HEC-3, EC-5, COED, FDA, HECWRC, HMRS2, HYCCST,
~HYDPAR, MLRP, PAS, STATS, UHCOMP



Skibitrzke Engineers X Agsociates, inc. Centacz  Craig Smith

2920 North 24th Avenue, #6 Cffice Heurs: 8 am. -5 p.m.
Phoenix, AZ 85015

{602) 2574699

Software Available: HEC-1, HEC-2, HECS, FDA _ '

Cther Services: Telepiione Hotline; Engineering Assistance; Training
Simons, L! & Associates, Inc. Contact: Robert Smolinsky
PO Box 2712 ' Office Hours: 8 am. - 5 p.m.
Tucson, AZ 85702-2712

(602) 884-9594

Software Available: HEC-1, HEC-2, HEC-6 )
SouthWest Engineering Contact: Mark Jones/Chip Maxfield
5426 W. Vegas Drive Office Hours: 8 am. -5 p.m.
Las Vegas, NV 89108

(702) 648-9700

Software Available: HEC-1, HEC-2 -
Spectrum Engineering Contactt Gary Rome

3302 Fourth Avenue, North Office Hours: 8 am. - 5 p.m.
Billings, MT 53101

{406) 259-2412

Software Available: HEC-1, HEC-2, HEC4, HEC-5, HEC-6, FDA, WQRRS
Other Services: Telephone Hotline; Engineering Assistancs; Video Tape;
Distribution Only for HEC-5

Steve H. Blair, P.E. Contact: Steve Blair
Consutting Engineer Office Hours: 9 am. - 5 p.m.
1644 Birdhaven Way g
Pittsburg, CA 94565

(510) 709-1425

Software Available: HEC-1, HEC-2
Cther Services: Engineering Assistance

Swestland Engineering & Assoc., Inc. Contact: Todd Pysher

600 Science Park Road Cffice Hours: 3:30 am. - 4:20 p.m.
State College, PA 16803

(814) 237-6518

Soitware Availaple: HEC-1, HEC-2, HEC-5




Systech Englheqdng, inc. Zontact  _uis Gcmez

3744 Mt Diablo Road, Suite 101 Cffice Hours: 3:20 am. - 3 p.m.
Lafayette, CA 94549

{415) 284-7544

Scftware Available: HEC-1, HEC-2, WQRRS
Cther Services: Telephcne Hotline; Engineening Assistance

Texas A&M University Contact: Waesley James
Water Resources Engineering Office Hours: 8 am. - 5 p.m.
Civil Engineering Department

Cofllege Station, TX 77843

(409) 845-4550

Software Available: HEC-1, HEC-2
Other Services: Telephone Hotline; Engineering Assistance; Training

University of Colorado at Denver Contact: Dr. James C.Y. Guo
Dept. of Civil Engineering Office Hours: 1:00-5 p.m.
1200 Larimer Street, Box 113 (Tuesday & Thursday)

Denver, CO 80204
(303) 7984936 (Hot Line)
(303) 556-2849; (303) 556-2871

Software Available: HEC-1, HEC-2, HEC-5, HEC-6, HMRS2
Other Services: Engineering Assistance (HEC-1 only);
' Telephone Hotline (HEC-2, HEC-5, & HMRS2 only)

University of Texas at Austin Contact: Gloria Griggs
Continuing Engineering Studies Office Hours: 8 am. -5 p.m.
College of Engineering

ECJ 10.324 - RM 2.512
Austin, TX 78712
(512) 471-3506

Software Available: HEC-1, HEC-2
Other Services: Training

Utah State University Contact: Daniel H. Hoggan
Engineening & Software Services , Office Hours: 8 am. - 5 p.m.
Logan, UT 84322-8200

(801) 7503187

FAX (8G1) 750-3663

TELEX 3729283

Software Available: HEC-1, HEC-2
Cther Services: =ngineenng Assistance; ‘fideo Tape; Training



Water Engineering & Technoiogy, inc. Contact:  Robert MacArthur
‘ PO Zox 30C0 Cffice Hours: 7:30 am. - 5 .M.

Davis, CA" 95617

{916) 758-3611

FAX {916) 758-6551

Software Available: HEC-5
Cther Services: Tetephone Hotline; Training

Water Engineering & Technology, Inc. Contact: Mark Peterson

419 Canyon Avenue, Suite 225 Office Hours: 9am. -5 p.m.
Fort Collins, CO 80521-2671

(303) 482-8201

Software Available: HEC-1, HEC2
Other Services: Engineering Assistance; Training

Water Resources Publications Contact: Ms. Branka McLaughfin
PO Box 2841 Office Hours: 8am. -5 p.m
Littleton, CO 80161-2841

(800) 736-2405

(303) 790-1836 i

Soitware Available: HEC-1, HEC-2, HEC3, HEC-5, HEC5Q, HECDSS, HECWRC, WQRRS

WEST Consultants, Inc. Contact: David Williams/Jeff Bradley
. 2111 Palomar Awport Road, Suite 180 : Cffice Hours: 8 am. - 5 p.m.

Carisbad, CA 82009-1419

(619) 431-8113

Software Available: HEC-1, HEC-2, HEC-5, HEC-6, COED, HECWRC, HMRS2
Cther Services: ' Engineering Assistancs;
Training (HEC-2, HEC-6 & COED only)

Winkley/Alexander, Inc. Contact: Scot Alexander
1101 Highway 360, South, Suite E-230 Office Hours: 9 am. -4 p.m.
Austin, TX 78767

(512) 328-3242

Software Available: HEC-2
Other Services: Telephone Hotline; Engineering Assistance




3. Yendors Provicing Mocified {Enhancad) Programs:

BOSS Carp. Centact: Tachnicat Suppert
6612 Mineral Point Rocad Cffica Hours: 8 am. -5 p.m.
Madison, W1 537054238
(608) 258-9910
- FAX (608) 258-9343
TELEX 401242

Software Available: HEC-2, HEC-6, HMR52
Semces Available: Distribution; Telephone Hotline; Engineering Assistance;
Videa Tape (HMR52 Only)

CH2M Hill Contact: Kenneth iceman
2525 Airpark Drive Office Hours: 8 am. - S p.m.
Redding, CA 96001

(916) 243-5831 =

Software Available: WQRRS (DEC Digital Equipment only)
Services Available:  Distribution; Telephone Hotline; Engineering Assistance

Digital Software, inc. Contact: W.F. Johnson

5510 Munford Road Office Hours: 9am. -4 p.m.
PO Box 52149

Raleigh, NC 27612
(919) 787-7144

Software Available: HEC-1 & HEC-2 (Data General AOS/VS Systems)
Services Available:  Distribution

Dodson & Associates, inc. Contact: Roy D. Dodson
5629 FM 1960 West, Suite 314 Office Hours: 7 am. -5 p.m.
Houston, TX 77069 .

(713) 440-3787

FAX (713) 4404742

Software Available: HEC-1, HEC-2, HEC-4, HEC-5, HEC-6, HMRS2, PAS, STORM

Services Available:  Distribution; Telephone Hotfine; Engineering Assistance;
Video Tape (HEC-1, HEC-2 & PAS only); Training (HEC-1, HEC-2 % PAS only);
Distribution for STCRM oniy



Zichert Engineering Comact: 3ill S. Eichen

PO Box 3108 Cffice Hours: 3 am -5 o.m.
El Macero, CA 85618

{(916) 756-6391

FAX (916) 753-1436

Software Available: HEC-5 e
Services Available:  Distribution; Telephone Hotline; £agineernng Axistancg; Training

Haestad Methods, Inc. ' Contact: Technical Support/Sales
37 Brookside Road Office Hours: 8:45 am. - 5:1S p.m.

Waterbury, CT 06708
800-727-6555 or (203) 755-1666 (CT)
Bulletin Board: (203) 756-1921

FAX (203) 597-1488

TELEX (910) 240-2251

Software Avallable: HEC-1, HEC-2, HEC-3, HEC4, HEC-S, HEC-6, HECWRC, HMRS2, STATS
Services Available:  Distribution; Telephone Hotline; Engineering Assistance; Video Tape;

Training
Hydrotech Microsystems Contact: William Britton
PO Box 40184 Office Hours: 8am. -5 p.m.
Portland, OR 97240-0184

(503) 257-6926

Software Available: HEC-1, HEC-2, HEC-5, HECWRC (Apple Macintosh Only)
Services Available:  Distribution; Telephone Hotline

Johin E. Harms Jr. & Assocliates, {nc. Contact: Robert Noeth, Jr./Oner Yucel
80 Governor Ritchie Highway Office Hours: 8 am. - 5 p.m.

PO Box S

Pasadena, MD 21122

(301) 647-6000

Software Available: HEC-2 (Apple Macintosh Cnly)
Services Available:  Distribution; Engineering Assistance; Training

Northwest Hydraulic Consuitants Inc. Contact: Jeff Jonnscn
22017 - 70th Avenue South Cffice Hours: 3 am. -4 p.m.
Kent, WA 98032

(206) 872-0218

Software Available: HEC-2, HEC-6
Services Available:  Cistribution; Engineering Assistance; Scurce Ccde Distnbuticn




Stephen Dedaius incorporated Contact: £d Ccdem

180 S.Z. Maynard Rcad, Suite 1€0 Cfficga Heours: 3 am. -5 om.
Sary, NC 27511

{919) 467-7072

Software Available: HEC-1, HEC-2
Services Available:  Distribution (UNIX Werkstations, e.g., HPfApoilo, Silicon Grapiics, iBM, DEC,
and Sony)
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Hood Py Hydirology Using HEC-1‘m"Vr
A6 - m) e

; 4
resentors: 1 Mays and D, Ford ‘f "fﬁ }W N ,', i’%
) i

Hhis short course s intended lorlndlviduals wilha neeq,to solve hydrologlc
preblems related to hydrologic design and, %alysls,l.and 1o:flood plain
mang n;nnwm rmd flood insurance programs Participants; should have
Is nol‘ji_x
r»' 1

April 8 - 10, 1992
Monday - Thursday
Fdday

i fummt

s
e course format consists of leclures. aqqglggl]s N8
<hops. These practical apphcahoq based: Workshopglare _"'
realislic ;nnhlenm and consist of; developi §.C:.~ gtif
Problems. Participants will have "hands- on‘ﬂ]gg% f.h

copy ol the computer program willt be av; Iel(
aticipant to hring back to the work place, de i

cpen discnssions are encouraged during lec
chop seagions. Pl

Monday Thursday

! ‘l
l'. f «‘.If, f‘l h.{

il "\MJ.‘

T nd DWOPER

. May 11 -15, 1992
Monday - Thursday
Fnday

e HECG 1T computer program wullbe the prlmgquuca alVehlcngorlhlsi

omse. Olher compuler programs | for urbg r}, alnfalis pﬂxanalyslg,and
“lommwaler detention design and analysis(lkl.. ' AS #: lO d, ;

ey amalysis (HEGWHC) will be disoussgd STYEN Qi

) i

] I L. 0 [RH) K

4;;] S “,,,:_ . Flood Plaln Hydrology Using HEC- 1 (2151)  1oo
b | . ¥

8:16 am to 5:30 pm
8:15 amto 12:30 pm

g ' f.FIood Plain Hydraulics Using HEC-2 (2186) 1 oe
PRy ]!:.xs April 27 - May 1, 1992

: 8:15 am to 5:30 pm
e 8:115am to 12:30 pm

LUnsteady Flow Modeling Uslng DAMBRK  (2179) [oeo

1 L[
© 8:15amto 5:30 pm
8:15 am to 12:30 pm
b

e
T

~ T lasiName Mt

I ngram

= Input procedure for the HEC-1 compu(er'p
- Applications of the HEC-1 computer: progt

Hydrologic analysis including unit hydrog

methods, flood routing in resewoi lanu' i
: l’f‘velupmnnl ol design storms" it 0 i

{
)

E xt(h,‘*' | lea‘ode
B '

- Tood flows under modified condations{» i (4

- Design and analysis of urban storm. Wale%g Q

+ Coordinaled flood flow determination fora
Hood flow frequency analysis using the' U ; "

HECWRC computer program and the U
tMothord |'iv.

80 ${Q'4En
)50 f es

H‘ 4 i Ry E'j Thls oonﬁrms my telephone enrollment
4 iR i losed is a check payable to Arizona State University
A___Blll [qy organlzahon to the attenlnon of:

- I1LUDAS (llinois Urban Dramage \rea,

. v l. Depdnnwnl

|“

L‘J MasterCard [J American Express
Y ‘

R

HRRRER

05

14 :' e . Expiration Data (Ao Y1)

o P()rlunlly inits nrnployrnent acnvmes Pn " . Mrlaoma Siste University

N ) m.mpo.Azasumsoc
*’Nk\ 3 g 1 602/985-1740 |
R 11 & ]I'.. , somnuzgc ;
i,‘.—‘ﬁ“f th i" LA
R Rt

4 qlto ! ;» ’Conhf for Professionsl Development
) !{.' i 1‘ :College of Engineering and Applled Sclences

Gt




aUnsteady Flow Modeling Uslng DAMBRK and DWgi-11
»May.11 - 15,1992 By
;Fg. semers.,l. Mays and D. Fread

Lee and L ocatlon

Ihi eyistiation fee of $815 per course Inclqg ) aJ {
ool notes, l()[)leb ol the software, parking’a

,hon course Is intended for Indlvlduals involved with work relating to
‘pnannel hydraulic analysis and design, flood forecasting, dam safely
o i 4 3l “‘_re_servolr operation, elc.}; Participants should also possess
al m. mu.nm State University Engineerlng'o ot int A ' e" i ‘2:5“‘):,1; | rovnd | eady Ilowopen channel hydraulics.

ded hotels nclude: 1o LR MY A 31 o2
! Irse cgnslsts of detailed Iectures andworkshops. Theworkshups arc
Sheraton Tenmpe Mission Palm? H{E810 Z ﬁarqund reallsllcproblemsandconsusl of developing the DAMBRI

Holiday Inn, 602/968-3451 i
Howard Johnson, 602/967- 9431_

QPER Ipput for workshop problems Participants will have "hands
, '-;-ol the program on PC's.!; A copy of the compuler progian will br:
jaya Igb‘Q. on diskette, for each participant to take back to the woik place
i %ﬁstlons lrpm)pammpants and open discussion are encouragi \huun;

* 4 !"‘q TR
! : -, 3 i ;
S TaR ot (WAL wﬁ”‘lf!.*".
“%“_1 - YRR E. L 4 %ﬁ’)" (‘\r "‘

i imidie'y o AR Jrigd gl
thisCentes fol PmlesalondlDevelopmenl re§e estheglgntkochange

hisdiiclors and 1o cancel or reschedule’ g,,p!; gram| {tne, eventiof i, {3 95.as WP“ A8 during the WOkahOP sessions.
tmsulliclent enrolliment or untoreseen circu p ",-'} 4 ﬁ&m-mj‘w !&‘ 3 151 ety
Hielonds and Cancellatlons (RN 'f'.;ai i i Wf ’%9‘
y Lt g oel | th (¢
Hheeyistiation fee is tully refundable one weé'&m"of 41 8 &lrsﬂda Ofﬁ tz Vqlopment 0‘ e malhemaﬂQal odslior dymamic todtus Bl g
g 4 : Lali

gerlvatlon of Saint-Venant equations, finite ditference approximatior::
tion technique, Initial and boundary conditions

cachprogrann. Registrants who do not anend'g',_gll,gp,,pgmncqllare {r : N G
Daetey L "MBBKmodeldescnpnonincludmgcrossse(||ons frictionalicsistance

uhijcet o the complele tee. Participant subs}ltu 0Ns;
an e at no charge, prior 1o the semmar, S

\ mnllluull

ﬁppliCatlons ol DAMBRK (Teton Dam failure, Buifalo Creek Darn failurc
r,;mbltiple dam'‘application, bridge‘embankment failure simulation)
'-,;: ;ﬂ‘rouble shooting DAMBRK and limitations of DAMBRK

4iSImplified Dam Break (SMPDBK) model description
rgach analysls (BREACH) madel description
. ybamlc Wave Operational Model (DWOPER) model desciiption ai
,capablllliesincludunglnbu(ary]uncuons internalboundaries, andgate op

i el O rec upl al the Cenler. Fees may bg,,

ordur, o by a billing to your organization.' Pleas
ayabile, in U S tunds, 1o Arizona State Unlvers ty Bg\( |

: L. derCand and Aimerican Express are also acgpp;eg‘_\ :

thtall by phone, FAX, or mail:
Cholie: 602/965-1740
(I ©1)2/965-8296
Liall oz Center for Professional Developmth ]
Cullege ot Englneering and Applje ‘;S
Arizona Slate Unlversity ' it & M
Tempe, AZ 85267-7506 ' ik,

prm sewer and network options in DWOPER
'develop[nems and the FITDWAV model

4 w:n A ' i ‘l
it ak ’;_? ity i ’v,';f‘{w i
i W ho o i




“} ¢|nu y e 3 \Y“,! 1 : i : e I
i : sih A R 1 il
i lood Plain Hydraulics Using HEC- il AR v R A ‘ff‘u 1
Al 27 - May 1, 1992 W ‘:"’5‘.3."‘7, o A
'resenters: L. Mays and V. E!onnerl ‘!' e ;

Fil. g :
Iis shortcourse is intendedlorlndivldﬂalé havlng some experiencel ol
channel flow hydraulics. Previous! experlence with HEC-1-of HEO--%.‘?1

tequirerd A ,“<‘-f""f1:'>il i :““ﬁfg ‘1 £
T
e course consists of lectures and. dlscusslons ‘followed b WOrks

Ihese workshops are designed around Teal problerhs and, i ﬂze rac
applications. The HEC-2 computer program, developed at the us

1 i'i‘r
r%'i‘ﬁ lég’ _}oérsliy' Dr; Mays has recenlly jolned lhnfunuy rant
‘ﬁ hirtéBuyeat ,af\ihe Univelshy of Texas al Austin. In Iexac hn
Igb‘ i6, léf‘iij déenlerlor Research In Water Reconnces T
o ﬁéf kmbl( hﬁ ( Sl\‘)ﬂ' Intheareasolwalerresourcee and hydiology e
A ‘<'>‘o-aum'<’5’r‘édi ) okApSlledHydrologybyV T. Chow, D.I. Maidment A
'?w. 'LAW MaS} ial nc ‘ésfﬁn bdlior of Rellabllity Analysis of Water Distiibntion
Corps of Engineers Hydrologic Engineering Center, Is the: prlmary '&-.‘»»Sysl msbu liér? dbyihia Amerlcan Soclety of Civil Engineers  In addition

tinnal vehicle for this course. Workshops .Involve "hands -on" use'oq i .‘Jq he has consUlted bolh lngthe U.S. and internationally, and has served as i
nogiam on PC's. A copy of the computer program will be' avallable’ton i,- .;w,x-'"' : expen wlthess on sevefal ‘drainage and floodplain cases. !le hae hil
diskelte, for each participant to take back to the work place. xQuestlonstmm- :r A 4?

extenslve rex ence leachln hydrology, hydraulics and tmsteacty o
the participants and open discussions are encouraged during Iecturdsi‘*{as § ;r pﬁﬁ .

; modellngiahﬂ ﬁ\he applichtlon of HEC-1, HEC-2, HEC-6, DAMRIUC, aned
well as during workshop sessions. Partlclpants will need to brllngqvhand M DWOPERCO!hPht Eodeg‘VHeisareglsleredprolessmnalon(mmm m«‘mln
calculator. PR PO o IR o ..;slates andareglsleredpmfessional hydrologist with the American Inatitite

; e . 4L il iy i v

Program L SRR i 0!,'1‘{?{301395(1%&; ’gﬁﬁiﬁg If.

i :

- Qpen chaniel How b AT Da::ld Ford ConsUItlng Hy(}rologisl Sacramento, California. i Ford hae
E-naigy coneaple g o :'-gmorethan15yeafsofexperienceInhydrologncengmepnnq and apacinlizing
Gradually varied flow theory 255 T inthe applical no!US"Army Corps of Engineers HEC-1 computer ¢ode
Backwater analysis methods . ;. - -HelsareglsleredprolessionalenglneerInTexasaml(,amomm andis apa

- HEC-2computer program v o f%'tlmelacultymemberauheCalitornIaState University - Sacramento and (he
General program features . =77 :

laa-Universil))ol California’ ‘?Davls Dr. Ford received his B.S., M.S_and I'h I
dégrees Ior‘lhe Unlvarsily,ol'Texas at Austin.

: DannyL Ftea ,Drector Hydrologlc Research Laboratory, 11.S. Hational

ool WealherService,‘NOAA"Washlngton D.C.Dr.Fread has ha(l more than 2

Inpul preparation _ ::y;‘; ‘ ;;; iy
Output analysis Y
Normal and special bridge methods ot
Floodway determination ) :
Channel improvements g L
Several applications

- Waler surface profiles LA
Channel and overbank changes o
Flow through bridges W
Special modeling problems
I"loodway determination e
Channel design concepts - ng
(ase Sludies

:lin rivers, and reservolrs. r‘Hls DAMBRK and DWOPER computer pln(u e
i'are; used‘ exledslvely lhroughout the U.S. and in many countries for the
;modelingtotfdnsteady ‘flows. ' Dr. Fread has published extensively on
, linéteady llomhdellng@nd has had extensive experience in teaching the
i USe of hls colm lerpio rams.i
e H%} ?f'h q{ x, § § f“ﬂ” a1
ernon Bon raullc Englneer - U.S. Army Corps ol Engineers
Q!Hydraullc Enginéérlng Cenler. Davis, California. Mr. Bonner has spent 20
yearekuhmhe Hydrologlé"Englneering Center and 7 years with Ihe
$ CalllomlaSI le;beparlment of Water Resources. He has been umm ely
~ Involved with; the development application and up-dating of HI-C-2. |1 is
A Ha reglslered r lesslonal nglneerin California.
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DSS Appllcatlons for
HEC Modeis

‘Mecdnescay-Fricay, January 8-10

This course provides instruction on use of DSS

and extensive opportunities for hands-on prac-

tice with various appiications of the program.

DSS provides a wide array of output options 10

optimize the use of HEC maodels and to en-

hance one's presentation of output information.
| Non-credit.

J (Section 91 35600) Sacramento Umversuty
' i Extension Sacramento Center / Wednesday-
| Friday, 8 a.m.-5 p.m. / January 8-10 / $550
‘ (includes course materials & 1 dinner) / Pre-

| enroll by January 2.

‘ Computational Fluid Dynamics

Friday & Saturday, January 10 & 11
For information call (916) 757-8899.

Scanning Electron Microscopy
Sunday-Fn‘day, February 2-7

Scanning Electron Microscopy offers practical
training for using electrcn microscopy in the
physical sciences. Lecture and lab sessions
teach anailytic procedures, specific applications
. and instrument operations. During lab sessions

experts are available to discuss specific applica- !

! tions or problems related to your work. Non-
credit.

(Section 913C101) Davis: Ramada Inn /
Sunday, 4-8 p.m. {registration & reception),
Monday-Thursday, 8 a.m.-5 p.m., & Friday,
8 a.m.-1 p.m./ February 2-7 / $1,095 ($945
if you register prior to December 5) (includes
course materials, lab supplies, reception &
banquet / Pre-enroll by December 5.

\" ‘,__;

Reservoir Operations:
Microcomputier Appiications
with Computer Program HEC-3

Viencav-~ncay. =eorvary *0-"<

The course covers reservolr Scerations icr
flcoa controi. nyaropower. pumped storage and
ccnservation. and features hands-on computer
experience with analysis of workshop results.
Participants solve a variety of reservoir opera-
tion problems and gain practical experience
in using the model for operating on existing
reservoir systems, in designing systems
or analyzing reservoir operations. Non-credit.

(Section 913E601) Sacramento: University
Extension Sacramento Center / Monday-
Thursday, 8 a.m.-4:30 p.m., Monday dinner,

6 p.m.-8:30 p.m., Friday, 8 a.m.-12 noon /
February 10-14 / $750 (includes course
materials & T dinner) / Pre-enroil by February 3.

. Water Surface Profile
Computation Using Program
. HEC-2 on Microcomputers

* Monday-Friday, March 30-April 3

This intensive one-week course covers
hydraulic engineering techniques for flood
plain studies. Emphasis is on the computation
of water surface profiles in nvers using the
computer orogram HEC-2. developed by
the Hydraulic Engineering Center in Davis.
| Lectures and workshops provide a back-
ground in hydraulic principles and experience
| in using the program. Non-credit.

(Section 913E602) Sacramento: University
Extension Sacramento Center - Monday-
Thursday. 8 a.m.-4:30 p.m.. Monday dinner.
6 p.m.-8:30 p.m., Friday, 8 a.m.-12 noon /
March 30-April 3/ $750 (includes course
matenals. diskettes & 1 dinner) / Pre-enrolil
by March 23.

ST Ll +.300-732-3831: -

{Uﬁ
i"";&‘fﬁwa_ .;.—&5 S .‘f& £

Freezing Technoiogy
Short Course

Monaay-Thurscay. ~=oruary 3-5

(l’- AT
“ "M“g‘%‘iﬁ ?ﬁ
.o-—y 2 o

Intended for management and supervisory
personnel. quality control personnei. and line
supervisors in the frozen foods industry, this
course is designed to train operating personnel

' to make better on-the-job decisions by better

understanding the “whys" of what they do.
Limited to 50 enrollees. Early enrollment is
advised. Non-credit.

(Section 913E301) Davis: University Club.

| UCD / Monday-Thursday, 8 a.m.-5 p.m. /

February 3-6 / $450 (includes course materiais
& lunches) / Pre-enroil by January 27.

Better Process Control School

Monday-Thursday, March 16-19
This FDA-approved school is being held in

i conjunction with the California Cannery inspec-

tion Authority and U.S. Food and Drug Aaminis-
tration. Technical instruction in the school is

' given by staff members of the University of

California, the Nationai Food Processors Asso-
ciation, and select industry experts. Instructon
includes lectures, discussions and examina-
tions. Certificates are awarded to those wno
satisfactorily complete the course. Non-credit.

. (Section 913E300) Davis: Freeborn Hall,

UCD / Monday, 8:30 a.m.-5:30 p.m. (registration
begins at 8 a.m.), Tuesday & Wednesday, 8
a.m.-5 p.m., & Thursday, 8 a.m.-3 p.m./ March
16-19/ $450 (includes text & lunches) / Pre-
enroll by March 9.

Food Product Deveiopment/
Ingredient Technology

Monaay-Wednesaay, March 16-18

This course examines changing consumer
eating and buying trends. regulatory constraints.
and potential profitability of new products. it
stresses a coordinated approach that integrates
the business aspect of successiul new preauct
development and marketing with science,
technology, requlation and innovative thirking.
Non-creait.

{Section 313E202) Davis: University Cicc.
JCO / Monday & Tuesday. 3 a.m.-5 o.m..
Wednesday, 8 a.m.-4 o.m. . March 16-18
3499 (includes course materials. 3 'unches &
1 dinner) / Pre-2nreii by March 9.







‘ For Additional References

‘ see Part V of

HEC-2 Reviewer's Guidelines and Checklists







U.S. ARMY CORPS OF ENGINEERS HEC-1
FLOOD HYDROGRAPH PACKAGE
‘ INTRODUCTORY COURSE FOR FUNDAMENTAL UNDERSTANDING OF HEC-1
February 21, 1992

8:00- 8:15 OPENING REMARKS Chuck Williams
8:15- 8:30 I. INTRODUCTION Tom Loomis
A.  Course Outline.

B.  Choice of a Hydrologic Model.

C.

.

History of HEC-1.
When to use HEC-1.

8:30- 9:30 II. WATERSHED MODELING Tom Loomis
Example of a typical watershed: East Fork Cave Creek.

Watershed breakdown and sub-basin delineation.

Precipitation and rainfall distributions.

. Rainfall losses.

Time of concentration and lag time.
Hydrograph generation.

Hydrograph channel routing.

o mmonw e

Channel routing considerations.

P

Hydrograph operations.

9:30-10:00 III. PROGRAM INPUT Pat Marum
General.

Job initialization records.

Job type records.

Hydrograph generation records.

Precipitation records.

Hydrograph transformation and diversion records.

Hydrograph routing records.

T o mmo 0w »

Sample input file.

AFMA Technical Committee February 12, 1992 Page 1
HEC-1 Reviewer’s Course




10:00-10:15 BREAK

10:15-10:45 IV. PROGRAM OUTPUT Pat Marum
General

Output options.

Sub-basin output

Hydrograph routing.

Hydrograph combining.

Summary tables.

& = FHBpE PR

Sample problem and appropriate support documentation.

10:45-11:30 V. REVIEWER’S CHECKLIST AND REFERENCES Amir Motamedi
Checklist.

B. References.

>

11:30-12:00 VI. DISCUSSION AND WRAP-UP Chuck Williams

A. ADWR: Instructions For Organizing and Submitting Technical Documentation For Flood Study.
Septemoer, 1991.
B.  Where to go for help.

AFMA Technical Committee February 12, 1992 Page 2
HEC-1 Reviewer’s Course






INTRODUCTION

This session is intended to be a review of watershed modeling and to present
common coding errors made using computerized methods such as HEC-1 and
TR20. This is not a replacement for a detailed course such as the 1-week short
course on HEC-1 offered by ASU, or similiar courses sponsored by the SCS for
TR20. It is intended to be a supplement to such courses and will present a more
practical side to the use of computerized methods. This session will be centered
around HEC-1 since the trend in the state is toward the use of simulation models
such as S-graphs, the Clark unit hydrograph, or the Kinematic Wave method.
These methods, and associated loss methods, cannot be readily applied using TR20.
We have assumed a basic knowledge of watershed modeling and surface water

hydrology. Detailed knowledge of HEC-1 is not necessary.

Introduction - The history of HEC-1 will be discussed as well as when the use of
modeling techniques is appropriate.

Watershed Modeling - Description of how a watershed model is developed.

HEC-1 Program Input and Output Overview

Reviewer’s Checklist and References




CHOICE OF A HYDROLOGIC METHOD

1. When to use modeling techniques.

® Valid statistical information is not available.

® The study watershed is ungaged.

® Combining, routing, and diverting of hydrographs is necessary.
® Evaluating design alternatives.

® Forecasting of future conditions.

2. When approximate methods are appropriate:

® Rational method.

Watershed areas less than 80 acres.
Routing and combining of hydrographs is not necessary.
Peak discharges are needed, not runoff volumes.

® TR-55.

Watershed areas with a T, greater than 10 min. and less than 2 hours.
24 hour duration storm.

Single hydrograph generation.

Channel hydrograph routing is not necessary.

® Envelope curves.
Checking reasonableness of discharges estimated by other methods.

3. Computer models commonly used in Arizona.

® HEC-I1.

® SCS TR-20.

® SCS TR-55.

® City of Tucson Method

® Pima County Peak Method



PEAK DISCHARGE IN C.F.S. PER SQUARE MILE

BASED ON F.I.S. STUDIES OF RECORD
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Discharge (cfs/sm)

ENVELOPE CURVE FOR BULLHEAD CITY, AZ
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. ® 1967

® 1968

® 1973

® 1981

® 1984

. ® 1988

® 1990

.. 1991

HISTORY OF HEC-1

Program was originally developed by HEC.
First version of the Package program was released.

Input and output capabilities were revised. The program was expanded,
revised and republished.

Major Revision:

1. Input formats were revised.

2. Dam Break Analysis was added.

3. Project optimization was added.

4. Kinematic Wave capability was added.

The PC (microcomputer) version was released, short the flood damage
and ogee spillway capabilities.

Significant improvements made:

1 Green-Ampt infiltration function was added.

2. Kinematic Wave runoff computations were improved.

3. All main-frame computer options made available in the PC
version.

4.  Error using Green-Ampt with JD records.

Various improvements made:

Muskingum-Cunge channel routing was added.

Improved detention basin modeling.

Interface to HEC Data Storage System (DSS).

Error using JR record with Kinematic Wave runoff. Hydrographs
do not combine properly.

S LW -

80386/486 specific extended/expanded memory version.




WHY HEC-1 WAS DEVELOPED

Designed to simulate the surface runoff response of a river basin to
precipitation.

Accomplished by representing the basin as a system of hydrologic and
hydraulic components.

These components may represent:
® A surface runoff entity ( a sub-basin).
® A sucam channel.

e A reservoir.

The components are represented by:
® A setof parameters which describe the characteristics of the component.

®  Mathematical relationships which describe the physical process involved.

The BOTTOM LINE:

® To compute streamflow hydrographs at desired locations in the river
basin.



THEORETICAL ASSUMPTIONS OF HEC-1

1. HEC-1 is a deterministic, lumped, unsteady model.
2. It forecasts results and does not consider the randomness of variables.

.3. The hydrologic processes can be represented by model parameters which
reflect average conditions within a subarea.

4.  If the parameters don’t meet this criteria, then:
® Spacial Parameters - Break down the watershed into smaller sub-basins.

® Temporal Parameters - Decrease the computation time interval.




KEY LIMITATIONS OF HEC-1

Only a single storm can be applied. Provisions are not made for soil moisture
recovery during periods of no precipitation.

Model results are in terms of discharge rates and runoff volumes, not stage.

Streamflow routings are performed by hydrologic routing methods and do nc
reflect the full Saint-Venant equations.

Reservoir routings are based on modified Puls techniques. One can:
®  Simulate outflow over a spillway.
®  Simulate outflow through a low level outlet.

®  Specify a schedule of releases over time.



WHAT HEC-1 IS USED FOR TODAY IN
ARIZONA

® Watershed planning.

® Flood Insurance Studies.
® . OMR’s, CLOMR’s, and LOMAs.

® PMF dam safety and design studies.

® Retention and detention basin design




WATERSHED MODELING

® EXAMPLE OF A TYPICAL WATERSHED

e SUB-BASIN DELINEATION

¢ PRECIPITATION AND RAINFALL DISTRIBUTIONS

® RAINFALL LOSSES

¢ TIME OF CONCENTRATION AND LAG TIME

¢ HYDROGRAPH GENERATION

¢ HYDROGRAPH CHANNEL ROUTING

¢ CHANNEL ROUTING CONSIDERATIONS

® HYDROGRAPH OPERATIONS

10






@ WATERSHED BREAKDOWN AND
SUB-BASIN DELINEATION

1. Time of Concentration and Lag Time.
® T, is the travel time, during the corresponding period of most
intense rainfall, for a flood wave to travel from the hydraulically

most distant point in the sub-basin.

® T, is usually defined as the time from the center of mass of rainfall
to the hydrograph time of peak, or to the center of mass of runoff.

T, = 0.6*T, (for SCS method)
® The minimum basin size is a function of T, and NMIN.
NMIN = Integer number of minutes for tabulation interval.
NMIN <= 0.15*T, (must be evenly divisible by 60).
NQ = Integer number of hydrograph ordinates.

NMIN*NQ must be at least as long as the storm
duration.

The BOTTOM LINE:

®  The minimum sub-basin area and corresponding T, should correlate
with the governing time interval for the modeling program and
storm duration used.

11
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® MOON VATLEY WASH
SUB-BASIN 5G

(Sub-Basin Area = 0.429 s.m.)
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WATERSHED BREAKDOWN AND
SUB-BASIN DELINEATION

2. Homogeneity.
®  Sub-basin areas should be as uniform as possitic.

o Landuse and surface characteristics should be as similiar as
possible.

®  Soils and vegetation characteristics should be similiar.

®  Select a target sub-basin area to strive for as an average.

15
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WATERSHED BREAKDOWN AND
SUB-BASIN DELINEATION

3. Appropriate routing lengths.
®  Sub-basin delineation should consider channel reach route lengths.
NSTPS = L/(V,,, * NMIN)
®  Each reach length should be long enough that the NSTPS > = 1.0
L = NSTPS * (V,,, * NMIN)
For V,,, = 5 fps, NMIN = 5 min.:

L = 1*5*%60*5 = 1500 feet.

4. Concentration points.
® Confluences of washes.
® Significant structures.

® Jurisdictional boundaries.

18



PRECIPITATION, AND RAINFALL
DISTRIBUTIONS

Actual rainfall versus design rainfall.

®  Actual rainfall is random and highly variable.

® Design rainfall is a point precipitation derived by frequency analysis.
® Total rainfall (point precipitation) can be obtained from a rainfall atlas.

®  Temporal distributions are used to simulate the variation in rainfall over
for a design storm.

®  Spatial distribution.
Point precipitation is assumed to fall evenly over the sub-basin.

Spatial distribution is simulated using areal reduction curves.

Rainfall atlas’s used in Arizona are the NOAA Atlas II, 1973 and the
forthcoming new state atlas.

Choice of a design storm duration is highly dependant on the
characteristics of rainfall patterns for the study region.

The apparent cyclic nature of precipitation in Arizona.

19
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POINT PRECIPITATION
100—Yr. 24—Hr.
[SOPLUVIALS FOR

GILA BEND, ARIZONA
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FROM NOAA Hydro - 40 (1984)

Watershed)

4 1 ! | L | L |
0 100 200 300 400 500
AREA (MI2)
Figure 14.—X! (2.54—yr depth-area ratio, see sec. 4.3) for 3-, 6-, 12—, and

24-hr in southeast Arizona. Dashed lines are 3-hr and 24-hr Chicago Xi (from

TR 24)
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AREA (MI2)

Figure 15.——Same as figure 14, but for central Arizoma.

be attributed to a mixture of storm types,

in the central Plains.

The recorder—-pair data for distances

but still different from these found

greater than 15 mi contain 1little

information on the structure of l1- and 2-hr storms. This is supported by the low
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7% RAINFALL DEPTH

Rainfall Hydrologic Design Manuai
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for Maricopa County
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RAINFALL LOSSES

Loss rates are applied to the sub-basin by averaging parameter values assigned
to each landuse and soil class present.

SCS curve numbers (empirically based).
Initial and uniform loss (empirically based).

Green-Ampt Loss Equation (physically based, can be derived using principles
of continuity and momentum).

Developed watershed versus undeveloped.
® Percent impervious must be taken into account.

Most curve number values for urban landuses are adjusted for %
impervious. A common error when using SCS methods is to apply a %
impervious correction when this is already accounted for in the curve
number. For example, using sub-basin SE which consists of 1/4 acre
lots:

CN = 83 for SCS hydrologic soil group C.

% Impervious for this landuse is 38 %, per TR55.

Q00 = 446 cfs using the CN value alone.

Q00 = 855 cfs using the CN value and applying the % impervious.

® Soil moisture condition on the watershed must be considered.
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TIME OF CONCENTRATION AND LAG TIME.

1. The unit hydrograph method is generally very sensitive to the T, value. A
common coding error when using the SCS method under HEC-1 is to input

the T, instead of T.. An example of the effects of an error of this type
follows:

Sub-basin 5G: T, = 0.17 hours, T, = 0.28 hours

Q00 = 579 cfs using T, correctly.
Q100 = 459 cfs using the T, value incorrectly.

2. T, values should be checked closely to ensure that average velocities through
the watershed are reasonable.

28



HYDROGRAPH GENERATION

1. Unit Hydrograph.
®  SCS dimensionless unit hydrograph.
®  (Clark unit hydrograph.
®  Snyder unit hydrograph.
. ®  User input.
2. S-Graph Method.
A dimensionless form of the unit hydrograph generally developed by

reconstituting observed floods. An S-Graph is selected and then a unit
hydrograph is created externally to HEC-1.

3. Kinematic Wave.

29




HYDROGRAPH CHANNEL ROUTING

Physical data required.

Channel hydraulic information representative of each reach.
An 8-point cross section or cross section description.

Reach length.

Average reach slope.

Manning’s roughness estimates for the overbanks and the channel.

An estimate of travel time through the reach approximating the fully
developed flow wave travel time.

Routing methods available.

Normal depth (modified puls) - For natural or inproved channels.
Muskingum - For natural channels. Has two coefficients, X and K.
Values of X vary from 0.0 to 0.5. The parameter K is the wave travel
time through the reach.

Muskingum-Cunge - Simulation of full dynamic wave routing.

Kinematic wave - For improved channels and culverts, no attenuation.
Generally not appropriate for friction slopes less than 1%.

Modified Art-Kin - For natural or improved channels using a 2-pass
method consisting of a storage route followed by a kinematic wave

route.

Simulation of transmission losses.

30



CHANNEL ROUTING
CONSIDERATIONS

Number of routing steps.
NSTPS is generally equal to: L/(Vavg*NMIN)
The hydrograph attenuation associated with storage approximations based on
NSTPS can vary dramatically if a reasonable value is not selected. An
example is the channel reach downstream of sub-basin M from the Gila Bend
study:
Sub-Basin IM: Area = 2.19 sm, Q) = 2018 cfs, T, = 12.60 hours,
Routing Method = Normal depth, L = 28,600’, S = 1.7%, NMIN = 3 min.
NSTPS = 33 (correct), Qo0 = 1635 cfs, T, = 14.25 hours
NSTPS = 3 (incorrect), Qo0 = 1134 cfs, T, = 14.30 hours
Travel Time (correct) = 14.25-12.60 = 1.65 hours

NSTPS = 1.65*%60/3 min. = 33 steps.

Transmission losses.

A common error in applying this option is to neglect to provide a value in
field 4 of the RL record. This is the bottom elevation of the cross section
typical of the reach. Using the Gila Bend IM sub-basin example, the
following are the results if an error of this type is made:

PERCRT = Percolation rate in cfs/acre = 1.7

Q00 = 1635 cfs if applied correctly.
Q0 = 1749 cfs if applied incorrectly.

23|
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HYDROGRAPH OPERATIONS

1. Combining hydrographs.
2. Diverting hydrographs.

3. Routing hydrographs.
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MOON VALLEY WASH
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TYPICAL WATERSHED MODELING PROCESS

®  Preparation of base mapping.

®  Preliminary sub-basin delineation.

®  Field Reconnaissance.

®  Final sub-basin delineation.

®  Determine statistical parameters.

®  Determine physical parameters.
Sub-basin areas.
Time of Concentration and Lag Time.
Rainfall losses.
Landuse and terrain classifications.
Routing parameters.

®  Prepare routing diagram.

® Prepare HEC-1 input file.

® Debug and calibrate model.

®  Final report.
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Table 10.1

HEC-1 Input Data Identification Scheme

Data
Cateqory

Job |Initialization

Variable Output Summary

Optimization

Job Type

Job Step Control

Hydrograph Transformation

. Hydrograph Data

Basin Data

Precipitation Data

Loss Rate Data Function

Unit Hydrograph Data

Record

Identification

ID
IT

IM
10
IN

VS
2%

Oou
OR
(O]
00

JP
JR
JD

KK
KM
KO
KF
KP

HC
HQ/HE
HL
HS
HB

QO
Ql

Qs
QP

BA
BF
BR
BI

PB

PI

PC
PG
PI/PC
PR

Description of Data

Job IDentification

Job Time Control

Metric Units

General Qutput Controls

Time Control for Input Data Arrays

Stations to be summarized
Variables to be summarized

Unit Graph and Loss Rate Controls
Routing Controls

Flood Control System Optimization
System Optimization Objective Function

Multi-Plan Data
Multi-Ratio Data
Depth-Area Data

Stream Station Identification
Alphanumeric Message Record
Output Control for This Station
Format for Punched Output
Plan Number

Combine Hydrographs

Stage (Elevation)/Discharge Rating Curve
Local flow computation option

Initial Storage for Given Reservoir Releases
Hydrograph Balance Option

Observed Hvdrograph
Direct Input Hydrograph
Stage Hydrograph
Pattern Hydrograph

Basin Area

Base Flow Characteristics

Retrieve Runoff Data from ATODTA File
Input Hydrograph from Prior Job

Basin-Average Total Precipitation
Incremental Precipitation Time Series
Cumulative Precipitation Time Series
Gage Storm Total Precipitation
Incremental/Cumulative Precipitation Time Series for Recording Gage
Recording Gages to be Weighted

Storm Total Gages to be Weighted
Weightings for Precipitation Gages
Hypothetical Storm's Return Period
Probable Maximum Precipitation Option
Standard Project Precipitation Option

HEC's Exponential Rainfall Loss Rate Function
HEC's Exponential SnowMelt Function

Initial and Uniform Rates

SCS Curve Number

Holtan's Function

Green and Ampt Loss Rate

Direct Input Unit Hydrograph

Clark Unit Hydrograph

Snyder Unit Hydrograph

SCS Dimensionless Unit Hydrograph

Time-Area Data

Kinematic Cverland

Kinematic Wave Channel (collector, main)
Muskingum-Cunge "Diffusion” channel (collector, main)
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. Table 10.1
HEC-1 Input Data Identification Scheme (continued)

Data Record
Category Identification Description of Data
Melt Data MA Zone Area and Snow Content Data
MC Melt Coefficient
MD Dewpoint Data
MS Solar Radiation Data
MT Temperature Data
Mw Wind Data
Routing Data RN No Routing for Current Plan
RL Channel Loss Rates
RD Muskingum-Cunge “Diffusion" channel
RK Kinematic Wave Channel
RM Muskingum Parameters
RT Straddle/Stagger Parameters
RS Storage Routing Option, follow with SV and SQ records if Modified
Puls is used
RC Channel Characteristics for Normal Depth Storage Routing
RX Cross-Section X Coordinates
RY Cross-Section Y Coordinates
Storage Routing Data SL Low-Level Outlet Characteristics
ST Top of Dam Characteristics
SwW Width/Elevation for Non-Level Top of Dam
SE Geometry
SS Spillway Characteristics
SGO Gee or Trapezoidal Spillway Option
SQ Discharge/Elevation Tailwater Rating
SE Curve for SG record
sV Reservoir Volume
sQ Discharge,
SA Surface Area, and
SE Water Surface Elevation Data
SB Dam Breach Characteristics
SO Optimization Parameters
SD Cost § Function Corresponding to SV Data
Diversion Data DR Retrieve Diverted Flow
DT - Flow Diversion Characteristics
DI Variable Diversion Q as Function of
DQ Inflow
DO Diversion Size Optimization Data
DD Cost $ Function for Diversion
Pumping Withdrawal Data WP Pump Characteristics
WR Pump flow Retrieval
wo Pump Size Optimization Data
wC Capacity Function for Pump
WD Cost § Function for Pump
Flood Damage Data EC Identifies Flood Damage Option
CN Damage Category Names
PN Plan Names
WN Watershed Name
TN Township Name
WT Watershed and Township Location
FR Frequency Data
QF Discharges for FR data
For Each SF Stages for Rating Curve with QS
Damage Reach Qs Discharges for SQ data
SD Stages for Damage Data, DG
QD Discharges for Damage Data, DG
DG Damage Data
EP End of Plan Identifier
End of Job zZ Required to end job
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10.3 Hydrologic/Hydraulic Simulation Options

The HEC-1 program has a number of alternative methods available for
simulating some aspects of the hydrologic/hydraulic processes (as referred to
in the center column of Table 10.2). The different methods were also noted in
the several data types available for one data category. For example, loss
rates may be calculated by any of 5 different methods: exponential,
initial/constant, SCS, Green and Ampt or Holtan. The general sequence of
model building operations was shown in Figure 10.1.

Subbasin
Runof £

Combining

Routing

Card ID Description
1D Title
IT Time interval and beginning time
(0] Output Control option for whole job
KK Subbasin A
RunofT BA Area
from BF Baseflow
Subbasin pP_ Select precipitation method, use IN il necessary
A L_ Sclect one loss rate method
U_ Sclect one rainfall excess transformation method
KK
Subbasin BA Similar to above for Subbasin A
runofl B BF
P_L,U_
KK Station Name
Combine KM Combine runoff from A and B (message option)
A+ B HC Indicate 2 hydrographs are to be combined
Route KK Station name
(A+B) RL Channel loss optional
to C R_ Select one routing method
KK
Subbasin BA Similar to above for Subbasin A
C runofT BF
P_L.U_
Combine Routed KK Station name
(A+B) with C HC Indicate 2 hydrographs are to be combined
KK
IN Compare computed and observed flows
QO
ZZ

Figure 10.1 Example Input Data Organization for a River Basin
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There are a number of methods available for specifying rainfall hyetographs
in the stream network computation as described in Section 3 and Table 10.4.
Historical gage data can be input to the subbasin runoff computation as shown
in Figure 10.2. The gage data consists of PG records for nonrecording gages
and PG and PI or PC records for recording gages. These data are usually
grouped toward the beginning of the data set before the first KK-record runoff
computation. Within each KK-record group, the (PR, PW) and (PT, PW) records
are used to specify which gages and corresponding weightings are to be used
for computation of that subbasin’s average precipitation. Note that a
recording gage can be used as both a storm total and a recording gage station.
This is indicated by using gage WEST of PT and PW records in Figure 10.2. 1If
the storm total value is not specified on the PG record for the recording
station (as is the case for the Figure 10.2 example), the program sums the
incremental values on the PI records to compute that wvalue.

lines delineating
areas pertaining
to rainfall gages

Symbols

o - Recording gage

o - Nonrecording gage

Total Rainfall

EAST - 4.8"
WEST - 3.5"
SOUTH - 4.2"
DATA INPUT
Card ID Data
ID
IT
PG EAST 4.8
Rainfall gage data PG SOUTH 4.2
PG WEST
PI .02 .05  ete recording gage
readings for storm
K]( 3-gage basin
BA 2.0
Gage weightings for PT WEST EAST SOUTH
basin-average total PwW 4 4 2
Gage weightings for PR WEST
basin-average recorder PwW 1
L
U

Figure 10.2 Precipitation Gage Data for Subbasin-Average Computation
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Table 10.4

Precipitation Data Input Options

Type of Storm Data Record Identification
Basin-Average Storm Depth and Time Series PB and/or (PI or PC)
Recording and Nonrecording Gages PG for all nonrecording gages

PG and (PI or PC) for all recording gages
PR, PW, PT, PW for each subbasin

Synthetic Storm from Depth-Duration Data PH

Probable Maximum Storm PM

Standard Project Storm PS

Depth-Area with Synthetic Storm JD, PH, or PI/PC
Table 10.5

Hydrograph Input or Computation Options

Type of Data
Inflows or Precipitation
Basin Arca
Base Flow

Loss Rate

Overland Flow Routing

Hydrograph Derivation Options and Records

Input
Hydrograph SAM* Unit Graph Kinematic Wave

QI P, M_ P, M_ P, M_

BA BR BA BA

s - BF BF
LE, LM, LU, LE, LM, LU,
LS, LG or LH LS, LG or LI
UI, UC, US, UK, RK or RD

UA or UD

* Spatial data management and analysis files
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Table 10.6

Runoff and Routing Optimization Input Data Options

Type of Data Runoff Optimization Routing Optimization
Optimization Control ou OR
Basin Characteristics BA, L, U_, and BF
Pattern Hydrograph QP
Observed Data P_, M, QO QL QO
Table 10.7
Channecl and Reservoir Routing Methods Input Data Options
(without spillway and overtopping analysis)
Modified Puls
Muskingum/ Given Storage Normal-Depth
Type of Data Muskingum-Cunge Outflow Storage Outflow Kinematic Wave
Routing Control RM/RD RS RS RK
Storage Discharge Relationships - SV/sQ* - --
Rating-Curve - SQ/SE* - -
Channel Hydraulic Characteristics  /RC, RX, RY** - RC, RX, RY RK

* These data may be computed from options listed in Table 10.8

**Optional for Muskingum-Cunge
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Table 10.8

Spillway Routing, Dam Overtopping, and Dam Failure
Input Data Options

Type of Data

Routing control
Rating curve input

Reservoir Area-Storage-Elevation
Spillway and Low Level Outlet Specs
Trapezoidal and Ogee Specs & Tailwater
Dam Overtopping Data

Dam Failure Data

*Breach Outflow Submergence

Type of Spillway Analysis

Given

Rating Curve
RS
SQ, SE
SA or SV, SE

SS (first field
only)

ST**
SW, SE#*=**

SB*

SQ, SE or
RC, RX, RY

Weir
Coefficients

RS, SS

SA or SV, SE

SS, SL

ST**
SW, SE

SB*

SQ, SE or
RC, RX, RY

Trapezoid
RS, SG

SA or SV,
SE

SS
SG, SQ,
SE

ST**
SW, SE

SB*

SQ, SE or
RC, RX, RY

Ogee
RS, SG

SA or SV,
SE

SS
SG, SQ,
SE

ST**
SW, SE

SB*

SQ, SE or
RC, RX, RY

*

Used for dam failure only, SB and ST Records required for dam failure.

** Required to obtain special summary printout for spillway adequacy and dam overtopping (ID only).

*** The SW, SE are used for non-level to
discharges computed with the above o

* Must follow SB record, specifies downstream channel rating curve.

p of dam. The discharges computed with this option are added to
ptions.
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Table 10.9

Flood Damage Analysis Input Data Options

Type of Data
Economic Analysis Delimiter
Damage Reach ID
Damage Category
Flow Frequency & Flow Damage Data

Stage Frequency & Stage Damage Data

Record Identification
EC
KK

CN, WN*, PN*, TN*

FR, QF, DG, QD, or
FR, QF, SQ, QS, DG, SQ

FR, SR, DG, SD or
FR, SF, SQ, QS, DG, QD

* Optional records

Table 10.10

Flood Control Project Optimization
Input Data Options

Stream Network Data Economic Data

Local Protection

Type of Data Pump Reservoir  Diversion Project
Optimization (DN
Target Pcnalty 00
Discount Factor + Size Constraint woO SO DO LO
Cost WC, WD SD* DC, DD LC, LD
Damage Pattern DU, DL
DP

Degree of Protection

* Used with SE, SA or SV records for storage routing
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Table 10.11

Hydrograph Transformation, Comparisons and 1/0

Combination

Adjust Hydrograph Ordinates

Local Flow

Compute Storage, Given Reservoir Releases
Compute Stage

Compare with Observations

Write to Disk

Read or Write from Scratch Files

Transformation Comparison
HC
BA or HB
HL, QO
HS, QO
*HQ, HE
QO or HL

1/0

*KO, KF
*KO or BI

* The use of these options must be in combination with some other hydrograph computation
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Error No.

1

10

11

12

13

14

15

Table 11.1

HEC-1 Error Messages

Message

NUMBER OF ORDINATES CANNOT EXCEED xxx.

Number of ordinates, NQ, on IT record must be reduced to the stated limit.

(NPLAN*NTRIO) CANNOT EXCEED Xxx AND (NPLAN*NTRIO*NQ) CANNOT
EXCEED xxx.

Number of plans, ratios, or hydrograph ordinates must be reduced to stated limit.

NO HYDROGRAPH AVAILABLE TO ROUTE.

No hydrograph has been given to initiate network diagram.

TOO MANY HYDROGRAPHS. COMBINE MORE OFTEN.

Space for stream network diagram is limited, so maximum number of branches is limited
to 9.

TRIED TO COMBINE MORE HYDROGRAPHS THAN AVAILABLE.

Network diagram has fewer branches than are to be combined at this point.

DIMENSION EXCEEDED ON RECORD NO. nn **xx RECORD **,

Too many values were read from given record. Check input description.

xx RECORD ENCOUNTERED WHEN yy RECORD WAS EXPECTED
FOLLOWING RECORD NO. nnn.

Record No. nnn indicated that the next record would be a yy record, but an xx record
was read instead. A record may be missing or out of sequence.

QF OR SF RECORD MISSING.

New flow- or stage-frequency data are required for each damage reach.

QD OR SD RECORD MISSING.

New flow- or stage-damage data are required for each damage reach.

SQ RECORD MUST PRECEDE QS RECORD.
See Input Description.

SQ AND/OR QS MISSING.

A stage-flow curve is required to convert flows to stages or vice versa.

FIRST PLAN AT EACH STATION MUST BE PLAN 1. (EP-RECORD MAY
BE MISSING).
Damage calculations assume that PLAN 1 is the existing condition. Frequencies are given
for PLAN 1 and flows for the other plans produced by the same ratio are assumed to have
the same frequencies. See Section 8 of Users Manual.

PEAK FLOW/STAGE DATA FOR LOCATION xxxxx NOT FOUND.

Station name on KK record is not the same as station name used in hydrologic
calculations. When an SF record is used, peak stages must have been calculated in the
hydrologic portion of HEC-1.

INSUFFICIENT DATA FOR STORAGE ROUTING.

May also indicate redundant data. Storage routing requires storage and outflow data.
With some options stages are required. See Input Description.
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Subroutine

INPUT

OUTPUT

OUTPUT

PREVU

PREVU

PREVU

ECONO

ECONO

ECONO

ECONO

ECONO

ECONO

ECONO

ECONO

RESOUT



Error No.

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Table 11.1
HEC-1 Error Messages (continued)

Message
ARRAY ON RECORD NO. nnn (xx) EXCEEDS DIMENSION OF KK.

Attempted to read more data from xx record than was dimensioned in program.

NUMBER OF PUMPS EXCEEDS nn--RECORD NO. ***** IGNORED.
Attempted to read more pump data than dimensioned. For muitiplan runs, number of
pumps can be reset to zero by reading a blank WP record.

NO TOTAL-STORM STATION WEIGHTS.

Weighting factors are required to average total storm precipitation.

NO RECORDING STATION WEIGHTS.

Weighting factors are required to average temporal distribution of precipitation.

PRECIPITATION STATION xxxxx NOT FOUND.

Station name given on PR or PT record does not match names given on PG records.

TIME INTERVAL TOO SMALL FOR DURATION OF PMS OR SPS.
Standard project storm has a duration of 96 hours. Probable maximum storm duration
varies from 24 to 96 hours, depending on given data. The given combination of time
interval and storm duration causes the number of ordinates to exceed the program
dimensions. Use a larger time interval or shorter storm.

NO PREVIOUS DIVERSION HYDROGRAPHS HAVE BEEN SAVED.

Attempted to retrieve a diversion hydrograph before the diversion has been computed.

DIVERSION HYDROGRAPH NOT FOUND FOR STATION xxxxx.

Station name on DR record does not match names given on previous DT records.

INITIAL VALUES OF TC AND R.
For optimization run, given values of TC and R on UC record must both be positive or
both negative.

STATION xxxxx NOT FOUND ON UNIT nn.

Station name on Bl record does not match names of hydrographs stored on unit nn.

SPILLWAY CREST IS ABOVE MAXIMUM RESERVOIR ELEVATION.
Program cannot compute spillway discharge. Maximum reservoir elevation is assumed
to be highest stage given with storage data.

VARIABLE NUMBER (nn) EXCEEDS SIZE OF VAR ARRAY.
Variable numbers given on DO. SO, WO. and LO records must be in the range 1-10.

HYDROGRAPH STACK FULL. COMBINE MORE OFTEN.
Storage space for hydrographs is full. Required storage can be reduced by using more
combining points in the stream network.

ONLY ONE DATA POINT FOR INTERPOLATION.
Program cannot interpolate from one piece of data. Mcre ratios or frequencies are
required for damage calculations.

X VALUES ARE NOT UNIQUE AND/OR INCREASING FOR CUBIC SPLINE
INTERPOLATION.

The cubic spline interpolation routine requires that the independent variable be unique
and monotonically increasing, i.e.. X, X, for al! j.

xx RECORD MUST FOLLOW yy RECORD (INPUT LINE NO. nn).
An xx record was expected to be after the yy record. See Input Description for xx and
yy records. nn is sequence number of yy record.

Subroutine

REDARY

INPUT

BASIN
BASIN
BASIN

BASIN

DIVERT
DIVERT

INVAR

READQ

RESOUT

SETOPT

STACK
AKIMAI

AKIMA

INPUT
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32

33

34

35

37

38

39

40

Table 11.1
HEC-1 Error Messages (continued)

Message

NUMBER OF STORAGE VALUES AND NUMBER OF OUTFLOW VALUES ARE
NOT EQUAL.

Number of values given on SA or SV records must be the same as the numper of flows
on the SQ record unless elevations (SE record) are given for both storage and outflow.
The number of values is determined by the last non-zero value on the record.

PLAN NUMBER (nn) ON KP-RECORD (NO. ii) IS GREATER THAN
NUMBER OF PLANS (mm) DECLARED ON JP-RECORD.

Number of plans for this run is declared on JP record. Plan number must be a positive
integer less or than equal to value on JP record.

HYDROGRAPH STACK IS EMPTY.
Attempted to combine more hydrographs than have been saved (HC recora), or attempted
to route an upstream hydrograph when no hydrographs have been saved (e.g., RK record
with "yes" option in kinematic wave runoft). Use *DIAGRAM record to check stream
network.

PLAN NUMBER nn (ON KP-RECORD NO. iii) HAS ALREADY BEEN
COMPUTED FOR STATION XXXXXXXXX.

Duplicate plan numbers may not be used within a KK record segment of the input set.
The plan number is set to 1 when a KK record is read. Only K_or I_record may be present
between the KK record and a KP record for PLAN 1. This does not preclude the first KP
record from being for any other plan (see Input Description for KP record).

ACCUMULATED AREA IS ZERO. ENTER AREA FOR COMBINED
HYDROGRAPH IN FIELD 2 OF HC-RECORD.

Basin area for a combined hydrograph was calculated as zero. This will result in an error
when computing an interpolated hydrograph for the depth area option (JD-Record). Basin
area to be used to calculate the interpolated hydrograph should be entered in Field 2 of
the HC Record.

OPERATION CANNOT BE DETERMINED FROM RECORDS IN KK-RECORD
GROUP BEGINNING WITH RECORD NO. XXX.

The records specified in a KK-record group were not complete and it is likely that data
needs to be specified on additional records.

X-COORDINATE **** |S NEGATIVE

The station distance values on the RX record must be greater than zero.

CROSS-SECTION X-COORDINATES ARE NOT INCREASING **** xxx»
The station distances on the RX record must increase from the beginning station (left
overbank) to the ending station (right overbank).

CATEGORY NUMBER ON DG-RECORD IS NOT IN RANGE 1 TO XXX

Number of categories, ICAT, must be less than or equal to ten.
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HEC-1 Input Description

Introduction

1 Introduction

1.1 Organization of this Input Description

This input description is organized into three major types of data: 1) job
description and initialization data, 2) hydrograph calculation data, and 3)
economic analysis data. This corresponds to the general sequence of data
necessary to build the digital model of a river basin as described in the next
subsection on Input Data Structure.

The first group (pages A-6 through A-18), JOB DESCRIPTION AND
INITIALIZATION DATA, begins with the I records and goes through the V records.
The ID and IT records are required and are described first. The other records
are optional and are described in a recommended input sequence, i.e., I, J, O,
V records as desired.

The second group (pages A-19 through A-97), HYDROGRAPH CALCULATION DATA,
comprises all of the data necessary to simulate the various river basin
processes. The input data in this group are organized ALPHABETICALLY,
beginning with the B records and ending with the W records. The required and
recommended order to input these data are described in the next subsection,
Input Data Structure.

The third group (pages A-98 through A-112), ECONOMIC ANALYSIS DATA,
consists of data to be supplied after all of the hydrologic and hydraulic
calculations are completed. These data are optional and begin with the EC
record and are organized in the recommended sequence of input.

The last record described is the REQUIRED ZZ RECORD, page A-113, to end the
job.
1.2 Input Data Structure

The input data set is divided into three sections - job description and
initialization data, hydrograph calculation data, and economic analysis data.

The first section begins with an ID record. This section contains an
alphanumeric description of the job, sets the job type, output control, time
interval and time span, and the type of units to be used.

Section two contains data for calculating hydrographs. Each hydrograph
calculation begins with a KK record, and the records following the KK record

provide information on how the hydrograph is to be calculated.

The third section begins with an EC record. All data following the EC
record are for calculation of expected annual damages.

A-1



. HEC-1 Input Description
Input Data Structure

Finally the job is terminated by a ZZ record. Data for a new job beginning
with an ID record may follow immediately after the ZZ record.

The record sequence for a typical job is shown. A dash, -, is used to
indicate the second character of a record identification which will be
selected at the option of the user.

1D Job identification
IT Time specification
I-% Additional initialization data
J-% Job type
0-* Optimization
. VV* VS* Variable output summary tables
KK Hydrograph computation identification

)
)
KK-record groups describing RUNOFF, )
ROUTING, COMBINING, etc., components )
are repeated as necessary to simulate )
the processes and connectivity of a )
river basin. See following pages. )

NN AN AN AN AN AN

EC* Economic data identification
(See section on economic data)

YA End-of-job record

*Optional records




HEC-1 Input Description
Input Data Structure

Data input for RUNOFF calculations will be retained and used for subsequent
runoff calculations until new data are read. Thus the data used in
calculating runoff need only be read once, unless they are to be changed for a
new basin. A typical record sequence for computing subbasin rainfall-runoff
is:

( KK Hydrograph computation identification )
( )
( BA Basin area )
( )
( BF* Base flow data )
( )
( P- Precipitation data )
( )
( L- Loss data )
( )
( U- Unit graph or kinematic wave data )
( KK Hydrograph computation identification )
( )
( BA )
( )
( BF* If BF, P-, L-, U-records )
( )
( pP-* do not appear, data from )
( )
( L-* previous calculation will )
( )
( U-* be used. )
( KK Etc. )

For hydrograph ROUTING the record sequence is:

KK Hydrograph computation identification

Routing option

AN AN AN AN
[
s N N

S-x* Reservoir data or dam-break analysis

*Optional records



HEC-1 Input Description
. Input Data Structure

For DIVERSIONS the record sequence is:

( KK Hydrograph computation identification )
( ) |
( DT Diversion identification )
( )
( DI Inflow to diversion point )
( )
( DQ Diverted flow )
( KK Etc., for other parts of stream )
( network )
( KK Hydrograph computation identification )
( )
I ( DR Retrieve diversion hydrograph )
( KK Etc., for routing/combining of return )
( flow )

Each input record is described in detail on the following pages.
Variable locations on each record are shown by field numbers which indicate
the relative position of the data on the record.

When data are entered in FIXED FORMAT the record is divided into ten
fields of eight columns each, except field one. Variables occurring in field
one may only occupy columns 3-8 because columns 1 and 2 are reserved for the
record identification characters. Integer and alphanumeric values must be
right justified in their fields.

Data may also be entered in FREE FORMAT where fields are separated by
a comma or one Or more spaces. Successive commas are used to indicate blank
fields. When entering time series data (flow, precipitation, etc.), more (or
less) than 10 values can be placed on a record.




HEC-1 Input Description
Input Control Records

1.3 Input Control Records

The following records may be used to control the format and printing of
the input data. An input comment record is also described which may be
inserted anywhere in the input data stream.

RECORD IDENTIFICATION DESCRIPTION OF INPUT CONTROL

*LIST Causes echo print of input data following
this record until a *NOLIST record is
encountered. *LIST is the default
assumption.

*NOLIST Stops echo print listing of input data
until a *LIST record is encountered.

*FREE Indicates a free format will be used for
the input following this record and before
a *FIX record is encountered. Fields may
be separated by a comma or by one or more
spaces. Successive commas would indicate
blank fields. When entering time-series
data (flow, precipitation, etc.), more (or
less) than 10 values may be placed on a
record. Default is fixed format.

*FIX Indicates a standard HEC fixed format (10
8-column fields) will be used for the data
following this record and before a *FREE
record is encountered. Default is fixed
format.

* This is a COMMENT record that is printed
only with the input echo listing. The
comment occupies columns 3 through 80. Any
number of comment records may be inserted
at any point in the input data stream.

*DIAGRAM Causes a diagram of the stream network to
be printed. In multiple job runs this
option is reset so a diagram is generated
only for those jobs which contain this
record.

NOTE - The asterisk (*) must be in column 1 and followed by the remainder of
the identification. If column 2 is blank, it is assumed to be a COMMENT
record.



ID HEC-1 Input Description
Job Initialization (I Records)

2 Job Initialization (I Records)

The ID and IT records are required to begin the job. The other records
(IM AND IO) are only used if those options are desired.

24l ID Record - Job Title Information**

At least one ID record is required but any number may be used as desired
to title the output from this job. The title information is contained in
columns 3-80 inclusive and any characters or symbols may be used.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID ID Record identification.

1-10 ITLS AN Job title information.
**Required



HEC-1 Input Description I“.
Job Initialization (I Records)

2.2 IT Record - Time Specification**

The IT record is used to define time interval, starting date and time, and
length of hydrographs calculated by the program.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID IT Record identification.
1 NMIN + Integer number of minutes in tabulation

interval. Minimum value is one minute.

2 IDATE! + Day, month, and year of the beginning of
the first time interval (e.g., 17MAR78 is
input for March 17, 1978). Required to
specify pathname part D when using DSS.

3 ITIME! + Integer number for hour and minute of the
beginning of the first time interval
(e.g., 1645 is input for 4:45 pm).

4 NQ + Integer number of hydrograph ordinates to
be computed (300 maximum). If end date
and time are specified in Fields 5 and 6,
NQ will be computed from the beginning
and end dates and times.

5 NDDATE + Day, month, and year of last ordinate
(used to compute NQ).

6 NDTIME + Integer number for time of last ordinate
(used to compute NQ).

7 ICENT + Integer number for century of IDATE
(e.g., 1800, default 1900)

1CAUTION - IDATE and ITIME are the time of initial flow conditions. No runoff
calculations are made from precipitation preceding this time. The first
runoff computation is for the end of the first period (ITIME+NMIN); thus, the
first precipitation value specified should be for the precipitation that fell
between ITIME and ITIME+NMIN.

Use 3-character code for month: JAN, FEB, MAR, APR, MAY, JUN, JUL, AUG, SEP,

OCT, NOV, DEC. Use of any other code for month means this is not a date, and
days will be numbered consecutively from the given day. Default is day = 1

**Required



IN HEC-1 Input Description
Job Initialization (I Records)

2.3 IN Record - Time Interval for Input Data

The IN record is used to define time interval and starting time for time
series data which are read into the program on PC, PI, QO, QI, QS, MD, MS, MT
and MW records.

FIELD VARIABLE VALUE DESCRIPTION
1 JXMIN + Integer number of minutes in tabulation
interval.
2 JXDATE + Day, month, year at beginning of the

first time interval (e.g., March 17, 1978
is input as 17MAR78).

3 JXTIME + Hour and minute at the beginning of the
first time intexrval (e.g., 4:45 pm is
input as 1645).

If an IN record is not used the time interval and starting time for all time
series will be the values specified on the IT record.

IN records may appear anywhere (exception: not after JD and before PI) in
the input stream. The same time interval and starting time will be used for
all time series data until these values are reset by reading new values on an
IN record.

When time series data are read from PC, PI, QO, QS, QP, MD, MS, MT, or MW
records, values to be used by the program are computed using linear
interpolation to match the tabulation interval specified on the IT record.

For times preceding or following the given ordinates, the first or last
value is repeated as necessary to define NQ (IT-4) ordinates.

Data on PC, QI, QO, QP and QS records are instantaneous values. The first
value will occur at JXDATE and JXTIME.

Data on PI, MD, MS, MT and MW records are cumulative or average values
over a time interval. The first value on these records is for the time
interval beginning at JXDATE, JXTIME and ending at JXTIME + JXMIN.




HEC-1 Input Description IO
Job Initialization (I Records)

2.4 10 Record - Output Control

IM

The IO record is used to control output for the entire job. The KO record
may be used to change output control for each hydrograph calculation.

FIELD VARIABLE VALUE
Col 142 1D I0
1 IPRT 0,1,2
3
4L
5
2 IPLT 0,1
2
3 QSCAL 0 or,
Blank
+
2.5 IM Record - Metric Units

This record is required if input
No ot

with IM beginning in column 1.
used.

DESCRIPTION
Record identification.
Print all output.

Print input data and intermediate and
master summaries.

Print input data and master summary.

Print job specification and master
summary only.

No printer plots for entire job unless
overridden temporarily by a KO record for
any station operation.

Plot every computed hydrograph for entire
job unless overridden by a KO record for
any station.

Program will choose scale for streamflow
plots.

Desired scale for streamflow plots in
units per ten printer characters (e.g.,
one hundred for one hundred cfs per ten
characters).

is in metric units. Include one record
her fields on the record are presently
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Job Type Option (J Records)

3 Job Type Option (J Records)

J records are required only if one of the following special jobs is
desired.
3.1 JP Record - Multiplan

Required only if more than one plan is being analyzed or if performing
single event damage.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID JP Record identification.
i NPLAN' + Number of plans desired (NPLAN = 1 for

single event damage calculation).

NOTE: The product NPLAN*NRATIO (NRATIO is the number of ratios as defined on
JR record) cannot exceed forty-five. The product NPLAN*NRATIO*NQ (NQ defined
on IT record) cannot exceed 4,800. These limits may be changed if the
dimensions are changed as noted in the HEC-1 Programmers Manual.

'Must be greater than or equal two for economic analysis.




HEC-1 Input Description J R
Job Type Option (J Records)

3.2 JR Record - Multiratio

Required only if multiple ratios are desired for each plan. If performing
single event damage then a single ratio may be used.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID JR Record identification.
1 IRTIO PREC Indicates ratios are to be taken of

precipitation (default).

FLOW Indicates ratios are to be taken of
runoff.
2 RTIO(1) + Ratio by which all hydrograph or

precipitation ordinates of each subarea
are to be multiplied for all plans.

3 RTIO(2) + Same as above for up to nine ratios as

desired. Ratios must be in ascending
order for use in economic calculations.
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JD HEC-1 Input Description
Job Type Option (J Records)

3.3 JD Record - Depth/Area Storm

Required only if stream system is to be simulated using a consistent
depth/area relationship. Each JD record may be followed by a set of PC or PI
records giving the precipitation pattern to be used for that depth and area.
If no pattern is given following any of the second through ninth JD records,
the previous pattern will be used. A maximum of nine depth-area storms
(maximum of nine JD records) may be used.

Precipitation patterns may be generated using the hypothetical storm
option. The convention for specifying hypothetical storms with a JD, PH
record combination is somewhat different than for gage rainfall (i.e. with PI
or PC records). 1In this case only a single PH record following the first JD
record is required for all depth area storms. The variable PNHR(I) on the PH
record (see page A-51) specifies the depth duration data for point rainfall.
This point rainfall may be adjusted for a partial to annual series correction
(variable PFREQ on the PH record) and for a point to areal rainfall correction
(see page 13 in this manual). The areal correction is made by using the value
TRDA on the JD record in place of the variable TRSDA on the PH record.
Consequently, a different storm is obtained by applying the areal correction
for the area specified on the JD records to the point precipitation. The
total storm depth is obtained from the adjusted rainfall on the PH record and
need not be specified as STRM on the JD record.

FIELD VARTIABLE VALUE DESCRIPTION
Col 1+2 ID JD Record identification.
1 STRM + Average precipitation in inches (mm). Not

required with hypothetical storm.

2 TRDA + Area in square miles (sq km).




HEC-1 Input Description OU
Optimization Option (O Records)

4 Optimization Option (O Records)

4.1 OU Record - Unit Graph and Loss Rate Optimization1

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 1D ou Record identification.
1 IFORD 0,1 or Begin optimization at first simulated
Blank value.
+1 Begin optimization at Ith simulated
value.
2 ILORD 0, or End optimization at last simulated value.
Blank
+1 End optimization at Ith simulated value.
4.2 OR Record - Routing Optimization
FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID OR Record identification.
1 IFORD 0,1 or Begin optimization at first simulated
Blank value.
+1 Begin optimization at Ith simulated
value.
2 ILORD 0, or End optimization at last simulated value.
Blank
+1 End optimization at Ith simulated value.

177 record at the end of each optimization required if summary of multiple
optimizations are desired.
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BF HEC-1 Input Descripticn
‘ Basin Runoff Data (B Records)

6.2 BF Record - Base Flow Characteristics

Base flow parameters (STRTQ, QRCSN, and RTIOR) will be assumed equal to
zero unless this record is supplied. Once this record is supplied, all
following subbasins will be assumed to have these values unless overridden by
another BF record.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID BF Record identification.
1 STRTQ + Flow at start of storm in cfs (cu m/s).
Will be receded in same manner as QRCSN
below.

- When negative, this is cfs/sq mi (cu
m/s/sq km) which will be multiplied by
subbasin area, TAREA, to determine STRTQ.

2 QRCSN + Flow in cfs (cu m/s) below which base
‘ flow recession occurs in accordance with
the recession constant RTIOR. QRCSN is
that flow where the straight line (in
semilog paper) recession deviates from
the falling limb of the hydrograph.

- When negative, it is the ratio by which
the peak discharge is multiplied to
compute QRCSN.

3 RTIOR + Ratio of recession flow, QRCSN to that

flow occurring one hour later. Must be
greater than or equal to one.

NOTE - The definition of RTIOR has been changed from the 1973 version of
HEC-1. The old value is QA/QB in the following equation:

New RTIOR = (QA/QB)**(1/DT)

Where QB is a recession flow occurring DT hours after recession flow QA.




HEC-1 Input Description B'
Basin Runoff Data (B Records)

6.3 BI Record - Read Hydrograph from a File

A BI record is used to identify a hydrograph on a file created earlier by
HEC-1. The hydrograph is read from this file and converted to the time
interval and starting time for the current job.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID BI Record identification.
1 ISTA AN Station name for hydrograph to be read

from file on unit IQIN (default is ISTAQ
on KK record).

2 IQIN 21 or 22 Unit number (specify 21 or 22) for file
which contains HEC-1 data to be retrieved
from a previous simulation. This option
allows HEC-1 to be restarted from the
point where a previous simulation saved
the HEC-1 data via the IOUT option on the
KO record, Field 5.



MT
MS

HEC-1 Input Description
Snowmelt Data (M Records)

11.3 MT Record - Temperature Time Series

These data are required for any snowfall/melt simulation. See IN record
description for discussion of time interval and number of values.

FIELD VARIABLE
Col 1+2 ID
1 TEMPR(1)
2 TEMPR(2)
3 TEMPR(3)

VALUE

MT

+

DESCRIPTION
Record identification.
Air temperature for first interval in
degrees F (°C) at bottom of lowest
elevation zone. Will be adjusted to each

zone by use of TLAPS (MC-1).

Air temperature as above for second
interval.

Etc.

11.4 MS Record - Energy Budget Shortwave Radiation

The MS, MD, and MW records are only used for the energy budget snowmelt
simulation. See IN record description for discussion of time interval and

number of values.

FIELD VARIABLE
Col 142 ID
1 SOL(1)
2 SOL(2)
3 SOL(3)

VALUE

MS
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DESCRIPTION
Record identification.

Shortwave radiation in Langleys during
first interval.

Shortwave radiation during second
interval.

Etc.




HEC-1 Input Description M [’
Snowmelt Data (M Records)

11.5 MD Record - Energy Budget Dew Point

The MS, MD, and MW records are only used for the energy budget snowmelt
simulation. See IN record description for discussion of time interval and
number of values.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 1D MD Record identification.
1 DEWPT(1) + Dew point during first interval in

degrees F (°C) at bottom of lowest
elevation zone. Will be adjusted to each
zone by use of 0.2 TLAPS (MC-1).

2 DEWPT(2) + Dew point as above for second interval.

3 DEWPT(3) + Etc.

11.6 MW Record - Energy Budget Wind Speed

The MS, MD, and MW records are only used for the energy budget snowmelt
simulation. See IN record description for discussion of time interval and
number of values.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID MW Record identification.
1 WIND(1) + Wind speed in mi/hr (km/hr) at fifty feet

(fifteen meters) above surface, average
for basin during first interval.

2 WIND(2) + Wind speed as above for second interval.

3 WIND(3) + Etc.
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‘ Precipitation Data (P Records) |

12 Precipitation Data (P Records)

Precipitation data can be input as either precipitation gage data or
subbasin-average precipitation.

A typical record sequence for GAGE data is as follows:

ID
IT Etc., for job initialization
PG Non-recording gage (total storm precipitation)
PG Non-recording gage (total storm precipitation), etc.
PG This is a recording gage if the PG record is followed
by PI or PC records.
PI
KK Subbasin runoff computation
BA
o o
( PT Specification of stations and weightings for )
( PW computation of the storm total precipitation )
( PR and its time patter for this subbasin. If )
( PW recording stations are to be used in the )
( computation of subbasin-average TOTAL )
( precipitation, their gage identification must )
( also be on the PT record. )
I.=
U-
KK Etc.

PG and PG+PI/PC record combinations can be included at any point in the data
set following the IT record. It is usually convenient to group them together
as a precipitation data bank before the first KK record. Different storms can
then be simulated by simply inserting different data banks, as long as the
gage identification and weightings are the same.

Subbasin-average precipitation can be specified using historical storm
data (PB and PI/PC records) or synthetic storm data (PM, PS or PH records).
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HEC-1 Input Description
Precipitation Data (P Records)

12 Precipitation Data (P Records) (continued)
A typical record sequence is as follows:
ID
IT

KK

PB Subbasin-average precipitation specified as
PI part of this subbasin runoff computation.

KK

PM, PS or PH Synthetic storm data for this subbasin.

Once precipitation data has been specified for a subbasin runoff
computation, those data will be used for subsequent runoff calculations until
changed by reading new precipitation data.




PB HEC-1 Input Description
Precipitation Data (P Records)

12.1 PB/PI/PC Records - Storm Total and Distribution Option
These records are used if the basin-average, storm total precipitation is

known along with a time pattern with which to distribute the storm total.
They must be included in the KK record group for a runoff calculation.

12.1.1 PB Record - Basin Average Precipitation

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID PB Record identification.
1 STORM 0 Total storm, basin-average precipitation

will be computed from values given on the
following PI or PC records.

+ Total storm, basin-average precipitation
in inches (mm). If this value is given,
the following PI or PC records’ values
for PRCPR will be used as a distribution
pattern for the STORM amount.




HEC-1 Input Description PI
Precipitation Data (P Records)

12.1.2 PI Record - Incremental Precipitation Time Series

PI records contain an incremental precipitation time distribution. They
are only used after a PG, PB or JD record which identifies the distribution.
The interval length and starting time for the first interval will be as
specified on the last IN record which has been read. The program reads all
consecutive PI records and interpolates incremental precipitation values for
the computation time interval and time period specified on the IT record. If
an IN record is not specified the parameters on the IT record will be used. A
maximum of 300 values can be specified on up to thirty records. A negative
one may be used to signify missing data when using more than one recording
gage in conjunction with PG records. The precipitation will be computed based
on the weighted average of the remaining stations.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID PI Record identification.
1 PRCPR(1) + Precipitation in inches (mm) during the

firs time interval identified on the
preceding IN record, i.e. from JXTIME (IN
record) to JXTIME+JXMIN.

2 PRCPR(2) - Etc.
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PT HEC-1 Input Description
Precipitation Data (P Records)

12.6.2 PT Record - Storm Total Stations to be Weighted

Basin-average total precipitation is computed as (WTR*PRCPN)/(SUM OF WTR)
for all stations used. Recording gages can also be used in this computation
of subbasin-average storm total precipitation; if used, their gage
identification must be specified on the PT record.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID PT Record identification.
1 ISTN(1) AN Alphanumeric station identification for

total storm station. Must correspond to
one of the station names on a previous PG
record.

2-10 ISTN(I) AN Etc., up to ten stations corresponding to
weightings on following PW record.

12.6.3 PW Record - Weightings for Precipitation Stations

This record is used to specify weights to be assigned to precipitation
gages. If used, this record must follow immediately after a PR and/or PT
record. If no PW record is used, each gage on the PR or PT record will have
the same relative weight.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID PW Record identification.
1 WTR(1) + Relative weight in any units for the

station name specified in Field 1 on the
previous PR or PT record.

2-10 WTR(I) + Etc., corresponding to stations on
previous PR record and/or PT record.

A-58




HEC-1 Input Description QO
Hydrograph Time-Series Data (Q Records)

13 Hydrograph Time-Series Data (Q Records)

These records contain hydrograph time series data. The first value on the
record is at the starting time specified on the previous IN record.
Subsequent values are spaced at the time interval specified on the IN record.
The program reads all consecutive Q records and interpolates values for the
computation time interval and time period specified on the IT record. If the
computation time period extends before or beyond the Q data supplied, the
first or last value will be repeated as necessary to produce a hydrograph for
the full time period.

13.1 QO Record - Observed Hydrograph

These records are used to input an observed hydrograph for an optimization
job (OU or OR records) or for comparing the computed with an observed flow at
any point in a river network. For optimization jobs, QO records are included
in the data for runoff calculation. For comparison of hydrographs, QO records
are separated from other data with a KK record.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID Qo Record identification.
1 Q0(1) + Observed flow in cfs (cu m/s) at the

beginning of the first period.

2 Q0(2) + Etc.
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12.4

Thi

HEC-1 Input Description
Precipitation Data (P Records)

PM Record - Probable Maximum Precipitation (Eastern United States)

s record is used for automatic computation of a Probable Maximum Storm

(PMS) according to the outdated Hydrometeorological Report No. 33. This

capabil
accordi

NOTE -

FIELD

Col 1+2

ity has been retained in HEC-1 to allow recomputation of hydrographs
ng to the old HMR No. 33 method.

Hydrometeorological Report No. 33 has been superseded by HMR No. 51 and
No. 52. Computer program HMR52 (HEC, 1984) may be used to calculate

PMS hyetographs.

VARIABLE VALUE DESCRIPTION
ID PM Record identification.
PMS + Probable maximum index precipitation from

HYDROMET Report 33.

TRSPC 0 TRSPC defaults to the Hop Brook factor
(reference EC-1110-2-163). The
adjustment is automatically made by the
program. The precipitation is adjusted
based on drainage area size using the
following criteria.

HOP Brook Adjustment Factor

Drainage Area Precipitation Adjustment

sq mi Reduction Factor
1000 10 .90
500 10 90
200 10 .89
100 13 .87
50 15 -85
10 OR LESS 20 .80
+ Direct input of the transposition

coefficient as desired (use 1.0 if no
adjustment is desired).




HEC-1 Input Description PM
Precipitation Data (P Records)

12.4 PM Record - Probable Maximum Precipitation (continued)

FIELD VARIABLE VALUE
3 TRSDA 0
+
4 SWD NO
YES
5 R6 +
6 R12 +
7 R24 +
8 R48 +
9 R72 +
10 R96 +

DESCRIPTION
Defaults to TAREA (BA-1).

Drainage area in square miles (sq km) for
which storm is transposed.

Transposition drainage area is used to
compute the storm reduction coefficient
(TRSPC) for probable maximum storm.

TRSDA may be different from the actual
subbasin area TAREA (BA-1). Example: It
is desired to center a PMS over a five
hundred square miles watershed and
calculate the corresponding runoff for a
two hundred square mile subbasin of that
vsatershed. For this condition TAREA=200
and TRSDA=500.

Precipitation will be distributed
according to EM 1110-2-1411 (default).

Precipitation will be distributed
according to Southwestern Division

criteria (see Table 3.1, page 11).

Maximum 6-hour precipitation in percent
of index PMS.

Maximum 12-hour percentage of PMS.
Maximum 24-hour percentage of PMS.

Maximum 48-hour percentage of PMS
(optional).

Maximum 72-hour percentage of PMS
(optional).

Maximum 96-hour percentage of PMS
(optional).

Duration of the computed PMS will correspond to the last non-zero percentage
entered. Minimum duration is twenty-four hours.



P H HEC-1 Input Description
Precipitation Data (P Records)

12.3 PH Record - Hypothetical Storms

These records are used to compute a hypothetical storm over a subbasin.
The total storm will be automatically distributed according to the specified
depth/duration data. A triangular precipitation distribution is constructed
such that the depth specified for any duration occurs during the central part
of the storm.

The duration of the storm will be the duration for the last non-zero depth
which is specified. The first non-zero depth specified will be the most
intense portion of the storm. Depths must be specified for all durations
between these limits.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 1D PH Record identification.
1 PFREQ 50,20, Storm frequency in percent. Rainfall
10 will be converted to annual-series

rainfall for fifty, twenty, and ten
percent storms. No conversion is made
for any other frequency (see Table 3.3,
page 13).

Blank No conversion is made from
partial-duration to annual series.

2 TRSDA + Storm area to be used in computing
reduction of point rainfall depths per
TP-40.
0, or Basin area from BA record will be used to
Blank compute reduction of point rainfall

depths, for the stream network option or
from the JD record (TRDA) for the depth
area option.

3 PNHR(1) + S-minute duration depth for PFREQ storm.
4 PNHR(2) + 15-minute duration'depth for PFREQ storm.
5 PNHR(3) + 60-minute duration depth for PFREQ storm.
6 PNHR (4) + 2-hour duration depth for PFREQ storm.

7 PNHR(5) + 3-hour duration depth for PFREQ storm.
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HEC-1 Input Description PH
Precipitation Data (P Records)

12.3 PH Record - Hypothetical Storms (continued)

FIELD VARTABLE VALUE DESCRIPTION
8 PNHR(6) + 6-hour duration depth for PFREQ storm.
9 PNHR(7) + 12-hour duration depth for PFREQ storm.
10 PNHR(8) + 24-hour duration depth for PFREQ storm.

Continue on second PH record (if needed).

FIELD VARIABLE VALUE DESCRIPTION
1 PNHR(9) + 2-day duration depth for PFREQ storm.
2 PNHR(10) + 4-day duration depth for PFREQ storm.
3 PNHR(11) + 7-day duration depth for PFREQ storm.
4 PNHR(12) + 10-day duration depth for PFREQ storm.
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P C HEC-1 Input Description
Precipitation Data (P Records)

12.1.3 PC Record - Cumulative Precipitation Time Series

PC records contain a cumulative precipitation distribution. They are only
used after a PG, PB or JD record which identifies the distribution. The
interval of ordinates and time of first mass curve ordinate are as specified
on previous IN record. If an IN record is not specified the parameters on the
IT recorded will be used. The program reads all consecutive PC records and
interpolates incremental precipitation values for the computation time
interval and time period specified on the IT record. A maximum of 300 values
can be specified on up to thirty records.

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID PC Record identification.
1 PRCPR(1) + Cumulative precipitation at beginning of
storm.
2 PRCPR(2) + Cumulative precipitation at end of first
period.
3 PRCPR(3) + Cumulative precipitation at end of second
period.
4 PRCPR(4) + Etc.
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HEC-1 Input Description PG
Precipitation Data (P Records)

12.2 PG Record - Storm Total Precipitation for a Station (Gage)

FIELD VARTABLE VALUE DESCRIPTION
Col 1+2 ID PG Record identification.
1 ISTAN AN Station identification.
2 PRCPN 0 Total storm precipitation will be

computed from following PI or PC records.

+ Total storm precipitation in inches (mm)
for above station.

3 ANAPN + Normal annual precipitation for above
station. Used to compute basin mean
precipitation by weighted average of
station normal precipitation.

0 or Weighting by normal annual precipitation
Blank will not be performed.
4 ISTANX AN Station to be replaced by station

identified in Field 1.

All precipitation gages are total-storm stations. Some stations may also
have temporal distributions associated with the storm-total precipitation.
These stations are also called recording stations when referring to the
temporal pattern. The temporal distribution is defined on PI or PC records
immediately following a PG record.

Up to seventy stations may be entered on PG records. However,
precipitation time series (PI or PC records) can be stored for only fifteen
stations. If more stations are required, additional PG records may be entered
later in the input stream and the data from those records will replace data
for the station identified by ISTANX.

PR, PT and PW records are used within each KK, BA, etc., record series to
specify weightings of precipitation station data to compute the subbasin-
average precipitation distribution.



. O S HEC-1 Input Description
Optimization Option (O Records)

4.3 0S Record - Flood Control System Optimization

When HEC-1 is used to determine optimal sizes of flood control system
components, initial estimates for sizes of the components are entered on the
0S record. The following records are used later in the input set to refer to
variables initialized on the 0S record:

DO Diversion

SO Reservoir

WO Pump

LO Local protection projects and uniform degree of protection

FIELD VARIABLE VALUE DESCRIPTION
Col 1+2 ID 0S Record identification.
1 VAR(1) + Size of flood control system component.

Reservoir volume in acre-ft (1,000 cu m),
diversion, and pump in cfs (cu m/sec),

. local protection in cfs (cu m/sec) or
feet (meters), wuniform degree of
protection in percent. Size will not be
optimized.

0 Zero capacity indicates component will be
ignored during simulation.

; Initial estimates of component; size will
be optimized.

2-10 VAR(I) +, - Similar to Field 1. Up to ten values.




HEC-1 Input Description O F
Optimization Option (O Records)

4.4 OF Record - Fixed Facility Costs

FIELD VARIABLE VALUE
Col 1+2 ID OF
1 FCAP +
2 FDCNT +
+.0000
3 FAN +
+.0000

DESCRIPTION
Record identification.

Capital cost of system facilities other
than those to be optimized (fixed
facilities). Same dollar units as system
components.

Equivalent annual cost of FCAP. Same
dollar units as system components.

Discount factor (capital recover factor)
to compute equivalent annual cost from
capital cost. (Example .05)

Equivalent annual cost of operation,
maintenance power and replacement of FCAP
system facilities.

Proportion of capital cost that will be
required for annual operation,
maintenance, power and replacement.



OO HEC-1 Input Description
Optimization Option (O Records)
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