STATE OF ARIZONA
DEPARTMENT OF WATER RESOURCES

ENGINEERING DIVISION

State Standard
for

Supercritical Flow

Under authority of ARS 45-3605(a), the Director of the Arizona Department of Water
Resources establishes the following standard for delineation of floodways in riverine

environments with supercritical flow in Arizona:

Floodway limits on streams in Arizona which have supercritical flow, for use in fulfilling
the requirements of Flood Insurance Studies, and local community and county flood
damage prevention ordinances will be determined using the guidelines outlined in State
Standard Attachment 3-94 entitled "Floodway Modeling Standards for Supercritical Flow"
or by an alternative procedure reviewed and accepted by the Director.

For the purpose of application of these guidelines, supercritical floodway modeling
standards will apply to all watercourses identified by the Federal Emergency Management
Agency as part of the National Flood Insurance Program, all watercourses which have been
identified by a local floodplain administrator as having significant potential flood hazards
and all watercourses with drainage areas more than 1/4 square mile or a 100-year estimated
flow of more than 500 cubic feet per second. Application of these guidelines will not be
necessary if the local community or county has in effect a drainage, grading or stormwater
ordinance which, in the opinion of the Department, results in the same or greater level of
flood protection as application of these guidelines would ensure.

This requirement is effective December 1, 1994. Copies of this State Standard and State
Standard Attachment 3-94 can be obtained by contacting the Department’s Engineering
Division at (602) 417-2445.
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Disclaimer of Liability

The methods contained in this publication are intended to be a reasonable way of setting
minimum floodplain management requirements where better data or methods do not exist.
As in all technical methods, engineering judgement and good common sense must be
applied and the methods rejected where they obviously do not offer a reasonable solution.

It must be recognized that while the criteria established herein will generally reduce flood
damages to new and existing development, there will continue to be flood damages in
Arizona. Where future-condition hydrology (which considers the cumulative effects of
development) is not used, future development will probably increase downstream runoff
which may result in flooding. Unlikely or unpredictable events such as earthquakes or

dam failures may also cause extreme flooding.

The Arizona Department of Water Resources is not responsible for the application of the
methods outlined in this publication and accepts no liability for their use. Sound
engineering judgement is recommended in all cases.

The Arizona Department of Water Resources reserves the right to modify, update or
otherwise revise this document and its methodologies. Questions regarding information or
methodologies contained in this document and/or floodplain management should be
directed to the local floodplain administrator or the office below:

Engineering Division

Arizona Department of Water Resources
500 North 3rd Street

Phoenix, Arizona 85004

Phone: (602) 417-2445
FAX: (602) 417-2401

SSA 3-94 1 November 1994
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Introduction

The National Flood Insurance Program (NFIP) regulations define a floodway as the
floodplain area that must be reserved to discharge the base (100-year) flood \yithput
increasing the water surface elevation by more than one foot. This NFIP criterion
assumes that streams flow at subcritical' depth, such that a decrease in floodplain width
results in an increase in the flood water surface elevation. However, in high-velocity
streams flowing at or below critical depth, a decrease in floodplain width may result in a
decrease in water surface elevation. Therefore, the hydraulics of floodway determination

for streams with high velocity flow is more complex.

In Arizona, many streams flow near or below critical depth. Steep, bedrock streams may
be supercritical at flood stages. Many alluvial streams flow at or near critical depth.
Application of subcritical floodway modeling standards to supercritical or near-critical
flow may result in unacceptable increases in flow velocity or unsafe encroachment, and
may expose future and existing development to excessive flood hazard. '

The Arizona Department of Water Resources (ADWR) has established guidelines to be
used when modeling floodways for supercritical or near critical flow in Arizona.
Accurate floodway delineation for supercritical flow requires special procedures. This
document describes the guidelines for modeling types of supercritical floodways for Flood
Insurance Studies and floodplain management. In addition, special cases of supercritical
flow are described and illustrated in example applications of the guidelines.

When to Apply Guidelines

The guidelines described in this document are to be used for all detailed Flood Insurance
Studies and floodplain management applications on streams with supercritical flow in the
State of Arizona. These guidelines for supercritical floodway modeling should be applied
to streams or stream reaches? which meet any of the following criteria: ,

° A subcritical HEC-2 model of the stream (non-floodway run) defaults to
critical depth’ at three consecutive cross sections, or at 40 percent or more
of the cross sections in a reach, or

! For definitions of the terms “eritical, " "subcritical, " and "supercritical, " see V. T Chow, 1959, Open

Channel Hydraulics, McGraw Hill Publishing, New York, or R.H. French, 1985, Open Channel Hydraulics,
2nd Ed., McGraw Hill Publishing, New York

2 A reach may be defined as section of a channel or stream which has similar hydraulic or geomorphic

characteristics, such as vegetation, roughness coefficients, area of conveyance, channel geometry, and/or

channel slope. Within a reach, cross sections are relatively uniform.

* The presence of critical depth should be determined from detailed HEC-2 output, not from the list of

error messages at the end of the HEC-2 output printout.
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A subcritical HEC-2 floodway run indicates that the encroached water
surface elevation decreases at three consecutive cross sections, Of 40
percent Or more of the cross sections in a reach, or

Sound engineering judgement indicates supercritical floodway standards
should be applied.

Special Cases of Supercritical Flow

Guidelines for five special cases of supercritical floodway problems are described and
illustrated. The five special cases are:

SSA 3-94

Bank Station Designation. In some cases, the location of the channel
bank stations may not be obvious. Because floodways may not encroach
within the channel banks of a stream accurate definition of the channel
stations is important for floodway modeling.

High- Velocity, Near-Critical Flow. HEC-2 may become computationally
unstable at depths near critical depth, and default to critical depth, even
where critical or supercritical depth do not occur.

Channelized Supercritical Flow. Where supercritical flow is confined
within the designated channel banks, the floodway and floodplain widths

are identical.

Composite Flow. Composite flow occurs where both supercritical flow
and subcritical flow are present within a single cross section.

Braided Flow. Supercritical flow on braided streams is usually a special
case of composite flow, or a case of floodway delineation around islands.
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Modeling Guidelines

Appropriate modeling procedures for supercritical floodway modeling may not .be
intuitively obvious, may require advanced knowledge of hydraulics, and may require
minor adjustments for site specific variables. In this document, it is assumed that HEC-2
will be used for floodway modeling. In practice, any hydraulic model which meets local,
state, and federal criteria may be used. Modeling guidelines are outlined below.,

General Guidelines

These procedures apply to all cases of supercritical floodway modeling outlined in this
document. Specific requirements include: _

SSA 3-94

Subcritical Profile. Floodway limits should be determined in the
subcritical flow regime when using the HEC-2 program, as required by
current FEMA guidelines, regardless of the actual flow regime.

Energy Grade Line. Floodway limits for near-critical or supercritical
flow will be determined using the rise in the energy grade line (rather than
water surface elevation) caused by encroachment. This corresponds to
HEC-2 encroachment method #6.

Bank Station Limit. Floodway limits may not be located inside the
channel banks, except in entrenched channels where the entire base flood is
contained within the channel banks.

Floodway Velocities. The following comment should be added to the
Flood Insurance Study floodway tables when the supercritical flow
conditions are present: "Supercritical, or near-critical, flow conditions may
exist at the cross sections listed above. The floodway velocities or other
velocities shown in this Table should not be used for design purposes,
unless an engineering analysis indicates that subcritical flow conditions are
present at appropriate cross sections. " :

Floodway Velocity Determination. Velocities for design and floodplain
management purposes should be determined using the supercritical flow
option of HEC-2 or an equivalent model. Design velocities should reflect
maximum encroachment limits determined using the procedures outlined in
this standard.

Perched Flow. These guidelines do not apply to perched flow, except
when the perched flow is modeled separately from the main channel
floodway. Perched flow originates along well defined channels where
overbank flooding becomes separated from the main flow path, and
develops hydraulic characteristics unique from the main channel.
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o Roughness Coefficients. Manning’s *N" values should be carefully
selected for streams with steep slopes which experience supercritical flow.
Manning’s "N* values for low gradient streams may not apply. Guidelines
for determining "N" values on steep streams are given in Jarrett (1984,

1985).

Channel Bank Designation

In many cases, it is obvious where channel bank stations should be located. Key
indicators include the grade break between the bank slope and overbank floodplain, the
change in vegetative density between the channel bed and riparian area, or the geomorphic
characteristics of the stream. Where channel banks cannot readily be identified from
topographic and other data, the Corps of Engineers (1988) definition of channel banks*
should be used. The Corps defines the channel banks (or the beginning of the overbank
area) as the point where depths become less than 3 feet and velocities become less than 3
feet per second. This bank definition may also be used as the starting point for floodway
encroachment modeling. It is necessary to perform an initial HEC-2 run to obtain a
velocity distribution in order to apply the Corps bank station definition. Subsequent runs
will be necessary to refine floodway limits.

For supercritical floodway modeling channel bank stations should be identified using the
following:

o Topographic/Geomorphic Data.  Grade breaks, vegetative and bed
sediment characteristics, and channel shape usually help identify bank
stations.

. Hydraulic Data. Where bank stations cannot be identified from
topographic or geomorphic characteristics, the bank station (or the
beginning of the overbank) is defined as the point closest to the center of
the channel where: :

depth = 3 ft., and
velocity = 3 ft/s

Example 1: Hlustrates Channel Bank Station Designation.

High-Velocity, Near Critical Flow

For streams which flow at or near critical depth, the HEC-2 model may be
computationally unstable. Therefore, the modeler should use a optimal number of cross
section and data points, as well as verify the accuracy of energy loss coefficients used.
HEC-2 critical depth messages may be an indication of unstable modeling, rather than
supercritical or critical flow depths. HEC-2 models generally may be regarded as stable

4 Channel bank definition is intended only for floodway delineation purposes.
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if the velocity head is less than 1/3 the flow depth®. Where possible, near critical flow
models should be calibrated to measured highwater marks.

The following are floodway modeling guidelines and stability tests for high velocity, near
critical flow, which supplement the general guidelines outlined above:

. Velocity Head Criteria. Compare velocity head and channel depth for
channel sections within the stream reach. If the velocity head is less than
1/3 the flow depth (subcritical profile) or greater than 2/3 the flow depth
(supercritical profile), the model may be regarded as stable.

o Additional Cross Section Points. Compare channel geometry described
by ground reference (GR) points relative to upstream and downstream cross
sections. Remove or add points to achieve an optimum number of points
which accurately describe the section and reach geometry.

. Energy Loss Coefficients. Test the sensitivity of the model to variation in
energy loss coefficients, such as Manning’s roughness coefficients ("N"
values). Check model to determine if coefficients selected reflect factors
such as bed form roughness, sediment transport, channel slope, and flow
depth, as well as bed sediment size, channel shape, and vegetative

obstructions.

o Calibrate. Obtain high water marks from the channel, where possible, and
calibrate computed water surface elevations to the high water mark profile.
If an independent estimate of the peak discharge is available, the model can
be calibrated using the known discharge as well as the highwater marks.

. Additional Cross Sections. Insert new Cross sections to determine if flow
is actually supercritical or if the model is unstable due to insufficient data.

Example 2:  Ilustrates Procedures and Ouipw From a Near-Critical Water Surface
Profile

Channelized Supercritical Flow

For confined supercritical flow (no overbank flow), floodway (encroachment) modeling
should be abandoned. The floodplain limits should be regarded as the floodway
boundaries. In some cases, the floodplain limits may be within the channel bank stations

defined for the HEC_—Z model.

Example 3: Illustrates Two Cases of Channelized Supercritical Flow,

* Corps of Engineers, 1988, "Floodway Determination Using Computer Program HEC-2," Training
Document No. 5, Prepared by Vern Bonner, Hydrologic Engineering Center, Davis, California, January,
1988, p. 70.
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Composite Flow

For composite flow situations, with supercritical flow in the channel and subcritical or
near critical flow in the overbanks, floodway definition may be possible. However, the
modeler must ensure that overbank flow modeling is computationally stable using
procedures described above. A procedure described in Schoelthamer et. al. (1985) i1s
recommended to determine if composite flow exists. Schoellhamer’s procedure involves
determining "subdivision Froude numbers” for subdivisions of a cross section. Cross
section subdivisions may be the right overbank, left overbank, and main channel, or may
be further divided by areas with similar "N" values or by cross section geometry. For
cross sections with composite flow, portions of the section will have subdivisions Froude
numbers greater than one, and other portions will have subdivision Froude numbers less
than one. If composite flow exists and the model is computationally stable, then the
floodway may be delineated by assuming the floodway limit is located where overbank
depths exceed 3 feet and velocities exceed 3 feet per second, or by applying the guidelines
for high-velocity, near critical flow. »

The following guidelines are to be used for floodway modeling of composite flow, in
addition to the general modeling guidelines outlined above:

. Composite Flow. Use the method of Schoellhamer (1985) to test for the
presence of composite flow. It may be necessary to request a trace
(J2.10=15) in the HEC-2 input file to use Schoellhamer’s procedures.

. Depth/Velocity Limit. Determine if overbank depths and velocities exceed
3 ft. and 3 ft/s, respectively. If these limits are exceeded, and if
supercritical flow occurs in the main channel, use the floodplain limits as

the floodway limits.

. Additional Cross Sections. Test the model to determine if critical depth
message result from insufficient cross sections, or from supercritical flow.

Example 4:  Outlines Computations Required to Test for Presence of Composite Flow.

Braided Flow

Application of floodway modeling techniques may not be appropriate for braided streams,
and should be considered on a case-by-case basis. Consultation with local floodplain
officials and federal agencies is recommended prior to initiating a floodway study for a
braided stream. Braided flow, if supercritical flow occurs in flow braids, is essentially a
case of composite flow. Therefore, the guidelines for composite flow should be applied.
Floodway limits should include all of the flow braids (all of the channel area). Where
islands are present between braids, floodway standards for streams with islands should be
followed, in addition to supercritical floodway modeling standards. The Corps of
Engineers floodway manual, referenced earlier, discusses application of the floodway
modeling criteria to braided streams.

Example 5:  Illustrates Maximum Encroachment Limits for Streams with Braided Flow.
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Test Applications

Example 1: Channel Bank Designation

SSA 3-94

Problem Statement. Two channel cross sections are presented in Figures
1 and 2. In Figure 1, channel banks are readily defined by topographic,
vegetative, and geomorphic characteristics. In Figure 2, 100-year channel
bank stations are less obvious, and the depth/velocity criteria are used.
Note that Figure 2 illustrates an example of composite flow.

Objective. Define channel bank stations prior to supercritical floodway
modeling. ’

Discussion. See Figures 1 and 2.

8 November 1994



MINIMUM FLOODWAY WIDTH

O Qw WSEL

RIGHT BANK STATION
LEFT BANK STATION V

FIGURE 1
CHANNEL BANK STATION DESIGNATION
SIMPLE CHANNEL - DEFINED CHANNEL BANKS USING:
1. SLOPE BREAK
2. VEGETATION

(LLUSTRATION NOT TO SCALE)

MINIMUM FLOODWAY WIDTH

FIGURE 2
CHANNEL BANK STATION DESIGNATION

COMPLEX CHANNEL BANK STATIONS DEFINED AS THE POINTS WHERB FLOW DEPTH
BECOMES LESS THAN 3 FI. AND FLOW VELOCITY BECOMES LESS THAN 3 FT/S.

(ILLUSTRATION NOT TO SCALE)

Figure 2 and Figure 2
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Example 2: High-velocity, Near Critical Flow

Problem Statement. Cross sections and a plan view profile of a stream is
shown in Figures 3 and 4. HEC-2 modeling for a stream indicates critical
depth for both subcritical and supercritical profiles, as shown in Figure 5.
Tests for stability are outlined. Floodway limits are determined using the

energy grade line approach.

Objectives. (1) Determine if subcritical or supercritical flow occurs, 2)
determine if HEC-2 model is computationally stable, and (3) determine

floodway limits.

Discussion. The HEC-2 model defaulted to critical depth at three of four
cross sections when a subcritical flow regime was assumed (See Table 1).
According to the guidelines since more than 40% of the sections were
assumed critical, the supercritical floodway modeling guidelines should be
used. A supercritical HEC-2 model also assumes critical depth at three of
four cross sections (See Table 2). Velocities for both runs average 11.5
feet per second (fps). (However, note the difference in channel velocities
computed for the supercritical and critical runs.) Therefore, the profile
qualifies as high-velocity, near-critical flow.

According to the guidelines, additional cross sections should be added,
energy coefficients checked, and the model calibrated to insure that the
model is computationally stable. A check of the HEC-2 model output
indicates that velocity head is less than 1/3 the flow depth for all of the
subcritical run. (However, velocity head is not greater than 2/3 the depth
for the supercritical run. Therefore, the supercritical run may not be
stable.) Additional cross sections were added by interpolation (J1.7=0.1),
but did not change computation of critical depth at surveyed cross sections.
There is no basis for adjusting energy loss coefficients, or no data for
calibration. Therefore, the subcritical HEC-2 model must be assumed to

be computationally stable.

Once the model is checked for stability, the floodway modeling may begin
using the subcritical profile HEC-2 model. Encroachment method 6 is used
to determine the change in energy grade line, rather than water surface
elevation used by method 4, to estimate floodway limits. Encroachment
method 6 will not allow encroachment within the channel bank stations.
Encroachment stations and floodway data are shown in Table 3. For
comparison, floodway data determined using encroachment method 4 are
shown in Table 4. Note that use of encroachment method 4 results in a
narrower floodway, higher floodway velocities, and decreases in floodway
water surface elevation at two of four cross sections. Natural and floodway
water surface elevations are shown on the cross section plots in Figures 4a
to 4d. HEC-2 input files are shown in Tables 5 through 8.

Note: Floodway velocities for design should be taken from the supercritical run, not the
Jfloodway run. Compare Tables 2 and 4.

SSA 3-94
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LANVIE TREAM EXAMPLE 2
SCALE)
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FIGURE 4c
NEAR CRITICAL FLOW
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* HYDROLOGIC ENGINEERING CENTER
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-
-

tt'tttt**tttit*ti***t**tttttiti*t'*tt.tttttt

HEC-2 WATER SURFACE PROFILES

1

DAVIS, CALIFORNIA 95616-4687
(916) 756-1104 !
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*

-

* version 4.6.2; May 1991

-

* RUN DATE 26APR94 TIME  11:01:39

ﬁti'tittt.tﬁi*tt.'tti.“*ttt.tm‘.'itt"ttt

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

CRITICAL FLOW

SUMMARY PRINTOUT

SECNO Q CWSEL CRIWS KV - DEPTH TOPWID ALPHA KRATIO QcK VCH FRCH
| - 1.000 10000.00 16.02 16.02 1.09 11.02 1106.85 4.82 .00 5682.49 10.95 .66
§ * 2.000 10000.00 19.38 19.38 1.18 7.38 961.38 3.29 1.00 4759.89% 11.84 .84
* 3.000 10000.00 22.46 .00 .55 8.36 627.57 1.59 2.17  9299.16 6.17 42
" 4.000 10000.00 23.95 23.95 1.61 9.45 514.23 1.59 1.00 8767.24 10.81 76

Table 1. Example #2, Subcritical Flow HEC-2 Run Summary Printout.
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* U.S. ARMY CORPS OF ENGINEERS
* HYDROLOGIC ENGINEERING CENTER
* 609 SECOND STREET, SUITE D

* DAVIS, CALIFORNIA 95616-4687
-
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NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

CRITICAL FLOW

SUMMARY PRINTOUT

SECNO
* 4.000
* 3.000
* 2.000
- 1.000

Q
10000.00
10000.00
10000.00
10000.00

Table 2.

SSA 3-54

CWSEL
23.95
19.77
19.30
14.78

CRIWS
23.95
19.77
19.30
16.06

HV

1.61
1.96
1.26
3.94

DEPTH

9.45
5.67
7.30
9.78

TOPWID
514.36
262.07
955.27

1004.69

ALPHA

1.59
1.04
3.25
4.39

KRATIO

.00
1.08
1.06
1.07

QCH
8766.73
$983.10
4819.30
7929.97

(916) 756-1104

VCH

10.81
11.24
12.13
17.84

Example #2, Supercritical Flow HEC-2 Run Summary Printout.
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FRCH

1.00
.87
1.15



HEC-2 WATER SURFACE PROFILES

*
-
* Version
E 4
-

RUN DATE

4.6.2; May 1991
26APR94 TIME

ttﬁittttt.ttttitttttt.ﬁ.*ti’tt“t..t't'i.i.t

08:59:23

."."ﬁ""."."".".‘."'Q.i"."."!

U.S. ARNMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER

DAVIS, CALIFORNIA 95616-4687

-
»
* 609 SECOND STREET, SUITE D
*
-

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

CRITICAL FLOW

SUMMARY PRINTOUT

SECNO
* 1.000
- 1.000
* 2.000

2.000
* 3.000
* 3.000
* 4.000
* 4.000

Q CWSEL
10000. 00 16.02
10000.00 16.24
10000.00 19.38
10000.00 19.53
10000.00 22.46
10000.00 22.08
10000.00 23.95
10000.00 24.16

Table 3.

SSA 3-94

CRIWS

16.02
16.24

19.38
19.24

.00
.00

23.95
.00

EG

17.11
18.11

20.56
21.56

23.01
22.85

25.56
26.37

TOPWID

1106.85
339.49

961.38
260.50

627.57
230.00

514.23
130.00

STENCL

.00
650.00

.00
463.87

.00
370.00

.00
330.00

STENCR

.00
989.49

.00
T24.36

.00
600.00

.00
460.00

DEPTH

11.02
11.24

7.38
7.53

8.36

&& 3

7.
9.
9.

HV

1.09
1.88

1.18
2.03

.55
77

1.61
2.21

(916) 756-1104

.*...'-t'."'...ﬁ.'..".".'.*‘t'..'..l

QCH

5682.49
6894 .38

4759.89
5715.21

9299.16
10000.00

8767 .24
10000.00

VCH

10.95
12.96

11.84
13.88

6.17
7.05

10.81
11.93

Example #2, Floodway Encroachment Method 6 HEC-2 Summary Printout.
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RUN DATE

4.6.2; May 1991
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TIME

09:25:42
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PEER NN TR TR RN ENAN AN AN AN REARNCSI OIS ?

-
-
-
-
-
-

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER

609 SECOND STREET, SUITE D

DAVIS, CALIFORNIA 95616-4687

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

CR

ITICAL FLOW

SUMMARY PRINTOUT

SECNO

1.000
1.000

2.000
2.000

3.000
3.000

4.000
4.000

10000.00
10000.00

10000.00
10000.00

10000.00
10000.00

10000.00
10000.00

Table 4.

SSA 3-94

CWSEL

16.02
16.34

19.38
19.35

22.46
22.59

23.95
23.34

CRIWS

16.02
16.34

19.38
19.32

.00
.00

23.95
23.34

Example #2, Floodway Encroachment Method 4 HEC-2 Run Summary Printout.

EG

17.11
18.44

20.56
22.06

23.01
23.24

25.56
26.24

TOPWID

1106.85
276.16

961.38
167.18

627.57
230.00

514.23
130.00

STENCL

18

.00
650.00

.00
487.44

.00
370.00

.00
330.00

STENCR

.00
926.16

.00
654.63

.00
600.00

.00
460.00

DEPTH

11.02
11.34

7.38
7.35

8.36
8.49

9.45
8.84

RV

1.09
2.1

1.18
2.70

.55
.66

1.61
2.90

November 1994

(916) 756-1104

REAATEAAREAAREAAERAEAERA NN RARTONE

QCH

5682.49
7227.82

4759.89
6204 .29

9299.16
10000.00

8767.24
10000.00
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T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #2 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP 3A/38

T3 NEAR CRITICAL FLOW SUBCRITICAL RUN
3 2 .014 .1 3.8

J2 -1 -1 15
J3 38 43 1 2 10 8 4 57 58 14
J3 26 68

J6 1

ar 1 10000

NC .1 3

NH 5 .1 415 .05 650 .03 710 .05 1020 A
NH 1635

x1 1 11 650 710

GR 25 20 18 110 17 415 1% 650 6 675
GR 5 690 6 710 13 710 1% 1020 14 1590
GR 25 1635

NH 4 .1 415 .05 575 .03 640 -1 1250

X1 2 10 575 640 500 500 500

GR 25 30 20 110 20 200 17 415 13 575
R 12 580 12 615 18 640 18 1195 25 1250
NC . .05 .03

X1 3 10 370 600 400 400 400

GR 25 40 22 260 18.7 370 15 420 14.1 500
GR  14.5 530 17.3 560 20 600 22 850 25 875
NH 5 .1 130 .05 330 .036 460 .05 610 .
NH 700

X1 4 8 330 460 400 400 400

GR 26 30 24 130 23 330 14.5 370 15 400
GR 22 460 22 610 26 700

EJ

ER

Table S. Example #2, Subcritical Flow HEC-2 Run Data Input File.
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T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #2 - AKA RED FOX RIVER, HEC
T3 NEAR CRXTXCALZFLOU

J1

32 -1
J3 38
J3 26
Jb 1
QT 1
NC

NH 5
NH 700
x1 4
GR 26
GR 22
NC .1
X1 3
GR 25
GR 14.5
NH 4
X1 2
GR 25
GR 12
NH 5
NH 1635
X1 1
GR 25
GR 5
GR 25
EJ

ER
Table 6.

SSA 3-94

43
68

10000
.1
8

11

1635

1

1 2
.1
130 .05
330 460
24 130
22 610
.03
370 600
22 260
17.3 560
415 .05
575 640
20 110
12 615
415 .05
650 710
18 110
6 710

Example #2, Supercritical Flow HEC-2 Run Data Input File.

.001
10

.3
330
400

036
400
330
700

400

.03

415
710

20

.1
4

2 TRAINING WORKSHOP 3A/3B
SUPERCRITICAL RUN

57

370

420
852

415
1195
.05

650
1020

3.8
58

610

15

14.1
1250
13

25
1020

400

500
875

575
1250
.1

675
1590

November 1994



T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #2 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP 3A/38

T3 NEAR CRITICAL FLOW FLOODWAY RUN ENCROACHMENT METHOD 6

3 2 .014 .1 3.8

J2 1 -1 15
J3 38 43 1 2 3 4 27 28 8 10
J3 14 26

Jé 1

NC 1 3

QT 2 10000 10000

ET 10.6

NH 5 -1 415 .05 650 .03 710 .05 1020 .1
N 1635

X1 1 11 650 710

GR 25 20 18 110 17 415 14 650 6 675
GR 5 690 6 710 13 710 1% 1020 14 1590
GR 25 1635

NH 4 21 415 .05 575 .03 640 .1 1250

X1 2 10 575 640 500 500 500

GR 25 30 20 110 20 200 17 415 13 575
GR 12 580 12 615 18 640 18 1195 25 1250
NC 1 .05 .03 '

X1 3 10 370 600 400 400 400

GR 25 40 22 260 18.7 370 15 420 14.1 500
GR  14.5 530 17.3 560 20 600 22 850 25 875
NH 5 . 130 .05 330 .036 460 .05 610 .1
NH 700

X1 4 8 330 460 400 400 400

GR 26 30 24 130 23 330 14.5 370 15 400
GR 22 460 22 610 26 700

EJ

T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #4 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP 3A/3B

T3 COMPOSITE FLOW - FLOODWAY RUN

J1 3 .1 16.02

J2 15 -1 15
ER

Table 7. llgiclamplc #2, Floodway Encroachment Method 6 HEC-2 Run Data Input
e.

SSA 3-94 21 November 1994



T1 SUPERCRITICAL FLOODWAY STATE STANDARD
T2 EXAMPLE #2 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP 3A/38

a
32 1
33 38
J3 1%
46 1
NC

ar 2
ET

NH 5
NH 1635
X1 1
GR 5
GR 5
GR 25
NH 4
X1

GR 25
GR 12
NC A
x1 3
GR 25
GR  14.5
NH 5
NH 700
X1 4
GR 26
GR 22
EJ

T

Table 8.

SSA 3-94

T3 NEAR CRXT!CALZFLOU

43
26

10000

30
460

1 2
.1

10000

10.4
415 .05
650 710
18 110
6 710
415 .05
575 640
20 110
12 615

.03
370 600
22 260
17.3 560
130 .05
330 460
24 130
22 610

014
3

.3

650

17
13

575
500
20
18

400
18.7
20
330

400
23
26

SUPERCRITICAL FLOODWAY STATE STANDARD
EXAMPLE #4 - AKA RED FOX RIVER, HEC2 TRAINING WORKSHOP

COMPOSITE FLOg -

15

-1

FLOODWAY RUN

.03

415
710

.03
500
200
640

400
370
600
.036

400
330
700

27

710

14
14

640
500
17
18

400
15
22

460

400
14.5

.1

FLOODWAY RUN ENCROACHMENT METHOD &

28

.05
650
1020
.1
415
1195

420
850
.05

370

3A/38

1020

14
1250
13

1.1
25
610

15

16.02

15
10

1

675
1590

575
1250

500
875
.1

400

15

Example #2, Floodway Encroachment Method 4 HEC-2 Run Data Input File.
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Example 3: Channelized Supercritical Flow

SSA 3-94

Problem Statement. Supercritical flow within two confined channels are
illustrated in Figure 6. No floodway analysis is needed, since floodway
limits are the floodplain limits.

Objective. Illustrate examples of channelized supercritical flow.

Discussion.  Encroachment within the confined channel would be
hazardous due to high velocities, the potential to cause hydraulic jumps,
and disruption of channel processes. Current federal regulations prevent
definition of floodway limits within channel boundaries. Also, only a very
limited area within the banks would have depths and ‘velocities less than 3
feet and 3 fps. Supercritical HEC-2 modeling would demonstrate the
presence of supercritical flow at most sections in the reach. Floodplain
limits would be determined using the subcritical HEC-2 profile. Design
velocities should be obtained from the supercritical HEC-2 profile. No

floodway modeling would be required.

23 November 1994



MAXIMUM ENCROACHMENT

BEDROCK FLOODWAY = FLOODPLAIN !
§\, gLl
RIGHT BANK
STATION
LEFT BANK
STATION >
| MAXIMUM ENCROACHMENT ‘ {'3
) FLOODWAY = FLOODPLAIN o
< Qe WSEL RIGHT BANK

LEFT BANK STATION
STATION \\ j
' ! . Ly ¥

CHANNELIZED SUPERCRITICAL FLOW
EXAMPLES OF NO FLOODWAY ENCROACHMENT ALLOWED

(ILLUSTRATIONS NOT TO SCALE)

Figure 6
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Example 4: Composite Flow

. Problem Statement. The stream shown in Example 2 is tested for
composite flow. Refer to Figures 3 and 4. Elements of composite flow
are illustrated.

o Objectives. Demonstrate composite flow tests.

. Discussion. The test for composite flow follows the procedure described

by Schoelthamer (1986) and uses equations developed in Blalock (1981).
Copies of articles by Schoellhamer and Blalock are attached. The example
problem is modified from a HEC-2 training problem supplied with the
HEC-2 program, and was discussed in Schoellhamer. The procedure
involves computation of the subdivision Froude number. The subdivision
Froude number describes the ratio of gravitational to inertial forces within
segments of a cross section, rather than as an average of the entire cross
section. The subdivision Froude number is calculated for each cross
section segment to determine if portions are supercritical and portions are

subcritical.

In order to apply the subdivision Froude number procedure, certain
hydraulic variables are required. These variables include the total
discharge, the energy slope, the topwidth, the left and right end stations of
flow, the water surface elevation, cross section conveyance, and total flow
area. For the subdivision sections, many of these variables are listed in the
detailed output summaries in the HEC-2 output. A trace was requested in
the HEC-2 input file (J3.10 = 15) to obtain hydraulic variables for each
subdivision of the cross section. Variables requested for output are shown
in Table 1 (See Example 2).

The basic equation for subdivision Froude number is:

0.5

|4 dK dK y?
F, = b &[Ki——'—K,——-")+ViTi _ i da : where:
84, K‘2 dy dy 2g dy
F, = subdivision Froude number, dimensionless
a = velocity coefficient alpha (Coriolis coefficient)
V; = subdivision velocity, ft/sec
g = gravitational acceleration, ft/sec?
A, = subdivision area, ft*
A, = total cross section area, ft?
P, = total cross section wetted perimeter, ft
P, = subdivision cross section wetted perimeter, ft
T, = subdivision topwidth, ft
Q. = discharge within total cross section, ft*/sec
K, = conveyance of total cross section, ft*/sec
= (1.49/n)ARY ; where:
n, = Manning’s roughness for total section

R, = hydraulic radius, ft for total section
= A/P,

SSA 3-94 25 November 1994



subdivision conveyance, ft'/sec

(1.49/n)AR> ; where:
n, = subdivision Manning’s roughness
R, = subdivision hydraulic radius, ft
= A/P;
dK/dy = derivative of subdivision conveyance
= 0.33(K/A)[5T; - 2R, dp/dy] ; where:
dp/dy = measured directly, see Blalock (1981)
dK/dy =derivative of total conveyance
= 0.33(K/A)[5T, - 2R, dp/dy] ; where:
dp/dy = measured directly, see Blalock (1981)
da/dy = derivative of the Coriolis coefficient

= AXS/K? + s,QAT/K - A’syK) ; where:

7
o

s, = [(&/A)’ (3T;- 2R, dp/dy)]
s, = (KYAD)
s; = [ K/A) (5T; - 2R, dp/dy)]

Subdivision Froude numbers were calculated using the equations shown
above for the example cross sections, as shown in Tables Sa-d. Unreal®
values of the subdivision Froude number indicate subcritical flow.
Composite flow was found to exist at each of the sections in the example.

Floodway computations performed.

Unreal, or imaginary numbers, occur when the main term of the basic subdivision Froude number is
negative. The square root of a negative number is unreal.

SSA 3-94 26 November 1994
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Example 5: Braided Flow

SSA 3-94

Problem Statement. Figure 7 illustrates a braided flow situation which
may or may not have supercritical flow. Maximum floodway limits are

defined by the location of flow braids.

Objective. Illustrate maximum floodway encroachment on a braided

stream.

Discussion. Since floodway limits cannot be located within designated
channel bank stations, the minimum floodway width is the distance between
the most distant flow braids. Substantial floodway widths may be defined
using these guidelines. For this reason, floodway modeling of braided flow
areas should be discussed with local floodplain administrators and review
agencies. Where flow braids are separated by significant land areas not
inundated by the base flood, modelers should refer to state standards for

floodways around islands.
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L MAXIMUM ENCROACHMENT

FIGURE 7a
BRAIDED FLOW

PROFILE

FIGURE 7b
BRAIDED FLOW

PLAN VIEW

MAXIMUM ENCROACHMENT AT MOST EXTREME BRAIDS
(LLUSTRATIONS NOT TO SCALE)

Figure 7

SSA 3-94
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SuBDIVISION FROUDE NUMBER

By David H. Schoellhamer,’ A. M. ASCE, John C. Peters,?
and Bruce E. Larock,® Members, ASCE .

INTRODUCTION

The standard step method calculates one-dimensional steady state water
surface profiles by iterating upon the equations for energy conser