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Foreword

This manual documents Version 4.0 of HEC-6, "Scour and deposition in Rivers and Reservoirs."
HEC-6 was initiated by William A. (Tony) Thomas at the Little Rock District of the Corps of Engineers.
The program further evolved into Version 2.7 in 1976, while Mr. Thomas was at the Hydrologic
Engineering Center (HEC). Since then, program development by Mr. Thomas and his staff has
continued at the Waterways Experiment Station (WES). Additionally, program modifications were
made by Ford, Thorton and Norton (FTN) Associates, Little Rock, AK. Program Version 3.2 was
released by HEC in 1986. That version was ported to the MS-DOS PC by HEC, and has been the
HEC “Library version® of HEC-6 until this release of Version 4.0.

Version 4.0 was developed at HEC from the 1988 "Network Version® of HEC-6, developed at WES
(sometimes called TABS-1). Mr. Thomas had added stream network capability, as well as additional
transport functions and more complete computation of cohesive sediment resuspension. Ms. Joan
Tinios, working under the direction of Dr. Michael Gee, revised the code to break arrays into functional
units, structure the general program code, and provide a FORTRAN 77 standard program.
Miscellaneous changes to program output and minor error corrections were also performed at that
time. Every effort has been made to maintain the capability to use input data from earlier program
versions. Because the movable bed width is now calculated differently, some computed results may

differ from earlier versions.

This document was drafted by David Williams of WEST Consultants, Inc. Reviews and final
editing were performed by Dr. Robert MacArthur, Dr. Gee and Ms. Tinios, plus general HEC staff
reviews. Document formats, typography and preparation were provided by Ms. Penni Baker.

Current information regarding availability of this and other programs is available from HEC. While
the government is not responsible for the results obtained when using this program, identified errors
will be eliminated in the program to the extent that time and funds are available. Program users are

encouraged to notify HEC of program errors.
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di: d1+1

Notation

length of longest axis of a sediment particle
incremental area

total area of subsection

area of subsection

total area of cross section

downstream and upstream area, respectively, of the cross-sectional flow normal to the
flow direction

length of intermediate axis of a sediment particle
coefficient of consolidation for silts or clay

width of the movable bed

width of movable bed at point P

coefficient used in calculation of transport under armor conditions
bed stability factor (coefficient)

length of smallest axis of a sediment particle
concentration at end of time period

loss coe_fﬁcients for expansion or contraction
concentration at beginning of time period

critical section factor

fraction of transport capacity sufficient to pass inflowing sediment discharge, used in
armor layer calculations

grain diameter

smallest stable grain size in armor layer

the left and right depth of an incremental area, respectively
median grain diameter of the grain size class being tested
median grain diameter for grain size class i

particle size in the streambed of which 84 percent of the bed is finer, in feet

X



D water depth
Dy - actual water depth for equilibrium depth calculations
average water depth of each trapezoidal element

D, the minimum water depth for the condition of no sediment transport (i.e., equilibrium
depth) for grain size d

De1y length difference between two sides of an incremental area

D, (i) effective depth occupied by sediment size i

D,. depth of bed material which must be removed to reach equilibrium
Dgeo1d depth of active layer of previous discharge

Den | depth of sediment from bed surface to model bottom

D, either D, or D1,

DBN, DBI weighting factors for hydraulic parameters at the downstream boundary
DD duration of time increment

D,E sediment transport coefficients developed using data

DeS; depth-slope product

DECAY(i) settling coefficient for sediment size class i

DIST distance to upstream or downstream cross section

D1eg D244 equilibrium depths corresponding to points on bed gradation curves

e natural logarithm base
EFD effective depth of a reach
EFW effective width of a reach
ENTRLR entrainment ratio

ETCON entrainment coefficient

Fsa Fsu. Foo  fractions of sand, silt, and clay, respectively, in the deposit
FSAE transport capacity correction due té armoring
FTTS flow through time through the reach

acceleration due to gravity

G sediment load

Xi



Gu' Gd
. GP

GS

Kk’
K’
KJ

Ke
K-1, K, K+1

NGS

NSS

Pi

sediment loads at the upstrearﬁ and downstream cross sections, respectively
sediment transport potential

inflowing sediment discharge

energy head loss

head loss due to friction

form head loss

grain size class analyzed

total number of trapezoidal elements in a subsection

last sediment size class analyzed

total number of subsections across cross section

VP
2.3D

average conveyance
square root of length

conveyance of a subsection

sum of the subsection conveyances

downstream, midpoint, and upstream locations, respectively, of a reach
length of the jth strip between subsections

total number of trapezoidal elements in the subsection

length of the upstream and downstream reach, respectively, used in control volume
computation

number of bed gradation recalculations within a discharge interval

-erosion rate for particle scour

erosion rate for mass erosion

Manning's roughness coefficient

number of sediment grains on bed surface
number of grain sizes present

number of subsections

incremental wetted perimeter

Xii



PC
Pl
PIGS

PROB

SAE
SD()
SF
SG
SLO
SPI

STO

TPIGS

wetted perimeter
porosity of deposits

wetted perimeter of subsection

T
probability that a floc will stick to bed [1 = Th ]
d

percent of bed material coarser than size d

fraction of bed composed of a grain size class

percent of a grain size class required to transport inflowing sediment load
probability that grains will stay in the bed

water discharge per unit width of flow

water discharge

hydraulic radius, in feet

hydraulic radius of subsection

downstream and upstream hydraulic radius, respectively
surface area exposed to scour

friction slope

bed surface area

ratio of surface area of potential scour to total surface area
diameter of sediment size class i

particle shape factor

specific gravity of sediment particles

friction slope

see LTI

multiplying factor of GP

time

time in years

total percent for all PIGS sizes

Xiii



UBN, UBI
UWD

v

Ve

Vse

Vsed

Vs()

Vi, V,
VEL
VoL,

VOLse
VSF

WTDT
WMB
WS,, WS,
X

XID, XIN, XU
Ys

Yop Yap
ZsQ

a, a;, a,
Y

Ys

Ysar YsL» YcL

weighting factors for hydraulic parameters at the upstream boundary
unit weight of deposits

water velocity

volume of fluid in control volume

volume of bed material which must be removed to reach equilibrium
volume of sediment in control volume

settling velocity for particle size i

- ischar
average velocities ( :g::: fc:c'); areae ) at ends of reach

weighted velocity of a reach

volume remaining in active layer

total volume in active layer

volume shape factor

width of an incremental area

total water surface width

bed surface weight required to just transport inflowing sediment load
weight of surface layer

width of movable bed

water surface elevations at ends of reach

distance along the channel

weighting factors for hydraulic parameters

depth of sediment in control volume

depth of sediment before and after time interval, respectively, at point P
computed section factor

velocity distribution coefficients for flow at ends of reach

unit weight of water

unit weight of sediment particles

unit weight of sand, silt, and clay, respectively
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composite unit weight of deposits

¥Ysc

Yy initial unit weight of the sediment deposit, usually after one year of consolidation

At characteristic time of erosion |

Ps density of sand grains

Pe density of water

Tp bed shear stress

T critical bed shear stress, after Meyer-Peter and Muller (1948)

Tq critical bed shear stress for deposition

Te critical bed shear for particle scour

¥ transport intensity from Einstein’s bed load function, related to the inverse of Shield's

parameter
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Introduction

1.1 Model Purpose and Philosophy

HEC-6 is a one-dimensional numerical model of river mechanics that computes scour and
deposition by simulating the interaction between the hydraulics of the flow and the rate of sediment
transport. This model was designed to be used for the analysis of long-term river and reservoir
behavior rather than the response of stream systems to short-term, single event, floods. HEC-6 does
not simulate bank erosion or lateral channel migration.

Separation of sedimentation from the hydraulics of flow is valid in some circumstances; for
example, deposition in deep reservoirs can be characterized as progressive reduction in storage
capacity because material is rarely re-entrained once it is deposited. Prediction of the behavior of
shallow reservoirs and rivers often requires the inclusion of the interaction between the flow hydraulics,
sediment transport and related changes in boundary geometry and roughness. HEC-6 is designed to
include those interactions.

HEC-6 does not predict watershed sediment yield; it simulates the ability of a stream to transport
sediment. This computation of transport includes both bed and suspended load as portrayed in
Einstein’s Bed Load Function [7]}. The transpor, deposition, and erosion of silts and clays may be
calculated. The effects of creation and destruction of an armor layer are also computed.

A reach of river with a bed composed of the same type of sediment material as that moving in the
stream is termed an "alluvial* reach [7]. Einstein recognized that an alluvial reach provides a record of
the sediment that the stream has, and does, transport. This record is reflected in the materials that
form the stream boundaries. By joining the hydraulic properties of the flow with the characteristics of
the sediment material (which can be determined by analyzing samples of the streambed sediment
particles) one can calculate the rate of sediment transport. HEC-6 embodies similar concepts to
compute the movement of sediment materials for a temporal sequence of flows and, through
volumetric conservation, the changes in channel dimensions.

1.2 Applications of the Model

A dynamic balance exists between the sediment moving in a natural stream, the size and
gradation of sediment material in the stream’s boundaries, and the hydraulics of flow. When a
reservoir is constructed, flood control features placed in a river, or a minimum depth of flow
maintained for navigation, that balance is changed. HEC-6 can be used to predict the impact of
making one or more of those changes on the river hydraulics, sediment transport rates, and channel

geometry.

HEC-6 is designed to simulate long-term trends of scour and/or deposition in a stream channel
that might result from modifying the frequency and duration of the water discharge and/or stage or
from modifying the channel geometry (e.g. encroaching on the floodplains). HEC-6 can be used to

1 Einstein's Bedload Function is not included in this version of HEC-6.
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evaluate deposition in reservoirs (both the volume and location of deposits), design channel
contractions required to maintain navigation depths or decrease the volume of maintenance dredging,
predict the influence that dredging has on the rate of deposition, estimate maximum scour during
large flood events, and evaluate sedimentation in concrete channels.

1.3 Overview of Manual
This manual describes the fundamental concepts, numerical model limitations and capabilities,

methodologies, input requirements and output of HEC-6. A brief description of model capabilities and
the organization of this manual is presented below. The section numbers after each heading refer to

the section that describes the information in detail.

Theoretical Basis For Movable Boundary Calculations (Chapter 2)

This section describes the theoretical basis for hydraulic and sediment computations used in the
computer program HEC-6. [t discusses the general capabilities of the program and how each
computation is performed.

General Input Requirements (Chapter 3)

This section describes the general data requirements of HEC-6. It describes the necessary input
requirements to implement specific HEC-6 capabilities.

Program Output (Chapter 4)

The program output section provides information on the various output levels for displaying the
geometric, sediment and hydrologic data and for listing the initial and boundary conditions. It also
describes how to display the desired information during a simulation.

HEC-6 Computations and Modeling Guidelines (Chapter 5)

General modeling guidelines and additional information on how HEC-6 performs its computations
is presented in this section.

Example Problems (Chapter 6)

This section gives example applications of HEC-6. It covers single river and network situations as
well as some commonly used features of the program.

1.4 Summary of Program Capabilities

General program capabilities are presented below. More detailed explanations of how the HEC-6
program calculates specific hydraulic and sediment transport quantities are presented in later sections
of the manual.



1.4.1 Geometry

A system of main stem, tributary, and local inflow/outflow points can be simulated simultaneously.
Such a system in which tributary sediment transport is calculated is called a network model.
Sediment transport is calculated in primary tributaries as well as higher order tributaries. The total
number of network branches, including the main stem and local inflow/outflow points, must not exceed

ten.

1.4.2 Hydraulics

The one-dimensional energy equation is used for water surface profile computation using the
standard step method and Manning’s equation [26]. Manning's ‘n’ values for overbank and channel
areas may be specified by discharge or elevation. Manning's ‘n’ for the channel can also be varied
by Limerinos’ method [16] using the bed gradation of each cross section. Expansion and contraction
losses are included in the determination of energy losses. The energy loss coefficients may be

changed at any cross section.

For each discharge in a hydrograph, the downstream (starting) water surface elevation can be
determined by a user specified rating curve or time dependent water surface elevation. Internal
boundary conditions (e.g. rating curves), can be imposed on the solution. The downstream rating
curve and any internal rating curves can be changed at any time by input of a new rating curve in the

hydrologic data.

Conveyance limits, containment of the flow by levees, ineffective flow areas, and overtopping of
levees, are simulated in a manner similar to HEC-2. Spilit flow computations are not done and no
special capability for computing energy losses through bridges is included.

Supercritical flow, should it occur, will be approximated by normal (critical) depth; therefore,
sediment transport phenomena occurring in supercritical reaches are not explicitly computed by
HEC-6.

HEC-6 can be executed in *fixed-bed" mode, which is similar to an HEC-2 application, in which
only water surface profiles are computed. Sediment information such as inflowing sediment load and
bed gradations are not needed to run HEC-6 in *fixed-bed" mode.

1.4.3 Sediment

Sediment transport rates are calculated for grain sizes up to 64 mm. Sediment sizes larger than
64 mm that may exist in the bed are used for sorting computations but are not transported.

For deposition and erosion of clay and silt sizes up to 0.0625 mm, Krone's method [14] is used
for deposition and Ariathurai’s adaptation of Parthenaides’ method [19] is used for scour. The default
transport option for clay and silt provides only deposition using an earlier method.

The sediment transport function for bed material load is selected by the user. Transport
functions available in the program include the following:

Toffaleti's [25]

Madden’s modification (unpublished, 1963) of Laursen’s relationship [15]
Yang's Stream Power for Sands [31]

Duboys [29]

Ackers-White [1]
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f. Colby [5]

g. Toffaleti [25] and Schoklitsch [21]
" h. Meyer-Peter and Mdiller [17]
i. Toffaleti [25])/Meyer-Peter and Muller combination [17]
j. Madden’s modification (unpublished, 1985) of Laursen’s relationship [15]
k. Parthenaides/Ariathurai [19, 2] and Krone [14] for cohesive sediments
3

User specification of transport coefficients based upon observed data

The above methods, except for method (a), utilize the Colby method [5] for adjusting the
sediment transport potential when the wash load concentration is high.

Armoring, and destruction of the armor layer, is simulated based upon Gessler's approach [9].

For deposition or scour, each point within the movable bed (i.e., the area which is allowed to
vertically change due to sediment activity) is raised or lowered. The depth of deposition can be
limited to the depth of the water at each time step.

Simulation of geologicai controls such as bedrock or a clay layer is done by specifying a
minimum elevation for the movable bed at any particular cross section.

The movable bed limits may extend beyond the channel bank “limits®. Deposition is allowed to
occur in all wetted areas, even if the wetted areas are beyond the conveyance or movable bed limits.
Scour occurs only within the movable bed limits. Sediment transport potential is based upon the
hydraulic and sediment characteristics of the channel alone.

The sediment boundary conditions (sediment load as a function of water discharge) for the main
river channel, its tributaries, and local inflow/outflow points can be changed with time. HEC-6 has the
capability to include the diversion of water and sediment by grain size in a simulation.

A transmissive boundary condition may be specified at the downstream-most boundary; this
forces all sediment entering that section to pass it resulting in no scour or deposition at that section.

1.4.4 General

Optional output information includes the total sediment discharge that has passed each cross
section and the volume of deposits (or scour) accumulated at each cross section from the beginning

of the simulation time.

HEC-6 has the ability to simulate the effects of dredging activities. Dredging can be initiated
when a depth of deposition is exceeded or can occur on a periodic basis. Dredging can also be
performed based upon a required minimum depth for navigation.

If a network of a main stem and tributaries is to be simulated, this version of HEC-6 uses the
same data that previous versions would require if each river and tributary segment were being
analyzed independently. Control point data must now be supplied to link the geometric segments
together into a complete stream network. Data sets from earlier versions can be used with this
version of HEC-6 if all $TRIB records are replaced by $LOCAL records and a water temperature is
entered for each local inflow point.



1.5 Theoretical Assumptions and Limitations

HEC-6 is a one-dimensional continuous simulation model using a sequence of steady flows to
represent discharge hydrographs. There is no provision for simulating the development of meanders
or specifying a lateral distribution of sediment load across a cross section. The cross section is
subdivided into two parts with input data; that part which has a movable bed, and that which does
not. The movable bed is constrained within the limits of the wetted perimeter and other limitations that
are explained later. The entire wetted part of the cross section is moved uniformly up or down; an
option is available, however, which causes the bed elevation to be adjusted in horizontal layers when
deposition occurs. Bed forms are not simulated except that ‘n’ values can be functions of discharge
which indirectly permits consideration of the effects of bed forms if the user can determine those
effects from measured data. Density and secondary currents are not simulated.

There are three constraints on the description of a network system for which sediment transport
is to be calculated:

a. Sediment transport in distributaries is not possible.
b. Flow around islands, i.e., closed loops, cannot be directly accommodated.
c. Only one junction or local inflow point can occur between any two cross sections.

1.6 Single Event Analysis

HEC-6 is designed to analyze long-term scour and deposition. Single event analyses must be
performed with caution. HEC-6 assumes that equilibrium conditions are reached within each time
step (with certain restrictions explained later); however, the prototype is often influenced by unsteady
non-equilibrium conditions during flood events. Equilibrium is never achieved under these conditions
because of the continuously changing hydraulic and sediment dynamics. If these situations
predominate, single event analyses should be performed only on a qualitative basis. For gradually
changing sediment and hydraulic conditions, such as for large rivers with slow rising and falling
hydrographs, single event analyses may be performed with confidence.



Chapter 2

Theoretical Basis for Movable Boundary Calculations

2.1 General Overview of Approach and Capabilities

Chapter 2 presents the theories and ideas embodied in HEC-6. Detailed information on how
these theories and ideas are implemented in HEC-6 are described in Chapter 3.

2.1.1 General

HEC-6 processes a discharge hydrograph as a sequence of (steady) flows of variable duration.
Based on continuity of sediment, changes are calculated with respect to time and distance along the
study reach for the following: total sediment load, volume and gradation of sediment that is scoured
or deposited, armoring of the bed surface, and the resulting bed elevation. In addition, sediment
outflow at the downstream end of the study reach is calculated. The location and amount of material
that has to be dredged is calculated and printed out if desired.

21.2 Geometry

Geometry of the river system is represented by cross sections which are specified by coordinate
points (stations and elevations) and the distance between cross sections. HEC-6 raises or lowers
cross section elevations to reflect deposition and scour. The horizontal locations of the channel banks
are considered fixed and the floodplains on each side of the channel are considered as having fixed
ground locations but can move vertically if within the movable bed.

213 Hydraulics and Hydrology

The water discharge hydrograph is approximated by a sequence of steady flow discharges, each
of which last for a specified period of time. Water surface profiles are calculated by using the
standard step method to solve the energy and continuity equations [26]. Friction loss is calculated by
the Manning’s equation and expansion and contraction losses are calculated if the representative loss
coefficients are specified. Hydraulic roughness is described by Manning’s ‘n’ values and can vary
from cross section to cross section. At each cross section ‘n’ values may vary vertically or by

discharge.

It is necessary to specify the downstream water surface elevation for water surface profile
calculations. In the case of a reservoir the operating rule may be utilized, but if open river conditions
exist, a stage-discharge rating curve is usually specified as the downstream boundary condition. A
rating curve or operating rule may be applied to any location along the main stem or tributaries.

7 Preceding page blank



2.1.4 Sediment Transport

Inflowing sediment loads are related to water discharge by sediment-discharge curves for the
upstream ends of the main stem, tributaries and local inflow points. For realistic computation of scour
and equilibrium conditions, the gradation of the material forming the stream bed must be measured. It
can be specified at each cross section. If only deposition is expected, the gradation of material in the
bed is less important and can be calculated by the program using the inflowing sediment load
gradation.”

Sediment mixtures are classified by grain size using the American Geophysical Union scale. The
program accommodates clay (particles less than 0.004 mm diameter), four classes of silt
(0.004-0.0625 mm), five classes of sand (from very fine sand, 0.0625 mm, to very coarse sand,

2.0 mm), and five classes of gravel (from very fine gravel, 2.0 mm, to very coarse gravel, 64 mm).

Transport capacity is determined at each cross section by using hydraulic information from the

water surface profile calculation (e.g., width, depth, energy slope, and flow velocity) and the gradation
of bed material. Sediment is routed downstream after the backwater computations are made for each

successive discharge.

2.2 Theoretical Basis for Hydraulic Calculations

The basis for water surface profile calculations is essentially Method Il in U.S. Army Corps of
Engineers [26]. Conveyance is calculated from average areas and average hydraulic radii for
adjacent cross sections.

2.2.1 Equations for Basic Profile Calculations

The hydraulic parameters needed to calculate sediment transport capacity are velocity, depth,
width and slope - all of which come from water surface profile calculations. The one-dimensional
energy equation, shown below, is solved using the standard step method and the above hydraulic
parameters are calculated at each cross section for each successive discharge. Figure 1 shows a
representation of the terms in the energy equation.

2 2
ws, + 22V _ys + S Ly (1)
2g 2g ¢
where: g = acceleration of gravity
he = energy loss
V3, V, = average velocities (total discharge < total flow area) at ends of
reach
WS,, WS, = water surface elevations at ends of reach (see Figure 1)
a,, a, = velocity distribution coefficients for flow at ends of reach
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Figure 1
Representation of Terms in Energy Equation

2.2.2 Hydraulic Losses

2.2.2.1 Friction Losses

River geometry is specified by cross sections and reach lengths; friction losses are calculated by
Method Il of U.S. Army Corps of Engineers [26]. The energy loss term, h,, in Equation 1 is composed
of friction loss, he, and form losses, h,, as shown in Equation 2. Only contraction and expansion
losses are considered in the geometric form loss term.

h, = h, + h, @
To approximate the transverse distribution of flow the river is divided into strips having similar

hydraulic properties in the direction of flow. Each cross section is subdivided into portions that are
referred to as subsections. Friction loss is calculated as shown below.

h, = (%)z | @

in which:

1/2
(3, + &), [RZ + Rl]

1.49] 2 2 @)

J

& le/z

downstream and upstream area, respectively, of the
cross-sectional flow normal to the flow direction

where: Ay, A,

J = total number of subsections across cross section

L, = length of the jth strip between subsections

n = Manning’s roughness coefficient

Q = water discharge

Ry, R, = downstream and upstream hydraulic radius, respectively
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2.2.2.2 Other Losses

Energy losses due to contractions and expansions are computed by the following equation:

2 2
a,V; _ o,V (5)

h, =C 39 35

where: C, = loss coefficient for expansion or contraction

If the quantity within the absolute value notation is negative, flow is contracting and C, is the
coefficient of contraction; if it is positive, flow is expanding and C, is the coefficient of expansion.

2.2.3 Computation of Hydraulic Elements

Each cross section is defined by (X,Y) coordinates as shown in Figure 2

(See Figure 3)

A
o] Xiq) (X14.Y 14)
of 14
= LoB — ROB
= e MAIN > l
c q CHANNEL ‘
9 % L \
w 4 5 \ /
I 9 ~—~—7F—11
10 >
a X = Distance in feet

Figure 2
Typical Representation of a Cross Section

For convenience of assigning ‘n’ values, reach lengths, etc., each cross section is divided into
subsections, usually consisting of a main channel, with left and right overbanks.

2.2.3.1 Subsection Area

The area of each subsection is computed by summing incremental areas below the water surface
between consecutive coordinates of the cross section. Figure 3 illustrates the technique by using a
subsection of Figure 2 with STCHL and STCHR as lateral boundaries of the subsection.

10
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Incremental Areas in Channel Subsection
The area of a subsection, A, is:
A, =a, +a,+a; +a,
where: a; = incremental area
A, = area of subsection
The equation for an incremental area is:
= (di * divl) W
a =
2
where: d,, d;,; = the left and right depth of each incremental area, respectively

(see Figure 4, page 12)

w width of an incremental area

Normally, d,, d,,, and W are defined by two consecutive cross section coordinate points, as
shown in Figure 4. However at the first and last increments in each subsection, a subsection station
defines one side of the incremental area. If the subsection station does not coincide with an X
coordinate, straight line interpolation is used to compute the length of either d,, d,,,, or both.

2.2.3.2 Wetted Perimeter

(6)

™

The wetted perimeter, P, is computed as the length of the cross section below the water surface.

In the case of Figure 3, this is:
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P=P +P, +P, +P, ®)

where: p; = incremental wetted perimeter
W
Water Sur_fcﬁ:e_} = | I
/// /
di a,
(X8,Y8)
&
Mo di+1
= 4.
D ely
A
(X9.Yq)

Figure 4
Incremental Area

The equation for the wetted perimeter of the incremental area in Figure 4 is:
P, = (Dgy + W?)/2 ©)
where: D,;, and W are as shown in Figure 4.

Note that only the line between coordinate points is considered in p;, d; and d,,, are not.

2.2.3.3 Hydraulic Radius

The hydraulic radius is calculated for each subsection by:

A
= M3y
R, = + (10)
3
where: A; = area of subsection
P; = wetted perimeter of subsection
R; = hydraulic radius of subsection



2.2.3.4 Conveyance

The conveyance K;, is computed for each subsection j by:

_ 1.49 2/3
K, = n; A;R; (11)
The total conveyance in the cross section is:
NSS
K, =Y K (12)

where: NSS = total number of subsections

2.2.3.5 Velocity Distribution Factor, Alpha

Alpha is an energy correction factor to account for the transverse distribution of velocity across
the floodplains and channel. Large values of alpha (>2) may occur if the depth of flow on the
overbanks is shallow, the conveyance is small, and the area is large. Alpha is computed as follows:

NSS KJS

2

2
o J=1 AJ

(13)
X

Al

2.2.3.6 Effective Depth and Width

To account for the influence of non-rectangular cross section shapes on sediment transport
capacity, a weighted depth, called the effective depth, EFD, is calculated. The effective width, EFW, is
calculated from effective depth to preserve the proper A(D?/?) for the cross section.

ig
2 . n2/3
D avg ai D avg

EFD = 11 (14)
i
Y, &0k
i=1

ip
2, 2 Do (15)
B g
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flow area of each trapezoidal element
average water depth of each trapezoidal element
the total number of trapezoidal elements in a subsection

where: a;
avg

Since the sediment transport is based upon hydraulics of the main channel only, the hydraulic
elements are from the geometry within the channel limits only.

2.2.3.7 Critical Depth Calculations

To assess if the backwater profiles remain above critical depth, the critical section factor (CRT), is
computed using Equation 16, and compared with the computed section factor at each cross section.

CRT = ( g()?uz ‘ (16)
a

A computed section factor, ZSQ, is calculated for-.comparison to CRT.

1/2
ZsQ = At(ﬁ] (17)
Wt.
where: A, = total area of cross section
W, = total water surface width

If CRT is less than ZSQ, subcritical flow exists and computations continue. Otherwise, critical
depth is calculated by tracing the specific energy curve to the elevation of minimum total energy and
the resulting water surface elevation is compared with the water surface elevation calculated by
Equation 1 to decide if flow is supercritical. If supercritical flow is indicated, flow depth is determined
as described in Section 2.2.3.8.

2.2.3.8 Supercritical Flow

In the standard step method for water surface profile computations, calculations proceed from
downstream to upstream based upon the reach’s downstream boundary conditions and starting water
surface elevation. As the calculations proceed upstream, HEC-6 examines the appropriate hydraulic
parameters to determine if the reach is a subcritical or supercritical flow reach. If flow is subcritical,
computations proceed upstream in the manner described in Section 2.2.1. If it is supercritical, HEC-6
approximates the channel geometry using the effective depth and width as described in Section
2.2.3.6 and determines the water surface elevation based upon the supercritical normal depth.

If a subcritical reach is eventually encountered, the downstream cross section of the reach is
assumed to be at critical depth and backwater computations proceed upstream for assumed
subcritical flow conditions. Note that for subcritical flow, M1 and M2 curves are possible in HEC-6 but
under supercritical flow, S1 and S2 curves are not computed because only supercritical normal flow
depths are calculated. An example of such a series of profiles is shown in Figure 5.
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Figure 5
Examples of Subcritical, Critical, and Supercritical Flow Simulations in HEC-6

2.2.3.9 Convergence Equations

Three major steps are used to converge computational trials in computing the upstream cross
section water surface elevation. Figure 6 demonstrates the sequence of successive trials to converge
the standard step method.

O Computed WSE
X Assumed WSE

{Allowoble Error Tolerance

}_‘(—_— Converged Solution
=

2

2

e

—
T 7 Water Surface at Next
DLY1 Downstream Section
.9(DLY1)

IR N A

T T L T T

1 2 3 4 5 & 7
Trial Number

Water Surface Elevation (feet)

Figure 6
Convergence of Assumed and Computed Water Surface Elevations

15



Computational Procedure:

Trial 1: Based on the previous water surface elevation.
Trial 2: Assumed is ninety percent of DLY1
Trial 3: Trial 1 and 2 elevations assumed are connected with a straight line and the

computed Trial 1 and 2 solutions are also connected with a straight line. The

intersection of these lines becomes Trial 3's assumed value.

Trial 4, etc.: This process continues until the assumed and computed values of water
surface elevation are within the allowable error tolerance. If they are, the
computed water surface elevation becomes the converged solution.

Oscillation between positive and negative “error® is permitted. A note is printed in the event a
solution is *forced" (after 20 trials) even though the “error® is greater than the allowable error. In this

case, the last computed water surface elevation is used.

2.2.4 Representative Hydraulic Parameters Used in Sediment Calculations

Hydraulic parameters are converted into representative (weighted) values for each reach prior to
calculating transport capacity. General equations are shown below. These weighting factors can be
modified with input data.

VEL

EFD

EFW

SLO

VEL

EFD

EFW

SLO

L}

Interior Point (section)

XID:VEL(K-1) + XIN:VEL(K) + XIU-VEL(K+1)

XID - EFD(K-1) + XIN - EFD(K) + XIU - EFD(K+1)

XID - EFW(K-1) + XIN - EFW(K) + XIU - EFW (K+1)

0.5 [SLO(K) + SLO(K+1) ]

Upstream Point (section)

UBN * VEL(K) + UBI - VEL(K-1)

UBN * EFD(K) + UBI - EFD(K-1)

UBN * EFW (K) + UBI - EFW (K-1)

SLO(K)
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Downstream Point (section)

VEL = DBN *VEL(K) + DBI - VEL(K+1) (26)
EFD = DBN - EFD(K) + DBI - EFD(K+1) (27)
EFW = DBN - EFW (K) + DBI - EFW (K+1) (28)
SLO = SLO(K) (29)

where: DBN, DBI coefficients for downstream reach boundary

K-1, K, K+1 = downstream, midpoint, and upstream locations, respectively, of
a reach ;

SLO = friction slope

UBN, UBI = coefficients for upstream reach boundary

VEL = weighted velocity of the reach

XID, XIN, XIU = downstream, interior, and upstream coefficients, respectively,

for interior points

Several different weighting factors were investigated during the formulation of the computation
scheme. The following table shows the one which appeared to give the most stable calculation and
thereby permit the longest time steps (Scheme 1) and also the one which is the most sensitive to
changes in bed elevation but requires shorter time steps to be stable (Scheme 2). Although Scheme
1 is the most stable, it may cause the model to *smooth out’ large bed elevation changes at adjacent
cross sections which may not reflect actual prototype behavior.

Representative Hydraulic Parameter Weighting Factors

DBl | DBN | XID | XIN | XIU | UBI | UBN
Scheme 1 0.5 05 | 025 | 05 | 025 | 0.0 1.0 Most Stable
Scheme 2 0.0 1.0 0.0 1.0 0.0 0.0 1.0 Most Sensitive

The program defaults to Scheme 2 but this can be changed by using the IS5 record.

2.2.5 Hydraulic Roughness

Boundary roughness for an alluvial stream is closely tied to sediment transport and the movement
of bed material. Energy losses for water surface profile calculations must include the effects of all
losses: grain roughness of the movable bed, form roughness of the movable bed, bank irregularities,
vegetation, contraction/expansion losses, bend losses and junction losses. All these losses except
the contraction/expansion losses are embodied in a single roughness parameter, Manning's ‘n’.
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2.3 Theoretical Basis for Sediment Calculations

Sediment transport capacity is calculated at each time interval. The transport potential is
calculated for each grain size class in the bed as though that size comprised 100 percent of the bed
material. Transport potentlal is then multiplied by the fraction of each size class present in the bed to
yield transport capaclty for that size class. These fractions often change significantly during a time
step, therefore an iteration technique is used to account for the effect of these changes on transport
capacity. The primary controls on rate of scour are thickness of the active bed and amount of surface
area armored. The active bed is the layer of material between the bed surface and a hypothetical
depth at which no transport occurs for the given gradation of bed material and flow conditions. This
is discussed in more detail in later sections. The thickness of the active bed is calculated at the
beginning of each interval. The amount of surface area armored is proportional to the amount of
active bed removed by scour. The basis for adjusting bed elevations for scour or deposition is the
Exner equation (see Section 2.3.1.3, page 21). The basis for stability of the armor layer is the work by

Gessler [9].

2.3.1 Equation for Continuity of Sediment Material

2.3.1.1 Control Volume

Each cross section represents a control volume. The control volume width is usually equal to the
movable bed width and its depth extends from the water surface to top of bedrock or other geological
control beneath the bed surface. In areas where no bedrock exists, an arbitrary model bottom or

datum is assigned (see Figure 7).

Water
Control Volume at
Surface Cross Section 2

Stream Bed I
Surface =

vvvvvv

.....

| Model Bottom
(Bed Rock)

Figure 7
Control Volume for Bed Deposits

The control volume for cross section 2 is represented by the heavy dashed lines. The control
volumes for cross sections 1 and 3 join that for cross section 2, etc.
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The continuity of sediment equation is written around this control volume; however, the energy
equation is written between cross sections using the average end area concept. Since both mass
continuity and energy should encompass the same space, and since the averaging of two cross
sections tends to smooth the numerical results, the shape of the control volume is deformed as shown

in Figure 8.
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Deformed Control Volume For Bed Deposits

The quantity of sediment in the stream bed, using an average end area approximation, is

+ L
V,u=B"%Y,- i.z__" (30)
where: B, = width of the movable bed
L, Ly = length of the upstream and downstream reach, respectively, used in

control volume computation
volume of sediment in control volume
depth of sediment in control volume

Vs ed
Y,

For a water depth of D, the volume of fluid in the water column is

o W (31)

Ve=B, - D 2

B, and D are hydraulic parameters, width and depth, which are calculated by averaging over the
same space used in solving the energy equation as described in Section 2.2.1.
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The solution to the continuity of sediment equation assumes that the initial concentration of
suspended bed material is zero. That is, all bed material is contained in the sediment reservoir at the
start of the computation interval and is returned to the sediment reservoir at the end of the
computation interval. Therefore, no initial concentration of bed material load need be specified in the
control volume. Another way of stating this is that it is assumed that the transport potential can be
satisfied, if the sediment is available, within each time step within each control volume.

The hydraulic parameters, bed material gradation and calculated transport capacity are assumed
to be uniform throughout the control volume. The inflowing sediment load is assumed to be mixed
uniformly with sediment existing in the control volume. HEC-6 assumes instantaneous diffusion of all

grain sizes classes on a control volume basis.

2.3.1.2 Concepts of the Bed-Sediment Reservoir

The alluvium deposit over which the water flows is called the sediment reservoir. The portion of
the alluvium directly below the channel bed is called the “bed sediment reservoir* and the portion on
the sides is the "bank sediment reservoir® as depicted in Figure 9. The river channel will erode
sediment from either of those reservoirs or deposit sediment into either of them. HEC-6, however,
only exchanges sediment with the bed sediment reservoir. Correct reproduction of a prototype
system depends on the proper exchange of sediment between the flow field and the bed sediment
reservoir. The physics of that exchange process is not well understood.

LoB | CHANNEL | ROB
[

I | Limits of Movable Bed |

Bank —e \I v |7 &— Bank
Sediment \ = Sediment
Reservoir 0 Reservoir

\\ Sﬂ_\ e —

_/\/ Bed Sediment
Model Bottom Reservoir
Figure 9

Sediment Material in the Streambed

HEC-6 accounts for two sediment sources: the sediment concentration in the inflowing water and
the bed-sediment reservoir in the channel bed. The inflowing sediment load is a boundary condition
and is prescribed with input data. The bed sediment reservoir is the source-sink component of the
numerical model and is also prescribed with input data.

Transport theory for sand relates the total sand load transport to the gradation of sediment
particles on the bed surface. Armor calculations require the gradation of material beneath the bed
surface. The depth to bedrock or some other material that might prevent degradation should also be
given to limit the scour process. These requirements are addressed in HEC-6 by separately
computing the surface gradation and the subsurface gradation.

The coordinates connected by the solid line in Figure 9 defines the initial cross section shape at
the beginning of the simulation. For scour conditions, the difference between the inflowing sediment
load and the reach’s transport capacity is converted to a scour volume. After each time step, the
coordinates within the "movable bed* are lowered by an amount D, which, when multiplied by the
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movable bed width and the representative reach length, equals the required scour volume. [f a model
bottom elevation is not specified, a default value of 10 feet below the thalweg is used, which then
becomes the maximum D, available for scour.

2.3.1.3 Exner Equation

The aforementioned physical description must be converted to computational algorithms. The
basis for simulating vertical movement of the bed is the continuity equation for sediment material (the
Exner equation):

3G , o . OY, _ 32
== * B 0007 0 (32)
where: B, = width of movable bed
DD = duration of time step
G = sediment discharge (ft*/sec)
X = distance along the channel
Y, = depth of sediment in control volume

This equation is expressed in finite difference form (see Equations 33 and 34) for point P using
the notation shown in Figure 10.
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-y -_ D0 . GG (34)
® = Yw T (0.5)B, I, *L,

where: B, = width of movable bed at point P

G, Gq = sediment loads at the upstream and downstream cross sections,
respectively

L, Ly = upstream and downstream reach lengths, respectively, between
cross sections

Y. Ysp = depth of sediment before and after time step, respectively, at
point P

0.5 = the *volume shape factor* weights the upstream and downstream

reach lengths

The initial depth of bed material at point P defines the initial value of Y,,. The sediment load, G,,
is the amount of sediment, by grain size, entering the control volume from the upstream control
volume. For the upstream-most reach, this is the inflowing load boundary condition provided by the
user. The sediment leaving the control volume, G4, becomes the G, for the next downstream control

volume.

The sediment load, G, is calculated by considering the transport capacity at point P, the
sediment inflow, availability of material in the bed, and armoring. The difference between G4 and G, is
the amount of material deposited or scoured in the reach between points D and U during the time
step, and is converted to a change in bed elevation using Equation 34.

As shown in Figure 10, the transport capacity is calculated for the bed elevation at the beginning
of the time interval and it is not recalculated during that interval. Therefore, it is important that each
time interval be short enough so that changes in bed elevation due to scour or deposition during that
time interval do not significantly influence the transport capacity by the end of the time interval.
Fractions of a day are typical time steps for large water discharges and several days or even months
may be satisfactory for low flows. The amount of change in bed elevation that can be tolerated in one
time step is a matter of judgment. Good results have been achieved by using either one foot or ten
percent of the water depth, whichever is less, as the allowable bed change in a computational time
interval. The gradation of the bed material, however, is recalculated during the time interval because
the amount of material transported is very sensitive to the gradation of bed material
(see Section 2.3.4.1).

2.3.2 Determination of the Active and Inactive Layer

HEC-6 incorporates the concept of an active and an inactive layer. The active layer is assumed
to be continually mixed by the flow, but it can have a surface of slow moving particles that shield the
finer particles from being entrained in the flow. Two different processes are assumed: (1) mixing that
occurs between the bed sediment particles and the fluid-sediment mixture due to the energy in the
moving fluid and, (2) mixing that occurs between the active layer and the inactive layer due to the
distortion of the bed surface. The mixing mechanisms are attributed to macro-turbulence and bed
shear stress from the moving water. The mixing depth, therefore, can be expressed as a function of
flow intensity (i.e., unit discharge), energy slope, and particle size.



2.3.2.1 Equilibrium Depth

The minimum hydraulic condition at which a particular grain size will be immobile on the bed
surface can be calculated by combining Manning’s, Strickler’s, and Einstein’s equations, respectively:

V= % R2/13 g}? (35)
1/6
= 2d9 3 (36)
= p| - pf o d 3
g Pe DS, %

where: d = grain diameter

D = water depth

V = water velocity

ps = density of sand grains

ps = density of water

¥ = transport intensity from Einstein’s bed load function, related to the inverse
of Shield’s parameter

S, = friction slope

For no transport, ¥ equals 30 or greater. Solving Equation 37 in terms of S, for a specific gravity
of sand of 2.65 and with ¢ set at 30 yields

d
S, = % 38
t  718.18D (38)

Combining this with the Manning and Strickler equations, in which R has been replaced with D,
" and multiplying velocity by depth to get unit discharge yields:

g = (1-49) (29.3) D33 a 2 (39)
die 18.18D
g = 10.21 - D6 - > . 139

where: q = water discharge per unit width of flow

The equilibrium depth for a given grain size and unit discharge is therefore;

- _ q 6/7
RNl “

where: D, = the minimum water depth for no sediment transport (i.e., equilibrium
depth) for grain size d
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2.3.2.2 Scour Depth and Armoring

Where the bed material is @ mixture of grain sizes, the scour depth required to accumulate a
sufficient amount of coarse surface material to armor the bed is calculated as follows: The number of.
grains times the surface area shielded by each grain equals the total surface area (SA) of a vertical
column, illustrated by Figure 11 and Equations 42 and 43

2
SA = [”d (42)
) [ﬂd2 43
where: N = number of sediment grains on bed surface
SA = bed surface area

SA

— 7_7
V\ -
Figure 11
A Column of Bed Materlal Having Surface Area (SA)

The surface area of the column may be partially shielded by a rock outcrop or an armor layer
such that the potential scour area is less than the total surface area of the column. This reduces the
number of grains exposed to scour as follows.

_ SA - SAE
[ﬂdz (44)

where: SAE = ratio of surface area of potential scour to total surface area
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Assuming a heterogeneous mixture, the depth of scour required to produce a volume of a
particular grain size sufficient to completely cover the bed to a thickness of one grain diameter is:

nd? '
V., =PC:- SA- D, =N (45)
where: d, = smallest stable grain size in armor layer
D,. = depth of bed material which must be removed to reach equilibrium in
time step
PC = percent of bed material coarser than size d
V,e = volume of bed material which must be removed to reach equilibrium in
a time step

Combining the surface area and volume equations and solving for the required depth of scour to
fully develop the armor layer gives:

(nd? / 4 ) PC - SA
which reduces to:
- = (3)[Z%] &

This equation is used with Equation 41 to calculate an equilibrium depth for a mixture of grain
sizes. In order to determine the PC to use in Equation 47, the proper segment on the bed gradation
curve is found by approximating the functional relationship between d and PC (the gradation curve)
with a sequence of straight line segments as shown in Figure 12. The first step in locating the proper
segment on the gradation curve is to calculate the equilibrium depths, D1,, and D2, for the grain
sizes at points 1 and 2, respectively, using Equation 41. If the actual water depth, D,,, is less than

D2,,, the straight line segment from 1 to 2 in Figure 12 defines the required functional relationship
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Figure 12
Gradation of Bed Material for Equilibrium Depth Computation
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and the final equilibrium depth is calculated. If D,; is greater than the equilibrium depth for grain size
at point 2, computations move down the gradation curve to points 2 to 3, 3 to 4, etc., until either the
proper segment is located or the smallest grain size is sufficient to armor the bed in which case scour

will not occur.

Relating depth of scour and equilibrium depth requires consideration of two conditions as
illustrated in Figure 13.

Condition 1 Condition 2
. L~ Water Surface - L Water Surface
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Figure 13
Equilibrium Depth Conditions

When D,;, the actual depth of fiow, is between D1,, and D2, (corresponding to equilibrium
depths for points 1 and 2 of Figure 12), condition 1 is satisfied and

D, =D, +D (48)

When D,, is less than D1,,, condition 2 is satisfied and

D,. =bi1, + D, (49)

A general expression is
D, =D, +D,, (50)

where: D, = either Dy or D1,

The technique for determining D, for a mixture of grain sizes is to first calculate D,, for D2,
Using Equations 42 through 47, D,, is used to determine if there is a sufficient number of stable
grains in V,, (see Equation 45) to completely cover the bed surface. If not, D2, is increased in
increments until D,, provides enough volume of bed material so that 100 percent of the bed surface is
covered by stable grains. When this occurs, D2,, equals D,

HEC-6 designates the zone of material between the bed surface and equilibrium depth as the

active layer and the zone from equilibrium depth to the model bottom as the inactive layer. The active
layer provides the source of material forming the bed surface. The inactive layer has the same
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gradation as the parent bed. That gradation changes as material is deposited on the active layer and
is exchanged with the inactive layer. The inactive layer is the bed sediment reservoir. Material is
moved from one layer to the other layer as the active layer thickness changes with water depth,
velocity and slope. Only the material in the active layer is subject to scour. HEC-6 allows sorting by
grain size during the solution of the Exner equation which requires continuous accounting of the
percent of sediment in each size class within each time step. When all material is removed from the
active layer, the bed is completely armored for that hydraulic condition. Details of how the active and
inactive layer concepts work are presented in Section 2.3.3.

Assuming a heterogeneous mixture, the rate of armoring is proportional to the volume of material
removed, and the surface area exposed, SAE, for scour is:

VoL
SAE = __* 51
VOLg; 51
where: VOL, = volume remaining in active layer

VOLg; = total volume in active layer

Leaching of the smaller particles from beneath the bed surface is prevented by adjusting the
SAE. If a grain size of bed sediment is smaller than the armor size, transport capacity is linearly
decreased to zero as SAE decreases to 40 percent of the total bed surface [11]. Thereafter, the
inflowing load of that grain size and smaller is transported through the reach. Particle sizes equal to
and larger than the armor size are not constrained by this procedure.

2.3.3 Composition of the Active Layer

The thickness of the active layer is calculated by equating the resistance of the bed sediment
particles to the imposed force from the flow field (see Section 2.3.2.1, page 23). This defines an
equilibrium depth - a flow depth at which the bed sediment particles are stable against the erosive
forces of the flow. All particles within that layer are subject to being eroded ;provided there is sufficient
transport capacity. The thickness of the active layer is D, (see Figure 13, page 26).

The active layer's maximum thickness is not checked during a time step, however, it is important
that the thickness change does not affect the hydraulic parameters (velocity, depth) enough to effect
the sediment transport potential. Users must inspect their results for such conditions and adjust the
time step accordingly [23]. The thickness of the active layer is checked against a maximum allowable
value (two feet) at the start of each time step. The main consideration is to prevent large deposits
during a time step that would cause the sorting concepts to fail. The two foot maximum allowable
thickness of the active layer assumes that this is the maximum depth to which grains can interact
within a computation interval (time step).

2.3.3.1 Cover Layer

During erosion, HEC-6 stratifies the active layer into two sublayers; a cover layer and a sub-
surface layer as shown in Figure 14. The concept of a cover layer is based upon the following; if a
steady state water discharge continues for a sufficiently long period of time to develop an equilibrium
sediment discharge, then an equilibrium condition will develop between the active layer and the
sediment concentration in the water column. During the development of that equilibrium condition, the
concentration of smaller particles in the flow, fine sands and silts, will decrease; however, the potential
transport of those sizes will not change. That decrease is due to the removal of the smaller sizes from
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the bed surface layer because their transport rate is large relative to that for the larger sizes.
Consequently, a cover layer of the coarser particles will grow over the bed surface and act like a slow
moving shield that protects the finer particle sizes beneath it from the erosive forces. If the cover layer
is replenished by deposition from the water column, it will remain as a shield. Otherwise, it will
continue to slowly move in the direction of flow until a sufficient surface area of the bed is exposed to
allow water forces to be in contact with the fines in the well mixed "sub-surface layer® beneath it.
Harrison [11] noticed this *armoring® occurring when as little as 40 percent of the bed surface was

covered.

ran Water Surface
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Figure 14
Composition of the Active Layer

2.3.3.2 Sub-Surface Layer

The sub-surface layer js composed of well mixed sediments brought up from the inactive layer
plus sediment which has deposited from the water column. It will replenish the cover layer and
thereby supply bed sediment as required to meet sediment transport capacity. When the weight in
the sub-surface layer becomes less than the weight required to cover 100% of the bed surface to a
depth of two times the size of the largest particle in transport, a new sub-surface layer is brought up
from the inactive layer. Availability of material is a constraint. Thickness of the active layer is
considered to be very important and is calculated as described earlier.

2.3.3.3 Rate of Replenishing the Active Layer

A streambed having a gravel or cobble surface underlain by finer material is said to be armored.
This condition does not reduce the stream'’s potential to transport sediment but rather reflects a
limited supply of sediment material such that transport theory cannot be used for grain sizes finer than
those in the armor layer because their rate of movement is limited by their availability and not the flow
hydraulics. The armor layer forms when fines are transported away more rapidly than they are
replaced by the inflowing load, allowing the coarser grain sizes to dominate the bed surface gradation
and prevent further degradation.

The stability of the armor layer is based on a normal probability distribution function in which the
ratio of critical to actual tractive force is the independent variable. Equations used for the two tractive
forces are:

T, = 0.047 (y, - Y) d, (52)
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where:

7T, =y + EFD - S, (53)

d, = median grain diameter of the grain size class being tested for stability
EFD = effective depth

S, = friction slope

0.047 = Y-intercept of empirical data, from Shields [29]

Y = unit weight of water

Ys = unit weight of sediment particles

T, = bed shear stress

7. = critical bed shear stress, after Meyer-Peter and Mdaller [17]

The probability relationship presented by Gessler [9] is shown in Figure 15. According to
Gessler, the stability of sediment particles on the bed surface is a probability relationship. Shields’
deterministic curve for movement of sediment particles corresponds to a tractive force ratio (1 ./1) of
1.0 in Figure 15 and actually indicates a stability probability of 0.5. As the actual tractive force
increases, the tractive force ratio decreases to reflect a lower probability that the grains will remain
stationary. This does not guarantee particle movement nor do tractive force ratios greater than one
guarantee that sediment particles will remain stationary in the bed. This relationship is used to
calculate a bed stability coefficient which includes the particle size distribution of the bed material as

follows:

where:

NGS
Y PrOB - PROB - PI, - 4,

BSF = i1 —_— (54)
Y PrROB - PI, - 4,
i=1

BSF = bed stability factor (coefficient)

d,; = median grain diameter for grain size class i

i = grain size class analyzed

NGS = number of grain sizes present

Pl = fraction of bed composed of a grain size class
PROB = probability that grains will stay in the bed
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Probability of Grain Stabllity

29



Work by Gessler [9] proposed a stability factor equal to or greater than 0.65 be used to indicate
a stable armor layer. If a partially armored bed is stable under a given hydraulic condition, material is
taken from the active layer until enough stable grains are left to cover the bed to the depth of one
stable grain size. If the armored bed is not stable, the layer is destroyed and a completely new active

bed is calculated.

The probability function could be used to determine the amount of armor layer destroyed;
however, a simple linear relationship is used. The amount of armor layer destroyed is related to the

size of the stability coefficient as

SAE,,, = 1.0 - _013.% (1.0 - SAE,) (55)

where subscripts t and t+1 represent beginning and ending of a computation interval. Material from
the active layer is removed until the remaining stable grains are sufficient to cover the bed at the

ending SAE.

2.3.3.4 Influence of Clay on the Active Layer

The presence of clay in the streambed can cause the bed's strength to be greater than the shear
stress required to move individual particles. This results in a limiting of the entrainment rate under
erosion conditions. HEC-6 attempts to emulate this process by first checking the percentage of clay
in the bed. If more than ten percent of the bed is composed of clay, the entrainment rate of silts,
sands and gravels is limited to the entrainment rate of the clay. This also prevents the erosion of silts,
sands and gravels before the erosion of clay even if the bed shear were normally sufficient to erode
those particles but not enough to erode the cohesive clay.

2.3.4 Movement of Sediment

2.3.4.1 Bed Gradation Recomputations

HEC-6 solves the Exner equation for continuity of material. If transport capacity is greater than
sediment discharge, available sediment is removed from the bed to satisfy continuity. Since transport
capacity for a given size depends upon the fraction of bed material composed of that size, it is
necessary to frequently recalculate fractions present as material is exchanged with the bed. The
number of recalculations, LTI, is related to flow duration, velocity and reach fength at each reach by:

DURATION - VELOCITY (56)

LTI = e e
REACH LENGTH

Often the number of recalculations can be less than this without significant changes in the
results. The user should initially start with LTI=0 (use variable SPI in 11 input record) for extreme
hydrologic events and observe the results. This should be the most stable (and computationally
intensive) condition because the number of iterations is set by Equation 56. Starting from SPi=50,
decrease it in increments of 10 until the results become significantly different from the results with
SPI=0. Use the SPI that gives answers close to those obtained with SPI=0.



2.3.4.2 Characteristic Rate of Entrainment

The characteristic rate of entrainment is associated with flow turbulence. Turbulence simulation,
however, is beyond the scope of this program. Since sediment entrainment is not instantaneous, a
characteristic *flow-distance® was created to approximate a rate of entrainment. Using the distance
one would need to sample equilibrium concentrations in a flume as a guide, the characteristic
distance for entrainment was set at 30 times the flow depth. The entrainment ratio, ENTRLR,
associated with the rate at which a flow approaches its equilibrium load, is calculated by dividing the
reach length by the characteristic distance for entrainment as follows:

REACH LENGTH (57)

ENTRLR =
30 - DEPTH

The entrainment coefficient, ETCON, is then defined by

ETCON = 1.368 - e ENTRIR (57)

ETCON is used to determine what percentage of the equilibrium concentration (for each grain
size) is achieved in the channel reach, and has a maximum limit of 1.0.

Research is needed to substantiate this entrainment hypothesis in particular as well as the
appropriate equation and coefficients.

2.3.4.3 Characteristic Rate for Deposition

Deposition occurs when the inflowing sediment discharge is greater than the transport capacity.
Not all size classes in a mixture deposit; therefore, this process is calculated by size class. The rate
at which sediment deposits from the flow field is controlled by particle settling velocity as follows:

: V.(i) - DD
DECAY (i) = :(1) (59)
D, (1)
where: D,() = effective depth occupied by sediment size i
DD = duration of time step
V,.() = settling velocity for particle size i

2.3.4.4 Influence of Armoring on Transport Capacity

All grain sizes are analyzed in each iteration. Before the next iteration, the surface area exposed
for scour is calculated. In Einstein’s relationship, the hiding factor adjusts transport capacity to
account for armoring. In the other transport relationships, the transport capacity is corrected for
armoring by a parabolic relationship which attempts to account for extra scour due to the presence of
large individual sediment particles. The relationship used in HEC-6 is:

FSAE = CSAE + (1.0 - CSAE) SAEBSAE (60)
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where: BSAE = coefficient used in calculation of transport under armor

conditions
CSAE = fraction of transport capacity sufficient to pass inflowing
sediment discharge, used in armor layer calculations
FSAE = transport capacity correction due to armoring

The value of CSAE is the fraction of transport capacity just sufficient to pass the inflowing
sediment discharge with no deposition. The program assigns the value of 0.5 for BSAE unless input
data specifies otherwise.

2.3.4.5 Hard Bottom Channel
The special condition of a hard channel bottom (as with a concrete channel) is approximated by
specifying zero sediment depth in the bed sediment reservoir. This is accomplished by specifying the

model bottom (EMB, Field 2 on H record) equal to the initial thalweg elevation, less a small amount.
No sediment is contributed to the flow of sediment at that cross section.

2.3.5 Unit Weight of Deposits

2.3.5.1 |Initial Unit Weight

Unit weight is the weight per unit volume of a deposit expressed as dry weight.

Y. = (1 -Py) - SG- ¥y (61)
where: Py = porosity of deposits
SG = specific gravity of sediment particles
Y = unit weight of water
Ys = unit weight of sediment

Standard field tests are recommended when major decisions depend on the unit weight.
Otherwise, use tables on pages 3941 of Vanoni [29] when field data is lacking at your project site.

2.3.5.2 Composite Unit Weight

When dealing with mixtures of particle sizes, the composite unit weight of the mixture is
computed using Colby’s equation [29]:

Ysc = =
SC
Fa , Fs , Fa (62)

Y Y Ya

where: ygc = composite unit weight of deposits
Ysar Ysu Yo = unit weight of sand, silt, and clay, respectively
Fsa Fs., Fo = fraction of sand, silt, and clay, respectively, in the deposit
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2.3.5.3 Consolidated Unit Weight

Compaction of deposited sediments is caused by the grains reorienting themselves and
squeezing out the water trapped in the pores. The equation for consolidation [29] is:

Yy =y, + B log,,T (63)

where: B = coefficient of consolidation for silts or clay
T = accumulated time in years
Y = initial unit weight of the sediment deposit, usually after one year of

consolidation

Suggested values of y, and B are given in Vanoni [29].

The average consolidated unit weight over a time period T requires integration over time. This is
computed using the following relationship developed by Miller [18].

Yoo "Ta ¥ B~ %] * log,,T - 0.434 B (64)

These unit weights are used to convert sediment weight to volume for computation of the bed
elevation change.

2.3.6 Sediment Particle Properties

Four basic sediment properties are important in sediment transport prediction: size, shape factor,
specific gravity, and fall velocity. Grain size classification is fixed in HEC-6 and is described in
Section 3.3. Particle shape factor is defined by:

F = (a_.:)_”_z (65)

where: @, b, ¢ = the lengths of the longest, intermediate, and shortest, respectively,
mutually perpendicular axes of a sediment particle

The particle shape factor of a perfect sphere is 1.0 and can be as low as 0.1 for very irregularly
shaped particles. HEC-6 uses a shape factor default of 0.667 but it can be user specified. If a
*sedimentation diameter* is used, which is determined by the particles’ fall velocity characteristics, the
particle shape factor of 1.0 should be used. If the actual sieve diameter is used, the actual shape
factor should be used.

-

Specific gravity of a particle is governed by the mineral makeup of the sediment particle. In
natural river systems, the bed material is dominated by quartz which has a specific gravity of 2.65.
HEC-6 uses 2.65 as a default; however, values of specific gravities for sand, silt, and clay may be
input.



Two particle fall velocity methods are used in HEC-6. Method 1 is based upon the fall velocities
determined by Toffaleti [25] and is similar to Rubey’s method [29]. This method assumes 0.9 is the
shape factor. Method 2, which takes into consideration the particle shape factor, utilizes the
procedure described in ICWR [13], and is described in detail by Williams [30]. Method 2 is the

default.

2.3.7 Scour Depth Calculation Sequence

The sequence of computations to determine depth of scour is as follows:

1.

2
3.

10.

11.

D,, is set to zero.

. The active layer thickness is calculated.

The gradation of sediment in the active layer is calculated.

The Exner equation is solved, exchanging bed sediment material between the active
layer and the flow field. These computations are made in units of tons.

Change in the active layer weight is converted to volume and new cross section
coordinates are calculated. The next water discharge in the hydrograph is read.

A new water surface profile and associated hydraulic forces are calculated.

The new D, is calculated.

When all sediment sizes cease to be transported the bed is completely armored for
that hydraulic event.

If the new D, is greater than 0.0, it is compared to the total depth of the bed
sediment reservoir. If the comparison indicates that more sediment is required to
satisfy D,, than exists in the sediment reservoir, then D, is set to the full sediment
reservoir depth and a note is printed.

if there is enough sediment in the sediment reservoir, D, is compared to the
remains of the previous active layer, D,,.,4. If the difference (D,, - D,..14) i greater
than five feet, the weight of sediment equivalent to a thickness of five feet is returned
to the inactive layer. The reason an exchange is made is to keep the composition of
the bed sensitive to the surface gradation because sedimerit transport calculations
depend on the bed surface gradation.

If the difference (D,, - D,.14) is less than five feet, a new target weight of sediment
is determined for the exchange between inactive and active layers in subsequent
computations.

Earlier versions of HEC-6 allowed leaching of sediment from depths below the bed surface. This
is prevented by subdividing the active layer into a sublayer updated LTI times for each discharge and
maintaining a separate cover layer. This process is described in Section 2.3.3.



2.3.8 Bed Elevation Change

When scour or deposition occurs after a time step, HEC-6 adjusts elevations within the movable
bed portion of the cross section. For deposition, the streambed portion is moved vertically only if it is
within the movable bed specified by the H or HD record and is below the water surface (i.e., wetted).
Deposition is allowed outside of the conveyance limits defined by the XL record. Scour occurs only if
it is within the movable bed, within the conveyance limits, within the effective flow limits defined by the
X3 record, and below the water surface. Once the scour or deposition limits are determined, the
volume of scour or deposition is divided by the effective width and length of the cross section to
obtain, Y,, the bed elevation change. The vertical components of the coordinates within these
scour/deposition limits are then adjusted as shown in Figure 9 (page 20). An option for adjusting the
geometry in a different manner for deposition is described in Section 3.7.4.

2.3.9 Silt and Clay Transport

2.3.9.1 Cohesive Sediment Deposition

The equation for Method 2 silt and clay deposition [14] in a recirculating flume at slow
aggregation rates and suspended sediment load concentrations less than 300 mg/2 is:

ad
ln — = -k'’t 66
c. (66)
or
C _ oax'v) 6
= e (67)

where: C = concentration at end of time period
C, = concentration at beginning of time period
D = water depth

v o Vel
230

P, = probability that a floc will stick to bed (1 - 7,/7)

t = time = reach length/flow velocity

V, = settling velocity of sediment particles
T, = bed shear stress
T4 = critical bed shear stress for deposition

This ratio is multiplied by the inflowing clay or silt concentration to obtain the transport potential.
The concentration is converted to volume and deposited on the bed.

2.3.9.2 Cohesive Sediment Scour

Erosion is based upon work by Parthenaides [19] and adapted by Ariathurai [2]. Particle erosion
is determined by:
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c=2" 5% |5 4| (68)
O § T,

where: C = concentration at end of time period
C_ = concentration at beginning of time period
M, = erosion rate for particle scour

water discharge

surface area exposed to scour

T, = bed shear stress

critical bed shear for particle scour

unit weight of water

< N
nu

As the bed shear stress increases, particle erosion gives way to mass erosion and the erosion
rate increases. Because the mass erosion rate can theoretically be infinite, Ariathurai [2]
recommended that a "characteristic time®, At, be used. With a computation interval of DD, the mass

erosion equation becomes:

c=%"5 At , . (69)

where: DD = duration of time step
M, = erosion rate for mass erosion
At = characteristic time of erosion

Ariathurai [2] gives guidance on how to obtain or estimate At, M;, and M,. Because erosion
thresholds and rates for cohesive sediments are dependent on specific sediment particle and ambient
water conditions such as mineralogy, sodium adsorption ratio, cation exchange capacity, pH, salinity,
and depositional history, in situ and/or laboratory testing are the recommended methods to determine
the erosion characteristics of cohesive sediments.

2.3.10 Mudflow Constraint on Transport Potential

Because Einstein’s concept of the "equilibrium concentration® is utilized for the non-cohesive load,
no additional constraints are required. However, when cohesive sediments are included there is no
equilibrium concentration. HEC-6 assumes erosion and entrainment will proceed until a maximum
mudflow concentration has been reached. The maximum mudflow concentration (hyperconcentrated
flow), based on two measurements at Mt. St. Helens, is considered to be 800,000 ppm. If the
concentration of fines (i.e., silt and clay) at any cross section exceeds 50,000 ppm, a counter is
incremented and a message will be printed at the end of the computer run stating the total number of
times high concentrations were detected. When the concentration exceeds 800,000 ppm, each grain
size concentration is proportionally reduced so that the total concentration is 800,000 ppm.
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Chépter 3

General Input Requirements

3.1 General Description of Data Input

Input data are grouped into categories of geometry, sediment, hydrology, and special commands.
A description of input records is contained in Appendix A. The alphanumerics in parentheses after
each section heading in this chatper refer to the input records that control the discussed data.

3.2 Geometric Data

Geometric data includes cross sections, reach lengths and ‘n’ values. In addition, the movable
bed portion of each cross section and the depth of sediment material in the model bed are defined.
The NC to H (or HD) records are used to define the model geometry. HEC-2 format is used for

geometric data.

3.2.1 Cross Sections (X1, X3, GR)

Cross sections are specified for initial conditions. Calculations are made directly from coordinate
points (stations, elevations) - not from tables or curves of hydraulic elements. GR records are used to
input the elevation-station coordinate pairs to establish an accurate description of the shape of a
cross section (see Figure 2, page 10). Corrections for skew and changes in elevation are made (X1
record), if desired, without re-entering coordinate points (GR records).

Elevations may be positive, zero or negative. Cross section identification numbers must be
positive and should increase in the upstream direction. If the water surface elevation exceeds the end
elevations of a section, calculations continue by extending the end points vertically but ignoring the
added wetted perimeter.

3.2.2  Subsections (X1)

Each cross section is subdivided into three parts called subsections - the left overbank, main
channel and right overbank. Reach lengths and °n’ values are assigned to each subsection. The
calculation of friction loss through the reach is made by averaging the end area of a subsection,
averaging the end hydraulic radius and applying the subsection ‘n’ value and reach length to get a
length-weighted subsection conveyance. Subsection conveyances are summed to get a total value
for the reach which is used to calculate friction loss.
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3.2.3 Reach Length (X1)

Each subsection must have a reach length. It extends from the previous (downstream) section to
the present cross section. This enables the simulation of channel curves where the outer part of the
bend, which is represented by an overbank area, has a reach length larger than the channel or the
inside overbank area. For meandering rivers, the channel length is generally greater than the

overbank reach lengths.

3.24 Manning’s ‘n’ Values (NC, NV, $KL, $Ki)

A Manning’s ‘n’ value is required for each subsection and is utilized until it is changed. It is not
possible to automatically change 'n’ values with respect to time. The ‘n’ may vary with either
discharge or elevation in the main channel and overbank areas. When 'n’ varies with discharge, the
first *'n’ on the NV record should be a negative value. To change ‘n’ values utilizing Limerinos’
relationship, the $KL record is placed in the hydrologic data set. To return to the input ‘n’ values, a

$KI record must be input.

3.25 Bridges

This model has no provision for calculating flow at bridges except by normal backwater
calculations. Piers can be simulated by adjustment of GR points to reflect net flow area change if
general scour information is of interest at the bridge. Be sure that the top elevations of the GR points
used for piers are above the highest anticipated water surface elevation. This is to assure that
*deposition® does not occur on the "piers’. In most situations the user should ignore bridges and
match water surface profiles by adjusting ‘n’ values and/or previously mentioned geometric changes
to avoid the short time intervals required for analyzing general scour at bridges. All bridge routine
records in original HEC-2 cross sections must be removed before use in HEC-6.

3.2.6 Movable and Fixed Bed (H, HD)

Each cross section is divided into movable and fixed bed portions. The movable bed can be
specified beyond the channel limits. Scour and deposition will cause the movable bed to fall and rise
by changing the cross section elevations after each time step.

3.2.7 Conveyance Limits (XL)

Sometimes water inundates areas that do not contribute to the water conveyance. Conveyance
limits are specified by either entering a conveyance width to be centered between the channel limits
or by input of two station locations that define the conveyance limits. Deposition is allowed to occur
outside the conveyance limits (but within the movable bed); however, scour can occur only within the
conveyance limits even if the movable bed limits are beyond the conveyance limits.

3.2.8 Ineffective Flow Area (X3)
When high ground or some other obstruction such as a levee prevents water from flowing into a
subsection, the area up to that point is ineffective for conveying flow and is not used for hydraulic

computations until the water surface exceeds the top elevation of the obstruction. The barrier can be
a natural levee, man-made levee or some other structure. End area, wetted perimeter, n-value and
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conveyance computations are not made in the ineffective area portions of a cross section. This is
similar to the ineffective flow option in HEC-2. Sediment computations will not be made for ineffective

" areas.
Three methods for ineffective flow area are available. Method 1 confines the water within the

channel limits unless the water surface elevation is higher than the elevation of either channel limit. If
either (or both) channel limit elevation(s) is exceeded, that overbank area is used for hydraulic

conveyance calculations (see Figure 16).

Channel

Limits
it
A =

Channel

' Limits I

4

Figure 16
Examples of Ineffective Area, Method 1

Method 2 is used to specify an effective area width of which the left and right limits are
equidistance from the centerline of the channel. This is similar to Method 2 of the encroachment
option in HEC-2. Method 2 may be used in conjunction with Method 1 as shown in Figure 17.

Effective Effective
Area Width Area Width
Channel Channel
I Limits | I Limits l
M A L3 %

%

A WA

Method 2, only. Method 2 with Method 1.

Figure 17

Examples of Ineffective Area, Method 2

Method 3 uses the exact locations (STENCL and STENCR for left and right overbanks) and
elevations (ELENCL and ELENCR for left and right overbanks) of ineffective areas for each overbank
area. This method is similar to Method 1 of the encroachment option in HEC-2 as demonstrated by
Figure 18. Method 3 cannot be used together with Method 1 or 2.

Channel Channel =

ELENCL g Lz 1 e ELENCR  ELENCL LN /ELENCR
8 h 4 & 4

STENCL STENCR STENCL STENCR

Figure 18
Examples of Ineffective Area, Method 3
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The program automatically tests the first and last points in the movable bed to ascertain if natural
levees are forming during the computations. If this occurs, the program overrides the ineffective area
methods specified by input data. In fact, natural levees formed by the movable bed are always
considered to establish ineffective area even if that option was not selected by input data, as
illustrated in Figure 19.

Natural

Levee
Moveable Bed Ineffective _\ Moveable Bed
L Limits N Flow Area L Limits L]
N e o/ _\ ™ /
- 4
W Deposition

Figure 19
Ineffective Areas Due to Natural Levee Formation

32.9 Dredging (H, HD, $DREDGE, $NODREDGE)

When the dredging option is used, part or all the movable bed portion of a cross section is
lowered to the prescribed bed elevation. Outside of the dredged channel, the points are not changed.
Sediment material is assumed to be removed from the channel and out of the system. The H or HD
record is used to specify the bottom elevation, lateral limits, and the depth of overdredging. Dredging
is initiated by the $SDREDGE record in the hydrologic data set and is assumed to be active for all
discharges until a $SNODREDGE record is encountered. These "on" and "off* records can be placed in
the hydrologic data set as often as required. Dredging can be activated any number of times during a
long simulation by placing pairs of $DREDGE, $SNODREDGE records in the hydrology.

The elevation of the channel bottom is calculated at the end of each computation interval (DD). [f
the elevation is higher than the specified dredging elevation on the H or HD record, the channel invert
is lowered to the specified dredging or overdredge depth, whichever is greater. An option is available
to initiate dredging if the channel bottom elevation is still higher than a specified minimum draft depth
(SDREDGE record). When this occurs, the channel is dredged to an elevation such that the minimum
draft is achieved.

3.3 Sediment Data

Sediment data is specified on records | through N. This data includes the inflowing sediment
load data, gradation of material in the stream bed, and information about fluid and sediment
properties. The transport capacity relationship(s), and unit weights of deposited material are also
input in this section.

The grain sizes of sediment particles commonly transported by rivers may range over seven log
cycles. Small sizes behave much differently from large sizes. Therefore, it is necessary to classify
sediment material into groups for application of different transport theories. The three basic classes
considered by HEC-6 are clay, silt and sand/gravel. The groups are identified and subdivided based
on the American Geophysical Union (AGU) classification scale as shown in Table 1. HEC-6 accounts
for 15 different sizes of material including one size for clay, four silt sizes, five sand sizes, and five
gravel sizes. The representative size of each class is the geometric mean size, which is the square
root of the class ranges multiplied together. For example, the geometric mean size for medium silt is
(0.0160.032) /2 or 0.023 mm.
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Table 1

Grain Size Classification of Sediment Material

Class Size
Number Used Sediment Grain Diameter
in HEC-6 Material (mm)
Clay
1 Clay 0.002 - 0.004
Siit
1 Very Fine Silt 0.004 - 0.008
2 Fine Silt 0.008 - 0.016
3 Medium Silt 0.016 - 0.032
4 Coarse Silt 0.032 - 0.0625
Sand and Gravel '

1 Very Fine Sand (VFS) 0.0625 - 0.125
2 Fine Sand (FS) 0.125 - 0.250
3 Medium Sand (MS) 0.250 - 0.500
4 Coarse Sand (CS) 0.500 - 1.000
5 Very Coarse Sand (VCS) 1.000 - 2.000
6 Very Fine Gravel (VFG) 2.000 - 4.000
7 Fine Gravel (FG) 4.000 - 8.000
8 Medium Gravel (MG) 8.000 - 16.000
9 Coarse Gravel (CG) 16.000 - 32.000
10 Very Coarse Gravel (VCG) 32.000 - 64.000

3.3.1 Inflowing Sediment Load (L, LQ, LT, LF)

The aggradation or degradation of a stream bed profile depends upon the amount and size of
sediment inflow relative to the transport capacity of the stream (see Section 2.3.1). The sediment
entering the water inflow points of the geometric model (i.e., local inflow points, main stem and
tributary boundaries) are inflowing sediment loads and are expressed in tons/day. The sediment load
should include both bed and suspended load (total load) and is expressed as a log-log function of
water discharge in cfs versus sediment load in tons/day as in Figure 20.

—
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QS in Tons/Day

Q in cfs

Figure 20
Water-Sediment Inflow Relationship

41



Data is entered as a table of sediment load by grain size class for a given discharge. The range
of discharges should encompass the full range expected in the simulation.

If the inflowing sediment load is essentially of one grain size, that size should be located in
Table 1 and identified by its classification and assigned the number of its grain size class. For
instance, if the representative size is 0.035 mm, its classification is medium sand and its sand size
number is 3. This number is then input for variables IGS and LGS on the 14 record. But if the
inflowing load is composed of a range of grain sizes, it is desirable to further subdivide sand and
perhaps silt into the classifications shown in Table 1. Use as many of these classifications as needed
to describe the problem. It is not necessary to start with the smallest size nor is it necessary to go to
the coarsest size, but once a range of sizes is selected, all grain sizes within that range must be
included. The AGU classifications in Table 1 are stored internally in the program and cannot be

modified.

3.3.2 Sediment Material in the Streambed (N, PF, PFC)

Transport theory for sand relates the total sand and coarser load moving to the gradation of
sediment particles on the bed surface. Armor calculations require the gradation of material beneath
the bed surface and knowledge about the depth to bedrock or some other material that might prevent
degradation.

These requirements are accommodated in the sediment program by assigning a depth of
sediment material to each cross section and specifying the surface gradation and the subsurface

gradation as illustrated in Figure 21.

LOB | CHANNEL | ROB

Limits of Movable Bed | I

je

Surface gradation for
sm_ /_\< transport theory
_7\/ Gradation for scour

Model Bottom calculations

Figure 21
Sediment Material In the Streambed

Coordinates connected with the solid line define the cross section at the beginning of the study.
For scour conditions, the program lowers all coordinates within the *movable bed® by an amount D,
and calculates the amount of sediment material available for transport from the cross-sectional area
defined by D,,. If no model bottom elevation is specified, a default value of 10 feet is used for D,

The gradation of sediment particles on the streambed, point A (Figure 21), and the distribution of
sizes in the inflowing load are intimately related. One must complement the other in transport theory.
The gradation for scour calculations, region around point B (Figure 21), is a completely different data
source and easier to sample than the bed surface gradation. Therefore, in using HEC-6, it is
customary to specify inflowing sediment load and gradation of the region identified by point B and
have the program calculate the bed surface gradation which is required to transport the inflowing
load. The bed gradation in region B is coded on the N or PF records.
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The gradation of sediment material in the streambed is coded as percent finer versus grain size
(PF records) or the fraction of material contained in each grain size class (N records). If N records
- are used to describe the bed gradation, one set is required for every cross section. If PF records are
used, cross section numbers are used to identify the gradation cross section location within the
geometric data set and gradations are linearly interpolated for those cross sections that do not have

PF records for them.

3.3.3 Sediment Properties (1, 12, I3, 14)

Five basic properties are considered: grain size, grain shape factor, specific gravity, unit weight of
deposits and fall velocity. Grain size classifications are fixed in the program and are shown in
Table 1. The program defaults to a specific gravity of 2.65 and the grain shape factor defaults to
0.667 if no values are specified. The fall velocity methods are input on the I1 record (see

Section 2.3.6).

3.34  Sediment Transport

3.3.4.1 Sand and Gravel Transport (I1)

There are several sand and gravel transport relationships available in HEC-6. The 14 record is
used to specify which of the following to use. '

Toffaleti [25]

User developed relationship

Madden’s (1963) modification of Laursen’s relationship [15]
Yang's Stream Power for Sands [31]

Duboys [29]

Ackers-White [1]

Colby [5]

Toffaleti (1969) and Schoklitsch [21]

Meyer-Peter and Mdller [17]

Toffaleti [25] and Meyer-Peter and Mller [17]

Madden’s [27] modification of Laursen’s relationship [15]
Copeland's [32, 33] modification of Laursen’s relationship [15]

mET TSm0 oW

Madden'’s (1963) and (1985) works are presently unpublished. For the options involving two
sediment transport relationships, the transport potential for each sediment size is computed using
both methods and the largest transport potential is utilized.

If there is enough field data to develop a functional relationship between hydraulic parameters
and sediment transport by grain size, the user developed relationship using the J and K records
should be considered. The functional relationship is:

GP = [u_—_c ]B (70)
2

where: D ¢ S; = depth-slope product
A, B, C = sediment transport coefficients developed using data
GP = sediment transport potential
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Often the transport potential is affected by variations in flow resistance. To account for this, the K
record is used to define a factor, STO, which is multiplied by GP to determine the sediment transport

potential. STO is defined by:

STO = 10°¢ - D - nk (71)

where: D,E sediment transport coefficients developed using data
n = Manning's roughness coefficient
STO multiplying factor of GP

3.3.4.2 Clay and Silt Transport (12, 13)

Two methods for clay and silt transport are available in HEC-6. They are only applicable for flows
with suspended sediment concentrations less than 300 mg/€ [14]. The first method allows the
deposition of clays and silts but does not allow scour (MTCL and MTSL = 1 in 12 and I3 records,
respectively). This is the method used in previous HEC-6 versions. The second method (MTCL and
MTSL = 2) allows for both deposition and scour as described in Section 2.3.9. When this method is
used, two additional 12 records are required to provide information regarding critical shear stress
thresholds for deposition and shear stress thresholds and erosion rates for both particle and mass
erosion. Further details concerning these additional 12 records are given in the Special 12 record

description in Appendix A.

3.3.5 Transmissive Boundary ($B)

The user may specify a transmissive boundary at the downstream cross section which will allow
sediment reaching that boundary to pass without changing that cross section. This is useful for
situations where the conditions at a downstream boundary are anomalous (such as at a bridge, weir,
drop structure, etc.) and may cause upstream computations to be in error if incorporated into the
sediment transport/bed change computations.

3.4 Hydrologic Data

Hydrologic data is specified on records Q through W. The hydrologic data includes water
discharges, temperatures, starting water surface elevations and flow duration.

Having specified the initial geometry (size, shape, and slope of the channel) and the sediment
relationships for the stream, the final step in sediment calculations is to simulate the response of these
data to hydrologic inputs and, perhaps, reservoir operation rules. A continuous simulation is needed
for a water discharge hydrograph since both sediment transport and hydraulics of flow are nonlinear
functions of water discharge. The operation rules for reservoirs vary with time and impact directly on
hydraulics of flow. The lack of coincidence between main stem and tributary flood hydrographs
makes it essential to enter flow from tributaries at their correct locations along the main stem.

The program treats a continuous hydrograph as a sequence of discrete steady flows, each
having a specified duration in days as illustrated in Figure 22. The reason for doing this is to attempt
to minimize the number of time steps needed to simulate a given time period, and thus minimize
computer time. A discharge hydrograph blocked out in this manner will be referred to as a

computational hydrograph.
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Figure 22
Example Representation of a Hydrograph for HEC-6

3.4.1 Water Discharges and Durations (Q, W, X)

An example hydrologic data set is shown in Table 2. The meaning of each record is explained in
the following sections.

Table 2
Example Hydrologic Input of HEC-6

Sediment Data ———

$HYD

RC 3 100 0 0 - 520 525 528 -

* AB COMMENT FOR EVENT NO. 1, AB LEVEL PRINTOUT
Q 100 20

T 60 =g SRR

w 1 :

* COMMENT FOR EVENT NO 2

Q 200 . ,

w 2

* A COMMENT FOR EVENT. NO 3

R 527 g 3 - ,_ "' &

w 2
SRATING
"RC 3 100 O 0 $20 525528 -

* BB OOMMENTFORTIMESTEPNO 4 :

Q 200 :

w 1

$SEND
e e T e e s e e e S T EO S TSRS
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The $HYD record indicates that the hydrologic data follows. A * record is required for every
discharge. This record contains user comments and also controls the level of printout for each

discharge.

The water discharge, in cfs, is coded on a Q record and its duration, in days, is coded, on a W
record. Sometimes a discharge at a long time increment may cause computational oscillations and it
may be desirable to divide the time increment into smaller increments. In this case, instead of
encoding entire sets of *, Q and W records, the W record is replaced by the X record. The X record
is used to divide the time duration which is normally on the W record into smaller computational time

increments.

3.42  Water Temperature (T)

The water temperature is essential for the calculation of particle fall velocities. The temperature of
the inflowing water is changed by inserting T records in the *, Q, and W data set. New fall velocities
are calculated each time a new T record is read. A water temperature (T) record is required for the
first discharge. The temperature is assumed to be the same for subsequent discharges until another
T record is encountered. Temperatures of tributaries and local inflows are also on the T record. The
water temperature of the main stem is determined by discharge weighting of the tributary/local inflow

and main stem temperatures.

3.4.3 Operating Rule

Operating rules are functional relationships between water surface elevations and time such as
exhibited in the operation of a reservoir. This section deals with the simulation of these types of

operations.

A starting water surface elevation is required at the downstream end of the geometric model (i.e.,
the downstream boundary). Operating rules may be imposed at up to 20 dams or other controls in
the geometric data set to permit continuous analysis through reservoirs, weirs, etc., in series.

3.4.3.1 Downstream Boundary ($RATING, RC, R, S)

A starting water surface elevation must be specified at the downstream boundary of the model for
every time step. HEC-6 provides three methods for prescribing this downstream boundary condition:
using (1) a rating curve, (2) R records, or (3) a combination of a rating curve and R records.

The first method involves the use of a rating curve which can be specified using a SRATING
record followed by a set of RC records containing the water surface elevation data as a function of
discharge. The rating curve need only be specified once at the start of the hydrologic data and a
water surface elevation will be determined by interpolation using the discharge given on the Q record
for each time step. The rating curve may be temporarily modified using the S record or replaced by
entering a new set of SRATING and RC records before any * record in the hydrologic data.

In Method 2, R records can be used instead of a rating curve to define the water surface
elevation. To use this method, an R record is required for the first time step. The elevation entered in
Field 1 of this record will be used for each succeeding time step until another R record is found with a
non-zero value in Field 1 to change it. In this way, you only insert R records to change the water
surface to a new value.
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Method 3 is a combination of the first two methods. This method makes it possible to use the
rating curve most of the time to determine the downstream water surface elevation while still allowing
the user to specify the elevation exactly at given time steps. In this method, the R record’s non-zero
Field 1 value for the downstream water surface elevation will override the rating curve for that time
step. On the next time step, the program will go back to using the rating curve unless another R
record is found with a non-zero value in Field 1.

NOTE: R records have a secondary purpose. They can be used to
define the water surface elevation at certain internal control points
in the geometry. The internal control points are defined using the
X5 record. R records are necessary to define the water surface
at those internal control points where on the X5 record the UPE
option has not been set and-a field value was given for the R
record where the program would find a value for the water
surface elevation.

3.4.3.2 Internal Control Points (X5, R)

A rule-curve type of option can be specified to establish a constant operating elevation of a
navigation pool within the geometric set. This is accomplished with the use of an X5 record in the
geometry data which specifies a pool elevation and a head loss. When the tailwater elevation plus the
head loss term is higher than the specified pool elevation, the pool rises. This option was originally
developed for hinged pool operations which usually had constant head losses for all discharges.
Users can specify an internal rating curve anywhere in the network by using a combination of X5
and/or R records. This is helpful in modeling weirs and drop structures.

3.4.4 Example Hydrology Input

The following description refers to the example data shown in Table 2. The $HYD record follows
the sediment data. At the beginning, the $RATING and RC records are used to input a discharge-
elevation relationship. Every discharge must have *, Q and W (or X) records. A water temperature
(T) record is always required for time step number 1. The second time step will use the same
temperature (60°F). The T record in time step number 3 changes the temperature (70°F). This
temperature is also used for time step number 4 since there is no T record in that time step. The
water surface elevation in Field 1 on the R record in event number 3 is 527 feet, the starting water
surface elevation for time step number 3. The rating curve ($RATING and RC records) just before
event number 4 is used to determine the starting water surface for time step number 4 and overrides
elevation 527 from the R record in time step 3. A $$END record is used to end the hydrologic data
as well as the entire HEC-6 input data set.

The A in Column 5 and the B in Column 6 of the * record for event number 1 will produce A level
printout of the water surface profile computations and B level print out of the sediment transport
computations. The B in Column 6 also causes information from this event to be written to a "solution
file" for post-processing. Definitions of the print flags used on the * records are presented in
Appendix A and described in Chapter 4.

3.5 Program Commands (EJ, $TRIB, $SLOCAL, $HYD, $$END)

A command record structure was developed to enhance the flexibility of the program. The EJ,
$HYD, and $SEND records are used to delineate the geometric, sediment and hydrologic data sets of
the program. These commands are required for all data sets. The EJ record identifies the end of

47



geometric input. The $HYD record identifies the beginning of the hydrologic data. The $$END
record identifies the end of the input. If tributaries or local inflow/outflow points are in the model,
$TRIB and $LOCAL records, respectively, are required. The $TRIB and $LOCAL records are used to
delineate tributary and local data from data for the main stream segment in the geometric and

sediment data sets. -

3.6 Network Model

A network system in which sediment transport in tributaries is calculated can be simulated. This
section describes the required data sequence.

The network model is designed so that individual segments of the stream network can be
analyzed independently to calibrate and confirm the model. With only minor changes, the user will be
able to link the data sets together and perform the final analysis on the entire stream network.

The following are presented to define the terms used in this section.

Control Point: For a main stem: its downstream end and
any junction with a tributary. For a tributary:
its junction with a higher order tributary.
Each control point is designated by a circled
number as in Figure 23, or by CP,, where n
is the control point number, as in Figure 24.

F Segment 3
[) , ! L2

Segment 1

Lyf

Figure 23
Example of Stream Network Numbering System

48



Local Inflow/Outflow Point:

River Segment:

Tributary:

Main Stem:

Points along any river segment at which
water and sediment enters or exits that
segment. Each local inflow/outflow point is
designated by an arrow and L, , where m is
the sequence number (going upstream) of
local inflow/outflow points along segment n,
as in Figure 23.

A part of a river system which has an
upstream water and sediment inflowing point
and has a downstream termination at a
control point. Sediment transport is
calculated along a segment. A river
segment’s upstream most inflow point is
designated by |, where n is the segment
number, as in Figure 23.

A river segment other than the main stem in
which sediment transport is calculated.

The primary river segment with its outflow at
the downstream end of the model.

MAIN STEM

TRIBUTARY

Local
Inflow

[

CPy and CP,are
Control Points

—1.16 Expanded View

K— Local Inflow

> Local Outflow

CcPy
LY seC. 0.67

Figure 24

Example Cross Section Locations for Stream Networks

Methodology for labeling model segments is essential. The program saves information from the
first title record in each geometric model as a label and prints it out as an identifier of the segment.
Therefore, the stream’s name and data model/test/run number code should be included on the T1
record. The date of the data set is also useful information.

Main Stem and Tributary Numbering

Segment and control points should not be numbered arbitrarily. To illustrate the numbering
procedure, Figure 23 is used as an example and depicts a stream network. Arrows indicate local
inflow/outflow points. The numbering of segments, inflow points, and control points should be
according to these steps.
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Step 1 Sketch out the stream network system.

Number the control points 1, 2, and 3 along the main stem at the junctions with
tributaries. With the main stem as segment 1, number segments 2 and 3.
Number the main stem’s upstream inflow point with |; and for segment 2, |, and
for segment 3, |;. Label the main stem’s local inflow/outflow points, L, ; and

Ly, 2

Step 2

Step 3 - Starting from the downstream most tributary (at control point 2) of the main
stem, continue numbering control points 4 and 5. Number segments 4 and 5
coming off the control points and place inflow points |, and |5. Label L, , for the
local inflow entering segment 4.

Starting from the downstream most tributary of segment 2 (at control point 4),
continue along segment 4, numbering control point 6, segment 6 and inflow
point lg. Since there are no tributaries on segment 6, check for tributaries on
segment 5 (next upstream tributary of segment 4). Since there are no tributaries
on segment 5 and all tributaries from control point 2 are accounted for, go to

step 5.

Step 4

Step 5 - Check the next upstream segment off the main stem, segment 3, for tributaries.
If there were tributaries, the procedure would have continued as in steps 3 and
4 with the next control point being 7. Since there are no more tributaries, the
numbering is complete.

3.6.2 Cross Section Data Sets of Main Stem and Tributaries

HEC-6 identifies segments by the order in which cross section sets are assembled in forming the
geometric model. When the program reads the main stem geometry and eventually reaches the first
EJ record in the geometric data set, the program will read one more record. If it is a $TRIB record
the program recognizes that the following data set is for a segment in a stream network and assigns
segment number 2 to it. This process is repeated until all geometric data sets representing river
segments are read. The CP record following the $TRIB record identifies the control point number
associated with the geometry information for each tributary segment data set. Table 3 illustrates these
requirements for the network shown in Figure 23.

Figure 24 shows how to position cross sections at a control point. It is not necessary to treat the
control point reach any differently than other reaches. The program will mix flow, temperature and
sediment concentrations as though this were a normal river reach. There is no accounting of
momentum losses due to impinging flows.

The location of the junction (control) points is specified by inserting a QT record just prior to the
X1 record for the next cross section upstream from the control point location (e.g., 0.78 in Figure 24).
The control point number must be coded on that QT record.

3.6.3 Sediment Data

The main stem sediment data follows the geometric data in the job stream. The main stem data
set fixes the fluid and sediment properties, number of grain size classes and unit weight of deposits
for the entire network. If sediment properties in I1 through IS records are present in the tributary data
sets, they will be skipped by the program. Information on local inflows to a segment are input as a



part of that segment’s data set. These are identified with a $LOCAL record followed by inflow/outflow
sediment discharge tables. Diversions are treated the same except negative discharges are used in
the sediment discharge tables.

Table 3
Sequence of Geometric Data Sets for Networks

o w oo T 0 i e e G i e A A TR e e e e S e S P g s ARG e & e by s S e |
Record Comment

T MAIN STEM GEOMETRY COMES FIRST, THEN TRIBUTARIES.

T2 EXAMPLE ILLUSTRATES GEOMETRIC SEQUENCE OF FIGURE 3.8.

T3 THIS RECORD TO EJ RECORD CONTAINS GEOMETRIC INFO.

——— Geometry of main stem, contains QT records for L, ,, L, ,and segments 2 and 3.
EJ End of main stem (Segment 1)

$TRIB Wams program that geometry of a tributary segment follows.

CP 2 Indicates the following segment enters the network at control point 2.

T1 THIS PART IS FOR GEOMETRY OF SEGMENT 2 WHICH IS THE FIRST
T2 UPSTREAM TRIBUTARY FROM CONTROL POINT 1, STARTS AT

T3 CONTROL POINT 2 AND ENDS AT I2.

—— Geometry of Segment 2, contains QT records for segment 4 and 5.

EJ End of Segment 2.

$TRIB Indicates that data for additional tributary segments follow.

CP 3 Indicates that the following segment enters the network at control point 3.
T1 THIS PART IS FOR GEOMETRY OF SEGMENT 3 WHICH IS THE NEXT
T2 UPSTREAM TRIBUTARY FROM CONTROL POINT 2 ON THE MAIN STEM.
T3 STARTS AT CONTROL POINT 3 AND ENDS AT I3.

——— Geometry of Segment 3.

EJ End of Segment 3.

$TRIB Indicates that data for additional tributary segments follow.

CP 4 Indicates that the following segment enters the network at control point 4.
T THIS PART IS FOR GEOMETRY OF SEGMENT 4 WHICH IS THE

T2 DOWNSTREAM MOST TRIBUTARY OF SEGMENT 2. [T STARTS

T3 AT CONTROL POINT 4 AND ENDS AT 4. :

—— Geometry of Segment 4, contains QT records for Segment 6 and L, ,.
EJ End of Segment 4.

T4 Sediment data follows.

After the main stem sediment data set is entered, it is followed by a $TRIB record and then the
first tributary sediment data set. It is not necessary to enter a control point number since the
sediment data sets must be in the same sequence as the geometric sets described earlier. This is
illustrated in Table 4 which is for the network shown in Figure 23.
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Table 4
Sequence of Sediment Data Sets for Networks

(e e e T ST e T S G | T e e G R A S R DT B ] e ) o e TN S S g e T s e e e ePer S
Record Comments
e Previous geometric records.
T4-T8 T4-T8 records are used for comments on main stem.
Rest of sediment data of main stem are entered.
Indicates information on local inflow points follows.
Insert information on local sediment inflow on LQL, LTL and LFL records Sinoe

there are two local inflow/outflow points in the segment (L4 { and L4
complete sets of these records are required with the setfor L1 1 ﬁrsxF lowed by L12

SLOCAL
LaL
LTL
LFL
LaL
L
LFL
$TRIB Sediment data set of segment 2 follows.

T4-T8 T4-T8 records are used for comments on segment 2.
e Rest of sediment data of segment 2 are entered.

$TRIB  Sediment data set of segment 3 follows.

T4-T8 T4-T8 records are used for comments on segment 3.
_ Rest of sediment data of segment 3 are entered.

$TRIB Sediment data set of segment 4 follows.

T4T8  T4TB records are used for comments on segmerit 4.
_— Rest of sediment data of segment 4 are entered.

$LOCAL Indicates information on local inflow/outflow points follows.
LoL This set of records are for local inflow/outflow point L4'1. :

Enter sediment information on rest of segmems in snmilar fashbn
Start of hydrology.

LFL
$TRIB Sediment data set of segment 5 follows.
$HYD

3.6.4 Hydrologic Data

The hydrologic data set depicted in Table 5 is for the stream network shown in Figure 23. In
general the water discharge and temperatures (Q and T records) are entered in record fields in the
order of the control point numbers. If the control point's segment contains local inflow/outflow points,
their discharges and temperatures are entered in the fields after the control point information. The
information for the next control point is then entered. An example of this procedure follows.

The information in Field 1 of the Q (Q,) and T (T,) records refers to segment 1 (see Figure 23).
Information on these records is for the water exiting segment 1 at control point 1. Information in Fields
2(QyL,,,andT,L, ,) and 3 (Q,L, ,and T, L, ,) are for the local inflow points L, , and L, ,,
respectively, which are on segment 1. Field 4 (Q, and T,) contains the information on the water
entering control point 2 from segment 2. Segment 3 information is entered in Field 5 (Q; and T,) and
is for water entering control point 3 from segment 3. This procedure is continued for each control
point and segment. The flow duration W record data remains constant for the entire stream network
computation for that time step. Since HEC-6 does not *route® the water, it is necessary to process the
hydrologic data for each segment and produce a single duration which best simulates the hydraulic
and sediment processes of the whole system.
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Table 5
Hydrologic Data Input for Stream Networks

field 1| 2| 3| 4 5| 6| e 8| 9|

$HYD
= THIS ILLUSTRATES THE HYDROLOGIC DATA SEQUENCE.

Ql QlLl,l Q1‘-1.2 Q2 Q3 Qlo QALk,l QS QG
Tl T1L1 5l TlLl ,2 TZ T3 Tlu T&Lh o} TS Ts
wl

Next Time Step

\ =T

Continue with sets of * to W records for all discharges

$END End of model data input
(L TFRaF B ol B i PRAy U Al ST a i Ao O eS| Bl 0 e g Sl P B S PR S SR b B e N W S R N I |

3.6.5 Summary of Data Input Sequence

The first data set in the data input is the geometric data. The main stem geometry is followed by
a $TRIB command record, a CP record and then the geometric model for the first tributary, i.e., the
stream segment joining the main stem at control point number 2. If more than one junction (control)
point is present, each tributary data set must follow sequentially with a $TRIB command record
followed by a CP record.

After all geometric data have been read, the program reads sediment data. Sediment data sets,
one for each stream segment, must be arranged in the sequence of the control point numbers. A
$TRIB command record precedes each tributary sediment data set. Hydrologic data follows the
sediment data, but a different concept is utilized for entering hydrologic data than was used in the
geometric and sediment data sets. No $TRIB command records are required. Instead, the main stem
flow, local inflows and tributary junction flows are all entered on the same Q record. The starting
water surface elevation is read or calculated for the downstream boundary (control point 1), water
temperatures are read for each water discharge, and the flow duration is read.

3.6.6 Calculation Sequence of Network Systems

3.6.6.1 Hydraulic Computations for Network Systems

Water surface profiles are calculated for the main stem first and the elevation at each control
point is saved. Each time the water discharge changes, the water discharges are mixed and new
water temperatures are calculated for the main stem and tributaries. Upon reaching the upstream end
of stream segment number 1, computations return to control point number 2, its starting water surface
elevation is retrieved from storage, and the hydraulic computations are made for stream segment
number 2. Like the main stem, a tributary can have local inflows/diversions and tributary junctions.
These are handled like the main stem, as presented above. Hydraulic computations are continued for
segment 3 in a similar fashion until all stream segments have been analyzed; then sediment
movement computations begin.



3.6.6.2 Sediment Computations

Whereas data input and hydraulic computations proceed through network segments in the same
order in which the data was read, sediment computations are made in the reverse order. Itis
necessary for the program to process the most remote tributary first (highest segment number) to
determine its sediment contribution to the next stream. After all sediment computations for the
tributary are completed and results are printed, computations proceed to the next lower numbered
segment. After the main stem calculations, the program cycles back to read the next discharge. The
process is repeated until all water discharges have been analyzed.

3.7 Input Requirements for Other Options

3.7.1 Flow Resistance Relationships ($KL, $Ki)

Limerinos’ relationship [16] is available for the determination of Manning’s ‘n’ based upon bed
gradation. This relationship is:

i 0.0926RY/6
R (72)
1.16 + 2.0 log,, | —
dah
where: dg, = particle size in the streambed of which 84 percent of the bed is finer, in
feet
R = hydraulic radius, in feet

This option is initiated by the $KL record in the hydrologic data set and insertion of the $KI
record returns the 'n’ values to previously input values.

3.7.2 Fixed Bed Calculations

HEC-6 is capable of being executed as a *fixed bed* model similar to HEC-2. The minimum
required records are: T1-T3, NC, X1, GR, H, EJ, $SHYD, *, Q, R, T, W and $$END. The H record can
be left blank. Optional records are NV, X3, X5, $SRATING and RC. Note that no T4 through L records
are required. [f these records are present, a *fixed bed" run is accomplished by moving the $HYD
through $$END records to just after the EJ record of the geometry data set. °Fixed bed" runs are
used to debug the geometry and analyze the hydraulic behavior of the model for a full range of flows.
Calibrations and confirmation of the hydraulics are performed similar to procedures for HEC-2.

3.7.3  Multiple Fixed Bed Calculation

If there are no tributaries or local inflow/outflow points, up to ten multiple profiles may be
computed in one run. Table 6 contains an example of a run using five discharges from 100 to 10,000
cfs with starting water surface elevations ranging from 510 to 518 feet. Multiple profile runs are
preferred over single runs because the printout is more compact for the same number of discharges
making it easier to make comparisons. If a SRATING record set has been entered, the R record is
not needed.



3.7.4 Cross Section Shape Due to Deposition ($GR)

Previous versions of HEC-6 moved each y coordinate within the movable bed a constant amount
after a time step as illustrated in Figure 21 (page 42). Input of a $GR record in the hydrologic data
set causes the program to change the y coordinates to produce a horizontal deposition surface
starting from the deepest part of the movable bed. The amount of deposition is limited to the water

depth. Y-coordinate adjustment for erosion is uniform.

Table 6
Example Hydrologic Data Set for Multiple "Fixed Bed" Calculations

$HYD -
* A 5 DISCHARGES FROM LOW TO HIGH
Q100. §00.  1000. 5§000. 10000.

R 510. 512. 513. 516. 518.
T 70. 70. 70. 70. 70.
w 1. 1. 1. 1. 1.
$SEND
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Chépter 4

Program Output

4.1 Output Controls

The user must determine what information is needed and request a level of output that contains
it. The program is defaulted to print out a minimum amount of information so that the user will know
that computations are finished; however, it will not be sufficient to completely display model
performance.

Each major data group (i.e., geometric, sediment and hydrologic) has a *normal® printout and one
or more "options"® for additional printout. These options are illustrated in the examples that follow and
are summarized in Tables 7 and 8.

The records in parentheses after the major headings refer to the records that control the
discussed printout.

Table 7
Summary of Initial Conditions Printout Commands

Record Level Description of Printout
T1 - Normal printout. Prints T1 - NC records and cross section identification
numbers.
B Initial geometry, also causes data edit to be made.
C Trace printout through subroutine GMOD.
T4 - Normal printout. Echo print of input records. Also, secondary parameters
computed from input information defining the initial conditions.
B Initial condition of inflowing sediment loads and cross-sectional bed
gradations.

4.2 Geometric Data, Inital Conditions (T1)

The geometric information initially input is printed out using the printout option on the T1 record.
This is helpful in debugging the geometry. After the geometric information is deemed to be correct,
this option is usually turned off. For production runs, it is suggested that this option be used to

document geometric input.
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Table 8
Summary of Continuous Simulation Printout Commands

Record Level Description of Printout

w1 - Discharge, starting water surface elevation, water temperature, flow
duration.

General hydraulic parameters of each cross section.

B Initial geometric data, distribution of hydraulic parameters across
subsections.

D Trace information.

E Detailed trace information. Hydraulic information for each incremental area,
each trial elevation in backwater computations for each cross section.

e - No printout except B-level for last discharge.

Volume of sediment entering and exiting model, trap efficiency.

>

Bed elevation changes, water surface elevations, thalweg elevation,
sediment load exiting model.

Detailed printout of calculations.

$PRT? Turn off printout at all cross sections.

> Z |0

Print out all cross sections levels specified on * record.

cp - The control point number of the segment where printout is specified; used
with $PRT, PN and END records.

PN - Cross section sequence number on segment specified; used with $PRT, CP
and END records.

END - End of PN records, used with $PRT, CP and PN records.

$voL* - Cumulative bed and volume change.

X Table of volume versus elevation.

svoL? A Cumulative weight of sediment passing each cross section for each
sediment size class.

VJ, VR - Input parameters for elevation-volume table; used with $VOL record.

'Record Column 5
2Record Column 6
3Record Column 8
*Record Column 7

4.3 Sediment Data, Initial Conditions (T4)

Use of the option on the T4 record causes the printout of initial conditions of the bed gradations
and inflowing sediment loads. This is usually turned off after they have been checked for accuracy.
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4.4 Hydraulic Calculations (*)

Since the entire water surface profile is calculated before the sediment calculations begin, an
A-level hydraulic printout on the * record (Column 5) for the first discharge calculations in the
hydraulics model is useful for diagnosing data problems that might arise on the first pass. B, D and
E-levels are increasingly detailed and may be required for unusual problems. Subsequently, the user
should only request printout using the A-level only when interested in velocity information. Optional
output from the hydraulic calculations is not particularly useful once geometric problems are resolved
and the ‘n’ values are calibrated.

4.5 Sediment Transport Calculations (*, $PRT, CP, PN, END)

Selection of output levels within the simulation level is essential for a complete understanding of
model behavior. The most useful sediment printout option is on the * record. Since this record is in
the hydrology section, the option can be turned on or off at any point in the simulation. The B-level
printout on the * record (Column 6) is the most common level and provides all the essential sediment
information for calibration, confirmation and production runs. A C-level printout is recommended only
for the first discharge and if unusual results are encountered. C, D, and E-levels should be used only
for debugging purposes. When the * record printout option is exercised, the information for all the

cross sections is printed out.

Often it is desirable to print out information only at selected points in time and for certain cross
sections of interest. This is accomplished by inputting $PRT, CP, PN and END records in the
hydrologic data set. The $PRT record tells the program that instructions for selective printout is to
follow, the CP record indicates which geometric segment of the model the printout applies, the PN
records specify which cross sections in the segment are to have output, and the END record
terminates this option for the discharge event.

Caution must be exercised when interpreting the bed change on the output. This change is
related to the movement of the thalweg after scour and deposition and may not reflect the average
bed elevation or sediment volume change of the cross section. To obtain this type of information, the
$VOL option described in Section 4.6 should be utilized.

4.6 Accumulated Sediment Volumes ($VOL, VJ, VR)

The $VOL record in the hydrologic data set causes the program to compute the cumulative bed
and volume change of each cross section and sediment load that has passed each cross section.
The sediment load information is for each grain size class. The $VOL record initiates the computation
of an elevation-cumulative sediment volume table which is helpful for reservoir analysis. The elevation
table displays the accumulated sediment volume between each parallel elevation plane specified by
an elevation table which is defined by the VJ and VR records. In reservoir studies, these planes are
usually horizontal but the program has the capability to determine the table based upon a user
specified slope of the elevation planes.

4.7 Summary of Output Controls

Table 7 summarizes the output controls for initial conditions printout. These controls affect the
level of printout associated with what the user has input, such as geometry, inflowing sediment loads,
bed gradations, and sediment characteristics. Table 8 summarizes the output controls for the
simulation. These include volume of sediment entering and exiting the model, sediment trap
efficiency, bed elevation changes, subsectional water velocities, water surface elevations, and other
hydraulic and sediment information.
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Chapter 5

HEC-6 Computations and Modeling Guidelines

5.1 General

Training Document No. 13, entitled "Guidelines for the Calibration and Application of Computer
Program HEC-6," [23] describes methods and procedures for calibrating and applying computer
program HEC-6. Other useful documents for sediment transport modeling are Thomas [24] and Gee
[8). Data requirements for river geometry, sediment characteristics and hydrology are discussed in
these documents. Sensitivity of computed water surface profiles to data uncertainties is presented in

[12].

5.2 Establishing Geometry

With the study reach located on a topographic map, mark the upstream boundary, the
downstream boundary, the lateral limits and the location of each cross section. Assign an
identification number to each cross section; river-miles are recommended. Subdivide the floodplain
into channel and overbank portions. These can be considered as subsections having similar
hydraulic properties in the direction of flow. Within a subsection, flow conditions (depth, velocity,
roughness) should be similar and representative *n’ values and reach lengths therefore can be

assigned.

Plot each cross section as it appears at the starting time of the simulation, time zero, and divide
each into two parts; the movable bed part in the main channel and the fixed bed. Mark the elevations
of geologic controls such as bedrock and clay layers on each cross section. If none are present, the
program will arbitrarily assign ten feet below channel bottom to provide some finite depth of sediment
material in the model. If more than ten feet of scour is expected, assign a lower bottom elevation.

It is necessary to position the downstream end of the model where there is a stable rating curve
or known water surface elevation. In reservoir degradation studies this may be several miles
downstream from the dam at a rock outcrop or concrete weir. For studies in reservoirs the operating
policy will establish the reservoir level for the water surface profile computations and the program will
adjust the bed according to calculated results.

5.3 Sediment Data

5.3.1 Sediment Particle Characteristics

Only inorganic sediments are considered. The amount of organic sediments in samples should
be measured, expressed as a percentage, and removed before testing for the inorganic properties
presented below. [f a significant quantity of organic particles are present, such as on the Big Sandy
River where coal amounted to forty percent of the sample by weight, a suitable procedure for
correcting the calculations must be developed. In the Big Sandy River case, the coal was represented
by an equivalent sand size and treated as inorganic sediment having a specific gravity of 2.65.
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5.3.2 Inflowing Sediment Load Syntheslé

If the inflowing sediment load is not defined, the program can calculate it from gradation curves
for the bed surface material. This procedure is less desirable than that discussed above because of
the difficulty of obtaining representative sediment samples for the entire bed surface. However,
simulating conditions along a segment of the river permits the use of indicators such as aggradation,
degradation and fluctuation in sediment discharge from one cross section to another. Use of these
indicators help make a better estimate of the noncohesive sediment load than can be made by

applying transport theory at only a point on the river.

5.4 Hydrologic Data

It is important that the water discharges in the computational hydrograph reproduce the long
term flow-duration curve (for long-term simulations). If a period of flow record is not available, an
annual pattern hydrograph can be determined from knowledge about the duration curve and the
annual sequence of flows. It is important to include a wet and dry year in addition to the average

year.

It is desirable to repeat discharges at selected time intervals throughout the hydrologic data set
to provide a common basis for comparing rates of change. For example, the ending of each year with
the same discharge (of short duration) will permit the comparison of water surface and bed profiles at

fixed time intervals as time progresses.

Representing the discharge hydrograph with a series of steady flows requires the preservation of
total annual water and sediment volume while reproducing the shape and peak discharges in flood
events. The duration of each discharge in the computational hydrograph should be at least long
enough to permit the flow to pass through the model. For instance if the average water velocity of a
discharge is 10 feet per second and the total model length is 10,000 feet, the minimum flow duration
for the discharge is 10,000 + 10 or 1,000 seconds (0.278 days). Longer durations are acceptable;
however, since this is an explicit formulation of the basic equations, care must be taken to insure that
flow durations are not so long that oscillations are induced into the sediment bed and water surface

profiles.

For moderate to large rivers, it is usually acceptable to approximate an annual hydrograph with
15 to 25 discharge segments. In general, the larger the discharge the shorter its duration must be
because the larger discharges carry greater amounts of sediment and result in larger bed movements,
increasing the possibility of oscillations. A large discharge can be entered as several successive
constant discharge increments to satisfy the requirement for shorter durations.

62



Chapter 6

Example Problems

This section presents several example problems that illustrate the contents of input data and
computed results files for several typical applications of HEC-6. Detailed descriptions of the input data
records can be found in the Input Description (Appendix A), and will not be duplicated here. These
example problems are not meant to provide engineering application guidance for use of HEC-6; such
guidance can be found in Gee [8] and Thomas et al. [23]. These examples are provided only to
illustrate the type and sequence of data needed to model various situations. They encompass a
range of situations from fixed bed backwater computation to simulation of the movement of sediment
in a dendritic network of streams.

The example problems are
derived from an actual engineering . dUPSftrgorr_\ ¢
application of HEC-6; therefore, the o 1 Fiajse
values of the parameters used in Bear Creek
these problems represent that
situation only. They should not be
used for other situations without field - Cross Section 55.0
substantiation. Figure 25 shows a
schematic of the river system that —+ Cross Section 53.0
was the basis for these example
problems. Each example builds Silver ‘Greek
upon previous examples, therefore, \—x—cﬂ,ss Section 44.0
only the additional or changed data .
is described for each. The contents Cross Section 49.1
of the input and output files are
described in the sequence in which
they occur.

Some data can be entered in
more than one way (an option); for
example, the bed material gradation
can be placed on either N or PF
records (see Appendix A). The Cross Section 15.0
options used in the example
problems were selected based on
ease and frequency of use. Each
analyst should select an appropriate Downstream
option for their particular application. End of Project
The selection should be based on
study objectives, data availability
and ease of use of the selected Figure 25
option. Schematic of Example River System

Cross Section 35.0

Cross Section 32.0 Cascade Creek

S. Fork Zumbro River




6.1 Example Problem 1 - Fixed Bed'AppIication

" When initially preparing geometric data and calibrating energy loss coefficients, it is often
worthwhile to use HEC-6 as a fixed bed (backwater) model. :

6.1.1 Input Data

An example of a data file used to operate HEC-6 as a fixed bed model is shown in Exhibit 1; note
that the file is quite similar to an HEC-2 data file. Some data records (such as QT and X5) have
different parameters for HEC-6 than for HEC-2; these differences are noted in the Input Description
(Appendix A). The data file begins with three title records (T1, T2, T3). These are followed, in this
example, by bed roughness data (NC) and the geometry for each cross section, beginning with the
X1 record. The HD (or H) records delineate the movable portion of the cross section; though
irrelevant for fixed bed operation of HEC-6, they must be properly located in the data file. The QT
records locate inflow/outflow points (tributaries or local flows); the values of the flows at these points
are found on the Q records in the hydrology (flow) data. The cross sections are entered from
downstream to upstream. In general, HEC-6 data records are position dependent.

At cross section 33.3 there are no GR data, this cross section is therefore a repeat of the
downstream cross section, 33.2. Width and elevation modifications can be made to repeated cross
sections similar to the HEC-2 procedure. Note that an HD (or H) record must be provided at the
repeat cross section. Repeated cross sections are usually used to provide extra computational points
for improving the accuracy of integration of the energy loss equation [12]. Care must be taken to
assure that repeat cross sections have sediment transport characteristics that reflect the theory of
*reach representative® cross sections [22].

The distinguishing characteristic of an HEC-6 fixed boundary simulation data file is that there ie
no sediment data. The geometric data is followed by the flow data which begins with a $HYD record.
The flow data for this example contains a rating curve ($RATING and RC), and flow information (*, Q,
T, and W). The temperature (T) and duration (W) data, while necessary in the data file, play no role in
fixed bed computations. Example Problem 1 thus is a *multiple profile® run with two flow profiles being
computed through a single reach.

6.1.2 Output

The output from Example Problem 1 is shown in Exhibit 2. Various levels of output detail are
available to the user. These are controlled by several input data items (see Chapter 4); the output
produced by these options will be described as encountered in the problems. The terminology for
output is; default, "A-level’, "B-level’, etc., in increasing detail. Note that the default HEC-6 output
provides the minimum level of information.

HEC-6 first gives information regarding program version and date, and the date and time of the
run. The input and output file names are placed in the output file for the user’s future reference.
Information regarding the geometric data follows.

In Example Problem 1, the default (minimum) geometric output is presented. Additional
information can be obtained via switches on the T1 record, see Appendix A. Each cross section is
denoted by the identification on the X1 record. We suggest that river mile be used to identify cross
sections. The "depth of bed sediment® is based on information on the HD record; since this is a fixed
bed run, the values on this record are not used. Information regarding the repeated cross section at
river mile 33.3 (see the X1 record description in Appendix A) is echoed as well as the locations of
tributaries/local inflow points and changes to the energy loss coefficients.
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Following the geometric data is the flow data (for a fixed bed run). Example Problem 1 output
shows an "A-level® output for hydraulic, or backwater, computations. This output is triggered by an A
“in column 5 of the * record which causes the discharge, water surface elevation, energy grade line
elevation, velocity head, alpha, top width, average bed elevation, and average velocity in each
subsection for each cross section to be written to the output file. The discharge value represents the
subtraction of local inflows as the backwater computation proceeds upstream. Local flow data should
be checked to assure that the main river discharge never becomes negative. The average bed
elevation is the water surface elevation minus the effective depth (see Section 2.2.3.6, page 13).
Subsection 1 is the left overbank, 2 the channel, and 3 the right overbank. Information regarding local
flows, user supplied energy losses and water surface elevations at controls (X5 record) are also
provided. This hydraulic information is very useful when first assembling geometric data; once the
data are verified and the loss coefficients are calibrated, the "A-level® output may be suppressed to

save file space.



T1
T2

T3

NC .100
X1 1.0
GR1004.0
GR950.00
GR956.20
GR958.80
GR968.00
GR962.00
GR984 .00
HD 1
X1 15.0
GR992.00
GR964 .70
GR958.60
GR962.00
GR970.00
GR990.00
HD 15
aT

X1 32.0
GR998.00
GR979.48
GR956.80
GR966.50
GR978.91
GR984 .00
HD 32
X1 33.2
GR1000.0
GR980.00
GR982.00
GR961.00
GR1000.0
HD 33.2
X1 33.3
HD 33.3
X1 35.0
X3 10
X5
GR984.00
GR980.00
GR963.30
GR973.40
GR982.00
HD 35
NC .06
X1 42.1
GR996.00
GR988.00
GR990.00
GR969.80
GR969.80
GR989.90

Exhibit 1

Example Problem 1 - Input
Fixed Bed

EXAMPLE PROBLEM NO 1.
3 LOCAL INFLOWS WITH A

.100
31.
9915.
10092.
10243.
10350.
11085.
11665.
12735.

27.
9570.0
10665.0
10750.0
10852.0
11190.0
11865.0

OO0 0O000

29.
9080.0
10000.0
10117.0
10225.0
10370.0
11150.0

21.
980.0
1260.0
1730.0
2099.2
3170.0

0
22.

974.
9035.0
9465.0
9954.0

10115.0
10895.0

.06

32.
7130.0
8780.0
9880.0
9943.0
10067.0
10130.0

.040

10077.0 10275.
10002.
10108.
10250.
10400.
11240.
12400.

978.40
948.48
958.90
957.40
968.00
962.00

10665.0
982.00
956.00
959.30
964.00
972.00

1000.00

10057.0
982.00
978.50
957.80
971.20
978.96
992.00

1850.0
990.00
982.00
982.00
976.00

0.00

1850.0
9894.0

0.5
980.00
981.70
967.10
977.40

1004.00

.045
9880.0
998.00
986.00
969.80
969.80
985.80
989.50

10850.
10110.
10673.
10800.
10970.
11310.
12150.

10271.

9250.
10057.
10137.
10250.
10387.
11240.

2150.
1060.
1300.
1830.
2149,

0.

2150.
10155.

9070.
9595.
9974 .
10120.
11085.

10130.
7310.
8990.
9881.

10001.

10067 .

10180.

FIXED BED APPLICATION.
RATING CURVE AT THE DOWNSTREAM BOUNDARY.

OO000O0OO0O =

O O OO0O0O0O0O0O 0OO0OOOOOO [efofoJoYotoXa]

O0000

[efofoJoloNola)

.3

0.
956.00
946.60
959.80
970.00
970.00
976.00

8565.
976.00
953.00
957.00
966.00
980.00

7429.
982.00
968.60
959.40
978.50
980.00

1000.00

130.
980.00
982.00
984 .41
984.50

0.00

155.
105.

978.00
983.70
967.40
983.70

2070.
998.00
985.70
969.80
986.70
985.80
988.60

0.
10060.0
10138.0
10275.0
10700.0
11365.0
12550.0

7535.
10300.0
10693.0
10822.0
11015.0
11410.0

6654 .
9510.0
10075.0
10157.0
10271.0
10610.0
11330.0

250.
1150.0
1350.0
1850.0
2150.0

0.0

175.
105.

9135.0
9745.0
10004.0
10155.0

3965.
7930.0
9570.0
9941.0

10001.0
10069.0
10230.0
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0.
959.20
944.70
959.80
966.00
970.00
980.00

8268.
876.00
954.00
957.30
961.00
984.00

8240.
980.00
959.82
959.60
978.50
982.00
1008.0

320.
982.00
980.00
979.19
982.00

0.00

175.
105.

980.00
984.70
968.20
984.00

3005.
992.00
986.45
985.80
986.70
969.80
987.60

0.
10077.0
10158.0
10300.0
10960.0
11500.0
12670.0

0.
10490.0
10703.0
10825.0
11090.0
11570.0

0.
9600.0
10087.0
10177.0
10300.0
10745.0
11425.0

0.
1180.0
1420.0
1851.0
2800.0

0.0

Y 1
0.

9185.0
9894.0
10044.0
10245.0

0.
8205.0
9707.0
9941.0

10003.0
10069.0
10280.0

959.
955.
959.
970.
970.
982.

966.
955.
961.
962.
990.

980.
956.
959.
978.
982.

982.
980.
961.
990.

0.

.49

1

982.
963.
967.
982.

990.
989.
985.
969.
969.
985.

0.
30
20
90
00
00
00

0.
00
60
50
00
00

0.
01
50
82
60
00

0.
00
00
00
00
00

0.

00
40
60
00

0.
00
44
80
80
80
20

0.
10081.0
10225.0
10325.0
11060.0
11615.0
12730.0

0.
10610.0
10723.0
10850.0
11150.0
11770.0

0.
9925.0
10097.0
10196.0
10350.0
11145.0

0.
1215.0
1540.0
1900.8
3100.0

0.0

0.
0.

9270.0
9894.0
10054.0
10695.0

0.
8495.0
9857.0
9943.0

10003.0
10129.0
10430.0



GR986.80
HD 42.10
QT
X1 44.0
GR1002.0
GR996.00
GR980.60
GR968.90
GR977.80
GR983.10
HD 44
X1 53.0
GR1004.0
GR994 .00
GR982.80
GR978.20
GR1002.0
HD 53
QT
X1 55.0
GR1004.0
GR984 .30
GR974.80
GR985.80
HD 55
X1 58.0
GR1006.0
GR976.20
GR988.80
GR992.00
GRS86.00
HD 58
EJ
$HYD
$RATING
RC
RC
RC
RC
RC
* A
1200.
60.

11720.0

28.
8035.0
9285.0
9845.0

10028.0
10150.0
10400.0

22.
7550.0
8940.0

10000.0
10121.0
10470.0

18.
7592.0
9737.0
9975.0

10187.0

22.
8542.0
9944.0

10065.0
10492.0
11137.0

40
963.6
970.2
973.1
974.3

PROFILE 1
78.
60.

989.90

9845.0
992.00
1017.6
970.90
967.40
976.90
999.80

10000.0
1000.00
986.00
978.20
988.70
1004.00

9931.0
1000.00
984.70
974.20
986.00

9912.0
1004.00
975.40
988.30
988.00
988.00

2000
965.1
970.6
973.3
974 .4

12310.

10127.
8150.
9425.
9868.

10058.

10193.

10450.

10136.
7760.
9245.

10011.

10136.

-10700.

10062.
7947.
9837.

10005.

10307.

10015.
8952.
9974.

10065.

10642.

11192.

966.
971.
973.
974.

0
0
0
0
0
0
0
0
0
0
0
0
0

O000O0O0O OO0OO0OO0Oo

ODOONO

290.
990.00
990.00
972.20

795.
8305.0
9505.0
9898.0

967.10 10078.0
982.00 10206.0
1002.40 10464.0

3366.
998.00
986.30

2831.
8440.0
9555.0

974.00 10041.0
989.30 10154.0

275.
996.00
985.50

1430.
8627.0
9910.0

972.90 10035.0
990.00 10497.0

1097.
1000.00
978.20

1012.
9702.0
9991.0

989.30 10169.0
986.70 10852.0

0
967.0
971.4
973.7
974.6

950.0
967.7
971.8
973.8
974.7

= AVERAGE ANNUAL DISCHARGE
340.
60.

151.
60.

A PROFILE 2 = BANK FULL FLOW
650.

Q
T
w 1
*
Q 2500.
w 1.

150.

300.
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495.
990.00
986.00
970.50
971.90
981.20

2941.
996.00
986.30
972.20
999.20

770.
990.00
987.20
973.20

1462.
997.20
990.40
990.00
988.00

955.1
968.3
972 .1
973.9
974.8

8735
9650
9968
10118
10300

8640
9825
10071
10200

9052
9931
10045

9812.
10015.
10172.
11022.

958.
968.
972.
974.
974.

0.
.0
.0
.0
.0
.0

0.
.0
.0
.0
.0

0.
.0
.0
.0

0O00O-

[[sXeoR Ni-Nea)

988.
984.
967.
976.
979.

996.
983.
972.

0.
00
10
50
80
20

0.
00
80
60

1000.1

986.
978.
983.

996.
988.
992.
986.

00
10
80

30
30
00
00

960.0
969.4
972.7
974 .1
975.0

0.
8835.0
9788.0
9998.0

10127.0
10325.0

0.
8780.0
9900.0

10101.0
10320.0

0.
9337.0
9955.0

10062.0

0.
9912.0
10062.0
10242.0
11097.0

962.0
969.8
972.9
974.2



Exhibit 2

Example Problem 1
Fixed Bed

AR ARV IR AR AN RIS N R AR O LRSI LN TA AN RETRRIAAIER
* SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS *
. Version: 4.0.5 - March 22, 1991 =
* INPUT FILE: EX1.DAT : -
* OUTPUT FILE: EX1.0UT B
* RUN DATE: O1APR91 RUN TIME: 12:54:44 e
SERRAAA AR A AR AR IICA AR AR ANV ARV ASATDR AT RADS R

X X000 XXXXX

X X X X X

X X X X

XXXXXXX  XXXX X XXXXX

X X X X

X X X X

X X X000000  XXXXX

E2 2 X2 22222222222 222223 X222 22222222222 2222222222 4

*  MAXIMUM LIMITS FOR THIS VERSION ARE:

. 10 Stream Segments (Main Stem + Tribut
o 150 Cross Sections

2 100 Elevation/Station Points per Cross
. 15 Grain Sizes

L 10 Control Points

*®

(22 2222222222222 222222222222 222222 2222222222224

- Output

L2222 22222222222 2222222 222222

U.S. ARMY CORPS OF ENGINEERS *
HYDROLOGIC ENGINEERING CENTER *
609 SECOND STREET *
DAVIS, CALIFORNIA 95616-4687 *
(916) 756-1104 *

®

E 222 22 R 222 2R R 222222222 22222 2 )

LR 2 3 BN 3 B 3

XXXXX
X X

X
XXXXXX
X X

X X
XXXXX

L2222 2222222 222222222

aries)

-
-
-
Section , -
-
-
-

(222222222222 222222222

T1 EXAMPLE PROBLEM NO 1. FIXED BED APPLICATION.
;g 3 LOCAL INFLOWS WITH A RATING CURVE AT THE DOWNSTREAM BOUNDARY.

NC .1000 .1000 .0400 .1000 .3000

SECTION NO. 1 RIVER MILE= 000
...Set the Depth (ft) of the Bed Sedilent Reservoir to

SECTION NO. 2 RIVER MILE= 15.000
..Set the Depth (ft) of the Bed Sediment Reservoir to

Local Inflow Point 1 occurs just downstream from X-Sect

SECTION NO. 3 RIVER MILE= 32.000
..5et the Depth (ft) of the Bed Sediment Reservoir to

SECTION NO. 4 RIVER MILE= 33.200
..Set the Depth (ft) of the Bed Sediment Reservoir to

SECTION NO. S5 RIVER MILE= 33.300
...Multiply all Stations(X) bg .95
.. -Add 1.49 (Tt) to each Elevation(Y)
..Set the Depth (ft) of the Bed Sediment Reservoir to

SECTION NO. 6 RIVER MILE= '35.000 RS
.. Water Surface Elevation = 974 00 :
Head Loss Criteria =
...Ineffective Flow Area Requested by X3- RECORD cht Ov:
Station #

.00

.00
ion No. 3

.00

.00
.00

crbank ﬁight 0verb§nk

Ineffective Elevation 984. 7000 $83.70 _

...Set the Depth (ft) of the Bed Sediment Reservoir to .

NC .0600 .0600 .0450 .0000 .0000

SECTION NO. 7 RIVER MILE= 42.100
...Set the Depth (ft) of the Bed Sediment Reservoir to

Local Inflow Point 2 occurs just downstream from X-Sect

SECTION NO. 8 RIVER MILE= 44,000
...5et the Depth (ft) of the Bed Sediment Reservoir to

SECTION NO. 9 RIVER MILE= 53.000
...5et the Depth (ft) of the Bed Sediment Reservoir to

Local Inflow Point 3 occurs just downstream from X-Sect
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SECTION NO. 10 RIVER MILE= 55.000
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 11 RIVER MILE= 58.000
.Set the Depth (ft) of the Bed Sediment Reservoir to .00
NO. OF CROSS SECTIONS IN STREAM SEGMENT= 11
NO. OF INPUT DATA MESSAGES = O
TOTAL NO. OF CROSS SECTIONS IN THE NETWORK = 11
TOTAL NO. OF STREAM SEGMENTS IN THE NETWORK= 1
END OF GEOMETRIC DATA
FIXED BED MODEL
$RATING
. . .DOWNSTREAM BOUNDARY CONDITION SPECIFIED BY A RATING CURVE
ELEVATION OF GAGE ZERO .00
DISCHARGE CORRESPONDING TO LOWEST ELEVATION IN TABLE .0
DISCHARGE INTERVAL 2000.0
NO. OF POINTS IN RATING TABLE 40
ELEVATIONS .
950.00 955.10 958.00 960.00 962.00 963.60 965.10 966.20 967 .00 967.70
968.30 968.90 969.40 969.80 970.20 970.60 971.00 971.40 971.80 972.10
972.40 972.70 972.90 973.10 973.30 973.50 973.70 973.80 973.90 974.00
974.10 974.20 974.30 974 .40 974 .50 974.60 974.70 974.80 974.90 975.00
® A PROFILE 1 = AVERAGE ANNUAL DISCHARGE
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
SEGMENT INFLOW @ IN CFS.
1 1200.0 78.0 151.0 340.0
TIME STEP NO. 1
WATER DISCHARGE= 1200.00
ELEVATION= 953.060
TEMPERATURE= 60.000
FLOW DURATION(DAYS) 1.000
#ee¢ N DISCHARGE WATER ENERGY VELOCITY  ALPHA TOP AVG

AVG VEL (by subsection)
1 2 3

(CFS)  SURFACE  LINE HEAD WIDTH BED
SEC NO. 1.000
*ess+ {  1200.0 953.06  953.12 06 1.00 122.96 948.15 .00 1.99 .00
: FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO.  15.000 )

*xs2 |  1200.0 959.39  959.54 .15 1.00 167.86 957.06 .00 3.06 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

....LOCAL INFLOW POINT NO. 1, Q= 78.00

. .CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000

SEC NO.  32.000

*ess | 1122.0 964.10  964.14 .04 1.00 133.53 958.97 .00 1.64 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO.  33.200

*sex | 1122.0 964.20  964.24 .04 1.00 217.65 961.16 .00 1.70 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO.  33.300

*sas | 1122.0 964.31  964.47 .16 1.00 198.82 962.56 .00 3.22 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO.  35.000

OPERATION RULE SPECIFIED

UPPER POOL ELEVATION (UPE) = 974.00 HEAD LOSS = .50

*e2% 1 {122.0 974.00  974.01 .01 1.00 221.75 967.05 .00 .73 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO.  42.100

ssss | {122.0 974.22 974.24 .02 1.00 242.44 969.84 .00 1.06 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

...LOCAL INFLOW POINT NO. 2, Q=  151.00

...CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
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SEC NO. 44,000

a9 971.0 974.28 974.29 .01 1.00 262.34 969.86 .00 .84 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO. 53.000

ke 971.0 975.11 975.69 .57 1.00 77.24 973.05 .00 6.08 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

....LOCAL INFLOW POINT NO. 3, @= 340.00
...CONTINUING ON SEGMENT NO 1

TEMPERATURE= 60.000
SEC NO. 5§5.000
it 631.0 977.38 977.46 .08 1.00 92.29 974.36 .00 2.27 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 58.000
LE L | 631.0 979.66 979.86 .20 1.00 5.38 976.48 .00 3.59 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
* A PROFILE 2 = BANK FULL FLOW
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
SEGMENT INFLOW @ IN CFS...
1 2500.0 150.0 300.0 650.0
TIME STEP NO. 2
WATER DISCHARGE= 2500.00
ELEVATION= 965.825
TEMPERATURE= 60.000
FLOW DURATION(DAYS) 1.000
##*+ N DISCHARGE WATER ENERGY VELOCITY ALPHA TOP AVG AVG VEL (by subsection)
(CFS) SURFACE LINE HEAD WIDTH BED 1 2 3
SEC NO. 1.000
Lt | 2500.0 955.83 955.93 .10 1.00 151.14 949.38 .00 2.57 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 15.000
b | 2500.0 961.44 961.62 A7 1.02 215.6 957.34 .00 3.35 .20
FLOW DISTRIBUTION (%) = .0 99.9 .1
..+.LOCAL INFLOW POINT NO. 1, Q= 150.00
...CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
SEC NO. 32.000
et 1 2350.0 966.29 966 .38 .09 1.00 145.83 959,83 .00 2.38 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 33.200
wakr 1 2350.0 966.42 966.49 .06 1.00 231.09 961.41 .00 2.03 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 33.300
LAAR | 2350.0 966.48 966.61 .14 1.00 211. 962.72 .00 2.96 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO 35.000
OPERATION RULE SPECIFIED
UPPER POOL ELEVATION (UPE) = 974.00 HEAD LOSS = .50
L 2350.0 974.00 974.04 .04 1.00 221.75 967.05 .00 1.53 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 42.100
were 1 2350.0 974 .82 974.88 .06 1.00 242.50 969.81 .00 1.94 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
«...LOCAL INFLOW POINT NO. 2, @= 300.00
. .CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
SEC NO. 44.000
tint 2050.0 974.99 975.03 .04 1.00 5.26 969.93 .00 1.53 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 53.000
LS 2050.0 877.02 977.64 .62 1.00 97.4 973.69 .00 6.31 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

....LOCAL INFLOW POINT NO. 3, @=  650.00
..CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
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SEC NO.  55.000 ,
*sesx |  1400.0  979.11  979.27 .15 1.00 102.03  974.75
FLOW DISTRIBUTION (%) =

SEC NO. 58.000

i 1400.0 981.66 982.01 .36 62.42 976.97

1.00
FLOW DISTRIBUTION (%) =

0 DATA ERRORS DETECTED.

TOTAL NO. OF TIME STEPS READ = 2
TOTAL NO. OF WS PROFILES = 2
ITERATIONS IN EXNER EQ = 0.
END OF JOB

JOB COMPLETED
RUN TIME = O HOURS, O MINUTES & 4.01 SECONDS
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6.2 Example Problem 2 - Hydraulic and Geometric Options

This problem builds on Example Problem 1; it is also a fixed bed run and illustrates some of the
more frequently used options for describing certain geometric and hydraulic conditions. The input file
for Example Problem 2 is shown in Exhibit 3. tems that differ from Example Problem 1 are discussed

in Section 6.2.1.

6.2.1 Manning’s n Versus Elevation

Some situations are better modeled by varying n-values vertically rather than horizontally; this is
done in Example Problem 2 at cross section 15.0 by using NV records (see Appendix A for details).
These n versus elevation functions are shown graphically on Figure 26. These functions will be used
at all subsequent (upstream) cross sections until another NV or NC record is found. Elevations on NV
records are constant for all subsequent cross sections, therefore, as the computation proceeds
upstream they may become too low. In this example, the NC record at cross section 32.0 returns the
computation to an n versus subsection function. The NV record can also be used to vary n with

discharge.

—— Channel n
------ Left Overbank n
- == Right Overbank n

¢ o
- ' :
! | :
il ! '
| L
990 y B
7 / 1/
- /7 ’,’
g 7 7
& - /’l,
g $
E - A
P
S ] P
B 970 &
> - ”
2 i /
LJ R s {
3 : |
. H [
. : [
3 : |
g : !
3 : 1
950 llll']'l'lltllllll"lllIllllfl'llllllll'l"f'llll'lll'f'm1
0.02 0.04 0.06 0.08 0.10 0.12 0.14

Manning's n value

Figure 26
Manning’s n Versus Elevation, Cross Section 15, Example Problem 2
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T1
T2
T3
NC .1
X1 1

00
.0

GR1004.0

GR950.
GR956.
GR958.
GRO68.
GR962 .
GR984 .
HD
NV
NV
NV

00
20
80
00
00
00

1
22
12
33

X1 15.0

X3
GR992
GR964 .
GR958.
GR962.
GR970.
GR990.
HD
QT
NC

.00

70
60
00
00
00
15

.1

X1 32.0

GR998.
GR979.
GR956.
GR966.
GR978.
GR984 .
HD

00
48
80
50
91
00
32

X1 33.2

XL

GR1000.0

GRS80.
GR982.
GR961 .

00
00
00

GR1000.0
HD 33.2
X1 33.3

X5

HD 33.3
X1 35.0

X3
X5
GR984 .
GR980.
GR963.
GR973.
GR982.
HD
NC

10

00
00
30
40
00
35

.06

EXAMPLE PROBLEM NO 2.

3 LOCAL INFLOWS,

9570.0
10665.0
10750.0
10852.0
11180.0
11865.0

.1

29.
9080.0
10000.0
10117.0
10225.0
10370.0
11150.0

21.

980.0
1260.0
1730.0
2099.2
3170.0

22.

974.
9035.0
9465.0
9954.0

10115.0
10895.0

.06

.040
10077.0
978.40
948.48
958.90
857.40
968.00
962.00

965.6
965.6
965.6
10665.0

982.00
956.00
959.30
964.00
972.00
1000.00

.05
10057.0
982.00
978.50
957.80
971.20
978.96
992.00

1850.0

250.
990.00
982.00
982.00
976.00

0.00

1850.0

9894.0

0.5
980.00
981.70
967.10
977.40

1004.00

.045

Exhibit 3

Example Problem 2 - Input

Hydraulic Options

USE OF R RECORDS.

10275.
10002.
10108.
10250.
10400.
11240.
12400.

OO0O00O00OO =

10110.0
10673.0
10800.0
10970.0
11310.0
12150.0

10271.0

9250.0
10057.0
10137.0
10250.0
10387.0
11240.0

2150.0

1060.0
1300.0
1830.0
2149.0

0.0

2150.0
2
10155.0

9070.0
9595.0
9874.0
10120.0
11085.0

.3

0.
956.00
946.60
959.80
970.00
970.00
976.00

988.8
988.8
982.0
8565.
961.
976.00
953.00
957.00
966.00
980.00

7429.
982.00
968.60
959.40
978.50
980.00

1000.00

130.

980.00
982.00
984 .41
984 .50

0.00

155.
105.

978.00
983.70
967.40
983.70

0.
10060.
10138.
10275.
10700.
11365.
12550.

[eeoloNoXoXo

.12
7535.
11000.
10300.0
10693.0
10822.0
11015.0
11410.0

6654 .
9510.0
10075.0
10157.0
10271.0
10610.0
11330.0

250.

1150.0
1350.0
1850.0
2150.0

0.0

175.

105.

9135.0
9745.0
10004.0
10155.0
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0.
959.20
944.70
959.80
966.00
970.00
980.00

988.8
8268.
970.
976.00
954.00
957.30
961.00
984.00

8240.
980.00
959.82
959.60
978.50
982.00
1008.0

320.

982.00
980.00
979.19
982.00

0.00

175.
105.

980.00
984.70
968.20
984.00

HYDRAULIC AND GEOMETRIC OPTIONS.

0.
10077.0
10158.0
10300.0
10960.0
11500.0
12670.0

0.

10490.0
10703.0
10825.0
11090.0
11570.0

0.
9600.0
10087.0
10177.0
10300.0
10745.0
11425.0

0.

1180.0
1420.0
1851.0
2800.0

0.0

.95

9185.0
9894.0
10044.0
10245.0

959,
955.
959.
970.
970.
982.

966.
955.
.50
962.
990.

961

980.
956.
959.
978.
982.

982

9880.
.00

961

990.
.00

.49

982.
963.
.60

967

982.

30
20
90
00
00
00

00
60

00
00

0.
01
50
82
60
00

.00

00
00

00
40

00

0.
10081.0
10225.0
10325.0
11060.0
11615.0
12730.0

0.

10610.0
10723.0
10850.0
11150.0
11770.0

0.
9925.0
10097.0
10196.0
10350.0
11145.0

1215.0
1540.0
1900.8
3100.0

0.0

9270.0
9894.0
10054.0
10695.0



42 .1
00
00
00
80
80
90
80
10

X1
GR996.
GR988.
GR990.
GR969.
GRS69.
GR989.
GR986.
HD 42.
QT
X1
XL
GR1002.0
GR996.00
GR980.60
GR968.90
GR977.80
GR983.10
HD 44
X1 53.0
GR1004.0
GR994.00
GR982.80
GR978.20
GR1002.0
HD 53
QT

X1 55.0
GR1004.0
GR984 .30
GR974.80
GRS85.80
HD 55
X1 58.0
GR1006.0
GR976.20
GR988.80
GR992.00
GR986.00
HD 58
EJ
$HYD

44.0

%

A
1200.
953.
60.

Q
R
T
w
®
Q 10000.
R  963.
w 1.

$SEND

9880.0
998.00
986.00
969.80
969.80
985.80
989.50
989.90

32.
7130.
8780.
9880.
8943.

10067.
10130.
11720.

(efeofofoJofoYeo]

28. 9845.0
8035.0
9285.0
9845.0

10028.0

10150.0

10400.0 999.80

22. 10000.0
7550.0 1000.00
8940.0 986.00

10000.0 978.20
10121.0 988.70
10470.0 1004.00

992.00
1017.6
970.90
967.40
976.90

18. 9931.0
7592.0 1000.00
9737.0 984.70
9975.0 974.20

10187.0 986.00

22. 9912.0
8542.0 1004.00
9944.0 975.40

10065.0 988.30
10492.0 988.00
11137.0 988.00

PROFILE 1
78.
973.
60.

151.
60.

600. 1200.

977.

10130.
7310.
8990.
9881.

10001 .

10067 .

10180.

12310.

[ejofofofofolo)e]

10127.
9850.
8150.
9425.
9868.
10058.
10193.
10450.

10136.
7760.
9245.

10011.

10136.

10700.

o

CO0O0O00O0 O0OO0OO0OO0OO0

10062.
7947.
9837.

10005.

10307.

10015.
8952.
9974.

10065.

10642.

11192.

O000O0OO0 OO0OO0OO0Oo

340.
60.

1.
A  PROFILE 2 = FLOOD EVENT

2600.

3965.
7930.
8570.
9941.

10001.
100689.
10230.

2070.
998.00
985.70
969.80
986.70
985.80
988.60

O0O0O0CO0O

795.

8305.0
9505.0
- 9898.0
10078.0
10206.0
10464.0

2831.
998.00 8440.0
986.30 9555.0
974.00 10041.0
989.30 10154.0

290.
10200.
990.00
990.00
972.20
967.10
982.00

1002.40

3366.

1430.
996.00 8627.0
985.50 9910.0
972.90 10035.0
990.00 10497.0

1012.
1000.00 9702.0
978.20 9991.0
989.30 10169.0
986.70 10852.0

275.

1097.

= ANNUAL DISCHARGE
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3005. 0.
992.00 8205.
986.45 9707.
985.80 9941.
986.70 10003.
969.80 10069.
987.60 10280.

OO0O0O0O0O0O

495. 0.

8735.0
9650.0
9968.0
10118.0
10300.0

990.00
986.00
970.50
971.90
981.20

2941. 0.
996.00 8640.0
986.30 9825.0
972.20 10071.0
999.20 10200.0

770. 0.
990.00 9052.0
987.20 9931.0
973.20 10045.0

1462. 0.
997.20 9812.0
990.40 10015.0
990.00 10172.0
988.00 11022.0

990.
989.
985.
969.
969.
985.

988.
984 .
967.
976.
979.

996
983
972.

.00
'80

00
44
80
80
80
20

0.

00
10
50
80
20

0

60

1000.1

986.
978.
983.

996.
988.
992.
986.

00
10
80

30
30
00
00

o

OO000O00O-

8495.
9857.
9943.
10003.
10129.
10430.

0.

8835.0
9788.0
9998.0
10127.0
10325.0

0.
8780.0
9900.0

10101.0
10320.0

0.
9337.0
9955.0

10062.0

0.
9912.0
10062.0
10242.0
11097.0



6.2.2 Ineffective Flow Area

A portion of cross section 15.0 is deemed to be ineffective; that is, it carries no flow. This is
described with the X3 records. The X3 record allows easy modification of existing cross section data
to reflect encroachments. In this case, the left encroachment starts at the intersection of the left bank
and elevation 961 feet and extends at that elevation to station 10,700 feet. The right encroachment
starts at station 11,000 feet and extends at elevation 970 feet to the right bank. Computationally, this
is equivalent to raising the GR points to lie along the top of the encroachments.

6.2.3 Conveyance Limits

Ineffective flow areas can also be specified with XL data. In Example Problem 2, cross section
33.2 has non-conveying areas centered about the channel on both sides, leaving a conveyance width
of 250 feet. At cross section 44.0 the left conveyance limit is at station 9,850 feet and the right at
10,200 feet, leaving a conveyance width of 350 feet (not centered about the channel). The difference
between the ineffective flow area option and the conveyance limits option is that deposition may occur
in wetted areas outside the conveyance limits, but not in ineffective flow areas. Although both
methods may yield the same hydraulic conditions, sediment deposition may differ. Refer to Sections

3.2.7 and 3.2.8.

6.2.4 Internal Hydraulic Control Points

Study reaches will occasionally contain internal hydraulic controls, such as weirs and gated
structures, where the step backwater solution is not appropriate. The effects of such structures can
be simulated using X5 and R data. In Example Problem 2, cross section 33.3 is immediately upstream
of a gated structure that can arbitrarily control the upstream water surface elevation. The "2* in Field 4
of the XS record for cross section 33.3 causes the water surface elevation for that cross section to be
read from Field 2 of the R record in the flow data. Thus, for this example, the water surface elevation
at cross section 33.3 will be 973 feet for the first discharge and 977 feet for the second. The larger of
this water surface elevation or that computed by the step backwater is used.

6.2.5 Downstream Boundary Water Surface Elevation

In Example Problem 1, the downstream boundary water surface elevation was computed for each
flow by interpolation within a rating curve (RC) table provided by the user. Alternately, when the
downstream water surface elevation is independent of discharge, as with a reservoir pool elevation,
the boundary condition can be specified as a time series of water surface elevations (i.e. a stage
hydrograph). This is illustrated by the R records in the input data for Example Problem 2. For this
problem the starting water surface elevation is 953 feet for the first discharge and 963 feet for the .

second.

6.2.6  A-Level Hydraulic Output

The "A-level' hydraulic output for Example Problem 2 is shown in Exhibit 4. This output is quite
similar to that of Example Problem 1. Note that the water surface elevations at cross section 33.3 of
973 feet and 977 feet reflect the elevations on the R data. At cross section 35.0 for the second
(larger) discharge, the minimum pool elevation of 974 feet was submerged by tailwater and, therefore,
a head loss of 0.5 feet was added to the computed water surface elevation of 977 feet. Refer to the
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X5 record for that cross section. That discharge was also large enough that the water surface
elevations at cross sections 33.2 and 44.0 reached the encroachments; this can be seen in the
column labelled "TOP WIDTH* where the values are 250 feet and 350 feet respectively for those two

cross sections.

6.2.7 B-Level Hydraulic Output

A portion of the "B-level" hydraulic output for Example Problem 2 for the second discharge at
section 15.0 is shown in Exhibit 5. This output may be used to check the operation of the n versus
elevation function. In the section "REACH PROPERTIES BY STRIP®, the n values used for the left
overbank, channel, and right overbank are 0.0874, 0.0478, and 0.1021 respectively. These are
interpolated from the input NV data at a water surface elevation of 969.015 feet. The GR data shown
for cross section 15.0 reflect the X3 encroachment. Elevations on the left side are kept above 961 feet
to station 10,693 feet, which is the station before 10,700 feet. The same is seen on the right side as
elevations are kept at 970 feet after station 11,000 feet until the original ground line is encountered.
Below is an example of what would be changed in Example Problem 2 to creat "B-level" output.

$HYD SR e

* A PROFILE 1 = ANNUAL DISCHARGE

Q 1200.  78. 451. 340

R 953. 973. ..., &7

T 60. 60, 60, . _ 60,
W 1% | |

* B PROFILE 2 = FLOOD EVENT

Q 10000. - 600. 1200. -2600.

R 963. 9717. -

W 1, . ot T

SEEUD et St s
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Exhibit 4

Example Problem 2
A-Level Hydraulic Output

P2 222313222 22 2 2222 222222222222 222 2 2222222222022 i 22 2222 2 3 22 R 22222222222 2 )

*
* SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS * * U.S. ARMY CORPS OF ENGINEERS *
» Version: 4.0.5 - March 22, 1991 * * HYDROLOGIC ENGINEERING CENTER *
* INPUT FILE: EX2.DAT * * 609 SECOND STREET *
* OUTPUT FILE: EX2.0UT » * DAVIS, CALIFORNIA 95616-4687 *
* RUN DATE: O1APRS1 RUN TIME: 12:54:50 : : (916) 756-1104 :
L]

(2232222222222 222222 X222t 2 s iidds s (222 AR 22 2R 2222222222222 222 2 )

X X OXO0MXXX XXXXX XXXXX
X X X X X X X
X X X X X
XOXXXX XXXX X XXX XXXXXX
Xe X X X X X
X X X X X X X
X X OXXXXXXX XXXXX XXXXX

(22 22223 22222222 2 2 2222 2222 2 2 22222 22222 2222 2222 2222222222222 232222222223

* MAXIMUM LIMITS FOR THIS VERSION ARE: a
s 10 Stream Segments (Main Stem + Tributaries) s
- 150 Cross Sections b
. 100 Elevation/Station Points per Cross Section *
* 15 Grain Sizes .
. 10 Control Points :
-

I3 222 22222222 22 222222222222 222222222 2222222222222 222222222222 22 212

T1 EXAMPLE PROBLEM NO 2. HYDRAULIC AND GEOMETRIC OPTIONS.
;g 3 LOCAL INFLOWS, USE OF R RECORDS.
NC .1000 .1000 .0400 .1000 .3000
SECTION NO. 1 RIVER MILE= 1.000
..Set the Depth (ft) of the Bed Sediment Reservoir to .00
N-Values vs Elevation Table o
Channel Left 0verbank Right Overbank
.0450 966 . .0800 966. . 1000 966 .
.0640 989, .1300 989. . -+1100 '982.
.0000 0. .0000 0. .1200 989.
SECTION NO. 2 RIVER MILE= 15.000
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
Local Inflow Point 1 occurs just downstream from X-Section No. 3
NC .1000 .1000 .0500 .0000 .0000
SECTION NO. 3 RIVER MILE= 32.000
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 4 RIVER MILE= 33.200
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 5 RIVER MILE= 33.300
..Multiply all Stations(X) bE .95
.Add 1.49 (ft) to each levation(Y)

...Nydraulic Control Point # 1
Water Surface Elevation will be read fro- R-RECORD..Fileld 2

Head Loss Criteria = .00
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 6 RIVER MILE= 35.000
...Water Surface Elevation = 974,00 "~ " - i
Head Loss Criteria = .50
...Ineffective Flow Area Requested by xs gecoan Left Overbank Right Overbank
9 18
Ineffective Elevation 984.70 983.70
...Set the Depth (ft) of the Bed Sediment Reservoir to . . .00 =

NC .0600 .0600 .0450 .0000 .0000



SECTION NO. 7 RIVER MILE= 42.100
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
Local Inflow Point 2 occurs just downstream from X-Section No. 8
SECTION NO. 8 RIVER MILE= 44,000
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 9 RIVER MILE= 53.000
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
Local Inflow Point 3 occurs just downstream from X-Section No. 10
SECTION NO. 10 RIVER MILE= 5§5.000
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 11 RIVER MILE= 58.000
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
NO. OF CROSS SECTIONS IN STREAM SEGMENT= 11
NO. OF INPUT DATA MESSAGES = 0
TOTAL NO. OF CROSS SECTIONS IN THE NETWORK = 11
TOTAL NO. OF STREAM SEGMENTS IN THE NETWORK= 1
END OF GEOMETRIC DATA
FIXED BED MODEL
®* A PROFILE 1 = ANNUAL DISCHARGE
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
SEGMENT INFLOW Q IN CFS...
1 1200.0 78.0 151.0 340.0
TIME STEP NO. 1
WATER DISCHARGE= 1200.00
ELEVATION= 9$53.000
TEMPERATURE= 60.000
FLOW DURATION(DAYS) 1.000
#e*® N DISCHARGE WATER ENERGY VELOCITY  ALPHA TOP AVG AVG VEL (by subsection)
(CFS) SURFACE LINE HEAD WIDTH BED 1 2 3
SEC NO. 1.000
o | 1200.0 953.00 953.06 .06 1.00 122.51 948.13 .00 2.01 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 15.000
sass 1200.0 960.50 960.63 .14 1.00 150.34 957.80 .00 2.96 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
....LOCAL INFLOW POINT NO. 1, Q= 78.00
...CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
SEC NO. 32.000
L A 1122.0 965.15 965.18 .03 1.00 139.44 859.23 .00 1.36 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 33.200
b | 1122.0 965.23 965.25 .02 1.00 223.93 961.26 .00 1.26 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 33.300 ¥
OPERATION RULE SPECIFIED
UPPER POOL ELEVATION (UPE) = 973.00 HEAD LOSS = .00
ssss 1 1122.0 973.00 973.00 .00 1.00 237.50 963.38 .00 .49 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC-NO. 35.000 s et
OPERATION RULE SPECIFIED
UPPER POOL ELEVATION (UPE) = 974.00 HEAD LOSS = .50
AL 1122.0 974.00 974.01 .01 1.00 221.75 967.05 .00 .73 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 42.100
sass 9 1122.0 974 .22 974.24 .02 1.00 242.44 969.84 .00 1.06 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

....LOCAL INFLOW POINT NO. 2, @=
1

...CONTINUING ON SEGMENT NO
TEMPERATURE=

151.00

60.000
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SEC NO. 44.000

e 971.0 974.28 974.29 .01 1.00 262.34 969.86 .00 .84 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO. 5§3.000

ek | 971.0 975.11 975.69 .57 1.00 77.24 973.05 .00 6.08 .00 .
FLOW DISTRIBUTION (%) = .0 100.0 .0

....LOCAL INFLOW POINT NO. 3, Q= 340.00

.. .CONTINUING ON SEGMENT NO 1

TEMPERATURE= 60.000

SEC NO. 55.000

eax 631.0 977.38 977.46 - .08 1.00 92.29 974 .36 .00 2.27 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO. 58.000

LA ] 631.0 979.66 979.86 .20 1.00 55.38 976.48 .00 3.59 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

* A PROFILE 2 = FLOOD EVENT
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1

SEGMENT INFLOW @ IN CFS...
1 10000.0 600.0 1200.0 2600.0
TIME STEP NO. 2
WATER DISCHARGE=  10000.00
ELEVATION= 963.000

TEMPERATURE= 60.000
FLOW DURATION(DAYS) 1.000
###+ N DISCHARGE WATER ENERGY VELOCITY  ALPHA TOP AVG AVG VEL (by subsection)
(CFS) SURFACE LINE HEAD WIDTH BED 1 2 3

SEC NO. 1.000

R 10000.0 963.00 963.23 .23 2.43 1243.42 951.52 .84 4.03 .44
FLOW DISTRIBUTION (%) = 1.3 91.6 7.1

SEC NO. 15.000

wras 1 10000.0 969.01 969.28 .27 1.58 434.03 958.47 1.02 4.44 1.31
FLOW DISTRIBUTION (%) = 2.6 86.6 10.8

....LOCAL INFLOW POINT NO. 1, Q= 600.00

.. .CONTINUING ON SEGMENT NO 1

TEMPERATURE= 60.000

SEC NO. 32.000

LEALES 9400.0 975.04 975.26 .22 1.00 197.77 962.34 .00 3.74 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO. 33.200

wawr 1 9400.0 975.27 975.39 .12 1.00 250.00 961.93 .00 2.82 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO. 33.300

OPERATION RULE SPECIFIED

UPPER POOL ELEVATION (UPE) 977.00 HEAD LOSS = .00

bbb | 8400.0 977.00 877.13 .13 1.00 237.50 963.38 .00 2.91 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

SEC NO. 35,000
OPERATION RULE SPECIFIED

UPPER POOL ELEVATION (UPE) =  974.00  HEAD LOSS = .50
2ane 0.0 977.50 977.75 .25 1.00 226.56 967.24 .00 4.04 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO.  42.100 ,
“ses« |  9400.0 979.94  980.17 .23 1.00  243.01  969.79 .00 3.81 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
....LOCAL INFLOW POINT NO. 2, Q= 1200.00
. .CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
SEC NO.  44.000
*ses |  8200.0  980.29  980.41 12 1.08  350.00 970.18 .00 2.86 .93
FLOW DISTRIBUTION (%) = .0 97.6 2.4

SEC NO. 53.000
ot | 8200.0 982.40 983.57 1.17 1.00 126.13 974 .91 .00 8.68 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

....LOCAL INFLOW POINT NO. 3, Q= 2600.00

.. .CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
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SEC NO. 55.000 " 3
weaet 1 5600.0 984.62 985.04 .42 1.08 331.27 975.97 .28 5.19 .52

FLOW DISTRIBUTION (%) = .1 99.7 .2

SEC NO. 58.000

Sa=siy 5600.0 987.40 988.27 .87 1.45 415.71 978.82 .00 7.62 .98
FLOW DISTRIBUTION (%) = .0 96.7 3.3

$SEND

0 DATA ERRORS DETECTED.

TOTAL NO. OF TIME STEPS READ = 2

TOTAL NO. OF WS PROFILES = ) 2

ITERATIONS IN EXNER EQ = 0.

END OF JOB

JOB COMPLETED
RUN TIME = O HOURS, O MINUTES & 3.90 SECONDS



Exhibit 5

Example Problem 2
B-Level Hydraulic Output

Output has been removed

L 2 2

* B PROFILE 2 = FLOOD EVENT
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
o

SEGMENT INFLOW Q IN CFS...
1 10000.0 600.0 1200.0 2600.0
TIME STEP NO. 2
WATER DISCHARGE=  10000.00
ELEVATION= 963.000

TEMPERATURE= 60.000
FLOW DURATION(DAYS) 1.000
@«was N DISCHARGE WATER ENERGY VELOCITY  ALPHA TOP AVG AVG VEL (by subsection)
(CFS) SURFACE LINE HEAD WIDTH BED 1 2 3

SEC NO. 1.000
X-SECTION COORDINATES (STA,ELEV)

9915.000 1004.000 10002.000 978.400 10060.000 956.000 10077.000 959.200 10081.000 959.300
10092.000 950.000 10108.000 948.480 10138.000 946.600 10158.000 944.700 10225.000 955.200
10243.000 956.200 10250.000 958.900 10275.000 959.800 10300.000 959.800 10325.000 959.800
10350.000 958.800 10400.000 957.400 10700.000 970.000 10960.000 966.000 11060.000 970.000
11085.000 968.000 11240.000 968.000 11365.000 970.000 11500.000 970.000 11615.000 970.000
11665.% %% 12400.000 962.000 12550.000 976.000 12670.000 980.000 12730.000 982.000
12735. .

aeees { 10000.0 983.00 983.23 .23 2.43 1243.42 851.52 .84 4.03 .44

FLOW DISTRIBUTION (%) = 1.3 91.6 7.1
REACH PROPERTIES BY STRIP 1 2 3
INEFF FLOW EL -99999.00 -99999.00 -99999.00
U/S SECTION... CONVEYANCE 6030. 422630. 32696.
AREA 155. 2273. 1612.
HYD RADIUS 4.23 11.20 1.59
REACH. .. N .1000 .0400 .1000
SQRT (L) .0000 .0000 .0000
D/S SECTION... AREA 0. ) 0. 0.
HYD RADIUS .00 .00 .00
N-VALUE, SLOPE ,EFW,EFD, VAG= .040000 .000470 164.21 13.84 4.03

SEC NO. 15.000
X-SECTION COORDINATES (STA,ELEV)

9570.000 992.000 10110.000 982.000 10300.000 976.000 10490.000 976.000 10610.000 966.000
10665.000 964.700 10673.000 961.000 10693.000 961.000 10703.000 954.000 10723.000 955.600
10750.000 958.600 10800.000 959.300 10822.000 957.000 10825.000 957.300 10850.000 961.500
10852.000 962.000 10970.000 964.000 11015.000 970.000 11090.000 970.000 11150.000 970.000
11180.000 970.000 11310.000 972.000 11410.000 980.000 .000 11770.000 990.000
11865.000 990.000 12150.000 1000.000

44
6

eses |  10000.0 969.01  969.28 - ..27. . 1:58- -434.03 - ‘958,47 -1.02 4.44 1.31
FLOW DISTRIBUTION (%) = 2.6 86.6 10.8
REACH PROPERTIES BY STRIP 1 2 3
INEFF FLOW EL -99999.00 -99999.00 -99999.00
U/S SECTION...  CONVEYANCE 8715.  287841. 35800.
AREA 257. 1951, 821.
HYD RADIUS  2.81  10.34 5.19
REACH. .. N .0874 . .0478 .1021
SORT(L) 92.5473  90.9285  86.8044
D/S SECTION... AREA 155. 2273, 1612.
HYD RADIUS 4.23 11.20 1.59
N-VALUE,SLOPE,EFW,EFD,VAG=  .047807  .000732 175.88 11.09 4.44

....LOCAL INFLOW POINT NO. 1, Q= 600.00
...CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
*
*
" Output has been removed
*
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6.3 Example Problem 3 - Movable Béd

The following example demonstrates how to add sediment data to the previously developed file.
Existence of sediment data within the input file causes HEC-6 to compute sediment transport rates
and modify the cross section geometry as described in Section 2.3. Sediment related data consists of
the delineation of the movable bed, characteristics and gradation of sediment within the bed, and
inflowing/outflowing sediment loads and gradations. The sediment data is inserted between the EJ
record of the geometry data and the $HYD record of the flow data. Exhibit 6 illustrates the input data

file for Example Problem 3.

6.3.1 Movable Bed Limits

The HD records contain information regarding the movable bed for each cross section. For
example, at cross section 1.0, only that portion of the cross section between stations 10,081 and
10,250 feet is the "movable bed". The *fixed" GR points are those on either side of the movable bed
stations; that is, should a limit of the movable bed coincide with a GR point, that point is movable and

the next point outward is fixed.

The vertical limits of the movable portion of the cross section must also be defined. In Example
Problem 3, it was determined that the reach represented by cross section 58.0 had bedrock 3.4 feet
below the thalweg. Data describing the location of this bedrock is entered in Field 2 of the HD record
for that cross section. Cross sections 33.2, 33.3, 35.0 and 42.1 have either concrete or bedrock at the

thalweg.

6.3.2 Sediment Title Records

Five records are required at the beginning of the sediment data; these records are available for
user documentation of the sediment data.

6.3.3 Sediment Transport Control Parameters

Parameters governing the computation of sediment transport rates and selection of grain sizes
are entered on the | records. For Example Problem 3, the number of times that the bed material
gradation is to be re-calculated within a time step is set to five (see Section 2.3.4.1) on the I1 record.
Default values for the other parameters on this record will be used. Only sands and gravels are
analyzed in Example Problem 3. Since there are no clays or silts in either the bed or the inflowing
load, there are no 12 or I3 records. All sand and gravel sizes are being analyzed (which is the default)
as seen by the 1 in Field 3 and 10 in Field 4 of the 14 record. The transport computation method
chosen is that of Yang (4 in Field 2 of the 14 record). Default values for the other parameters were
selected, by not providing data. It is important to remember that the range of grain sizes selected on
the | records must encompass the entire range of sizes found in both the bed material and inflowing
load, even though some of those sizes may be missing in either the bed or inflowing materials.

The "most stable® weighting scheme for the hydraulic parameters has been selected via the 15
record (see Section 2.2.4).
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T1
T2
T3
NC .100
X1 1.0
GR1004.0
GR950.00
GRS56.20
GR958.80
GR968.00
GR962.00
GR984 .00
HD 1
NV 22
NV 12
NV 33
X1 15.0
X3
GR992.00
GRS64 .70
GR958.60
GR962.00
GR970.00
GRSS0.00
HD 15
.10

QT
NC

X1 32.0
GR998.00
GR979.48
GR9Y56.80
GR966.50
GR978.91
GR984.00
HD 32
X1 33.2
XL

GR1000.0
GR980.00
GR982.00
GR961.00
GR1000.0
HD
X1
HD
X1

33.3
33.3

35.0
X3

10
X5
GR984 .00
GR980.00
GR963.30
GR973.40
GRS82.00
35
.06

33.2

EXAMPLE PROBLEM NO 3.

3 LOCAL INFLOWS

.100
31.
9915.
10092.
10243.
10350.
11085.
11665.
12735.
10.
.045
.080
.10

27.

9570.0
10665.0
10750.0
10852.0
11190.0
11865.0

[efefolofofoNe]

10. %

.10

29.
9080.0
10000.0
10117.0
10225.0
10370.0
11150.0
10.

21.
250
980.
1260.
1730.
2099.
3170.

oocooMOOO

22.

974.
9035.0
9465.0
9954.0

10115.0
10895.0
0

.06

32.

.040
10077.0
978.40
948.48
958.90
957.40
968.00
962.00

10081
965.6
965.6
965.6
10665.0

982.00
956.00
959.30
964 .00
972.00
1000.00
10673

. .05
10057.0
982.00
978.50
957.80
971.20
978.96
992.00

10075
1850.0

990.00
982.00
982.00
976.00

0.00

1851 .

1850.0
1851
9894.0

.5
980.00
981.70
967.10
977.40

1004.00

9954
.045
9880.0

Exhibit 6

Example Problem 3 - Input
Movable Bed

10275.
10002.
10108.
10250.
10400.
11240.
12400.

cocococoocoa

10250
.064
.130

=1
10850.0
10700
10110.0
10673.0
10800.0
10970.0
11310.0
12150.0
10852

9070.0
9595.0
9974.0
10120.0
11085.0
10155

10130.0

.3

0.
956.00
946.60
959.80
970.00
970.00
976.00

988.8
988.8
982.0
8565.
961
976.00
953.00
957.00
966.00
980.00

7429.
982.00
968.60
959.40
978.50
980.00

1000.00

130.

980.00
982.00
984 .41
984.50

0.00

155.
105.
978.00
983.70

967.40
983.70

2070.

MOVABLE BED

0.
10060.
10138.
10275.
10700.
11365.
12550.

OO0OO0O00O0o

.12
7535.
11000

10300.0
10693.0
10822.0
11015.0
11410.0

6654 .
9510.0
10075.0
10157.0
10271.0
10610.0
11330.0

250.

1150.0
1350.0
1850.0
2150.0

0.0

175.
105.
9135.0
9745.0

10004.0
10155.0

3965.

83

0.
959.20
944.70
959.80
966.00
970.00
980.00

988.8
8268.
970
976.00
854.00
957.30
961.00
984.00

8240.
980.00
959.82
959.60
978.50
982.00
1008.0

320.

982.00
980.00
979.19
982.00

0.00

175.
105.
980.00
984.70

968.20
984 .00

3005.

0.
10077.0
10158.0
10300.0
10960.0
11500.0
12670.0

0.

10490.0
10703.0
10825.0
11090.0
11570.0

0.
9600.0
10087.0
10177.0
10300.0
10745.0
11425.0

0.

1180.0
1420.0
1851.0
2800.0

0.0

9185.0
9894.0
10044.0
10245.0

0.

959.
955.
959.
970.
970.
982.

966.
955.
.50
962.
990.

961

980.
.50

956

959.
978.
982.

982.
980.
.00

961

990.
.00

982

963.
967.
982.

30
20
90
00
00
00

00
60

00
00

01
82

60
00

00
00

00

.00

40
60
00

0.
10081.0
10225.0
10325.0
11060.0
11615.0
12730.0

0.

10610.0
10723.0
10850.0
11150.0
11770.0

0.
9925.0
10097.0
10196.0
10350.0
11145.0

1215.0
1540.0
1900.8
3100.0

0.0

9270.0
9894.0
10054.0
10695.0



GR996.00
GR988.00
GRS90.00
GR969.80
GRS69.80
GR989.90
GR986.80
HD 42.10
QT

X1 44.0
XL

GR1002.0
GR996.00
GR980.60
GR968.90
GR977.80

GR983.10

HD 44
X1 §83.0
GR1004.0
GR994 .00
GR982.80
GR978.20
GR1002.0
HD 53
QT

X1 55.0
GR1004.0
GR984 .30
GR974 .80
GR985.80
HD - 55
X1 58.0
GR1006.0
GR976.20
GR988.80
GR992.00
GR986.00
HD
EJ

T4 57

T5

T6

T7

T8

I1 0
14 SAND
15 :
La

LT TOTAL
LF  VFS
LF FS
LF WS
LF ¢S
LF VCS
LF  VFG
LF - FG
LF MG
LF 7508 -
LF ~ VCG -
PF EXAMP
PFC 2.0
PFC.0625
PF EXAMP
PFC_ 4.0

58
'MAIN STEM, SEGMENT 1. »
" LOAD CURVE FROM GAGE ‘DATA. :
'BED GRADATIONS FROM FIELD SAMPLES.

SEDIMEN; TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1971)

10028.0
10150.0
10400.0
10.

22.
7550.0
8940.0
10000.0
10121.0
10470.0
10.

18.
7592.0
9737.0
9975.0

10187.0

10.

22.
8542.0
9944.0

10065.0
10492.0
11137.0
3.4

4
8
1
.0110
.119
.328

E:

SRl
- X-X-X-X-X-]

998.
986.
969.80
969.80
985.80
989.50
989.90

9881

9845.0

992.00
1017.6
970.90
967.40
976.90
999.80
9868
10000.0
1000.00
986.00
978.20
988.70
1004.00
10000

9931.0
1000.00
984.70
974.20
986.00
9931
9912.0
1004.00
975.40

00
00

988.30.

988.00
988.00
9912

1

gy 5 i
50 -

1.5
.119
.328
.553
.000
.000
.000
.000
.000

-000

.o

1.0

1.0

1.0
2.0

7310.0
8990.0
9881.0
10001.0
10067.0
10180.0
12310.0
10021

10127.0
9850
8150.0
9425.0
9868.0
10058.0
10193.0
10450.0
10193
10136.0
7760.0
9245.0
10011.0
10136.0
10700.0
10136

10062.0
7947.0
9837.0

10005.0

10307.0

10062

10015.0
8952.0
9974.0

10065.0

10642.0

11192.0

10015

998.00
985.70
969.80
986.70
985.80
988.60

290.
10200
990.00
890.00
872.20
867.10
982.00
1002.40

3366.
998.00
986.30
974.00
989.30

275.
996.00
985.50
972.90
990.00

1097.
1000.00
978.20
989.30
986.70

10

.25
1000

<320
.498

'331
.156

.011

.004

.000 -

~.000
- .000
-000
.000
'32.0

73.0.

1 64.0
93.5

s 715
- 5800
4500,
511
.306
.154
.016
.008
.004
.001
.000

7930.
9570.
9941.
10001.
100689.
10230.

[efofoJoYola)

795.

8305.0
9505.0
9898.0
10078.0
10206.0
10464.0

2831.
8440.0
9555.0

10041.0
10154.0

1430.
8627.0
9910.0

10035.0
10497.0

1012.
9702.0
9991.0

10169.0
10852.0

s 208 -

“90000

992.00
986.45
985.80
986.70
969.80
987.60

495.

990.00
986.00
970.50
971.90
981.20

2941.
996.00
986.30
972.20
999.20

770.
990.00
987.20
973.20

1462.
997.20
990.40
990.00
988.00

0

400000 »

.582 -

.280
=110
.020
.005
.002
.001
.000
.000
.000
96.5
37.0

 99.5
©83.0

8. 0
S

16.0
©.50

8205.
9707.
9941.
10003.
10069.
10280.

000000

0.

8735.0
9650.0
9968.0
10118.0
10300.0

0.
8640.0
9825.0

10071.0
10200.0

0.
9052.0
9931.0

10045.0

0.
9812.0
10015.0
10172.0
11022.0

1.0

. ©

e

Qo oo
o L] L]
o ©0

990.
989.

985
969

969.
985.

988.
984 .
967.
976.
979.

996.
983.
972.

00
44
.80
.80

20

0.

00
10
50
80
20

0.
00
80
60

1000. 1

986.
978.
983.

996.
988.

992

986.

-

00
10
80

30
30
.00
00

- 4.0

125

8.0
250

8495.
9857.
9943.
10003.
10129.
10430.

OO00000

0.

8835.0
9788.0
9998.0
10127.0
10325.0

0.
8780.0
9900.0

10101.0
10320.0

0.
9337.0
9955.0

10062.0

0.
9912.0
10062.0
10242.0
11097.0



PFC
PF
PFC

.125
EXAMP
4.0

$LOCAL

LaL

LTLTOTAL

LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LaL

VFS
FS
MS
CS

VCS

VFG
FG
MG
CG

vCG

LTLTOTAL

LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LaL

VFS
FS
MS
CS

VCS

VFG
FG
MG
CG

VCG

LTLTOTAL

LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL

$HYD
*

ETO *=E-HDVO

NETVO *EDO #

VFS
FS
MS
CS

VCS

VFG
FG
MG
CG

VCG

AB
500
956.
65
2

B

2500.0

965.

70

150.

0.0
64.0
79.0

1000
500
.015
. 245
.605
.052
.039
.0200
.0110
.0110
.0000
.0000
1000
500
.015
.245
.605
.052
.039
.0200
.0110
.0110
.0000
.0000
500.
500.
.078

172 .

.454
.197
.000
.0000
.0000

.0000 -

.0000

.0000

FLOW OF
128

67
50 DAYS AT BANK FULL DISCHARGE

650.

32.0
1.0

10000
30000
.198
.181
.107
.098
127
.1160
.0910
.0530
.0220
.0060
10000
30000
.198
.181
.107
.098
.127
.1160
.0910
.0530
.0220
.0060
1000.
1200
.078
175
.601
.142
.003
.0000
.0000
.0000
.0000
.0000

500 CFS

97.0
56.0

30000.
22500
.137
.218
.476
.158
.008
.0020
.0010
.0000
.0000
.0000

NEAR BANK FULL DISCHARGE

78.

340.

BASE FLOW OF 500 CFS

29

128

85

.50

94.0
4.0

.125

o

oo



6.3.4 Inflowing Sediment Loads

The inflowing sediment load at the upstream end of the main river is described with a table of
sediment load versus water discharge by grain size. This table is entered using the LQ, LT, and LF
records. The LQ record contains the water discharges and the LT record contains the corresponding
total inflowing sediment loads. The entire range of discharges in the hydrograph being simulated
must be spanned by these data. For Example Problem 3, the range of water discharges in the load
table is from 1 to 90,000 cfs and the related inflowing sediment loads vary from 0.011 to 400,000
tons/day. The distribution of grain sizes is described by the LF records which contain the fraction of
the total load comprised of any particular grain size. These data are entered from fine to coarse and
must correspond to the size ranges selected with the I2 to 14 data.

There are three local inflows of water and sediment in this problem; their locations are defined by
the QT records in the geometric data. The tables of sediment load versus local inflow are on LQL,
LTL, and LFL records, analogous to the main river inflowing load data. The local flow load tables are
entered inthe same sequence as the geometric data; that is, downstream to upstream.

6.3.5 Bed Material Gradation

The initial gradation of material in the bed sediment reservoir is described with PF (percent finer)
and PFC (percent finer continuation) records. In Example Problem 3, this data has only been
provided at cross sections 1.0, 32.0, and 58.0 as noted in Field 2 of the PF records. The selection of
which, and how many, cross sections at which to provide this data depends on study objectives, field
data, etc. For intermediate cross sections HEC-6 will linearly interpolate the bed material gradation.
Note that the points in the gradation tables need not coincide with the size classes selected for
computation. See Appendix A for the specific contents of these data records.

6.3.6 Flow Data

The flow data input structure is similar to that shown in the previous examples with the exception
of the selection of a "B-level* output for sediment computations on the * record (see Section 6.4.7).
The values in the flow data, however, are extremely important to the results of a movable bed
simulation. Particular care must be taken when selecting the period of record or hypothetical event to
be simulated and time step sizes to be used. Water temperature may also be important in some
instances. See Thomas, et al. [23] and Gee [8] for information regarding preparation of flow data.

6.3.7 Output

Exhibit 7 shows a portion of the output file generated from execution of Example Problem 3. The
geometric data output is the same as in the previous example so is not repeated here. This is
followed by sediment data; at this point no computations are being performed, the input data are
being read and manipulated in preparation for the computations which begin when the flow data are
read. The sediment title records are echoed followed by the information on the | records. Next is the
main river inflowing load table; the sediment loads are in scientific notation because of the wide range
of possible values. Note that a very small value is used instead of zero because log-log interpolation
is used within these data tables.



Exhibit 7

Example Problem 3 - Output
Movable Bed

t 2222222332233 2222222222 2222223222222 22 2222222222222

®* SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS
i Version: 4.0.5 - March 22, 1991

= JINPUT FILE: EX3.DAT

* OQUTPUT FILE: EX3.0UT
*
*

RUN DATE: O1APRS1 RUN TIME: 12:55:03 (916) 756-1104

E 22222 2 2122313222222 22222222 2222222222222 22 2222222

]
-
*
* 609 SECOND STREET
t 3
*
*

L2 2% 2N 3% W 3

X X XXXXXXX  XXXXX XXXXX
X X X X X X X
X X X X X

XXXXXXX XXXX X XXXXX  XXXXXX
X X X X X X
X X X X X X X
X X XXXXXXX  XXXXX XXXXX

AR AN AR AR RN AR AN AN AN AR R AN RN R AR AR AR AN AN AARXENRAR NN A RN AN AARNR

*  MAXIMUM LIMITS FOR THIS VERSION ARE: *
* 10 Stream Segments (Main Stem + Tributaries) »
% 150 Cross Sections .
- 100 Elevation/Station Points per Cross Section *
i 15 Grain Sizes *
* 10 Control Points .
* *

L2222 22 22 22 222 2222 2222222 2 2 222 2 it it ittt sstiiiissis )

T EXAMPLE PROBLEM NO 3. MOVABLE BED
;2 3 LOCAL INFLOWS
3

NC .1000 .1000 .0400 .1000 .3000

SECTION NO. 1 RIVER MILE= 1.000
...Set the Depth (ft) of the Bed Sediment Reservoir to 10.00

N-Values vs Elevation Table

Channel Left Overbank Right Overbank

.0450 966. .0800 966. .1000 966.

.0640 989. .1300 989. .1100 982.

.0000 0. .0000 0. .1200 989.
SECTION NO. 2 RIVER MILE= 15.000
...Set the Depth (ft) of the Bed Sediment Reservoir to 10.00
Local Inflow Point 1 occurs just downstream from X-Section No. 3
NC .1000 .1000 .0500 .0000 .0000
SECTION NO. 3 RIVER MILE= 32.000

...Set the Depth (ft) of the Bed Sediment Reservoir to 10.00
SECTION NO. 4 RIVER MILE= 33.200

..Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 5 RIVER MILE= 33.300
.Set the Depth (ft) of the Bed Sediment Reservoir to .00

SECTION NO. 6 RIVER MILE= 35.000
..Water Surface Elevation = 974.00
Head Loss Criteria = .50
...Ineffective Flow Area Requested by X3-RECORD. Left Overbank Right Overbank
9 18

Station #
Ineffective Elevation 984.70 983.70
..Set the Depth (ft) of the Bed Sediment Reservoir to .00
NC .0600 .0600 .0450 .0000 .0000
SECTION NO. 7 RIVER MILE= 42.100
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
Local Inflow Point 2 occurs just downstream from X-Section No. 8

SECTION NO. 8 RIVER MILE= 44 .000
.Set the Depth (ft) of the Bed Sediment Reservoir to 10.00
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SECTION NO. 9 RIVER MILE= 5§3.000
...Set the Depth (ft) of the Bed Sediment Reservoir to 10.00

Local Inflow Point 3 occurs just downstream from X-Section No. 10

SECTION NO. 10 RIVER MILE= 5§5.000
..Set the Depth (ft) of the Bed Sediment Reservoir to 10.00

SECTION NO. 11 RIVER MILE= 58.000
...Set the Depth (ft) of the Bed Sediment Reservoir to 3.40

NO. OF CROSS SECTIONS IN STREAM SEGMENT= 11
NO. OF INPUT DATA MESSAGES = 0

TOTAL NO. OF CROSS SECTIONS IN THE NETWORK = 11
TOTAL NO. OF STREAM SEGMENTS IN THE NETWORK= 1
END OF GEOMETRIC DATA

T4 MAIN STEM, SEGMENT 1.

5 LOAD CURVE FROM GAGE DATA.

;g BED GRADATIONS FROM FIELD SAMPLES.

T8 SEDIMENT TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1971)

EXAMPLE PROBLEM NO 3. MOVABLE BED
3 LOCAL INFLOWS

SEDIMENT PROPERITES AND PARAMETERS

SP1 p{: ] NG SPGF ACGR NFALL IBSHER
I1 s. 0 | 1,000 32.174 == 2 7, M

SAND AND/OR GRAVEL ARE PRESENT

MTC IASA LASA . SPGS GSF BSAE PSI UWDLB
14 4 1 10 2.650 .867 .500 30.000 $3.000

USING TRANSPORT CAPACITY RELATIONSHIP # 4, YANG
FOLLOWING GﬁAIN SIZES UTILIZED (MM)

SAND: .1770 .3540 .7070 1.4140
2. 8260 5.6570 11.3140 22.6270 45.2550

OOEFFICINEN}"& FOR COMPUTATION SCHEME WERE SPECIFIED

DBN XID XIN XIU UBI UBN JSL
15 .500 .500 .250 500  .250  .000 - 1.000 1
SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
LOAD BY GRAIN SIZE CLASS (tons/day)
L 1.00000 50.0000 1000.00 5600.00- 90000.0
L VFS | .130900E-02| .178500 159,360 2299.50 232800.
L FS | .360800E-02| .492000 105.920 1377.00 112000.
L MS | .608300E-02| .829500 49.9200 | 693,000~ |-44000.0
L ¢S | .100000E-19| .100000E-19| 3.52000 72.0000 8000.00
L vcS | .100000E-19| .100000E-19] 1.28000 36,0000 2000.00
L  VFG | .100000E-19| .100000E-19| .100000E-18| 18.0000 -~ {800.000 -
L FG | .100000E-19| .100000E-19| .100000E-18| 4.50000 400.000
L MG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
L CG | .100000E-19| .100000E-19| .100000E-19| .100000E-18| .100000E-19
L vce | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19

ceccscccceccns mssmsscscans cEeccmvesEee ceseessemess escecmescoome



REACH GEOMETRY FOR STREAM SEGMENT 1

CROSS REACH MOVABLE INITIAL BED-ELEVATIONS ACCUMULATED CHANNEL DISTANCE
SECTION LENGTH BED LEFT SIDE THALWEG RIGHT SIDE FROM DOWNSTREAM
ID. NO. (ft&o WIDTH (Tt) (ft) (ft) (Tt) (miles)
1.000 ’ 183.50 959.30 944.70 958.90 .00 .00
8268.00
15.000 242.00 961.00 954.00 962.00 8268.00 1.57
8240.00
32.000 219.50 968.60 956.50 978.50 16508.00 3.13
320.00
33.200 299.00 979.19 961.00 976.00 16828.00 3.19
175.00
33.300 299.00 979.19 961.00 976.00 17003.00 3.22
105.00
35.000 276.00 963.30 963.30 983.70 17108.00 3.24
3005.00
42.100 154.50 969.80 969.80 969.80 20113.00 3.81
495.00
44.000 337.50 970.90 967.10 976.90 20608.00 3.90
2941.00
53.000 195.00 982.80 972.20 988.70 23549.00 4.46
770.00
55.000 204.00 987.20 972.90 983.80 24319.00 4.61
1462.00
58.000 176.50 996.30 975.40 990.40 25781.00 4.88

BED MATERIAL GRADATION (as computed from PF-records)
SECID SAE DMAX DXPI XPI TOTAL BED MATERIAL FRACTIONS
(%) (ft (ft; BED per grain size, fine - coarse.
N 1.000 1.000 .10 .10! 1.000 1.000 .010 .070 .290 .360 .120
.060 .040 .015 .035 .000

N 15.000 1.000 .158 = .158 1.000 1.000 .010 .070 .333 .368 112
.042 .032 .010 .020 .003

N 32.000 1.000 .210 .210 1.000 1.000 .010 .070 .375 .375 .105
.025 .025 .005 .005 .005

N 33.200 1.000 .210 .210 1.000 1.000 .010 .068 .363 .380 .109
.028 .026 .005 .006 .006

N 33.300 1.000 .210 .210 1.000 1.000 .009 .067 .356 .383 112
.030 .026 .005 .006 .006

N 35.000 1.000 .210 .210 1.000 1.000 .008 .067 .352 .384 .113
.030 .026 .005 .007 .007

N 42.100 1.000 .210 .210 1.000 1.000 .006 .051 .237 .431 .154
.058 .03t .003 .015 .015

N 44.000 1.000 .210 .210 1.000 1.000 .006 .048 .218 .439 .160
.063 .032 .003 .016 .016

N 53.000 1.000 .210  .210 1.000 1.000 .002 .032 .105 .485 .200
.090 .036 .001 .024 .024

N 55.000 1.000 .210 .210 1.000 1.000 .002 .028 .076  .497 .210
.097 .038 .001 .026 .026

N 58.000 1.000 .210 .210 1.000 1.000 .000 .020 .020 .520 .230
.110 .040 .000 .030 .030

. .LOCAL INFLOW DATA...

SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
AT LOCAL INFLOW POINT # 1
LOAD BY GRAIN SIZE CLASS (tons/day)

L= 1.00000 100.000 1000.00 10000.0
LL VFS .265600E-02| 6.64000 7.50000 5§940.00
LL Fs .828000E-03| 2.07000 122.500 5430.00
LL M .344000E-03| .860000 302.500 3210.00
LL Cs .124000E-03| .310000 26.0000 2940.00
LL VvCs .320000E-04| .B800000E-01| 19.5000 3810.00
L L VFG .120000E-04| .300000E-01| 10.0000 3480.00
LL FG .400000E-05| .100000E-01| 5.50000 2730.00
LL MG | .100000E-19| .100000E-19| 5.50000 1590.00
LL CG | .100000E-19| .100000E-19| .100000E-19| 660.000
LL VCG | .100000E-19| .100000E-19| .100000E-19| 180.000
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..LOCAL INFLOW DATA...

SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
AT LOCAL INFLOW POINT # 2

LOAD BY GRAIN SIZE CLASS (tons/day)

LL 1.00000 100.000 1000.00 10000.0
L L VFS | .265600E-02| 6.64000 7.50000 5940.00
LL FS | .828000E-03| 2.07000 122.500 5430.00
LL MS | .344000E-03( .860000 302.500 3210.00
LL cs | .124000E-03| .310000 26.0000 2940.00
L L vcs | .320000E-04| .BOOOOOE-O1| 19.5000 3810.00
L L VFG | .120000E-04| .300000E-01| 10.0000 3480.00
LL FG | .400000E-05| .100000E-01| 5.50000 2730.00
LL MG | .100000E-19| .100000E-19| 5.50000 1590.00
LL CG | .100000E-19| .100000E-19| .100000E-19| 660.000
LL VCG | .100000E-19| .100000E-19| .100000E-19| 180.000
TOTAL | .400000E-02| 10.0000 499.000 | 29970.0 |
..LOCAL INFLOW DATA...
SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
AT LOCAL INFLOW POINT # 3
LOAD BY GRAIN SIZE CLASS (tons/day)
LL 1.00000 100.000 500.000 1000.00 30000.0
LL VFS | .402000E-03| 6.03000 39.0000 93,6000 3082.50
LL FS | .684000E-03| 10.2600 86.0000 210.000 4905.00
LL WMS | .902000E-03| 13.5300 227.000 721.200 10710.0
LL Cs | .200000E-05| .300000E-01| 98.5000 170.400 3555.00
LL vCS | .100000E-19| .100000E-19| .100000E-19| 3.60000 180.000
LL VFG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| 45.0000
LL FG | .100000E-19| .100000E-19| .100000E-19| .100000E-18| 22.5000
LL MG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
LL CG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
LL VCG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
TOTAL | .199000E-02| 29.8500 | 450.500 | 1198.80 | 22500.0 |
STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 3. MOVABLE BED
BED SEDIMENT CONTROL VOLUMES AT
SECTION LENGTH MAX. WIDTH | DEPTH VOLUME
NUMBER (ft) (ft) . (ft) (cu.tt) | - (cu.yd)
1.000 4134.00 203.00 10.00 | .839202E+07 | 310816.
15.000 8254.00 228.49 10.00 | .188596E+08 | 698502.
32.000 4280.00 227.71 10.00 | .974600E+07 | 360963.
33.200 247.50 281.87 .00 | .000000 .000000
33.300 87.50 299.00 .00 | .000000 .000000
35.000 1502.50 235.50 .00 | .000000 .000000
42.100 1750.00 197.90 .00 | .000000 .000000
44.000 1718.00 288.06 10.00 | .494879E+07 | 183288.
53.000 1855.50 233.27 10.00 | .432826E+07 | 160306.
55.000 1116.00 196.96 10.00 | .219808E+07 | 81410.4
58.000 731.00 185.67 3.40 | 461456. 17091.0

NO. OF INPUT DATA MESSAGES= 0
END OF SEDIMENT DATA

BEGIN COMPUTATIONS.
$HYD

FLOW 1 = BASE FLOW OF 500 CFS

EXAMPLE PROBLEM NO 3. MOVABLE BED

BOUNDARY CONDITION DATA, CONTROL POINT NO. 1

SEGMENT INFLOW Q IN CFS...
1 500.0 61.0

TIME STEP NO. 1
WATER DISCHARGE=

ELEVATION= 956.000

TEMPERATURE=

FLOW DURATION(DAYS)

29.0 128.0



«=«s N DISCHARGE WATER ENERGY VELOCITY ALPHA

(CFS) SURFACE LINE HEAD
"SEC NO. 1.000
awwe 500.0 956.00 956.00 .00 1.00
FLOW
SEC NO. 15.000
SUPERCRITICAL
SEC NO. 15.000 TIME = 2.00 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
NO. WS WS ws
0. 957.23 956.49
1. 957.33 956.55 957.28
res 500.0 957.33 958.06 .73 1.00
FLOW
....LOCAL INFLOW POINT NO. 1, Q= 61.00
...CONTINUING ON SEGMENT NO 1
TEMPERATURE= 64.027
SEC NO. 32.000
ases 439.0 962.97 962.98 .01 1.00
FLOW
SEC NO. 33.200
wane g 439.0 963.03 963.05 .02 1.00
FLOW
SEC NO. 33.300
sees 439.0 963.12 963.14 .02 1.00
FLOW
SEC NO. 35.000
OPERATION RULE SPECIFIED
UPPER POOL ELEVATION (UPE) = 974.00 HEAD LOSS =
EL T | 439.0 974.00 974.00 .00 1.00
FLOW
SEC NO. 42.100
swme 439.0 974.04 974.04 .00 1.00
FLOW
....LOCAL INFLOW POINT NO. 2, Q= 29.00
...CONTINUING ON SEGMENT NO 1
TEMPERATURE= 63.605
SEC NO. 44.000
axse 410.0 974.05 974.05 .00 1.00
FLOW
SEC NO. 53.000
asen 410.0 974.14 974.50 .36 1.00
FLOW
....LOCAL INFLOW POINT NO. 3, Q= 128.00
...CONTINUING ON SEGMENT NO 1
TEMPERATURE= 62.064
SEC NO. 55,000
arew 282.0 976.18 976.22 .04 1.00
FLOW
SEC NO. 58.000
eI | 282.0 978.28 978.39 =11 1.00
FLOW

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1

EXAMPLE PROBLEM NO 3. MOVABLE BED

TOP
WIDTH

154.50
DISTRIBUTION

46.55
DISTRIBUTION

126.98
DISTRIBUTION

210.65
DISTRIBUTION

211.16
DISTRIBUTION

.50
221.75
DISTRIBUTION

242.42
DISTRIBUTION

261.36
DISTRIBUTION

66.12
DISTRIBUTION

83.11
DISTRIBUTION

50.53
DISTRIBUTION

AVG
BED

949.52
(%) =

955.76
(%) =

958.75
(%) =

961.07
(%) =

961.08
(%) =
967.05

(%) =

969.84
(%) =

969.85
(%) =

972.85
(%) =

974.10
(%) =

976.22
(%) =

LATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

222222 2222 a2 e e it s il il i 2222222332322

TIME ENTRY SAND .
DAYS POINT *  INFLON OUTFLOW TRAP EFF *
-

2.00 58.000 * .03 .
§3.000 * .04 .

: 42.100 * .00 .
TOTAL=  35.000 * .07 .00 1.00 *
=

AR RA AR AT RN RPN NREAN RTINSO ANEAASSSOSORRERERAS
TIME ENTRY * ° SAND .
2.00 35.000 * .00 *
15.000 * .00 .

TOTAL= 1.000 * .00 .00 .29 *
*

-

L2 2323 22 2 02 2 X 2 s s sl ss s 122222222222}

o1

.00 -
.0 100.0

.00 .
.0 100.0

.00 .
.0 100.0

AVG ZEL (by subsection)

50

.00 6.86
.0 100.0

.00 1.06
.0 100.0

.00 1.02
.0 100.0

.00 .43
.0 100.0

.00 .37
.0 100.0

.00 4.80
.0 100.0

.00 1.63
.0 100.0

.00 2.72
.0 100.0

.00
.0



TABLE SB-1. TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
VF F M ve
SEDIMENT INFLOW
SANDS & GRAVELS 28.81 9.03 10.94 8.84 .00 .00
.00 .00 .00 .00 .00
SEDIMENT OUTFLOW
SANDS & GRAVELS 3.07 .05 .21 .67 .85 .42
.34 .43 .10 .00 .00
SECTION BED CHANGE WS ELEV  THALWEG a SEDIMENT LOAD (TONS/DAY)
ID NO FEET FEET  EL FEET CFS SAND
58.000 -.23  978.28  975.17 282. 346.
55.000 -.10  976.18  972.80 282. 562.
53.000 .00 974.14  972.20 410 615.
44.000 .07  974.05  967.17 410 6.
42.100 .00 974.04  969.80 439. 0.
35.000 .00 974.00  963.30 439, 0.
33.300 .00 963.12  961.00 439, 0.
33.200 .00 963.03  961.00 439. 0.
32.000 -.02  962.97  956.48 439. 178.
15.000 -.01  957.33 953,99 500. 399.
1.000 .03  956.00  944.73 500. 3.
* B FLOW 2 = 50 DAYS AT BANK FULL DISCHARGE
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
TIME STEP NO. 2
WATER ~ DISCHARGE=  2500.00
ELEVATION=  965.000
TEMPERATURE= 65.000
FLOW DURATION(DAYS) 50.00
TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 3. MOVABLE BED
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT
[ 23222222 X222 22222222 222222222222 222222 22222222222 232
L ] *®
TIME ENTRY * SAND .
DAYS POINT *  INFLOW OUTFLOW TRAP EFF *
- *®
52.00 58.000 * 13.11 .
5§3.000 * 16.03 .
42.100 * .36 .
TOTAL= 35.000 * 29.50 6.03 .80 *
* ®
(22 22 2 2 RS 222232 2222 222 2222222222 2R 2222222222222 2]
TIME ENTRY * SAND .
52.00 35.000 * 6.03 .
15.000 * .99 .
TOTAL= 1.000 * 7.02 .04 .99 *
-«
2 2 s R R R X222 222222222222 2222222222222 22222222222 2]
TABLE SB-1. TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
Y ve
SEDIMENT INFLOW
SANDS & GRAVELS 529.98 265.63 173.06 82.59 6.27 2.42
.00 .00 .00 .00 .00
SEDIMENT OUTFLOW
SANDS & GRAVELS 1.36 .10 .16 .51 .50 .09
.00 .00 .00 .00 .00
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
ID NO FEET FEET  EL_FEET CFS SAND
58.000 -1.39  981.50  974.01 1400. 598.
55.000 .02 979.10  972.92 1400. 586.
53.000 .49 977.11  972.69 2050. 1120.
44.000 .00 974.92  967.10 2050. 1145.
42.100 2.29 974.74  972.09 2200. 453.
35.000 .79  974.00  964.09 2200. 244.
33.300 .51  967.64  961.51 2200 234.
33.200 .34  967.60  961.34 2200. 216.
32.000 .24  967.50  956.26 2200 394.
15.000 .12 965.35  954.12 2500 164.
1.000 .22  965.00  944.92 2500 1.
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= B FLOW 3 =

NEAR BANK FULL DISCHARGE

BOUNDARY CONDITION DATA, CONTROL POINT NO. 1

TIME STEP NO.
WATER DISCHARGE=
ELEVATION=
TEMPERATURE=
FLOW DURATION(DAYS)

TABLE SA-1.

1250.00

960.000

685.000
1.000

EXAMPLE PROBLEM NO 3.
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

XTI I I EITI ISR R RS2 2R 22222 X222 2Rttt dddsdd

TIME ENTRY
DAYS POINT
5§3.00 58.000
5§3.000

42.100

TOTAL= 35.000

EEARENRACRAPAR LR AR AAARARNANRNRAOACRONIRNCOTANSSTICEERNY

TIME ENTRY

53.00 35.000
15.000
TOTAL= 1.000

EI XTI ISR SRS RSS2 R A2 2 R R R R AR dd el sd )

TABLE SB-1.

L 4

t

: INFLOW
= 13.18
i 16.13
it .36
: 29.88

> 6.03
i 1.00
* 7.03

TOTAL

*

SAND .
OUTFLOW TRAP EFF *
*

*

-

6.03 .80 *

-

-

SAND .
-

-

.04 .99 *

-

L

TRAP EFFICIENCY ON STREAM SEGMENT # 1
MOVABLE BED

LOAD BYFGRAIN SIZE éTONSIDAY)

VF ve
SEDIMENT INFLOW
SANDS & GRAVELS 149.81 66.90 53.32 29.58 .01 - <00
.00 .00 .00 . .00 .00
SEDIMENT OUTFLOW
SANDS & GRAVELS 4.13 .47 .45 1.30 1.37 .52
.00 .00 - . . .00
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
ID NO FEET FEET EL FEET CFS SAND
58.000 -1.86 979.31 973.54 682. 1408.
55.000 -.24 977.92 972.66 682. 2549,
53.000 -.10 975.33 972.10 1022. 9500.
44.000 .52 974 .48 967.62 1022. 804.
42.100 2.35 974.37 972.15 1100. 39.
35.000 .79 974.00 964.09 1100. 10.
33.300 .02 965.08 961.02 1100. 507.
33.200 .32 965.00 961.32 1100. 57S.
32.000 -.23 964.92 956 .27 1100. 311.
15.000 .12 961.00 954.12 . 1250. 292.
1.000 .23 960.00 944.93 1250. 4.
% c FLOW 4 = BASE FLOW OF 500 CFS
BOUNDARY CONDITION DATA CONTROL POINT NO. 1
TIME STEP NO.
WATER DISCHARGE= 500.00
ELEVATION= 965.000
TEMPERATURE= 85.000
FLOW DURATION(DAYS) 1.000
EXAMPLE PROBLEM NO 3. MOVABLE BED
FLOW # (N) =
FLOW...Q(N)= 282 0
TIME STEP DURATION (DAYS)= 1.0000
ACCUMULATED TIME (YRS)= .1479
WATER TEMPERATURE (DEG F)= 62.063
L2222 222222222222 3] FALL vELwITY aY “ETHm 2.....tﬁ"..i'..-..'.‘i't"..
DIAMETER VELOCITY REY. NO. cD
.000288 .1841174E-01 .4491205 60.13548
.000580 .5773942E-01 2.836456 12.31433
.001160 .1329477 13.06215 4.645407
.002319 .2804031 55.07559 2.087675
.004639 .4807879 188.9094 1.420513
.009279 .7191504 565.1926 1.269958
.018560 1.039763 1634.511 1.215170
037120 1.472924 4630.883 1.211086
.074216 2.082692 13091.77 1.211086
.148596 2.946998 37090.49 1.211086
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SEDIMENT INFLOW (TONS/DAY) S ——
TOTAL LOAD BY GRAIN SIZE '(‘Tous/mw)

VF F Ve
SANDS & GRAVELS 28.81 9.03 10.94 8.84 .00 .00
.00 . .00 .00 .00

Output has been removed

bt 2 2 2

'.'.'...t..t.i..'...t.t..'Q'..t-'t.t.t'.t't.'it.'..'..'.....'Q.....'t'..t'...".t...ttttﬁﬁ

THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION 1.000
HYDRAULIC PARAMETERS:
VEL SLO EFD EFW N-VALUE TAU USTARM ‘FROUDE NO.
.279 ~ .000001 11.32 166.99 .0400 .00039 .01416 -015
BED SEDIMENT RESERVOIR COMPUTATIONS: 5
NEW SURFACE AREA (SQ FT): TOTAL K-PORTION - S-POATION
54954 .00 854954.00 .00 s
GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS Mo -
BED MATERIAL BY GRAIN SIZE FRACTION .012375 .071094 .291352 .358970 .119513
.058680 .039121 .014669 .034226 +-000000
BED MATERIAL BY PERCENT FINER/100 .012375 .083469 .374821 . 733790 853304
.911883 951104 .965774 .000000 1.000000
SAND
** ARMOR LAYER **
STABILITY OOEFFICIENT= .95000
MIN.GRAIN DIAM .000288
BED SURFACE EXPOSED = .00000 : 3
INACTIVE LAYER ACTIVE LAYER
% DEPTH DEPTH
CLAY .000000 .00 .000000 .00
SILT .000000 .00 .000000 .00
SAND  1.000000 9.70 1.000000 .52
TOTAL  1.000000 8.70 1.000000 .52
AVG. UNIT AVG. UNIT
WEIGHT WEIGHT
.046500 .046500
**BED IS ARMORED**
COMPOSITE UNIT WT OF ACTIVE LAYER t/cf= .048500
WEIGHT IN SURFACE LAYER (tons) WTSL= 13196.98
DEPTH OF NEW ACTIVE LAYER (ft) DSE= .. ..0000
WEIGHT IN NEW ACTIVE LAYER(tons)WTMXAL= .0
WEIGHT IN OLD ACTIVE LAYER(tons) WAL= 23235.8
USEABLE WEIGHT, OLD INACTIVE LAYER,WIL= 430856.7
BED MATERIAL BY GRAIN SIZE FRACTION .010000 .070000 _  .290000 .360000 .120000
.060000 .040000 = .015000 .035000 --+000000
BED MATERIAL BY PERCENT FINER/100 .010000 .080000 .370000 .730000 .850000
910000 -950000 .965000 1.000000 1.000000
** ACTIVE LAYER ** -
BED MATERIAL BY GRAIN SIZE FRACTION .056418 091374 .316420 .339864 .110485
.034195 022827 - .008539 .019878 .000000
BED MATERIAL BY PERCENT FINER/100 .056418 .147792 484212 804076 914561
A 948758 .871583 -980122 1.000000 -1.000000
C FINES, COEF(CFFML), MX POTENTIAL= .000000E+00 .100000E+01 .108000E+07

POTENTIAL TRANSPORT BY SIZE CLASS=
TOTAL

CALCULATED SEDIMENT LOAD, TONS/DAY
SANDS & GRAVELS .00

.100000E-08 .100000E-06 .100000E-08 .100000E-06 .100000E-06
.100000E-06 .100000E-06 .100000E-06 .100000E-06 .100000E- 06
LOAD BYFGRAIN SIZE (TONSIDAY)

VF Ve
.00 00 .00 .00 .00
.00 .00 .00 .00 .00



TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 3. MOVABLE BED
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

(23222222 2222222222 2222222222222 222222222222 2222222222

TIME ENTRY * SAND *
DAYS POINT *  INFLOW OUTFLOW TRAP EFF *
*®
54.00 58.000 * 13.20 »
53.000 * 16.15 *
42.100 * .36 -
TOTAL= 35.000 * 29.72 6.03 .80 *
- -
i3 22 222 22 2 22 2 2 2 2 22 2 222 22 22 2 222 2 2 22 2222 222 2222222222221
TIME ENTRY * SAND »
54.00 35.000 * 6.03 *
15.000 * 1.00 &
TOTAL= 1.000 * 7.03 .04 .99 *
*
(2222222222222 222 22222222222 222222222222 22222222 2]
TABLE SB-1. TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
VF F M ve
SEDIMENT INFLOW
SANDS & GRAVELS 28.81 9.03 10.94 8.84 .00 .00
.00 .00 .00 .00 .00
SEDIMENT OUTFLOW
SANDS & GRAVELS .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
ID NO FEET FEET  EL FEET CFS SAND
58.000 -1.86  977.23  973.54 282. 29.
55.000 -.24  975.87  972.66 282. 27.
53.000 -.15  974.36  972.05 410. 676.
44.000 .56  974.10  967.66 410. 15.
42.100 2.35 974.07  972.15 439. 0.
35.000 : 974.00  964.09 439. 0.
33.300 .02  965.18  961.02 439, 0.
33.200 .32 965.17  961.32 439, 0.
32.000 -.23  965.16  956.27 439, 0.
15.000 .12 965.02  954.12 500. 0.
1.000 .23 965.00  944.93 500. 0.
ACCUMULATED WATER DISCHARGE FROM DAY ZERO(SFD)
MAIN TRIB #1 TRIB #2 TRIB #3 e JEXC
127750.0000
$SEND
0 DATA ERRORS DETECTED.
TOTAL NO. OF TIME STEPS READ = 4
TOTAL NO. OF WS PROFILES = 4
ITERATIONS IN EXNER EQ = 220.
END OF JOB

JOB COMPLETED
RUN TIME = O HOURS, O MINUTES & 13.89 SECONDS
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The table headed "REACH GEOMETRY FOR STREAM SEQUENCE 1° depicts the status of the
bed sediment reservoir at the beginning of the simulation, as described by the input data. Note that
the movable bed widths are not necessarily the same as given on the HD data. For example, at cross
section 1.0, the movable bed was designated to be from station 10,081 to station 10,250 feet;
therefore, these are movable GR points. The width used for computations extends halfway to the
next, fixed, GR points (10,077 and 10,275 feet), which is a distance of 183.5 feet [= ((10275+10250)/2) -

((10081+10077)/2)] (see Figure 9).

The table headed *"BED MATERIAL GRADATION® contains the information on the PF and PFC
records. That data has been translated into the format of N records, see Appendix A. Note that one
set of "N" data is given for each cross section, this allows checking of the interpolation of the size

distributions on the PF records.

The next section contains the load tables for the local inflows, these are similar to the table for
the main river. This completes processing of the sediment data.

The following output is from the computations, beginning with an "A-level" hydraulic output table.
Table "SA-1° shows cumulative (since the beginning of the simulation) values. The "ENTRY POINT" is
the cross section at which an inflow occurs. Looking at the last SA-1 table we see that after 54 days,
13.2 acre-feet of sands and gravels had entered the reach (cross section 58.0 is the upstream end of
the reach). The total material passing cross section 35.0 is 6.03 acre-feet. The total input from the
locals and the upstream end was 29.72 acre-feet, yielding a trap efficiency for that reach [(inflow-
outflow)/inflow] of 80 percent.

Table SB-1 shows the instantaneous (*snap shot®) sediment inflows and outflows by grain size in
tons/day.

The following table is activated by a "B* in Column 6 of the * record. It contains both cumulative
and instantaneous information. The BED CHANGE is cumulative from time zero, the WS (water
surface) ELEV, THALWEG, water and sediment discharges are for this time step. For example, the
thalweg (minimum elevation GR point within the channel) at cross section 1.0 was initially 944.70 feet.
After 54 days, there was a computed deposit of 0.23 feet at cross section 1.0, resulting in a thalweg
elevation of 944.93 feet. Note that, in general, the sediment output is from upstream to downstream
which reflects the sequence in which the sediment computations are performed.

6.3.8 Detailed Sediment Output

More information regarding the sediment transport computations can be obtained at any time
step by placing a *C* in Column 6 of the * record. The resulting information is used primarily by the
program developers; however, some of it can be of use for applications. An example of this "C-level*
sediment information for cross section 1.0 for the last flow of Example Problem 3 is shown at the end
of Exhibit 7. The "HYDRAULIC PARAMETERS" table contains the velocity, energy slope, effective
depth, effective width, Manning’s n, TAU (the average bed shear stress, 7), USTARM (the shear
velocity, u.), and the Froude number. See Vanoni [28] for definitions of these hydraulic variables.
The "GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS"* table shows the gradation of the bed
material at this cross section at this time. The first data are the contents of the bed by grain size, as
fractions, from fine to coarse. In this example there is 1.2 percent of very fine sand, 7.1 percent of fine
sand, etc. These size classes were specified on the | records. The next items are cumulative; i.e.
fraction finer of any particular grain size.

The armor layer STABILITY COEFFICIENT is described in Section 2.3.3.3 and the MIN. GRAIN
DIAM (feet) is the minimum stable grain size as described in Section 2.3.2.2. The table on the
previous page shows that there are 9.70 feet of sands and gravels in the inactive layer and 0.52 feet
in the active layer. This corresponds to the 0.23 feet of deposition shown in the "B-level® print for this
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section. Note that the bed sediment reservoir is ten feet deep at this section (HD data) and arithmetic
round-off explains the 0.01 ft. difference.

The POTENTIAL TRANSPORT BY SIZE CLASS (tons/day) is zero here because the bed is
armored. The CALCULATED SEDIMENT LOAD, TONS/DAY is the potential transport rate of any grain
size multiplied by the fraction of that grain size in the active layer.

6.4 Example Problem 4 - Some Sediment Options

In this example, cross sections 35, 42.1, and 44 are to be dredged. The input data file is shown
in Exhibit 8. The geometric data was modified via the HD record to identify the dredged channel
template. Figure 27 shows cross section 35.0 for Example Problem 4. An X5 record was added at
cross section 53.0 to create output information regarding the quantities of material dredged. The
dredging is activated by $DREDGE records in the flow data and deactivated by $SNODREDGE records

in the flow data.

1000
] #*+++* Section 35 GR data
q x»=»x Movable bed limits
g et Dredging template
990 —
& ]
£ .
€ 3
2 9804
2 =
-, e
3 ]
Ll 4
.
9703
960

mmmm
8500 9000 9500 10000 10500 11000 11500
Distance in feet

Figure 27
Cross Section 35.0, Example Problem 4
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Exhibit 8

Example Problem 4 - input

Sediment Options
T1 EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS.
T2 3 LOCAL INFLOWS.
T3
NC .100 .100 .040 +1 .3
X1 1.0 31. 10077.0 10275.0 0. 0. 0. 0. 0. 0.
GR1004.0 9915.0 978.40 10002.0 956.00 10060.0 959.20 10077.0 959.30 10081.0
GR950.00 10092.0 948.48 10108.0 946.60 10138.0 944.70 10158.0 955.20 10225.0
GR956.20 10243.0 958.90 10250.0 959.80 10275.0 959.80 10300.0 959.90 10325.0
GR958.80 10350.0 957.40 10400.0 970.00 10700.0 966.00 10960.0 970.00 11060.0
GR968.00 11085.0 968.00 11240.0 970.00 11365.0 970.00 11500.0 970.00 11615.0
GR962.00 11665.0 962.00 12400.0 976.00 12550.0 980.00 12670.0 982.00 12730.0
GR984.00 12735.0
HD 1 10. 10081 10250
NV 22 .045 965.6 .064 988.8
NV 12 .080 965.6 .130 988.8
NV 33 .10  965.6 .11 982.0 .12 988.8
X1 15.0 27. 10665.0 10850.0 8565. 7535. 8268. 0. 0. 0.
X3 10700 961 11000 970

GR992.00 9570.0 982.00 10110.0 976.00 10300.0 976.00 10490.0 966.00 10610.0
GR964.70 10665.0 956.00 10673.0 953.00 10693.0 954.00 10703.0 955.60 10723.0
GR958.60 10750.0 959.30 10800.0 957.00 10822.0 957.30 10825.0 961.50 10850.0
GR962.00 10852.0 964.00 10970.0 966.00 11015.0 961.00 11090.0 962.00 11150.0
GR970.00 11190.0 972.00 11310.0 980.00 11410.0 984.00 11570.0 990.00 11770.0
GRS90.00 11865.0 1000.00 12150.0

Hg 15 10. 10673 10852

Q

NC .10 .10 .05

X1 32.0 29. 10057.0 10271.0  7429. 6654 . 8240. 0 0. 0

GR998.00 9080.0 982.00 9250.0 982.00 9510.0 980.00 9600.0 980.01 9925.0
GR979.48 10000.0 978.50 10057.0 968.60 10075.0 959.82 10087.0 9856.50 10097.0
GR956.80 10117.0 957.80 10137.0 959.40 10157.0 959.60 10177.0 959.82 10196.0
GR966.50 10225.0 971.20 10250.0 978.50 10271.0 978.50 10300.0 978.60 10350.0
GR978.91 10370.0 978.96 10387.0 980.00 10610.0 982.00 10745.0 982.00 11145.0
GR984.00 11150.0 992.00 11240.0 1000.00 11330.0 1008.0 11425.0

HD 32 10. 10075 10275
X1 33.2 21. 1850.0 2150.0 130. 250. 320. 0. 0. 0.
XL 250

990.00 1060.0 980.00 1150.0 982.00 1180.0 982.00 1215.0
982.00 1300.0 982.00 1350.0 980.00 1420.0 980.00 1540.0
982.00 1830.0 984.41 1850.0 979.19 1851.0 961.00 1900.8
976.00 2149.0 984.50 2150.0 982.00 2800.0 990.00 3100.0

GR1000.0  980.
GRS80.00 1260.
GR982.00 1730.
GRS61.00 2099.

O0O0OONMNOOO

GR1000.0 3170. 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
HD 33.2 1851 2149

X1 33.3 1850.0 2150.0 155. 175. 175. 0. 0. 0.
HD 33.3 1851 2149

X1 35.0 22. 9894.0 10155.0 105. 105. 105. 0. 0. 0.
X3 10

X5 974. 5

GR984.00 9035.0 980.00 9070.0 978.00 9135.0 980.00 9185.0 982.00 9270.0
GRS80.00 9465.0 981.70 9595.0 983.70 9745.0 984.70 9894.0 963.40 9894.0
GRS63.30 9954.0 967.10 9974.0 967.40 10004.0 968.20 10044.0 967.60 10054.0
GR973.40 10115.0 977.40 10120.0 983.70 10155.0 984.00 10245.0 982.00 10695.0
GR982.00 10895.0 1004.00 11085.0

HD 35 0 9954 10155 969 9894 9954 0 1
NC .06 .06 .045
X1 42.1 32. 9880.0 10130.0 2070. 3965. 3005. 0. 0. 0.
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GR996.
GR988.
GRS90.
GR969.
GR969.
GRS89.
GR986.
HD 42.

QT

00
00
00
80
80
80
80
10

X1 44.0

XL

. GR1002.0

GR996.
GR980.
GR968.
GR977.
GR983.

HD

00
60
90
80
10
44

X1 53.0

X5

GR1004.0

GR994 .
GR982.
GR978.

00
80
20

GR1002.0

HD
QT

53

X1 55.0
GR1004.0

GR984 .
GR974 .
GR985.

HD

30
80
80
55

X1 58.0
GR1006.0

GR976.
GR988.
GR992.
GR986.

HD
EJ
T4
T5
T6
T7
T8

20
80
00
00
58

7130.
8780.
9880.
9943.
10067 .
10130.
11720.

00000000

28.

8035.
9285.
9845.
10028.
10150.
10400.

22.

000000

998.
986.
969.
969.
985.
989.
989.

9
984

992
101
970
967
976
999
9
1000

00
00
80
80
80
50
90
881

5.0

.00
7.6
.90
.40
.90
.80
868
0.0

7550.0 1000.00
8940.0 986.00
10000.0 978.20
10121.0 988.70
10470.0 1004.00

10.
18.

10
993

000
1.0

7592.0 1000.00
9737.0 984.70
9975.0 974.20
10187.0 986.00

10.
22.

9
991

931
2.0

8542.0 1004.00
9944.0 975.40
10065.0 988.30
10492.0 988.00
11137.0 988.00

3.4

9

912

7310.
8990.
9881.
10001.
10067 .
10180.
12310.

10021

[eJolofofoloYo

10127.0
9850
8150.0
9425.0
9868.0
10058.0
10193.0
10450.0
10193
10136.0

7760.0
9245.0
10011.0
10136.0
10700.0
10136

10062.0
7947.0
9837.0

10005.0

10307.0

MAIN STEM, SEGMENT 1.
LOAD CURVE FROM GAGE DATA.
BED GRADATIONS FROM FIELD SAMPLES.

SEDIMENT TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1971)

0

I4 SAND

LT TOTAL
LF  VFS

FS
MS
CS

LF  VCS
LF  VFG

FG
MG
CG

LF _ VCG
PF EXAMP
PFC 2.0
PFC.0625
PF EXAMP

1
.5
50

1.5

.119
.328
.553
.000
.000
.000
.000
.000
.000

.0
1.0
1.0
1.0

10
.25
1000
320
.498
.331
.156
.011
.004
.000
.000
.000
.000
.000
32.0
73.0

64.0

998

985.
969.
986.
985.
988.

2

10
990
990
972
967
982
1002

33

998
986
974
989

2
996
985
972
990

10
1000
978
989
986

5
45

.00
70
80
70
80
60

90.
200
.00
.00
.20
.10
.00
.40

66.

.00
.30
.00
.30

75.
.00
.50
.90
.00

97.
.00
.20
.30
.70

.5
800
00.

.511
.306
.154
.016
.008
.004
.001
.000
.000
.000

1

6.0

32.0

7930.
9570.
9941 .
10001.
10069.
10230.0

970.8
795.

[efeloleo)o]

8305.0
9505.0
9898.0
10078.0
10206.0
10464.0
969
2831.

8440.0
9555.0
10041.0
10154.0

1430.
8627.0
9910.0

10035.0
10497.0

1012.
9702.0
9991.0

10169.0
10852.0

.25
90000
400000
.582
.280
.110
.020
.005
.002
.001
.000
.000
.000
96.5
37.0

99.5

99

992.
986.
985.
986.
969.
987.

00
45
80
70
80
60

9881
495.

990
986
970
971
981

.00
.00
.50
.90
.20

9968
2941.

996
986
972

999

.00
.30
.20
.20

770.

990
987
973

.00
.20
.20

1462.

997
990
990
988

16.0

.20
.40
.00
.00

8.0
.25

8205.
9707.
9941 .
10003.
10069.
10280.0

9941
0.

8735.0
9650.0
9968.0
10118.0
10300.0

10028
0.

8640.0
9825.0
10071.0
10200.0

00000

0.
9052.0
9931.0

10045.0

0.
9812.0
10015.0
10172.0
11022.0

1.0

95.0
8.0

99.0

990.
989.
985.
969.
969.
985.

988.
984 .
967.
976.
979.

996.
983.

972

00
44
80
80
80
20

0
0.

00
10
50
80
20

0
0.

00
80
.60

1000. 1

986.
978.
983.

996.
988.
992.
986.

00
10
80

30
30
00
00

4.0
125
8.0

8495.0
9857.0
9943.0
10003.0
10129.0
10430.0

T
0.

8835.0
9788.0
9998.0
10127.0
10325.0

1
0.

8780.0
9900.0
10101.0
10320.0

0.
9337.0
9955.0

10062.0

0.
9912.0
10062.0
10242.0
11097.0

91.0
1.0
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PFC 4.0
PFC .125
PF EXAMP
PFC 4.0
$LOCAL
LaL
LTLTOTAL
LFL VFS
LFL FS
LFL MS
LFL CS
LFL VCS
LFL VFG
LFL FG
LFL MG
LFL CG
LFL VCG
LaL
LTLTOTAL
LFL VFS
LFL FS
LFL MS
LFL CS
LFL VCS
LFL VFG
LFL FG
LFL MG
LFL CG
LFL VCG
LaL
LTLTOTAL
LFL VFS
LFL FS
LFL MS
LFL Cs
LFL VCS
LFL VFG
LFL FG
LFL MG
LFL CG
LFL VCG
$HYD
$B
$KL
AB
500

EHDO *»

(=]

=)

m

8 [{e]
(4]

m o

DO #XIO »¢h
©
[2)]
3]

W
$SED
1P
LQ :
4T TOTAL

LF ~ VFS

LF FS

LF - MS -

oo ©
[=Xe B+
- 0000

.0040
.664
.207
.086
.031
.008

.0030

.0010

.0000

.0000

.0000

.0040
.664
.207
.086
.031
.008

.0030

.0010

.0000

.0000

.0000

.0020
.201
. 342
.451
.001
.000

.0000

.0000

.0000

.0000

.0000

FLOW 1
61
72

FLOW 2
300.

2.5

FLOW 3
150.

10

0110

A19

.328

553

2.0

.0625

1.0
2.0

100
10
.664
.207
.086
.031
.008

.0030
.0010
.0000
.0000
.0000

100
10
.664
.207
.086
.031
008

.0030
.0010
.0000
.0000
.0000

100.
30.0
.201
.342
.451
.001
.000

.0000

.000
.000
.000
.000

BASE
29

70

50 DAYS AT BANK FULL DISCHARGE

150.
50.

93.5 1.0
0.0
64.0 32.0
79.0 1.0
1000 10000
500 30000
015 .198
245 .181
605 .107
052 .098
039 .127
0200 .1160
0110 .0910
0110 .0530
0000 .0220
0000 .0060
1000 10000
500 30000
015 .198
245 .181
605 .107
052 .098
039 .127
0200 .1160
0110 .0910
0110 .0530
0000 .0220
0000 .0060
500. 1000
500. 1200
078 .078
172 .175
454 .601
197 .142
000 .003
0000 .0000
0000 .0000
0000 .0000
0000 .0000
0000 .0000

FLOW OF 500 CFS
128

67

650.

97.0
56.0

30000.
22500
.137
.218
.476
.158
.008
.0020
.0010
.0000
.0000
.0000

NEAR BANK FULL DISCHARGE

78.

50

1.5

.119

.328
553 -

340.
1000 = 5800 -
320 4500.
.498  .511
.331  .306
.156 - .154

100

90000
400000

.582
.280

=110 ~

16.0
.50

84.0
4.0

.250

8.0
.125

94.0
0.0



LF CS
LF VCS
LF° VFG
LF FG
LF MG
LF CG
LF VCG
$LOCAL
LP

LaL
LTLTOTAL
LFL VFS
LFL FS
LFL MS
LFL CS
LFL VCS
LFL VFG
LFL FG
LFL MG
LFL CG
LFL VCG
END
$RATING
RC

RC

RC

RC

RC

$PRT

cP

PN

END
$NODREDGE
*  AC

Q@ 500.
R 965.
w 1.
$voL A
$SEND

.345
.025
.005
.000
.000
.000

12

1
.0040
.664
.207
.086
.031
.008
.0030
.0010
.0000
.0000
.0000

40
963.6
970.2

973.1

974.3

.345
.025
.005
.000
.000
.000

100
10
.664
.207
.086
.031
.008
.0030
.0010
.0000
.0000
.0000

2000
965.1
970.6
973.3
974 .4

FLOW 4 = BASE

61

29

.011
.004
.000
.000
.000
.000
.000

1000
500
.015
.245
.605
.052
.039
.0200
.0110
.0110
.0000
.0000

966.2
971.0
973.5
974.5

FLOW OF
128

.016
.008
.004
.001
.000
.000
.000

10000
30000
.198
.181
.107
.098
.127
.1160
.0910
.0530
.0220
.0060

967.0
971.4
973.7
974.6

500 CFS

101

.020
.005
.002
.001
.000
.000
.000

950.0
967.7
971.8
973.8
974.7

955.1
968.3
972 .1
973.9
974.8

958.0
968.9
972.4
974.0
974.9

960.0
969.4

972.7

974 .1
975.0

962.0
969.8
972.9
974.2



This example problem uses a transmissive boundary condition ($B) at the downstream boundary.
This merely passes all inflowing sediment through the downstream-most cross section without
interaction with the bed.

The Limerinos function [16] for bed form roughness is used in this example ($KL record). The
value of Manning’s n resulting from this computation can be found in the "C-level® sediment output.
This computation overrides the roughness data (N records) in the geometric data.

The use of X rather than W data to select the time step is also illustrated in this problem. This
allows a long period of constant flow to be subdivided automatically into multiple computational time
steps without repeating *, Q, W data. In this case, the program will use 20 time steps of 2.5 days
each to simulate the constant bank full flow of 50 days duration.

Sometimes the inflowing water versus sediment relationship will change in time due to land use
changes or even seasonal variations in vegetation. Such changes, should they be known or
predicted, can be described in the flow data by using the $SED option. Example Problem 4 illustrates
the use of this option to change the main river and one local inflowing load curve prior to the last flow
in the hydrograph. At this time, another change to the data is also illustrated by replacing the stage
hydrograph (R records) with a rating curve ($RATING). In any study, selection and use of any of
these options must be based on sound engineering analysis.

This data set also shows the use of output control to select output at specified cross sections
($PRT and PN) and request cumulative volumes of sediment passing each cross section ($VOL).

6.41  Output

The output from flows 2 through 4 of Example Problem 4, are shown in Exhibit 9, reflect the
transmissive boundary condition in that no scour or deposition was computed at cross section 1.0
(the downstream boundary). The output for the second flow shows that the 50 day duration of that
flow was broken into 20 computational time steps (X record). Dredging was initiated at the second
flow and terminated after the third flow. The table labelled “TONS OF SEDIMENT DREDGED FROM
THIS REACH-" indicates that 5,040 tons (4,014 yards®) were dredged between cross sections 42.1 and
" 44.0 during this time step.

The inflowing load curves for the main river and the local inflow just downstream from cross
section 44.0 as well as the rating curve at cross section 1.0 were changed just prior to the fourth flow.
Tables echoing these data are provided.

At the last flow, output was only selected for cross sections 1.0 and 42.1. This is useful for
limiting the output to only those places and times that are of interest. For example, the n-value
calculated by the Limerinos equation at this time for cross section 42.1 is 0.0153.

Summary information regarding weight and volume of sediment (selected via the $VOL record)
begins with the table labelled "SUMMARY TABLE: MASS AND VOLUME OF SEDIMENT". This table
displays cumulative values since time zero. Under the "SEDIMENT PASSING SECTION IN TONS®
heading are values for sediment passing each cross section. The difference between the sediment
volume entering and leaving a cross section is scoured from or deposited into the control volume
associated with that cross section. This value is given under the heading *"SEDIMENT DEPOSITED IN
REACH IN CUBIC YARDS®; negative values represent scour. Following that is a table showing
cumulative load, in tons, passing each cross section by grain size fraction.
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Exhibit 9 -

Example Problem 4 - Output
Sediment Options

Output has been removed

b 2 2 3

BEGIN COMPUTATIONS.
SHYD

9650000688808 6000a000080800008590065000060000000600000080000000000800000000006000800 sesvs0sanne

$KL : '
...USING LIMERINOS METHOD TO CALCULATE BED ROUGHNESS.

*
*
*
Output has been removed
*
4
*
" B FLOW 2 = 50 DAYS AT BANK FULL DISCHARGE
COMPUTING FROM TIME= 2.000000 DAYS TO TIME= 52.000000 DAYS IN 20 COMPUTATION STEPS

BOUNDARY CONDITION DATA CONTROL POINT NO. 1
TIME STEP NO.
WATER  DISCHARGE= 2500 00
ELEVATION=  965.000
TEMPERATURE= 65.000
FLOW DURATION(DAYS) 2.500

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS.
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

L e T s T I R e s e L et

TIME ENTRY * i)

DAYS POINT «  INFLOW OUTFLOW TRAP EFF
- L ]
52.00 58.000 *  13.11 .
53.000 *  16.03 .
TOTAL=  53.000 *  29.14  37.7 -.29 *
- o
AN AN AN AN AN AN AN NN AN AR A AN AN NN AN AN AN AR ANND
TIME ENTRY * SAND .
52.00 53.000 *  37.71 .
42.100 * .36 .
TOTAL=  35.000 *  38.06  13.86 .64 *
L -
AR AR AN AN AN R AR AN AN AR AN AN AN AN NN AN A AN AL AAN N ANRN
TINE ENTRY * SAND
52.00 35.000 *  13.86 .
15.000 * .99 .
TOTAL= 1.000 *  14.86 .62 .96 *
L *
AR AN RN AN AN AR AN AN R AN AN AN A AN AAN R AN AN AN NIV AN A A
TABLE SB-1. TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
VF F u c ve
SEDIMENT INFLOW
SANDS & GRAVELS 529.98 265.63 173.06 82.59 6.27 2.42
.00 .00 .00 .00 .00
SEDIMENT OUTFLOW
SANDS & GRAVELS 16.01 2.59 1.67 5.02 4.85 1.86
.01 .00 .00 .00 .00
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
ID NO FEET FEET  EL FEET CFS SAND
58.000 -3.22 978.82  972.18 1400. 493.
55.000 -1.77  977.99  971.13 1400. 1051.
53.000 .00 976.37  972.20 2050. 0.
44.000 2.61  974.24  970.27 2050. 1879.
42.100 2.46  974.07  972.26 2200. 1053.
35.000 .00 974.00  963.30 2200. 0.
33.300 1.22  965.46  962.22 2200. 928.
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33.200 1.22 965.39 962.22 2200. 813.

32.000 .27 965.39 956.77 2200. 300.
15.000 .18 965.03 954.18 2500. 16.
1.000 .00 865.00 944.70 2500. . 18.

"STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS.

SEC NO. 42.100

ELEVATION OF DREDGED CHANNEL INCLUDING 1.00 FEET OF OVER DREDGING= 969.80

SEC NO. 44 .000

ELEVATION OF DREDGED CHANNEL INCLUDING 1.00 FEET OF OVER DREDGING= 968.00

TONS OF SEDIMENT DREDGED FROM THIS REACH= 5040.0 ACCUMULATED FROM DOWNSTREAM END= 5040.
CUBIC YARDS= 4014.3 . 4014.

- B FLOW 3 = NEAR BANK FULL DISCHARGE
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
3

WATER DISCHARGE= 1250.00
ELEVATION= 960.000
TEMPERATURE= 65.000

FLOW DURATION(DAYS) 1.000

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS.
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

AR AN AN AR AN RN AN ARAN AN A AIA AR AN AR AN AR

TIME ENTRY * SAND -

DAYS POINT *  INFLOW OUTFLOW TRAP EFF *
L ] L]
53.00 58.000 * 13.18 .
53.000 * 16.13 .
TOTAL= 53.000 * 29.32 37.91 -.20 *
L ] -
BEAAL AR A AN RN AN AN AR AN ANV RN NN AAANNNAASAADNS
TIME ENTRY * SAND .
53.00 53.000 * 37.91 .
42.100 * .36 .
TOTAL= 35.000 * 38.27 13.86 .64 @
- -
VAR A NN AN AN AR AN AN ANA A AN ANONE AR OAO AT ANEEAARAAS
TIME ENTRY © SAND .
53.00 35.000 * 13.86 .
15.000 * 1.00 .
OTAL= 1.000 * 14.86 .72 .85 ®
TR AR RNV AN SR AN AR ANV A NN AN AN A AN NN IN AN A AR RO NS
TABLE SB-1. TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
VF F 1y ve
SEDIMENT INFLOW
SANDS & GRAVELS 149.81 66.90 53.32 29.58 .01 .00
.00 .00 .00 .00 .00
SEDIMENT OUTFLOW
SANDS & GRAVELS 204.33 67.74 26.17 51.88 42.76 15.33
.29 .18 .00 .00 .00
SECTION  BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
FEET FEET  EL FEET CFS SAND
T058-000 -3.26  976.98  972.14 682. 260.
55.000 -1.76  976.37  971.14 682. 209.
53.000 .00 974.83  972.20 1022 0
44.000 -3.26  974.05  967.01 1022. 32.
42.100 .00 974.02  972.26 1100. 2.
35.000 .00 974.00  963.30 1100 0.
33.300 00 963.74  961.00 1100. 1230
33.200 00 963.26  961.00 1100 4358
32.000 -.38  962.21  956.12 1100. 21668
15.000 .56  959.99  954.56 1250 204.
1.000 00  960.00 944.70 1250. 204
STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS.
BT e SEnennnTs Ty L o33 g 559 15 5 2RS4 £ 2
INFLOWING SEDIMENT LOAD TABLE MODIFIED BY: : ; 5 e :
LP 10.000 .000 .000 - .000 .000 .000 .000 .000

SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
LOAD BY GRAIN SIZE CLASS (tons/day)

L 1.00000 50.0000 1000.00 5800.00 80000.

L VFS | .130900E-02| .178500 159.360 2299.50 232800.

L FS | .360800E-02] .492000 105.920 137700 112000,

L s 608300E-02| .829500 49.8200 683.000 44000.

L CS | .379500E-02] .517500 3.52000 72.0000 8000.00

L VC8 | .275000€-03| .375000E-01| 1.28000 36.0000 2000.00

L VFG | .550000E-04| .750000E-02| .100000E-18| 18.0000 800.000

L F@ | .100000E-19]| .100000E-19| .100000E-19{ 4.50000 .000 5
L UG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19

L ca | .100000E-19]| .100000E-19| .100000E-19| .100000E-19| .100000E-19
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L  VCG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19|

SEDIMENT LOAD TABLE FOR STREAM SEGMENT # -1
AT LOCAL INFLOW POINT # 2
LOAD BY GRAIN SIZE CLASS (tons/day)

L 1.00000 100.000 1000.00 10000.0
LL VFS | .265600E-02| 6.64000 7.50000 5940.00
LL FS | .828000E-03]| 2.07000 122.500 5430.00
LL MS | .3440006-03| .860000 302.500 3210.00
LL €S | .124000E-03| .310000 26.0000 2940.00
L L VCS | .320000E-04| .800000E-01| 19.5000 3810.00
L L VFG | .120000E-04| .300000£-01| 10.0000 3480.00
LL FG | .400000E-05| .100000E-01| 5.50000 2730.00
LL MG | .100000E-19| .100000E-19| 5.50000 1590.00
LL CG | .100000E-19| .100000E-19] .100000E-19| 660.
L L vcG | .100000E-19| .100000E-19| .100000E-19| 180.000

TOTAL | .400000E-02| 10.0000 | 499.000 | 29970.0 |
SRATING
.. .DOWNSTREAM BOUNDARY CONDITION SPECIFIED BY A RATING CURVE
ELEVATION OF GAGE ZERO .00
DISCHARGE CORRESPONDING TO LOWEST ELEVATION IN TABLE .0
DISCHARGE INTERVAL 2000.0
NO. OF POINTS IN RATING TABLE 40
ELEVATIONS

9850.00 855.10 858.00 960.00 962.00 963.60 965.10 966.20 867.00 967.70
968.30 968.90 969.40 969.80 970.20 970.60 971.00 971.40 971.80 972.10
972.40 972.70 9872.80 973.10 973.30 973.50 973.70 973.80 873.90 974.00
974.10 974.20 974.30 974.40 974.50 974.60 974.70 974.80 974.90 975.00

$PRT
é'.’.PHINT AT SEL$CTED CROSS SECTIONS ONLY
PN 1 7

EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS.
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
SEGMENT INFLOW Q IN CFS...

1 500.0 61.0 29.0 128.0
TIME STEP NO. 4
WATER DISCHARGE= 500.00

ELEVATION= 965.000
TEMPERATURE= 65.000
FLOW DURATION(DAYS) 1.000

ee%* N DISCHARGE WATER ENERGY VELOCITY  ALPHA TOP AVG AVG VEL (by subsection)
(CFs) SURFACE LINE HEAD WIDTH BED 1 2 3

SEC NO. 1.000
wase 500.0 965.00 965.00 .00 4.47 1330.15 951.52 .02 .17 .01
FLOW DISTRIBUTION (%) = .8 80.0 9.3

SEC NO. 42.100
LU 439.0 974.00 974.01 .00 1.00 242.95 870.70 .00 .55 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS.
FLOW # (N) = 1

FLOW. ..Q(N)= 282.0

TIME STEP DURATION (DAYS)=  1.0000
ACCUMULATED TIME  (YRS)= 1479

WATER TEMPERATURE (DEG F)=

RAA AN R AR AR AN AN AN OO S FALL VELOCITY BY METHOD 2¢*##tsenacaasaanssnsanaddndas

DIAMETER VELOCITY REY. NO. cb
.000288 .1841174E-01 .4491205 60.13548
.000580 .5773942E-01 2.836456 12.31433
.001160 .1329477 13.06215 4.645407
.002319 .2804031 55.07559 2.087675
.004639 .4807879 188.9094 1.420513
.009279 .7191504 565.1926 1.269958
.018560 1.039763 1634 .511 1.215170
.037120 1.472924 4630.883 1.211086
.074216 2.082692 13091.77 1.211086
.148596 2.946998 37090.49 1.211086
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SEDIMENT INFLOW (TONS/DAY)
TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
VF F L] c ve

SANDS & GRAVELS 30.66 9.03 10.94 8.84 1.57 .29

THE rouowmc IS A LOCAL INFLOW
LOCAL INFLOW POINT NO. Q(CFS) TEMP (DEG-F)

2
LOCAL INFLOW 3 29.0000000 70.00
MAINSTEM INFLOW 1 410.000000 63.60
TOTAL OUTFLOW 1 439.000000 64.03

sasescannasenssnceannsdansae FAIl VELOCITY BY METHOD 2tteeesaccsccanddnddaddadadan

DIAMETER VELOCITY REY. NO. co
.000288 .1885611E-01 .4727185 57.33453
.000580 .5869588E-01 2.963424 11.91627
.001160 .1346745 13.59883 4.527048
.002319 .2822873 56.98364 2.059898
.004639 .4819037 184 .6000 1.413942
.009279 .7197666 581.3678 1.267785
.018560 1.040157 1680.487 1.214248
.037120 1.472924 4759.336 1.211086
.074216 2.082692 13454 .91 1.211086
.148596 2.946998 38119.32 1.211086

SEDIMENT INFLOW FROM LOCAL INFLOW POINT
TOTAL LOAD BY.FGRAIN SIZE &TONS/ DAY) -
SANDS & GRAVELS 1.22 .81 .25 .10 .04 .01

AR AN GRS SRR e R AR dA AR RN AR AR AARR AR AR AR ARARAARARAAARARRRRARARRNARNAAGAGRdRRARNARARRAS

THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION  -42.100

HYMAULIC PARAMETERS : )
SLO EFD EFW N-VALUE TAU USTARM FROUDE NO.

20 .000003 5.96 185.95 .0153 .00097 .02233 .030
BED SEDIMENT RESERVOIR COMPUTATIONS:
NEW SURFACE AREA (SQ FT): TOTAL K-PORTION S-PORTION
324607.08 324607.08 .00
GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS
BED MATERIAL BY GRAIN SIZE FRACTION .104572 .208994 .369921 .233720 .053457
.017827 .009123 .000139 .002245 .000001
BED MATERIAL BY PERCENT FINER/100 .104572 .313567 .683488 .917207 .970665
.988492 .997615 .997754 .999999 1.000000
SAND
“* ARMOR LAYER °**
STABILITY COEFFICIENT- .84788
MIN.GRAIN DIAM .001184
BED SURFACE EXPOSED = 1.00000
INACTIVE LAYER ACTIVE LAYER
% DEPTH % DEPTH
CLAY .000000 .00 .000000 .00
SILT .000000 .00 .000000 .00
SAND .000000 .00 1.000000 2.46
TOTAL .000000 .00 1.000000 2.46
AVG. UNIT AVG. UNIT
WEIGHT WEIGHT
.000000 .046500
**BED IS ARMORED**
COMPOSITE UNIT WT OF ACTIVE LAYER t/cf= .046500
WEIGHT IN SURFACE LAYER (tons) WTSL= .0
DEPTH OF NEW ACTIVE LAYER (ft) DSE= .0000
WEIGHT IN NEW ACTIVE LAYER(tons)WTMXAL= .0
WEIGHT IN OLD ACTIVE LAYER(tons) WAL= 37098.2
USEABLE WEIGHT, OLD INACTIVE LAYER,WIL= .0
BED MATERIAL BY GRAIN SIZE FRACTION .084731 .101697 .101697 .101697 .101697
.101697 .101697 .101697 .101697 .101697
BED MATERIAL BY PERCENT FINER/100 .084731 .186427 .288124 .389820 .491517
.593214 .694910 . 796607 .898303 1.000000
** ACTIVE LAYER **
BED MATERIAL BY GRAIN SIZE FRACTION .104572 .208994 .369921 .233720 .053457
.017827 .009123 .000139 .002245 .000001
BED MATERIAL BY PERCENT FINER/100 .104572 .313567 .683488 .817207 .970665
.988492 .997615 997754 .999999 1.000000

C FINES, COEF(CFFML), MX POTENTIAL= .000000E+00 .100000E+01 .948240E+06

POTENTIAL TRANSPORT BY SIZE CLASS= .100000E-06 .100000E-06 .100000E-06 .100000E-06 .100000E-06
-100000E-06 .100000E-06 .100000E-06 .100000E-06 .100000E-06

BED MATERIAL BY GRAIN SIZE FRACTION .104591 .208994 .369912 .233713 .053456
.017826 .009123 .000139 .002245 .000001



BED MATERIAL BY PERCENT FINER/100 .104591 313585 .683497 .917210 .970666
.988492 .99761 .997754 .999999  1.000000
TOTAL LOAD BY GRAIN SIZE (TONS/DAY) ve
CALCULATED SEDIMENT LOAD, TONS/DAY
SANDS & GRAVELS .00 .00 .00 .00 .00 .00
.00 -00 .00 .00 .00
sttt tdatetddettddaddddddddddddRdddddddeddRd Rt ARt RRaRRRRdd LA A - LA
THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION 1.000
HYDRAULIC PARAMETERS:
VEL SLO EFD EFW  N-VALLE  TAU USTARM  FROUDE NO.
.302  .000000  11.24 167.38 .0182  .00010  .00705 .016
BED SEDIMENT RESERVOIR COMPUTATIONS:
NEW SURFACE AREA (SQ FT): TOTAL K-PORTION S-PORTION
954954..00 954954 .00 .00
TRANSMISSIVE BOUNDARY CONDITION = TYPE 2
BED MATERIAL BY GRAIN SIZE FRACTION 010000 .070000 .290000 .360000 .120000
060000 .040000 .015000 .035000 i
BED MATERIAL BY PERCENT FINER/100 010000 -080000 .370000 .730000 .850000
910000 950000 .965000  1.000000  1.000000
TOTAL LOAD BY Gmuu SIZE (TONS/DAY)
VF ve
CALCULATED SEDIMENT LOAD, TONS/DAY
SANDS & GRAVELS .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00
TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS.
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT
ERR AR N AR RN AN RN AN A A AL AR AR AN N AR A AN AN AR AAAN ORI AR S
- -
TIME ENTRY * SAND .
DAYS POINT *  INFLOW OUTFLOW TRAP EFF *
- -
54.00 58.000 * 13.20 .
53.000 * 16.15 .
TOTAL=  53.000 ¢  29.35  37.95 -.29 *
- -
tttadddtdatsddddddoddttdtdddddd AR RRRRRRRRRRdRdRRtdRnd
TINE ENTRY * SAND .
54.00 53.000 *  37.85 .
42.100 * .36 .
TOTAL=  35.000 *  38.31 13.86 .64 ¢
L] L]
AEAOARA S AR AR R RN AANARNSRANN ARSI RRARNNSRANANANN OO ND
TIME ENTRY * SAND .
54.00 35.000 *  13.86 *
15.000 * 1.00 .
TOTAL= 1.000 * 14.87 .72 .95 *
- -
AR AN AN RN NN A AR AN O N A NN AR AR AN AR AAN ARG AN AN O RN R ONGS
TABLE SB-1. TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
F Y ve
SEDIMENT INFLOW
SANDS & GRAVELS 30.66 9.03 10.94 8.84 1.57 .29
.00 .00 .00 .00 .00
SEDIMENT OUTFLOW :
SANDS & GRAVELS .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
1D FEET FEET  EL _FEET CFS SAND
58000 -3.26  975.48  972.14 282. 20.
55.000 -1.77  974.96  971.13 282. 42.
53.000 .00 973.88  972.20 410. 0.
44.000 -3.22  974.01  964.78 410. 0.
42.100 .00 974.00  969.80 439. 0.
35.000 .00 974.00  963.30 439, 0.
33.300 .00  965. 961.00 439. 0.
33.200 .00  965.04  961.00 439. 0.
32.000 -.38  965.04  956.12 439, 0.
15.000 .56  965.00  954.56 500. 0.
1.000 .00 965.00 944.70 500. 0.
ACCUMULATED WATER DISCHARGE FROM DAY ZERO(SFD)
MAIN TRIB #1 TRIB #2 TRIB #3 ....ETC
2750.0000
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$VoL A
STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS.
SUMMARY TABLE: MASS AND VOLUME OF SEDIMENT

SECTION SEDIMENT PASSING SECTION (tons) SEDIMENT DEPOSITED IN REACH in cu. yds
TOTAL SAND SILT CLAY TOTAL ACCUMULATED  SAND SILT CLAY
INFLOW 26737. 26737. 0. 0. 21296.
58.000 35457 . 35457. 0. 0. -6945. -6945. -6945. 0. 0.
55.000 44155. 44155. 0. 0. -6928. -13873. -6928. 0. 0.
LOCAL 32721. 32721. 0. 0. 26062.
53.000 76876. 76876. 0. 0. 0. -13873. 0. B 0.
44.000 64482. 64482. 0. 0. 98871. -4002. 8871. 0. 0.
LOCAL 733. 733. 0. 0. 583.
42.100 28083. 28083. 0. 0. 28575. 25573. 29575. 0 0.
35.000 28083. 28083. 0. 0. . 25573. . 0. 0.
33.300 28083. 28083. 0. 0. 0. 25574. 0. 0. 0.
33.200 28081 . 28081. 0. 0. 1. 25575. 1. 0. 0.
.000 32938. 32938. 0. 0 -3868. 21707. -3868. 0. 0.
LOCAL 2027. 2027. 0. 0. 1615.
15.000 1464. 1464. 0. 0. 26684 . 48391 . 26684 . 0. 0.
1.000 1464. 1464. 0. 0. 0. 48391. 0. 0. 0.
WTED LOAD BY SIZE CLASS (fTine - coarse, in tons
SAND 13375. 8739. 4186. 315. 122.
0. 0. 0. 0. .
CROSS SECTION : 58.000
SAND 13404. 8933. 4334. 5002. 2185.
1008. 364. 0. 217. 0.
CROSS SECTION : 55.000
SAND 13337. 9180. 5091 . 9958. 4272,
1351. 608. 10. 337. 0.
CROSS SECTION : 53.000
SAND 16102, 15314. 228489. 16033. 4272.
1351. 608. 10. 337. 0.
CROSS SECTION : 44.000
SAND 15348. 13536. 19465. 12040. 2992,
671. 342. 5. 83. 0.
CROSS SECTION : 42.100
SAND 11798. 5993. 5857. 3399. 1017.
14. . 0. 0. 0.
CROSS SECTION : 35.000
SAND 11788. 5993. 5857. 3399. 1017.
14. 5. 0. 0. 0.
CROSS SECTION : 33.300 ~cmn
SAND 11798. 5993. 5857. 3399. 1017.
14. 5. 0. 0. % 0.
CROSS SECTION : 33.200
SAND 11788. 5993. 5857. 3399. 1017,
13. 4. 0. 0. 0.
CROSS SECTION : 32.000
SAND 9833.. 5774. 8892. 6491. 1917.
16. 14. 2. 0. 0. .
CROSS SECTION : 15.000 :
SAND 158. 176. 503. 455. 163.
4. 3. 1. 0. 0.
CROSS SECTION : 1.000
SAND 158. 176. 503. 455. 163.
4. 3. 1. 0. 0.
$SEND
0 DATA ERRORS DETECTED.
TOTAL NO. OF TIME STEPS READ = 4
TOTAL NO. OF WS PROFILES = 23
ITERATIONS IN EXNER EQ = 920.
END OF JOB
JOB COMPLETED

RUN TIME = O HOURS, O MINUTES & 43.17 SECONDS
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6.5 Example Problem 5 - Reservoirs

HEC-6 simulates reservoirs by allowing the water surface elevation at the reservoir location to be
a function of time, as defined by input data. The hydraulic computations are still steady state;
therefore, there is no routing of the water (i.e outflow equals inflow at all times).

6.5.1 Reservoir Data

Example Problem 5 input is shown in Exhibit 10 and illustrates the data for a problem with two
reservoirs; one at the downstream boundary (cross section 1.0) and one at cross section 35.0 (Silver
Lake - the backwater from which extends much farther upstream than is illustrated in Figure 25,
page 63). The reservoir at the downstream end is simulated simply by giving the time history of pool
elevations on the R records in the flow data. The reservoir at cross section 35.0 is defined with an X5
record which indicates that the pool elevations will be in Field 2 of the R record. The X5 record at
cross section 33.3 causes sediment information to be computed between cross sections 1.0 and 33.3.
Similarly the X5 at cross section 53.0 causes information for the reach between cross sections 53.0
and 35.0 to be computed. Cross section 33.3 is at the approximate upstream extent of the pool for
the downstream reservoir and cross section 53.0 is at the upstream end of Silver Lake. Thus the
information produced can be used to analyze the behavior of the two reservoirs.

6.5.2 Data for Elevation-Surface Area and Elevation-Storage Tables

Output tables of elevation-surface area and elevation-storage can be obtained by use of the
$VOL, VJ, and VR records in the flow data. For this example we are requesting that this information
be computed for a series of horizontal planes extending from elevation 944 feet (the approximate
thalweg of cross section 1.0) to elevation 974 feet (the approximate thalweg of cross section 53.0) in
two foot increments. One should take care that the endpoints of each cross section are higher than
these elevations; otherwise, the program will extend the ends of the sections vertically and the surface
areas and volumes will be too small.

6.5.3 Output Elevation-Area and Elevation-Volume for Reservoirs

Portions of the output file for Example Problem 5 are shown in Exhibit 11. Much of the output
(not shown) is similar to that of previous examples. Tables are presented containing areas and
volumes below each elevation specified on the VR records from each section to the downstream
boundary. For example at cross section 33.2, which is at the upstream end of the downstream
reservoir, the initial storage volume at elevation 968 feet is 1,582 acre-feet; at the end it is 1,575 acre-
feet. This means that seven acre-feet was deposited between cross sections 33.2 and 1.0 below
elevation 968 feet. Similarly, this information could be found for Silver Lake by computing the
differences between values at cross sections 35.0 and 53.0. One only needs to use information in the
table for elevations above the thalweg of the cross section at the dam of interest. These tables can
be used to construct elevation-deposition and deposition-distance relations.

6.5.4  Trap Efficiency

The computation of trap efficiency and interpretation of Table SA-1 was presented in
Section 6.4.7 for Example Problem 3. Note that here the X5 records were used to delineate the
upstream and downstream extent of the reservoirs causing trap efficiency to be computed for them.
For example, Silver Lake extends from downstream of cross section 53.0 to cross section 35.0. So,
from Table SA-1 at the end of the simulation, 32.22 acre-feet has entered Silver Lake from upstream,
0.34 acre-feet from Silver Creek and 6.91 acre-feet have passed through Silver Lake giving it a trap
efficiency of 79 percent at that time. The downstream reservoir has a trap efficiency of 100 percent.
Negative trap efficiencies indicate scour.
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T1

T2

T3

NC .100
X1 1.0
GR1004.0
GR950.00
GR956.20
GR958.80
GR968.00
GR962.00
GR984 .00
HD 1
NV 22
NV 12
NV 33
X1 15.0
X3

GR992.00
GR964.70
GR958.60
GR962 .00
GR970.00
GR990.00
HD 15
QT

NC .10
X1 32.0
GR998.00
GR979.48
GR956.80
GR966.50
GR978.91
GR984 .00
HD 32
X1 33.2
XL

GR1000.0
GR980.00
GR982.00
GR961.00
GR1000.0
HD 33.2
X1 33.3
X5

HD 33.3
X1 35.0
X3 10
X5

GR984 .00
GR980.00
GR963.30
GR973.40
GR982.00
HD 35
NC .06

EXAMPLE PROBLEM NO 5.

Exhibit 10

Example Problem 5 - Input

Reservoir Model

RESERVOIRS.

2 RESERVOIRS, 3 LOCAL INFLOWS.

.100
31.
9915.0
10092.
10243.
10350.
11085.
11665.

: O0OO0000

9570.0
10665.0
10750.0
10852.0
11190.0
11865.0

10.

.10

29.
9080.0
10000.0
10117.0
10225.0
10370.0
11150.0
10.

21.
250
980.0
1260.0
1730.0
2099.2
3170.

o ©00O0o

22.

9035.0
9465.0
9954.0
10115.0
10895.0
0

.06

.040
10077.0
978.40
948.48
958.90
957.40
968:00
962.00

10081
965.6
965.6
965.6
10665.0

982.00
956.00
959.30
964 .00
972.00
1000.00

10673

.05
10057.0
982.00
978.50
957.80
971.20
978.96
992.00
10075
1850.0

990.00
982.00
982.00
976.00

0.00

1851
1850.0

1851
9894.0

980.00

981.70
967.10
977.40
1004 .00
9954
.045

10275.
10002.
10108.
10250.
10400.
11240.
12400.

10250
.064
.130
.11
10850.0
10700
10110.0
10673.0
10800.0
10970.0
11310.0
12150.0

10852

0000000 =

10271.0

9250.0
10057.0
10137.0
10250.0
10387.0
11240.0

10275
2150.0

1060.0
1300.0
1830.0
2149.0
0.0
2149
2150.0

2149
10155.0

o
9070.0
9585.0
9974.0

10120.0
11085.0
10155

.3

0. 0.
956.00 10060.0
946.60 10138.0
959.80 10275.0
970.00 10700.0
970.00 11365.0
976.00 12550.0

988.8

988.8

982.0 .12

8565. 7535.
961 11000

976.00 10300.0
953.00 10693.0
957.00 10822.0
966.00 11015.0
980.00 11410.0

7429. 6654 .
982.00 9510.0
968.60 10075.0
959.40 10157.0
978.50 10271.0
980.00 10610.0

1000.00 11330.0

130. 250.

980.00 1150.0
982.00 -1350.0
984.41 1850.0
984.50 2150.0

0.00 0.0
155. 175.
105. 105.

978.00 9135.0
983.70 9745.0
967.40 10004.0
983.70 10155.0

110

0.
959.20
944.70
959.80
966.00
970.00
980.00

988.8
8268.
970
976.00
954.00
957.30
961.00
984.00

8240.
980.00
959.82
959.60
978.50
982.00
1008.0

320.

982.00
980.00
979.19
982.00

0.00

175.
105.

980.00
984.70
968.20
984.00

0.
10077.0
10158.0
10300.0
10960.0
11500.0
12670.0

0.

10490.0
10703.0
10825.0
11090.0
11570.0

0.
9600.0
10087.0
10177.0
10300.0
10745.0
11425.0

0.

1180.0
1420.0
1851.0
2800.0

0.0

0.

9185.0
9894.0
10044.0
10245.0

959.
955.
959.
970.
970.
982.

966.
955.
.50

961

962.
990.

980.
956.
959.
978.
.00

982

982.
980.
961.
990.
.00

982.
963.
967.
982.

0.

20
90
00

00

00
60

00
00

01
50
82
60

00
00

00

00
40
60
00

0.
10081.0
10225.0
10325.0
11060.0
11615.0
12730.0

0.

10610.0
10723.0
10850.0
11150.0
11770.0

0.
9925.0
10097.0
10196.0
10350.0
11145.0

1215.0
1540.0
1900.8
3100.0

0.0

9270.0
9894.0
10054.0
10695.0



X1 42.1

GR996.
GR9S88.
GR990'.
GRI69.
GR969.
GR98Y.
GRO86.

HD 42
QT

00
00
00
80
80
90
80
.10

X1 44.0

XL

GR1002.0

GR996

.00

GR980.60
GR968.90
GR977.80
GR983.10

HD

44

X1 53.0

X5

GR1004.0
GR994.00
GR982.80
GR978.20
GR1002.0

HD
QT

53

X1 55.0
GR1004.0
GR984 .30
GR974 .80
GR985.80

HD

55

X1 58.0
GR1006.0
GR976.20
GR988.80
GR992.00
GR986.00

HD
EJ
T4

58

32.
7130.
8780.
9880.
9943.

10067 .
10130.
11720.

OCO0OO0O0O000O0O

28.

8035.
9285.
9845.
10028.
10150.
10400.
10.

22.

CO0OO0O000

9880.0 10130.

998.
986.
969.
969.
985.
989.

989
9

984

992
101
970
967
976
999
9
1000

00
00
80
80
80
50
.90
881
5.0

.00
7.6
.90
.40
.90
.80
868
0.0

7550.0 1000.00
8940.0 986.00
10000.0 978.20
10121.0 988.70
10470.0 1004.00

10.
18.

10
993

000
1.0

7592.0 1000.00
9737.0 984.70
9975.0 974.20
10187.0 986.00

10.
22.

3.4

9

931

9912.0
8542.0 1004.00
9944.0 975.40

10065.0 988.30

10492.0 988.00

11137.0 988.00

9

912

0
7310.0
8990.0
9881.0

10001.0
10067.0
10180.0
12310.0

10021

10127.0
9850
8150.0
8425.0
9868.0
10058.0
10193.0
10450.0
10193
10136.0

7760.
9245.
10011.
10136.
10700.
10136

[ejofolofal

10062.0
7947.0
9837.0

10005.0

10307.0

10062

10015.0
8952.0
9974.0

10065.0

10642.0

11192.0

10015

MAIN STEM, SEGMENT 1.
LOAD CURVE FROM GAGE DATA.
BED GRADATIONS FROM FIELD SAMPLES.

T5

T6

T7

T8

I 0
I4 SAND
15

LQ

LT TOTAL
LF  VFS
LF FS
LF MS
LF CS
LF  VCS
LF  VFG
LF FG
LF MG
LF CG
LF VCG
PF EXAMP
PFC 2.0
PFC.0625

4

.5

1
.0110
.119
.328
.553
.000
.000

.5
50
1.5

.119
.328
.553
.000
.000
.000
.000
.000
.000

.0
1.0
1.0

.25
1000

320
.498
.331
.156
.011
.004
.000
.000
.000
.000
.000
32.0
73.0

2070.
998.00
985.70
969.80
986.70
985.80
988.60

290.
10200
990.00
990.00
972.20
967.10
982.00
1002.40

3366.

998.00
986.30
974.00
989.30

275.
996.00
985.50
972.90
990.00

1097.
1000.00
978.20
989.30
986.70

.5
5800
4500.
.511
.306
.154
.016
.008
.004
.001
.000
.000
.000
16.0
.5

3965.
7930.0
9570.0
9941.0

10001.0
10069.0
10230.0

795.

8305.
9505.
9898.
10078.
10206.
10464.

2831.

8440.0
9555.0
10041.0
10154.0

[=lefefotoXa)

1430.
8627.0
9910.0

10035.0
10497.0

1012.
9702.0
9991.0

10169.0
10852.0

.25
90000
400000
.582
.280
.110
.020
.005
.002
.001
.000
.000
.000
96.5
37.0

111

3005.
992.00
986.45
985.80
986.70
969.80
987.60

495.

990.00
986.00
970.50
971.90
981.20

2941.

996.00
986.30
972.20
999.20

770.
990.00
987.20
973.20

1462.
997.20
990.40
990.00
988.00

0.
8205.0
9707.0
9941.0

10003.0
10069.0
10280.0

0.

8735.0
9650.0
9968.0
10118.0
10300.0

0.

8640.0
9825.0
10071.0
10200.0

0.
9052.0
9931.0

10045.0

0.
9812.0
10015.0
10172.0
11022.0

1.0

990.
989.
985.
969.
969.
985.

988.
984.
967.
976.
979.

996.
983.

972

0.
00
44
80
80
80
20

0.

00
10
50
80
20

0.
00

80
.60

1000.1

986.
978.
983.

996.
988.
992.
986.

00
10
80

30
30
00
00

SEDIMENT TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1971)
5

0.
8495.0
9857.0
9943.0

'10003.0

10129.0
10430.0

0.

8835.0
9788.0
9998.0
10127.0
10325.0

0.

8780.0
9900.0
10101.0
10320.0

0.
9337.0
9955.0

10062.0

0.
9912.0
10062.0
10242.0
11097.0



PF_EXAMP
PFC 4.0
PFC -.125
PF _EXAMP
PFC 4.0
$LOCAL
LaL
LTLTOTAL
LFL VFS
LFL FS
LFL  MS
LFL €S
LFL VvCS
LFL VFG
LFL FG
LFL MG
LFL CG
LFL VCG
LaL
LTLTOTAL
LFL VFS
LFL FS
LFL MS
LFL €S
LFL VCS
LFL VFG
LFL FG
LFL MG
LFL CG
LFL VCG
LaL
LTLTOTAL
LFL VFS
LFL FS
LFL MS
LFL CS
LFL VvCS
LFL VFG
LFL FG
LFL MG
LFL CG
LFL VCG
$HYD
$VOL X
Vo 16
VR 944
VR 964
AB
500
960.
65
2
B
2500.0
965.

B
1250.
963.
1.

B
500.
960.
1
VoL X

IO *TDO *XIVO *TEHJVO *

A

948
968
BASE
29

70

50 DAYS AT BANK FULL DISCHARGE

150.
50.

950

970 -

FLOW OF
128

67

650.

952
972
500 CFS

99.5

97.0
56.0

30000.
22500
.137
.218
.476
.158
.008
.0020
.0010
.0000
.0000
.0000

954
974

NEAR BANK FULL DISCHARGE

78.

340.

BASE FLOW OF 500 CFS

29

128

112

16.0

.50

16.0

.50

956

O

©

sd OO
o0 wo

958

8.0

.250

8.0

.125

960

©

ok~ O0O®

oo ou

962



VJ 16 0

VR 944 946 948 850 952 954 956 958 860 9862
¥R 964 966 968 870 972 974
$END
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Exhibit 11

Example Problem 5 - Output
Reservoir Model

Output has been removed

st ot R - 2 2

BEGIN COMPUTATIONS.
$HYD

$VoL X 0

STREAM SEGMENT # 1: RESERVOIRS.

EXAMPLE PROBLEM NO 5.

SUMMARY TABLE: MASS AND VOLUME OF SEDIMENT
SECTION SEDIMENT PASSING SECTION (tons) SEDIMENT DEPOSITED IN REACH in cu. yds
TOTAL SAND SILT CLAY TOTAL ACCUMULATED  SAND SILT CLAY
INFLOW 0. 0. 0. 0. 0.
58.000 0. 0. 0. 0. 0. 0. 0. 0. 0.
55.000 0. 0. 0. 0. 0. 0. 0. 0. 0.
5§3.000 0. 0. 0. 0. 0. 0. 0. 0. 0.
44.000 0. 0. 0. 0. 0. 0. 0. 0. 0.
42.100 0. 0. 0. 0. 0. 0. 0. 0. 0.
35.000 0. 0. 0. 0. 0. 0. 0. 0. 0.
33.300 0. 0. 0. 0. 0. 0. 0. 0. 0.
33.200 0. 0. 0. 0. 0. 0. 0. 0. 0.
32.000 0. 0. 0. 0. 0. 0. 0. 0. 0.
15.000 0. 0. 0. 0. 0. 0. 0. 0. 0.
1.000 0. 0. 0. 0. 0. 0. 0. 0. 0.
ELEV SURFACE VOLUME VOLUME
AREA AC-FT cYy
RIVER MILE 1.0
974.00 0 0. 0.
RIVER MILE 15.000
944.00 0. 0. 0.
946.00 2. 1. 2187.
948.00 6. 9. 14910.
950.00 9. 25. 40204 .
952.00 11, 45 73087 .
954.00 12. 69. 110602.
956 .00 17. 98. 157542,
958.00 26. 139. 223548.
960.00 52. 214. 345548.
962.00 123. 325. 524725.
964 .00 141. 588. 950996 .
966.00 156. 884. 1426941 .
968.00 196. 1222. 1972254 .
970.00 272. 1654. 2668188.
972.00 287. 2214, 3571238.
974.00 294. 2795. 4509757.
RIVER MILE 32.000
4.00 0 0. 0.
946.00 2 1. 2187.
948.00 6. 9. 14910.
950.00 9. 25. 40204 .
952.00 1= 45. 73087.
954.00 12. 69. 110602.
956.00 20. 100. 161750.
958.00 37. 153. 247166.
960.00 76. 263. 424052.
962.00 152. 427. 688610.
964.00 180. 758. 1224057 .
966.00 202. 1137. 1835010.
968.00 246. 1572. 2536276.
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970.00 341. 2109. 3402583.

972.00 368. 2818. 4546617.
974.00 380. 3566. 575371S.
RIVER MILE 33.200
944.00 0 0. 0.
946.00 2. 1. 2187.
948.00 6. 9. 14910.
950.00 9 25. 40204 .
952.00 11. 45. 73087.
954.00 12. 69. 110602.
956.00 20. 100. 161750.
958.00 37. 163. 247430.
960.00 76. 264. 425136.
962.00 163. 429. 692260 .
964.00 182. 763. 1231708.
966.00 203. 1145. 1846942.
968.00 248. 1582. 2552775.
970.00 342. 2122. 3423962.
972.00 370. 2835. - 4573164.
974.00 382. 3586. 5§785705.
RIVER MILE 33.300
944.00 0. 0. 0.
946.00 2. ) JE 2187.
948.00 6. 9. 14910.
950.00 9. 25. 40204 .
952.00 11. 45, 73087.
954.00 12. 69. 110602.
956.00 20. 100. 161750.
958.00 37. 153. 247430.
960.00 76. 264. 425136.
962.00 154, 430. 693566 .
964.00 182. 766. 1235743.
966.00 204. 1149. 1853863.
968.00 249. 1588. 2562738.
970.00 343. 2130. 3437126.
972.00 371. 2845. 4589685 .
974.00 383. 3599. 5805740.

Output has been removed

gt 2 o

* AB FLOW 1 = BASE FLOW OF 500 CFS

EXAMPLE PROBLEM NO 5. RESERVOIRS.
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1

SEGMENT INFLOW Q@ IN CFS...
1 500.0 61.0 29.0 128.0
TIME STEP NO. 1
WATER DISCHARGE= 500.00
ELEVATION= 960.000
TEMPERATURE= 65.000
FLOW DURATION(DAYS) 2.000

Output has been removed

b 2 o

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 5. RESERVOIRS.
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

L2222 2222 2R 2R R 2R R R s R R 2222 X2 X222 )

* *

TIME ENTRY * SAND *
DAYS POINT *  INFLOW OUTFLOW TRAP EFF *
® -

2.00 58.000 * .03 .
53.000 * .04 .

TOTAL= 53.000 * .07 .05 .29 ¢
E ®
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2 2 2 s 2222222222222 22222 2222222222 2222222222222 22222221

TIME ENTRY * SAND .
2.00 53.000 * .05 .

: 42.100 * .00 .
TOTAL= 35.000 * .05 .00 1.00 *

2222222222322 22322222222 222222222 22222222222 2222 222 ]
TIME ENTRY * SAND -
2.00 35.000 * .00 .

TOTAL= 33.300 * .00 .00 10 ¢
*

I R R R R R R R R R R R R RS AR R R Xz
TIME ENTRY * SAND .
2.00 33.300 * .00 .

15.000 * .00 .
TOTAL= 1.000 * .00 .00 1.00 *
*

t 2 2 R e R R e R s s 222222222222 222

TABLE SB-1. TOTAL

LOAD BY#GRAIN SIZE STONS/DAY)

VF vc
SEDIMENT INFLOW
SANDS & GRAVELS 28.81 9.03 10.94 8.84 .00 .00
.00 .00 .00 .00 .00
SEDIMENT OUTFLOW
SANDS & GRAVELS .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
ID NO FEET FEET EL FEET CFS SAND
58.000 -.23 978.28 975.17 282. 346.
55.000 -.10 976.18 972.80 282. 562.
5§3.000 02 974.14 972.92 410. 51.
44.000 .04 974.05 967.14 410. 0.
42.100 .00 974.04 969.80 439. 0.
35.000 .00 974.00 963.30 439. 0.
33.300 .00 962.79 961.00 439. 0.
33.200 .00 962.61 961.00 439. 0.
32.000 .00 962.51 956.50 439. 34.
15.000 .00 960.17 954.00 500. 9.
1.000 .00 960.00 944.70 500. 0.
*
*
*
" Output has been removed
*
b

* B FLOW 4 = BASE FLOW OF 500 CFS

BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
TIME STEP NO. 4
WATER DISCHARGE= 500.00
ELEVATION= 960.000
TEMPERATURE= 65.000
FLOW DURATION(DAYS) 1.000

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO §. RESERVOIRS.

ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

LA AR A A2 R i i i s i i i i 222 222222222222 222

TIME ENTRY * SAND .
DAYS POINT *  INFLOW OUTFLOW TRAP EFF *

- *

54.00 58.000 * 13.20 .
53.000 * 16.15 .

TOTAL= 53.000 * 29.35  35.89 -.22 ¢

® *

L2 2 223 2 22 2222232 32 2222222232222 2222222 2 222 22 X222 2
TIME ENTRY * SAND .
54.00 53.000 * 35.89 2
42.100 * .36 .

TOTAL= 35.000 * 36.25 7.50 .79 ¢

*

AR RN RN AR AR AN AR AN R AR AR AN RN RN NANANRADN D
TIME ENTRY * SAND .
54.00 35.000 * 7.50 .
TOTAL=  33.300 * 7.50 7.49 .00 *

L2 2 22 R 2 2 22 223 2 222 22 222222222222 1222222 22 YY)
TIME ENTRY * SAND .
54.00 33.300 * 7.49 .
15.000 * 1.00 .

TOTAL= 1.000 * 8.49 .03 1.00 *

AR N R R PN R RN IR RN R NN AN LA NLNNRNANAORONRD
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TABLE SB-1. TOTAL LOAD BYFGRAIN SIZE l(‘TONS/DAY)

VF Ve
SEDIMENT INFLOW
SANDS & GRAVELS 28.81 9.03 10.94 8.84 .00 .00
) .00 .00 .00 .00 .00
SEDIMENT OUTFLOW
SANDS & GRAVELS .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
D NO FEET FEET EL FEET CFS SAND
58.000 -2.90 976.86 972.50 282. 28.
5§5.000 -.18 975.41 972.72 282. 27.
53.000 -1.87 975.10 970.33 410. 18.
44.000 2.51 974.59 969.61 410. 1.
42.100 1.76 974 .56 971.56 439. 0.
35.000 1.85 974.50 965.15 439. 0.
33.300 .01 962.80 961.01 439. 19.
33.200 .02 962.61 961.02 439. 58
32.000 -.16 962.51 956.34 439 60.
15.000 .15 960.19 954.15 500 13
1.000 19 960.00 944.89 500. 0
$VOL A S R AT ceea P cesesescscesestestanas “leezaiyiare v ein e cene
STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 5. RESERVOIRS.
SUMMARY TABLE: MASS AND VOLUME OF SEDIMENT
SECTION SEDIMENT PASSING SECTION (tons) SEDIMENT DEPOSITED IN REACH in cu. yds
TOTAL SAND SILT CLAY TOTAL ACCUMULATED  SAND SILT CLAY
INFLOW 26735. 26735. 0. 0. 21295.
58.000 35237. 35237. 0. 0. -6772. -6772. -6772. 0. 0.
5§5.000 36099. 36099. 0. 0. -686. -7458. -686. 0. 0.
LOCAL 32721. 32721. 0. 0. 26062.
53.000 72689. 72689. 0. 0. -3082. -10540. -3082. 0. 0.
44.000 65856. 65856. 0. 0. 5443. -5097. 5443. 0 0.
LOCAL 733. 733. 0. 0. 583.
42.100 39485. 39485. 0. 0. 21588. 16491. 21588. 0. 0.
35.000 15183. 15183. 0. 0. 19356. 35847. 19356. 0. 0.
33.300 15175. 15175. 0. 0. 6. 35853. 6. 0. 0.
33.200 15138. 15138. 0. 0. 29. 35883. 29. 0. 0.
32.000 21401. 21401. 0. 0. -4988. 30895. -4988. 0. 0.
LOCAL 2027. 2027. 0. 0. 1615.
15.000 8547. 8547. 0. 0. 11853. 42747 . 11853. 0. 0.
1.000 70. 70. 0. 0. 6752. 49499, 6752. 0. 0.
ELEV SURFACE VOLUME VOLUME
AREA AC-FT cY
RIVER MILE 1.000
974.00 0. 0. 0.
RIVER MILE 15.000
944.00 0. 0. 0.
946.00 2. 1. 1591.
948.00 6. 8. 13117.
950.00 9. 23. 37329.
952.00 11. 43. 69743.
954.00 12. 66. 106816.
956.00 17. 95. 152482.
958.00 26. 135. 217294 .
960.00 51. 208. 336813.
962.00 123. 319, 515210.
964.00 141. 583. 940205 .
966.00 156. 878. 1416147.
968.00 196. 1216. 1961460.
970.00 272. 1647. 2657394 .
972.00 287. 2207. 3560444 .
974.00 294. 2789. 4498963.
RIVER MILE 32.000
944.00 0. 0. 0.
946.00 2. 1. 1591.
948.00 6. 8. 13117.
950.00 9. 23. 37329.
952.00 11. 43. 69743.
954.00 12. 66. 106816.
956.00 19. 97. 156100.
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RIVER MILE

RIVER MILE

W0

958.00 36
960.00 76.
962.00 152
964.00 180
966.00 202.
968.00 246.
970.00 341.
972.00 368
974.00 380.

33.200
944,00 0
946.00 2.
948.00 6.
950.00 9.
952.00 11.
954.00 12.
956.00 19.
958.00 36.
960.00 76
962.00 153.
964.00 182.
966.00 203.
968.00 248.
970.00 342.
972.00 370
974.00 382.

33.300

4.00 0.
946.00 2.
948.00 6.
950.00 9.
952.00 11
954.00 12
956.00 19.
958.00 36
960.00 76
962.00 154.
964.00 183.
966.00 204,
968.00 249.
970.00 343.
972.00 371.
974.00 383.

Output has been removed

149.
257.
420.
751.
1130.
1564.
2101.
2810.
3558.

240629.
414581.
677847.
1211130.
1822304 .
2523784 .
3390213.
4534256.
5741354.

0.

1591.
13117.
37329.
69743.
106816.
156100.
240938.
415767.
681583.
1218876.
1834338.
2540392.
3411696.
4560916.
5773457.

0.

1591.
13117.
37329.
69743.
106816.
156100.
240938.
415767 .
682868 .
1222888.
1841236.
2550332.
3424835.
4577412.
5793467 .
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6.6 Example Problem 6 - River Network System

This example problem adds tributaries to the existing problem. Tributaries are described with
cross section and sediment data; therefore, sediment transport and bed movement is calculated for
the tributaries as well as for the main stem. See Section 3.6 for a detailed description of data
preparation for network systems. It is suggested that the data for each segment of the system be
tested and corrected separately so that any subsequent errors are due to the construction of the
network system data and not due to errors in any individual segments. A schematic of the system is
shown in Figure 28. Silver Creek is treated as a local inflow, all other segments are tributaries. Note
that Takeo Creek is a tributary to Bear Creek.

Upstream
End of Project

-4 -1

Tokeo Creek
. 4

Bear Creek
Seg. 3

-3 Cross Section 2.1

— Cross Section 55.0
CP3
-1 Cross Section 53.0

Silver Creek
\\a—x—Cross Section 44.0

Cross Section 42.1

Cross Section 4.0

t—1,1

Cross Section 35.0
-2

Cascade Creek
Seg. 2

Cross Section 32.0
CP2
Cross Section 15.0

S. Fork Zumbro River
Seg. 1

CP1
Downstream
End of Project

Figure 28
Schematic of Network System

6.6.1 Network Layout and Numbering

The numbering of stream segments and control points must follow the scheme presented in
Section 3.6. This is shown for Example Problem 6 in Figure 28. The stream segments, control points
(CP), and inflows are numbered from downstream to upstream. The control points are numbered first,
then each tributary is given a segment number that corresponds to the control point at its confluence
with another segment or the main stem. The inflow points of each segment are then numbered
corresponding to the segment number, e.g. the inflow to Bear Creek is designated |-3. Silver Creek is
the only local inflow, so it is designated L-1,1, with the first number being the segment into which it
flows and the second being which local it is on that segment.
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6.6.2 Geometric Data Structure

The input data file for Example Problem 6 is shown in Exhibit 12. The main stem data is first, with
QT records indicating locations of the tributaries (see Section 3.6.2); an EJ record ends this data.
The number in Field 1 of the QT record is the control point associated with that tributary; thus, the first
QT record encountered is for Cascade Creek which enters the main stem at control point 2. Another
QT is between cross sections 42.1 and 44.0, since this is a local flow there is no control point number
on the record. The geometry for each tributary is entered in sequence by segment number following
the main stem data. Therefore, the second set of cross section data is for Cascade Creek. Note the
use of the QT record within the Bear Creek geometry to locate the confluence of Takeo Creek.

6.6.3 Sediment Data Structure

The sediment data are entered in a sequence similar to the geometric data. Note, however, that
the local inflow load table follows the main stem sediment data. Thereafter the sediment data for each
tributary follows in sequence of segment number. Each set of tributary data is begun with a $TRIB

record.

6.6.4 Flow Data Structure

The flows and temperatures for local and tributary flows must be entered in the proper sequence
on the Q and T records. The flows entering this system for the last (fourth) time step are shown on
Figure 29. The first flow on the Q record is that leaving the downstream boundary of the main stem
(500 cfs), the next is the local inflow (Silver Creek) to the main stem (29 cfs). Since there are no more
local inflows on the main stem, Field 3 contains the flow (61 cfs) for segment 2, Cascade Creek. Bear
Creek flow (128 cfs) is in Field 4 and Takeo Creek flow (90 cfs) in Field 5.

Upstream
T“s.: C:ook End of Project
9 Q=282

Cross Section 55.0
CcP3
Cross Section 53.0

Q=410
Q=29 Silver Creek
Cross Section 44.0

Cross Section 42.1

Cross Section 32.0
cP2
Cross Section 15.0

Cascode Creek
Seg. 2

S. Fork Zumbro River

cP1l Q=500
Downstream
End of Project

Figure 29
Flows for Example Problem 6
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T1

T2

T3

NC .100
X1 1.0
GR1004.0
GR950.00
GR956.20
GR958.80
GR968.00
GR962.00
GR984.00
HD 1
NV 12
NV 22
NV 33
X1 15.0
X3

GR992.00
GR964.70
GR958.60
GR962.00
GR970.00
GR990.00
HD 15
QT 2
NC .10
X1 32.0
GR998.00
GR979.48
GR956.80
GR966.50
GR978.91
GR984 .00
HD 32
X1 33.2
XL

GR1000.0
GR980.00
GR982.00
GR961.00
GR1000.0
HD 33.2
X1 33.3
HD 33.3
X1 35.0
X3 10
X5

GR984 .00
GR980.00
GR963.30
GR973.40
GR982.00
HD 35
NC .06

Exhibit 12

Example Problem 6 - Input

EXAMPLE PROBLEM NO 6.
CASCADE AND BEAR

IS LOCAL.

.100
31.
9915.0
10092.0
10243.0
10350.0
11085.0
11665.0
12735.
10.
.080
.045
.10

27.

9570.0
10665.0
10750.0
10852.0
11190.0
11865.0

10.

.10

29.
9080.0
10000.0
10117.0
10225.0
10370.0
11150.0
10.

21.
250
980.
1260.
1730.
2099.
3170.

o

COOONOOO

22.

9035.0
9465.0
9954.0
10115.0
10895.0
0

.06

.040
10077.0
978.40
948.48
958,90
957.40
968.00
962.00

10081
965.6
965.6
965.6
10665.0

982.00
956.00
959.30
964.00
972.00
1000.00
10673

.05
10057.0
982.00
978.50
957.80
971.20
978.96
992.00
10075
1850.0

990.00
982.00
982.00
976.00
0.00
1851
1850.0
1851
9894.0

980.00
981.70
967.10

Network System

RIVER NETWORK SYSTEM.

CKS ARE

10275.
10002.
10108.
10250.
10400.
11240.
12400.

OOOOOOO.—I-

10250
.130
.064

.11

10850.

0

10700

10110.
10673.
10800.
10970.
11310.
12150.

0
0
0
0
0
0

10852

10271.

9250.
10057.
10137.
10250.
10387.
11240.

0
0
0
0
0
0
0

10275

2150.

1060.
1300.
1830.
2149.

0.

0

0
0
0
0
0

2149

2150.

0

2149

10155.

9070.
9595.
9974.

0

2
0
0
0

977.40 10120.0
1004.00 11085.0
10155

9954
.045

TRIBS, TAKEO CK IS TRIB

.3

0. 0.
956.00 10060.0
946.60 10138.0
959.80 10275.0
970.00 10700.0
970.00 11365.0
976.00 12550.0

988.8

988.8
982.0 .12
8565. 7535,
961 11000
976.00 10300.0
953.00 10693.0
957.00 10822.0
966.00 11015.0
980.00 11410.0

7429. 6654 .
'982.00. 9510.0
968.60 10075.0
959.40 10157.0
978.50 10271.0
980.00 10610.0
1000.00 11330.0

130. 250.

980.00 1150.0
982.00 1350.0
984.41 1850.0
984.50 2150.0

0.00 0.0

155. 175.
105. 105.
978.00 9135.0
983.70 9745.0

967.40 10004.0
983.70 10155.0

121

0.
959.20
944.70
959.80
966.00
970.00
980.00

988.8
8268.

970
976.00
954 .00
957.30
961.00
984.00

8240.
980.00
959.82
959.60
978.50
982.00
1008.0

320.

982.00
980.00
979.19
982.00

0.00

175.
105.
980.00
984.70

968.20
984.00

OF BEAR CK, SILVER CK

0.
10077.0
10158.0
10300.0
10960.0
11500.0
12670.0

0.

10490.0
10703.0
10825.0
11090.0
11570.0

0.
9600.0
10087.0
10177.0
10300.0
10745.0
11425.0

0.

1180.0
1420.0
1851.0
2800.0

0.0

9185.0
9894.0
10044.0
10245.0

959.
955.
959.
970.
970.
982.

966.
955.
.50
962.
990.

961

980.
956.
959.
978.
982.

982.
980.

961

982.
963.
967.
.00

982

0.
30
20
90
00
00
00

00
60

00
00

01
50
82
60
00

00
00

.00
990.
.00

00

00
40
60

0.
10081.0
10225.0
10325.0
11060.0
11615.0
12730.0

0.

10610.0
10723.0
10850.0
11150.0
11770.0

0.
9925.0
10097.0
10196.0
10350.0
11145.0

1215.0
1540.0
1900.8
3100.0

0.0

9270.0
9894.0
10054.0
10695.0



X1 42.1
GR996.00
GR988.00
GR9S0.00
GR969.80
GRS69.80
GR989.90
GR986.80
HD 42.10
QT

X1 44.0
XL
GR1002.0
GR996.00
GR980.60
GR968.90
GR977.80
GR983.10
HD 44
X1 583.0
X5
GR1004.0
GR994.00
GR982.80
GR978.20
GR1002.0
HD 53
QT 3
X1 55.0
GR1004.0
GR984 .30
GR974 .80
GR985.80
HD 55
X1 58.0
GR1006.0
GR976.20
GR988 .80
GR992.00
GR986.00
HD 58
EJ
$TRIB
cP

T1

T2

T3

NC .120
X1 1.0
GR995.00
GR965.24
GR959.80
GR962 .50
GR970.00
H 1
X1 3.0
GR1000.0
GR970.20
GR968.70
GR 972.7
GR 975.2
H 3
X1 4.0
GR1000.0
GR975.40

32.
7130.
8780.
9880.
9943.

10067 .
10130.
11720.

0O00O0O000O0

28.

8035.0
9285.0
9845.0
10028.0
10150.0
10400.0
10.

22.

7550.0
8940.0
10000.0
10121.0
10470.0
10.

18.
7592.0
9737.0
9975.0

10187.0

10.

22.
8542.0
9944.0

10065.0
10492.0
11137.0

3.4

2
EXAMPLE 6

.120
25.
4570.0
4900.0
5014.0
5075.0
5260.0

24.
4715
5000.0
5042.0
5180.0
5277 .
964.3
18.
4775.0
4961.0

9880.0
998.00
986.00
969.80
969.80
985.80
989.50
989.90

9881

9845.0

992.00
1017.6
970.90
967.40
976.90
999.80
9868
10000.0

1000.00
986.00
978.20
988.70

1004.00

10000

9931.0
1000.00
984.70
974 .20
986.00

9931
9912.0
1004 .00
975.40
988.30
988.00
988.00

9912

10130.0
7310.0
8990.0
9881.0

10001.0

10067.0

10180.0

12310.?

10127.0
9850
8150.0
9425.0
9868.0
10058.0
10193.0
10450.0
10193
10136.0

7760.0
9245.0
10011.0
10136.0
10700.0
10136

10062.0
7947.0
9837.0

10005.0

2070.
998.00
985.70
969.80
986.70 1
985.80 1
988.60 1

290.

10200
990.00
990.00
972.20
967.10 1
982.00 1
1002.40 1

3366.

998.00
986.30
974.00 1
989.30 1

275.
996.00
985.50
972.90 1
990.00 1

1097.
1000.00
978.20
989.30 1
986.70 1

3965.
7930.
9570.
9941 .
0001.
0069.
0230.

00000

795.

8305.0
9505.0
9898.0
0078.0
0206.0
0464.0

2831.

8440.0
9555.0
0041.0
0154.0

1430.
8627.0
9910.0
0035.0
0497.0

1012.
9702.0
9991.0
0169.0
0852.0

3005.
992.00
986.45
985.80
986.70
969.80
987.60

495.

990.00
986.00
970.50
971.90
981.20

2941.

996.00
986.30
972.20
999.20

770.
990.00
987.20
973.20

1462.
997.20
990.40
990.00
988.00

0.
8205.
9707.
9941.

10003.
10069.
10280.

[eJeJoNoNoNo

0.

8735.0
9650.0
9968.0
10118.0
10300.0

0.

8640.0
9825.0
10071.0
10200.0

0.
9052.0
9931.0

10045.0

0.
9812.0
10015.0
10172.0
11022.0

CASCADE GEOMETRY, SEGMENT 2, CONTROL POINT 2

(CONTINUED) CASCADE

.045
5000.0
980.00
964.60
960.20
963.10
972.00

4925
4942.0

983.9
964.78
969.90

970
976.56

4942
4950.0
991.30
972.90

.1
5100.0
4600.0
4950.0
5025.0
5083.0
5280.0

5121
5050.0

4897
5007.0
5050.0

5207

5300

5103
5045.0
4875.0
4975.0

.3
0.
970.00
964.00
959.90
968.90
972.00

460.
982.90
964 .30
969.40

972.8
980

300.

988.10
970.60

122

0.
4690.0
4975.0
5038.0
5094.0
5400.0

280.
4942.0
5017.0
5067.0

5217

5360

280.
4931.0
5004.0

0.
968.00
963.70
960.10
969.60
980.00

537.
973.20
965.10
971.10

971.1
982

240.
981.60
968.30

CREEK GEOMETRY, SEG. 2, CP2

0.
4740.0
5000.0
5068.0
5100.0
5460.0

0.
4959.0
5027.0
5092.0

5242
5690

0.
4941.0
5015.0

990.00
989.44
985.80
969.80
969.80
985.20

0.

988.00
984.10
967.50
976.80
979.20

0.

996.00
983.80
972.60
1000.1

986.00
978.10
983.80

996.30
988.30
992.00
986.00

0.
968.00
961.50
960.40
970.30

982.0

0.
973.00
965.17
970.30

970.7

0.
981.70
969.20

8495.
9857.
9943.
10003.
10129.
10430.

0OO0OO0O00O0-

0.

8835.0
9788.0
9998.0
10127.0
10325.0

0.

8780.0
9900.0
10101.0
10320.0

0.
9337.0
9955.0

10062.0

0.
9912.0
10062.0
10242.0
11097.0

4850.0
5003.0
5073.0
5150.0

5780.

4967.0
5027.0
5103.0

5267

4950.0
5025.0



981.20

GR969.40 5040.0 981.20 5045.0 5075.0 985.70 5082.0 985.90
GR 980. 5270 982 5330 982 5700

H- 4 968.3 4950 5047

X1 6.2 17. 5000.0 5130.0 405. 350. 474. 0. 0.
X3 10.

GR994.00 4700.0 990.00 4720.0 986.00 4750.0 986.00 4940.0 987.40
GR983.10 5000.0 979.00 5016.0 972.00 5032.0 972.00 5092.0 974.00
GR976.00 5109.0 982.70 5126.0 987.50 5130.0 986.00 5210.0 980.00
GR980.00 5830.0 982.00 5900.0 0.00 0.0 0.00 0.0 0.00
H 6.20 972 5000 5130

EJ

$TRIB BEAR CREEK GEOMETRY, SEGMENT 3 CONTROL POINT 3

CcP 3

T1 EXAMPLE 6 (CONTINUED) BEAR CREEK GEOMETRY, SEG. 3, CP3

T2

T3

NC .090 .090 .046 .3 .5

X1 1.0 19. 10115.0 10250.0 0. 0. 0. 0. 0.
GR 996. 9020. 990. 9420. 988. 9550. 994. 9780. 985.30
GR985.00 10115.0 978.18 10137.0 977.20 10147.0 977.00 10157.0 977.10
GR978.20 10209.0 981.60 10216.0 982.80 10225.0 984.70 10250.0 985.80
GR987.10 10300.0 988.0 10380. 990.0 10560. 1000. 10890.

H 1 10115 10275

X1 2.1 21. 1511.0 1629.0 210. 310. 260. 0. 0.
GR 995.2 600. 992. 790. 990. 970. 990. 971. 990.
GR 989 1000 988 1080 988 1290 990 1450 990.8
GR 989.8 1493 986.7 1511 977.3 1616 977.3 1629 986.7
GR 990.7 1650 988 1840 992 2000 994 2100 998
GR 1002 2580

H 2.10 1511 1629

QT 4

X1 4.0 30. 10537.0 10660.0  1053. 533. 708. 0. 0.
GR998.00 8370.0 997.00 8860.0 998.30 9100.0 994.50 9350.0 996.00
GR999.00 9560.0 996.00 9640.0 994.00 9900.0 992.00 9980.0 993.90
GR994.00 10425.0 995.20 10506.0 993.10 10523.0 986.30 10537.0 986.00
GR985.80 10561.0 980.90 10570.0 978.70 10585.0 978.30 10595.0 978.40
GR980.50 10625.0 980.80 10636.0 991.77 10657.0 992.30 10660.0 991.30
GR991.40 10700.0 998.00 10970.0 998.00 11120.0 1000.00 11280.0 1006.0
H 4 978.3 10537 10660

X1 6.0 29. 10100.0 10222.0 330. 570. 665. 0. 0.
X3 10

GR998.00 8500.0 997.10 8650.0 1000.00 83800.0 1002.00 9110.0 1001.00
GR999.80 9525.0 1002.00 9610.0 1002.00 9730.0 1000.00 9840.0 995.16
GR995.60 10100.0 994.20 10109.0 990.80 10125.0 987.30 10140.0 985.80
GR986.20 10161.0 985.24 10162.0 983.30 10172.0 983.30 10182.0 982.80
GR985.24 10210.0 992.00 10222.0 992.20 10250.0 993.50 10300.0 994.20
GR1000.0 10470.0 997.80 10640.0 998.00 10770.0 1004.60 10910.0

H 6 982.7 10100 10325

EJ

g;RIB 2 TAKEO CREEK GEOMETRY, SEGMENT 4, CONTROL POINT 4

T1 EXAMPLE 6 (CONTINUED) TAKEO CREEK GEOMETRY, SEG. 4, CP4

T2

T3

NC .090 .090 .046 -3 .5

X1 1.0 19. 10115.0 10250.0 0. 0. 0. 0. 25
GR 996. 9020. 990. 9420. 988. 9550. 994 . 9780. 985.30
GR985.00 10115.0 978.18 10137.0 977.20 10147.0 977.00 10157.0 977.10
GR978.20 10209.0 981.60 10216.0 982.80 10225.0 984.70 10250.0 985.90
GR987.10 10300.0 988.0 10380. 990.0 10560. 1000. 10890.

H 1 10115 10275

X1 2.1 21. 1511.0 1629.0 210. 310. 260. 0. 2.
GR 995.2 600. 992. 790. 990. 970. 990. 971. 990.
GR 989 1000 988 1080 988 1290 990 1450 990.8
GR 989.8 1493 986.7 1511 977.3 1616 977.3 1629 986.7
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5100.0

5000.0
5100.0
5420.0

0.0

0.
10055.0
10200.0
10275.0

0
972.
1490
1629
2450

0.
9480.0
10400.0
10550.0
10600.0
10675.0
11400.0

0.

9400.0
10000.0
10150.0
10202.0
10325.0

0.
10055.0
10200.0
10275.0

0.
972.
1490
1629



GR 990.7 1650 988 1840 992 2000 = 994 2100 998 2450
GR 1002 2580

H 2.10 1511 1629

X1 4.0 30. 10537.0 10660.0  1053. 533. 708. 0. 25 0.
GR9O98.00 8370.0 997.00 8860.0 998.30 9100.0 994.50 9350.0 996.00 9480.0
GRO99.00 9560.0 996.00 9640.0 994.00 9900.0 992.00 9980.0 993.90 10400.0
GR994.00 10425.0 995.20 10506.0 993.10 10523.0 986.30 10537.0 986.00 10550.0
GR985.80 10561.0 980.90 10570.0 978.70 10585.0 978.30 10595.0 978.40 10600.0
GR980.50 10625.0 980.80 10636.0 991.77 10657.0 992.30 10660.0 991.30 10675.0
GRO91.40 10700.0 998.00 10970.0 998.00 11120.0 1000.00 11290.0 1006.0 11400.0
H 4 978.3 10537 10660

X1 6.0 29. 10100.0 10222.0 330. 570. 665. 0. 2. 0.

X3 10

GR998.00 8500.0 997.10 8650.0 1000.00 8900.0 1002.00 9110.0 1001.00 9400.0
GR999.80 9525.0 1002.00 9610.0 1002.00 9730.0 1000.00 9840.0 995.16 10000.0
GR995.60 10100.0 994.20 10109.0 990.80 10125.0 987.30 10140.0 985.80 10150.0
GR986.20 10161.0 985.24 10162.0 983.30 10172.0 983.30 10182.0 982.80 10202.0
GR985.24 10210.0 992.00 10222.0 992.20 10250.0 993.50 10300.0 994.20 10325.0
GR1000.0 10470.0 997.80 10640.0 998.00 10770.0 1004.60 10910.0

H 6 982.7 10100 10325

EJ

T4 MAIN STEM, SEGMENT 1, CONTROL POINT 1.

T5 LOAD CURVE FROM GAGE DATA.

T6 BED GRADATIONS FROM FIELD SAMPLES.

T7

T8 SEDIMENT TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1971)

I1 0 5

I4 SAND 4

15 .5 .5 .25 .5 .25 0 1.0

LQ 1 50 1000 5800 90000

LT TOTAL .0110 1.5 320 4500. 400000

LF  VFS .119 .119 .498 .511 .582

LF FS .328 .328 .331 .306 .280

LF MS .553 .553 .156 .154 .110

LF CS .000 .000 .011 .016 .020

LF VCS .000 .000 .004 .008 .005

LF VFG .000 .000 .000 .004 .002

LF FG .000 .000 .000 .001 .001

LF MG .000 .000 .000 .000 .000

LF CG .000 .000 .000 .000 .000

LF VCG .0 .0 .000 .000 .000

PF EXAMP 1.0 1.0 32.0 16.0 96.5 8.0 95.0 4.0 91.0
PFC 2.0 85.0 1.0 73.0 . 37.0 .25 8.0 .125 1.0
PFC.0625 0.0

PF EXAMP 32.0 1.0 64.0 32.0 99.5 16.0 99.0 8.0 98.5
PFC 4.0 86.0 2.0 93.5 1.0 83.0 .50 45.5 .250 8.0
PFC .125 1.0 .0625 0.0

PF EXAMP 58.0 1.0 64.0 32.0 97.0 16.0 94.0 8.0 94.0
PFC 4.0 80.0 2.0 79.0 1. 56.0 .50 4.0 .125 0.0
$LOCAL

LQ 1 100 1000 10000

LT TOTAL .0040 10 500 30000

LF  VFS .664 .664 .015 .198

LF FS .207 .207 .245 .181

LF MS .086 .086 .605 .107

LF CS .031 .031 .052 .098

LF VCS .008 .008 .039 .127

LF  VFG .0030 .0030 .0200 .1160

LF FG .0010 .0010 .0110 .0910

LF MG .0000 .0000 .0110  .0530

LF CG .0000 .0000 .0000 .0220

LF VCG .0000 .0000 .0000 .0060

$TRIB

T4 CASCADE CREEK, SEGMENT 2, AT CONTROL POINT 2

T5 FIRST TRIB ON MAIN STEM. LOAD CURVE IS FROM GAGE DATA.
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T6 BED GRADATIONS FROM FIELD SAMPLES.

T7

‘T8

LaL 1 100 1000 10000
LTLTOTAL 0040 10 500 30000

LFL VFS .664 .664 .015 .198

LFL FS .207 .207 .245 .181

LFL MS .086 .086 .605 .107

LFL CS .031 .031 .052 .098

LFL VCS .008 .008 .039 .127

LFL VFG 0030 .0030 .0200 .1160

LFL FG .0010 .0010 .0110 .0910

LFL MG .0000 .0000 .0110 .0530

LFL CG .0000 .0000 .0000 .0220

LFL VCG 0000 .0000 .0000 .0060

PF CASC 1.0 1.0 64. 32. 94.
PFC 4. 50. 2. 32. 1. 18.
PFC .125 2.5 .0625 0.

$TRIB

T4 BEAR CREEK, SEGMENT 3, AT CONTROL POINT 3,
TS5 SECOND UPSTREAM TRIB ON MAIN STEM.

T6 LOAD CURVE IS FROM GAGE DATA.

T7 BED GRADATIONS FROM FIELD SAMPLES.

T8

LaL 1 100 500 1000 30000
LTLTOTAL  .0020 30.0 500. 1200 22500
LFL VFS .201 .201 .078 .078 .137
LFL FS .342 .342 172 .175 .218
LFL MS .451 .451 .454 .601 .476
LFL CS .001 .001 .197 .142 .158
LFL VCS .000 .000 .000 .003 .008
LFL VFG .0000 .0000 .0000 .0000 .0020
LFL FG .0000 .000 .0000 .0000 .0010
LFL MG .0000 .000 .0000 .0000 .0000
LFL CG .0000 .000 .0000 .0000 .0000
LFL VCG .0000 . .000 .0000 .0000 .0000
PF BEAR i 1. 4. 2. 99.5
PFC .25 27 .125 3. .0625 0.
PF BEAR 6. 1= 4. 2 99.5
PFC .25 22.5 .125 2.5 .0625 0.
$TRIB

T4 TAKEO CREEK, SEGMENT 4, AT CONTROL POINT
T5 FIRST TRIBUTARY ON BEAR CREEK.

T6 LOAD CURVE IS FROM GAGE DATA.

¥g BED GRADATIONS FROM FIELD SAMPLES.

LaL 1 100 500 1000 30000
LTLTOTAL .0020 30.0 500. 1200 22500
LFL VFS .201 .201 .078 .078 .137
LFL FS .342 .342 .172 175 .218
LFL MS .451 .451 .454 .601 .476
LFL CS .001 .001 .197 .142 .158
LFL VCS .000 .000 .000 .003 .008
LFL VFG .0000 .0000 .0000 .0000 .0020
LFL FG .0000 .000 .0000 .0000 .0010
LFL MG .0000 .000 .0000 .0000 .0000
LFL CG .0000 .000 .0000 .0000 .0000
LFL VCG .0000 .000 .0000 .0000 .0000
PF TAKEO 1. 1. 4. 2. 99.5
PFC .25 27. .125 3. .0625 0.
PF TAKEO 6. 1. 4. 2. 99.5
PFC .25 22.5 .125 2.5 .0625 0.
$HYD

* AB FLOW 1 = BASE FLOW OF 500 CFS

Q 500 29 61 128 90

16.

99.
99.

99.
99.

93.
89.5

93.
89.5



R  956. 974.

T 65 70 72 67 73
w 2
$PRT
cp 1
PN MAIN 7 11
cP . 4
PN TAKEO 4
END
* AC FLOW 2 = 50 DAYS AT BANK FULL DISCHARGE
Q 2500.0 150 300 650 450
R  965. 975.0
X 5 50
* FLOW 3 = NEAR BANK FULL DISCHARGE
Q 1250. 78 150 340. 250
R  960. 975.
w 1.
$PRT
CcP 3
PN BEAR 1
END ;
* AC FLOW 4 = BASE FLOW OF 500 CFS
Q 500 29 61 128 90
R  955. 974.5

2
$S$END
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6.6.5 Selective Output

Output can be limited to specified cross sections on any stream segment. The type of output is
governed by information on the * record. For example, for the third flow in Example Problem 6, we
are requesting A-level hydraulic and C-level sediment output at the seventh (42.1) and eleventh (58.0)
cross sections on segment 1 and the fourth (6.0) cross section on segment 4 (Takeo Creek). This is
done via the $PRT, CP, and PN records. For the fourth flow, AC level output is to be provided only
for the first (1.0) cross section of the third segment (Bear Creek).

6.6.6 Network Output

The output is very similar to that of a single stream problem. The initial conditions output for
geometry and sediment as well as the sediment and hydraulics output for time step 1 of Example
Problem 6 are shown in Exhibit 13. The geometric data is output in increasing segment order.
Sediment data are then given for the main stem, the local inflow (Silver Creek), and the tributaries.
The user is advised to take advantage of the title records to annotate the output file. The information
from the T1 records is used throughout the output so they should contain the name of each stream

segment.

The A-level hydrologic data are output in the sequence in which the backwater computation is
performed. Segment one is calculated first from downstream to upstream. The water surface
elevation at each control point is printed; this then becomes the starting water surface elevation for
the backwater computation for that tributary. The temperature in the main stem changes as differing
water temperatures enter from the tributaries. For example, for the first flow, the inflow from Cascade
creek is 61 cfs at 72 °F and the flow in the main stem below that confluence is 500 cfs at 65 °F (see
Figure 29). Therefore, the flow in the main stem above the confluence is 439 cfs at 64.027 °F
(439*64.027 + 61*72 = 500*65). Next, the hydraulics are calculated for segment 2 using as the
starting water surface elevation the elevation calculated in segment 1 at the confluence.

Sediment output contains the same types of information previously discussed; identified primarily
by cross section and segment.
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Exhibit 13

Example Problem 6 - Output
Network System

ET 2323 s 3221222223222 2222222312222l 2222 2222222222227

SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS
Version: 4.0.5 March 22, 1991

INPUT FILE: EX6.DAT

OUTPUT FILE: EX6.0UT

RUN DATE: O1APRS1 RUN TIME: 12:56:50

(2 E I3 2 22 2 2 3 A 222 a2 R 322 222222 222222221 2]

o -
- - -
* .
* -
- -
L ] -

betat d
KX
x%

XXXXX

gxx
MR R X

X
XXXXX

XXX
botatel

XX
§

(22 X2 X222 22222222222 2 X222 2222222222222 22222222 )

MAXIMUM LIMITS FOR THIS VERSION ARE:
150 Cross Sections

15 Grain Sizes
10 Control Points

*
*
*
t 3
*
o
L2 2 2 R R R R A2 2 2 2 d 2 R 2222222 22222222222 2222222

T1 EXAMPLE PROBLEM NO 6. RIVER NETWORK SYSTEM

T2 CASCADE AND BEAR CKS ARE TRIBS, TAKEO CK IS "TRIB
T3 IS LOCAL.

NC .1000 .1000 .0400 .1000 .3000

SECTION NO. 1 RIVER MILE= 1.000

...Set the Depth (ft) of the Bed Sediment Reservoir to

N-Values vs Elevation Table

10 Stream Segments (Main Stem + Tributaries)
100 Elevation/Station Points per Cross Section

LAA 2 A 2222222 2222222222222 222

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET

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

LA 22 L 222 22 it 22 2222222222224

[ 2N 2N BN N A

®
®
-
-
t 3
*

XXXXX
X X
X
XXXXXX
X
X

XXXXX

X

X

L2 A2 2222 2222222222222
*
]
*
*
L]
L

L322 2222222222 2222222

OF BEAR CK, SILVER CK

10.00

Left Overbank Channel Right Overbank
.0800 966. .0450 966. .1000 966.
.1300 989. .0640 989. .1100 982.
.0000 0. .0000 0. -1200 989.
SECTION NO. 2 RIVER MILE= 15.000
...Set the Depth (ft) of the Bed Sediment Reservoir to 10.00

This is Junction No 2 in the Stream Network.

Tributary Entry Point 1 occurs just downstream from X-Section No. 3
NC .1000 .1000 .0500 .0000 .0000
SECTION NO. 3 RIVER MILE= 32.000
...Set the Depth (ft) of the Bed Sediment Reservoir to 10.00
SECTION NO. 4 RIVER MILE= 33.200
...Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 5 RIVER MILE= 33.300
..Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 6 RIVER MILE= 35.000
. .Hydraulic Control Point # 1
Water Surface Elevation will be read from R-RECORD..Field 2
Head Loss Criteria = .00
.Ineffective Flow Area Requested bysxa EECOQD Left 0verba3k Right Overbank
tation
Ineffective Elevation 984.70 983. 70
..Set the Depth (ft) of the Bed Sediment Reservoir to .00
NC .0600 .0600 .0450 .0000 .0000
SECTION NO. 7 RIVER MILE= 42.100
..Set the Depth (ft) of the Bed Sediment Reservoir to .00
Local Inflow Point 1 occurs just downstream from X-Section No. 8
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SECTION NO. 8 RIVER MILE= 44,000 )
...Set the Depth (ft) of the Bed Sediment Reservoir to 10.00

- SECTION NO. 9 RIVER MILE= 5§3.000
..Set the Depth (ft) of the Bed Sediment Reservoir to 10.00

This is Junction No 3 in the Stream Network.
Tributary Entry Point 2 occurs just downstream from X-Section No. 10

SECTION NO. 10 RIVER MILE= 55.000
..Set the Depth (ft) of the Bed Sediment Reservoir to 10.00

SECTION NO. 11 RIVER MILE= 58.000
..Set the Depth (ft) of the Bed Sediment Reservoir to 3.40

NO. OF CROSS SECTIONS IN STREAM SEGMENT= 11
NO. OF INPUT DATA MESSAGES = O

CcP 2 .000

T1 EXAMPLE 6 (CONTINUED) CASCADE CREEK GEOMETRY, SEG. 2, CP2

T2

T3

NC .1200 .1200 .0450 . 1000 .3000

SECTION NO. 1 RIVER MILE= 1.000

SECTION NO. 2 RIVER MILE= 3.000

SECTION NO. 3 RIVER MILE= 4.000

SECTION NO. 4 RIVER MILE= 6.200

...Ineffective Flow Area Requested by X3-RECORD. Left Overbank Right Overbank

Station # 5 13

Ineffective Elevation 987.40 987.50

NO. OF CROSS SECTIONS IN STREAM SEGMENT= 4
NO. OF INPUT DATA MESSAGES = 0

$7 3EXAMPLéOgo(CONTINUED) BEAR CREEK GEOMETRY, SEG. 3, CP3
s

NC .0900 .0900 .0460 .3000 .5000

SECTION NO. 1 RIVER MILE= 1.000

SECTION NO. 2 RIVER MILE= 2.100

This is Junction No 4 in the Stream Network.
Tributary Entry Point 1 occurs just downstream from X-Section No. 3

SECTION NO. 3 RIVER MILE= 4.000
SECTION NO. 4 RIVER MILE= 6.000
.Ineffective Flow Area Requested by X3-RECORD. Left Overbank Right Overbank
Station # 11 22
Ineffective Elevation 995.60 992.00

NO. OF CROSS SECTIONS IN STREAM SEGMENT= 4
NO. OF INPUT DATA MESSAGES = 0

cP 4 .000
;; EXAMPLE 6 (CONTINUED) TAKEO CREEK GEOMETRY, SEG. 4, CP4
T3

NC .0900 .0900 .0460 .3000 .5000

SECTION NO. 1 RIVER MILE= 1.000
.. .Add 2.00 (ft) to each Elevation(Y)

SECTION NO. 2 RIVER MILE= 2.100
.. .Add 2.00 (ft) to each Elevation(Y)

SECTION NO. 3 RIVER MILE= 4.000
. .Add 2.00 (ft) to each Elevation(Y)

SECTION NO. 4 RIVER MILE= 6.000
...Add 2.00 (ft) to each Elevation(Y)
...Ineffective Flow Area Requested by X3-RECORD. Left Overbank Right Overbank
Station # 11 22
Ineffective Elevation 997.60 994.00

NO. OF CROSS SECTIONS IN STREAM SEGMENT= 4
NO. OF INPUT DATA MESSAGES = O
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TOTAL NO. OF CROSS SECTIONS IN THE NETWORK = 23
TOTAL NO. OF STREAM SEGMENTS IN THE NETWORK= 4
END OF GEOMETRIC DATA

T4 MAIN STEM, SEGMENT 1, CONTROL POINT 1.

T5 LOAD CURVE FROM GAGE DAT.

T6 BED GRADATIONS FROM FIELD "SAMPLES .

T7

T8 SEDIMENT TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1871)

EXAMPLE PROBLEM NO 6. RIVER NETWORK SYSTEM.
CASCADE AND BEAR CKS ARE TRIBS, TAKEO CK IS TRIB OF BEAR CK, SILVER CK

IS LOCAL.

SEDIMENT PROPERITES AND PARAMETERS

SPI 186 MNQ SPGF ACGR NFALL  IBSHER

I1 5. o 1 1.000 32.174 2 1
SAND AND/OR GRAVEL ARE PRESENT

uTC IASA  LASA SPGS GSF BSAE PSI uwoLB
14 4 1 10 2.650 .667 .500  30.000  93.000
USING TRANSPORT CAPACITY RELATIONSHIP # 4, YANG
FOLLOWING GRAIN SIZES UTILIZED (MM)
SAND: 880 .1770 .3540 7070 1.4140

2.9980  5.8570 11.3140 22,6270 45,2880

COEFFICIENTS FOR COMPUTATION SCHEME WERE SPECIFIED

DBI DBN XID XIN T3¢ UBN JsL
15 .500 .500 .250 .500 280 .000  1.000 1
SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
LOAD BY GRAIN SIZE CLASS (tons/day)
L 1.00000 50.0000 1000.00 5800.00 90000.0
L  VFS | .130900E-02| .178500 159.360 2299.50 232800.
L FS | .360800E-02| .492000 105.920 1377.00 112000.
L MS | .608300E-02| .829500 49,9200 693.000 44000.0
L CS | .100000E-19| .100000E-19| 3.52000 72.0000 8000.00
L vcs | .100000E-19| .100000E-19| 1.28000 36.0000 2000.00
L  VFG | .100000E-19| .100000E-19| .100000E-19| 18.0000 800.000
L FG | .100000E-19| .100000E-19| .100000E-19| 4.50000 400.000
L MG | .100000E-19| .100000E-19| .100000E-19| .100000E-19( .100000E-19
L CG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
L VvcG | .100000E-19| .100000E-19| .100000E-19| .100000E-18| .100000E-19

TOTAL | .110000E-01| 1.50000 | 320.000 | 4500.00 | 400000 |

CROSS REACH MOVABLE INITIAL BED-ELEVATIONS ACCUMULATED CHANNEL DISTANCE
SECTION LENGTH BED LEFT SIDE THALWEG RIGHT SIDE FROM DOWNSTREAM
ID. NO. (ft%o WIDTH (ft) (ft) (ft) (ft) (miles)
1.000 ' 183.50 959.30 944.70 958.90 .00 .00
8268.00
15.000 242.00 961.00 954.00 962.00 8268.00 1.57
8240.00
32.000 — 219.50 968.60 956.50 978.50 16508.00 3.13
33.200 175.00 299.00 979.19 961.00 976.00 166828.00 3.19
33.300 105.00 299.00 979.19 961.00 976.00 17003.00 3.22
35.000 ) 276.00 963.30 963.30 983.70 17108.00 3.24
3005.00
42.100 g 154.50 969.80 969.80 969.80 20113.00 3.81
44.000 2941.00 337.50 970.90 967.10 976.90 20608.00 3.90
53.000 770.00 195.00 982.80 972.20 988.70 23549.00 4.46
55.000 1462.00 204.00 987.20 972.90 983.80 24319.00 4.61
58.000 ) 176.50 996.30 975.40 990.40 25781.00 4.88
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BED MATERIAL GRADATION (as computed from PF-records)
ID DMAX  DXPI XPI TOTAL

SEC SAE

N 1.000 1.000 108
N 15.000 1.000 .158
N 32.000 1.000 .210
N 33.200 1.000 .210
N 33.300 1.000 .210
N 35.000 1.000 .210
N 42.100 1.000 .210
N 44.000 1.000 .210
N 53.000 1.000 .210
N 55.000 1.000 .210
N 58.000 1.000 .210
..LOCAL INFLOW DATA...

(ft)
.105 1

.158 1

.210 1

.210 1

.210 1.

.210 1

210 1

.210 1

210 1

210 1

.210 1

.000

.000

.000

.000

000

.000

.000

.000

.000

.000

.000

BED
1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
AT LOCAL INFLOW POINT # 1

LOAD BY GRAIN SIZE CLASS (tons/day)

CG

1.00000

.265600E-02
.828000E-03
.344000E-03
.124000E-03
.320000E-04
.120000E -04
.400000E -05
. 100000E-19
.100000E-19
.100000E-19

100.000
6.64000
2.07000
.860000
.310000
.800000E-01
.300000E-01
.100000E-01
.100000E-19
.100000E-19
.100000E-19

1000.00
7.50000
122.500
302.500
26.0000
19.5000
10.0000
5.50000
5.50000
.100000E-19
.100000E-19

CASCADE CREEK, SEGMENT 2, AT CONTROL POINT 2
FIRST TRIB ON MAIN STEM.
BED GRADATIONS FROM FIELD SAMPLES.

EXAMPLE 6 (CONTINUED) CASCADE CREEK GEOMETRY, SEG. 2, CP2
USING TRANSPORT CAPACITY RELATIONSHIP # 4, YANG

FOLLOWING GRAIN SIZES UTILIZED (MM)
SAND: 70

.0880
2.8280

5.657

.3540
0 11.3140

SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 2

LOAD BY GRAIN SIZE CLASS (tons/day)

1.00000

.265600E-02
.828000E-03
.344000E-03
.124000E-03
.320000E-04
.120000E-04
.400000E -05
.100000E-19
.100000E-19
.100000E-18

-800000E -01
.300000E-01
.100000E -01
. 100000E-19
.100000E-19
.100000E-19

.7070 1.4140
22.6270 45.2550
1000.00 10000.0
7.50000 5940.00
122.500 5430.00
302.500 3210.00
26.0000 2940.00
19.5000 3810.00
10.0000 3480.00
5.50000 2730.00
5.50000 1590.00
.100000E-19| 660.000
-100000E-19| 180.000
499.000 29970.0

LOAD CURVE IS FROM GAGE DATA.

BED MATERIAL FRACTIONS
per grain size, fine - coarse.
290

.010 .070 .360 .120
.060 .040 .015 .035 .000
.010 .070 .333 .368 112
.042 .032 .010 .020 .003
.010 .070 .375 .375 .105
.025 .025 .005 .005 .005
.010 .068 .363 .380 .109
.028 .026 .005 .006 .006
.009 .067 .356 .383 112
.030 .026 .005 .006 .006
.009 .067  .352 .384 .113
.030 .026 .005 .007 .007
.006 .051 .237 .431 .154
.058 .031 .003 .015 .015
.006 .048 .218 .439 .160
.063 .032 .003 .016 .016
.002 .032 .105 .485 .200
.090 .036 .001 .024 .024
.002 .028 .076 .497 .210
.097 .038 .001 .026 .026
.000 .020 .020 .520 .230
.110 .040 .000 .030 .030

10000.0

5940.00

5430.00

3210.00

2940.00

3810.00

3480.00

2730.00

1590.00

660.000

180.000

29970.0



REACH GEOMETRY FOR STREAM SEGMENT 2

CROSS REACH MOVABLE INITIAL BED-ELEVATIONS ACCUMULATED CHANNEL DISTANCE
SECTION LENGTH BED LEFT SIDE THALWEG RIGHT SIDE FROM DOWNSTREAM
ID. NO. (ft%o WIDTH (ft) (ft) () (ft) (miles)
1.000 ’ 200.00 964.60 959.80 969.60 .00 .00
§37.00
3.000 222.00 982.90 964.30 970.30 5§37.00 .10
240.00
4.000 114.50 981.70 968.30 981.20 777.00 .15
474 .00
6.200 200.00 987.40 972.00 987.50 1251.00 .24

BED MATERIAL GRADATION (as computed
SECID DMAX  DXPI

SAE XP XPI TOTAL BED MATERIAL FRACTIONS
(%) (ft) (ft) BED per grain size, fine - coarse.
N 1.000 1.000 .210 .210 1.000 1.000 025  .025 .040 .090 .140
.180 .200 .150 .090 .060
N 3.000 1.000 .210 .210 1.000 1.000 .025 .025 .040 .090 .140
.180 .200 .150 .090 .060
N 4,000 1.000 .210 .210 1.000 1.000 .025 .025 .040 .090 .140
.180 .200 . 150 .090 .060
N 6.200 1.000 .210 .210 1.000 1.000 .025 .025 .040 .090 .140
.180 .200 .150 .090 .060
T4 BEAR CREEK, SEGMENT 3, AT CONTROL POINT 3,
T5 SECOND UPSTREAM TRIB ON MAIN STEM.
T6 LOAD CURVE IS FROM GAGE DATA.
;Z BED GRADATIONS FROM FIELD SAMPLES.
EXAMPLE 6 (CONTINUED) BEAR CREEK GEOMETRY, SEG. 3, CP3
USING TRANSPORT CAPACITY RELATIONSHIP # 4, YANG
FOLLOWING GRAIN SIZES UTILIZED (MM)
SAND: .0880 .1770 .3540 .7070 1.4140
2.8280 5.6570 11.3140 22.6270 45.2550
SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 3
LOAD BY GRAIN SIZE CLASS (tons/day)
LL 1.00000 100.000 500.000 1000.00 30000.0
L L VFS .402000E-03| 6.03000 39.0000 93.6000 3082.50
LL FS .684000E-03| 10.2600 86.0000 210.000 4905.00
LL M .802000E-03| 13.5300 227.000 721.200 10710.0
LL CS .200000E-05| .300000E-01| 98.5000 170.400 3555.00
LL VCS .100000E-19| .100000E-19| .100000E-19| 3.60000 180.000
L L VFG .100000E-19| .100000E-19| .100000E-19| .100000E-19| 45.0000
LL FG .100000E-19| .100000E-19| .100000E-19| .100000E-19| 22.5000
LL MG .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
LL CG .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
L L VvCGe .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
TOTAL | .199000E-02| 29.8500 | 450.500 | 1198.80 | 22500.0
REACH GEOMETRY FOR STREAM SEGMENT 3
CROSS REACH MOVABLE INITIAL BED-ELEVATIONS ACCUMULATED CHANNEL DISTANCE
SECTION LENGTH BED LEFT SIDE THALWEG RIGHT SIDE FROM DOWNSTREAM
ID. NO. (ft())o WIDTH (ft) (ft) (ft) (ft) (miles)
1.000 ) 202.50 985.00 977.00 ©85.80 .00 .00
260.00
2.100 e 137.50 986.70 977.30 986.70 260.00 .05
4.000 665'00 137.50 986.30 978.30 992.30 968.00 .18
6.000 ’ 347.50 995.60 982.80 994 .20 1633.00 .31

BED MATERIAL GRADATION (as computed from PF-records)
ECID DMAX XPI TOTAL

SAE

DXPI

from PF-records)

BED MATERIAL FRACTIONS

(%) (ft) (ft) BED per grain size, fine - coarse.
N 1.000 1.000 .013 .013 1.000 1.000 .030 .240 6 .060 .005
.005 .000 .000 .000 .000
N 2.100 1.000 .013 .013 1.000 1.000 .029 .234 .662 .066 .005
.005 .000 .000 .000 .000
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N 4.000

6.000

1.000

1.000

.013

.013

.013

.013

1.000

1.000

1.000

1.000

.216
.000

.200
.000

.027
.005

.025
.005

TAKEO CREEK, SEGMENT 4, AT CONTROL POINT 4
FIRST TRIBUTARY ON BEAR CREEK.
LOAD CURVE IS FROM GAGE DATA.
BED GRADATIONS FROM FIELD SAMPLES.

EXAMPLE 6 (CONTINUED) TAKEO CREEK GEOMETRY, SEG. 4, CP4
USING TRANSPORT CAPACITY RELATIONSHIP # 4, YANG
FOLLOWING GRAIN SIZES UTILIZED (MM)
SAND:

SEDIMENT LOAD TABLE FOR STREAM SEGMENT #

.0880
2.8280

.1770
5.6570

.3540
11.3140

LOAD BY GRAIN SIZE CLASS (tons/day)

1.00000

.402000E-03
.684000E-03
.902000E-03
.200000E -05
.100000E-19
.100000E-19
.100000E-19
.100000E-19
.100000E-19
.100000E-19

100.000
6.03000
10.2600
13.5300
.300000E -01
.100000E-19
.100000E-19
.100000E-19
.100000E-19
.100000E-19
.100000E-19

.7070
22.6270

500.000
39.0000
86.0000
227.000
98.5000
.100000E-19
.100000E-19
.100000E-19
.100000E-19
.100000E-19
.100000E-19

1.4140
45.2550

1000.00
93.6000
210.000
721.200
170.400
3.60000
.100000E-19
.100000E-19
.100000E-19
.100000E-19
.100000E-19

.666
.000

.670
.000

.081
.000

.095
.000

30000.0
3082.50
4905.00
10710.0
3555.00
180.000
45.0000
22.5000
.100000E-19
.100000E-19
.100000E-19

6.000
BED MATERIAL
SECID

N 1.000

N 2.100
N 4.000

N 6.000

STREAM SEGMENT # 1:

REACH
LENGTH
()

.00
260.00
708.00

665.00

GRADATION (a
SAE  DMAX
(%)  (Tt)

1.000 .013

1.000 .013

1.000 .013

1.000 .013

MOVABLE
BED
WIDTH (
202.50 98
137.50 98
137.50 98
347.50 99
s computed
DXPI
(ft)

.013 1

XP
.00
.013 1
.013 1.00

.013. 1.00

EXAMPLE PROBLEM NO 6.

BED SEDIMENT CONTROL VOLUMES

SECTION
NUMBER

MAX. WIDTH
(T1)

.000

INITIAL BED-

LEFT SIDE THALWEG RIGHT

ft)
7.00
8.70
8.30
7.60

(f

I
0

TAL
BED
1.000

1.000
0 1.000
0 1.000

DEPTH
(ft)

979.
979.
980.
984.

ELEVATIONS
t)
00
30
30
80

(fv)
987.90
988.70
994.30
996.20

from PF-records)

BED MATERI

SIDE

ACCUMULATED CHANNEL DISTANCE
FROM DOWNSTREAM

(1)
.00
260.00
968.00

1633.00

AL FRACTIONS

.005
.000

.005
.000

per grain size, fine - coarse.
.030 .240 .660 .060 .005

.005

.029
.005

.027
.005

.025
.005

.000

.234
.000

.216
.000

.200
.000

Vo
(cu.ft)

.000

.662
.000

.666
.000

.670
.000

.000

.066
.000

.081
.000

.095
.000

RIVER NETWORK SYSTEM.

LUME
| (cu.yd)

.000

.005
.000

.005
.000

.005
.000

.839202E+07
.188596E+08
.974600E+07
.000000
.000000
.000000
.000000
.494879E+07
.432826E+07
.219808E+07
461456.
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698502.
360963.
.000000
.000000
.000000
.000000
183288.
160306,
81410.4
17091.0

(miles)
.00
.05
.18
.31



STREAM SEGMENT # 2:
BED SEDIMENT CONTROL VOLUMES

SECTION l LENGTH MAX. WIDTH I DEPTH

NUMBER (ft) (ft) (ft)
1.000 268.50 207.33 10.00
3.000 388.50 205.86 .00
4.000 357.00 145.46 .00
6.200 237.00 171.50 .00

EXAMPLE 6 (CONTINUED) CASCADE CREEK GEOMETRY, SEG. 2, CP2

VOLUME
(cu.ft) | (cu.yd)
556690. 20618.1
.000000 .000000
.000000 .000000
.000000 .000000

STREAM SEGMENT # 3: EXAMPLE 6 (CONTINUED) BEAR CREEK GEOMETRY, SEG. 3, CP3

BED SEDIMENT CONTROL VOLUMES

SECTION LENGTH MAX. WIDTH I DEPTH

NUMBER (ft) (ft) (ft)
1.000 130.00 180.83 10.00
2.100 484.00 143.32 10.00
4.000 686.50 171.40 .00
6.000 332.50 277.50 .10

STREAM SEGMENT # 4: EXAMPLE 6 (CONTINUED) TAKEO
BED SEDIMENT CONTROL VOLUMES

l VOLUME
(cu.ft) | (cu.yd)
235083, 8706.79
693667. 25691 .4
.000000 .000000
9226.87 341.736

CREEK GEOMETRY, SEG. 4, CP4

I SECTION LENGTH | MAX. WIDTH | DEPTH I VOLUME I
NUMBER (0 |t (1) (cu.ft) |  (cu.yd)
1.000 130.00 180.83 10,00 | 235083, 8706.79
2.100 484.00 143.32 10.00 | 693667, 25691.4
4.000 686.50 171.40 '00 | .000000 ~000000
6.000 332.50 277.50 10 | 9226.87 341.736
NO. OF INPUT DATA MESSAGES= 0
END OF SEDIMENT DATA
BEGIN COMPUTATIONS.
$HYD
* AB  FLOW 1 = BASE FLOW OF 500 CFS
EXAMPLE PROBLEM NO 6. RIVER NETWORK SYSTEM.  ~~ -~~~ °~°-°°7°°
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
SEGMENT  INFLOW Q IN CFS...
1 5§00.0 29.0
TIME STEP NO,
WATER  DISCHARGE=  500.00
ELEVATION=  956.000
TEMPERATURE=  65.000
FLOW DURATION(DAYS) 2.000
sess N DISCHARGE WATER  ENERGY VELOCITY ALPHA  TOP AVG AVG VEL (by subsection)
(CFS)  SURFACE  LINE  HEAD WIDTH  BED 1 2 3
SEC NO. 1.000
*sss §  500.0 956.00 956.00 .00  1.00 154.50 949.52 .00 .50 .00
- FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO.  15.000
SUPERCRITICAL
SEC NO. 15.000 TIME =  2.00 DAYS.
TRIAL ~ TRIAL COMPUTED  CRITICAL
NO. Wws ws ws
0.  957.23 956.49
1.  957.33 956.55 957.28
esss 1 500.0 957.33 958.06 .73  1.00  46.55 955.76 .00 6.86 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
JUNCTION...CONTROL POINT NO.= 2 °
TRIBUTARY DISCHARGE= - 1.0
WATER SURFACE ELEV.= ~ 957.33

...CONTINUING ON SEGMENT NO. 1

WATER DISCHARGE= = 439.00
ELEVATION= 957.326
TEMPERATURE= 64.027

FLOW DURATION(DAYS) 2.000
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#«as N DISCHARGE WATER ENERGY VELOCITY  ALPHA TOP AVG
(CFS) SURFACE LINE HEAD WIDTH BED
- SEC NO. 32.000
it | 439.0 962.97 962.98 .01 1.00 126.98 958.75
FLOW DISTRIBUTION (%) =
SEC NO. 33.200
hix 9 439.0 963.03 963.05 .02 1.00 210.65 961.07
FLOW DISTRIBUTION (%) =
SEC NO. 33.300
wkax 1 439.0 963.12 963.14 .02 1.00 211.16 961.08

FLOW DISTRIBUTION (%) =

SEC NO. 35.000

OPERATION RULE SPECIFIED

UPPER POOL ELEVATION (UPE) = 974.00 HEAD LOSS = .00

*aast Y 439.0 974.00 974.00 .00 1.00 221.75 967.05
FLOW DISTRIBUTION (%) =

SEC NO. 42.100
LA | 439.0 974.04 974.04 .00 1.00 242.42 969.84

FLOW DISTRIBUTION (%) =

....LOCAL INFLOW POINT NO. 1, Q@= 29.00
.. .CONTINUING ON SEGMENT NO 1
TEMPERATURE= 63.605
SEC NO. 44.000
L 410.0 974.05 974.05 .00 1.00 261.36 969.85
FLOW DISTRIBUTION (%) =
SEC NO. 5§3.000
thex 1 410.0 974.14 974.50 .36 1.00 66.12 972.85

FLOW DISTRIBUTION (%) =

JUNCTION...CONTROL POINT NO.= 3  °
TRIBUTARY DISCHARGE= 128.0
WATER SURFACE ELEV.=  974.14
...CONTINUING ON SEGMENT NO.
WATER  DISCHARGE= 262.00
ELEVATION=  974.137
TEMPERATURE= 62.064
FLOW DURATION(DAYS) 2.000

##+* N DISCHARGE WATER ENERGY VELOCITY ALPHA TOP AVG
(CFS) SURFACE LINE HEAD WIDTH BED

SEC NO. 5§5.000

axst | 282.0 976.18 976.22 .04 1.00 83.11 974.10

FLOW DISTRIBUTION (%) =

SEC NO 58.000
S 282.0 978.28 978.39 .11 1.00 50.53 976.22
FLOW DISTRIBUTION (%) =

AVG VEL (by

.00 .
.0 100.0
.00 1.06
.0 100.0
.00 1.02
.0 100.0
.00 .29
.0 100.0

.00 .43
.0 100.0

.00 .37
.0 100.0

.00 4.80
.0 100.0

AVG VEL (by

.00 1.63
.0 100.0

.00 2.72
.0 100.0

subsection)

subsection)

EXAMPLE 6 (CONTINUED) CASCADE CREEK GEOMETRY, SEG. 2, CP2

BOUNDARY CONDITION DATA, CONTROL POINT NO. 2
TIME STEP NO.
WATER DISCHARGE= 61.00 -
i ELEVATION= 957.326 : S
TEMPERATURE= 72.000 =G IRAEES
FLOW DURATION(DAYS) 2.000

ssee N DISCHARGE WATER  ENERGY VELOCITY ALPHA TOP AVG
(CFS)  SURFACE  LINE HEAD WIDTH BED
SEC NO. 1.000
** CRITICAL W.S. USED AT SECTION NO. 1.000 AT TIME = 2.00 DAYS.®**
**ELOEQ**
eeee 4§ 61.0 960.34  960.56 .21 1.00 60.49  960.07
FLOW DISTRIBUTION (%) =
SEC NO. 3.000
sane q 61.0 965.96  966.03 .07 1.00 24.98  964.78

FLOW DISTRIBUTION (%) =
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AVG VEL (by
2 3

.00 3.70
.0 100.0

.00 2.07
.0 100.0

subsection)



SEC NO. 4.000

SUPERCRITICAL
SEC NO.. 4.000 TIME = 2.00 D
TRIAL TRIAL COMPUTED CRITICAL
NO. L WS WS
0. 969.50 968.13
1. 969.60 967.77 969.55
reke Y 61.0 969.60 969.80 .20 1.00 31.28 969.05 .00 3.60 .00
) FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 6.200
kexes 1 61.0 972.74 972.77 .03 1.00 64.72 972.02 .00 1.30 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

EXAMPLE 6 (CONTINUED) BEAR CREEK GEOMETRY, SEG. 3, CP3

BOUNDARY CONDITION DATA, CONTROL POINT NO. 3
TIME STEP NO. 1
WATER DISCHARGE= 128.00
ELEVATION= 974.137
TEMPERATURE= 67.000
FLOW DURATION(DAYS) 2.000

#e«* N DISCHARGE WATER ENERGY VELOCITY ALPHA TOP AVG AVG VEL (by subsection)
(CFS) SURFACE LINE HEAD WIDTH BED 1 2 3
SEC NO. 1.000
** CRITICAL W.S. USED AT SECTION NO. 1.000 AT TIME = 2.00 DAYS.=**
**ELOEQ**
LEL LA 128.0 977.61 977.91 .30 1.00 60.76 977.13 .00 4.40 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 2.100
L | 128.0 978.59 978.60 .01 1.00 13.70 977.28 .00 .86 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0

JUNCTION...CONTROL POINT NO.= 4
TRIBUTARY DISCHARGE= 90.0
WATER SURFACE ELEV.=  978.59

...CONTINUING ON SEGMENT NO.

WATER  DISCHARGE= 38.00
ELEVATION=  978.593

TEMPERATURE= 52.789
FLOW DURATION(DAYS) 2.000

#a#« N DISCHARGE WATER ENERGY VELOCITY  ALPHA TOP AVG AVG VEL (by subsection)
(CFS) SURFACE LINE HEAD WIDTH BED
SEC NO. 4.000
SUPERCRITICAL
SEC NO. 4.000 TIME = 2.00 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
NO. WS WS ws
0. 978.92 978.65
1. 979.02 978.69 978.97
whas 38.0 979.02 979.20 .18 1.00 24.52 978.56 .00 3.42 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 6.000
kasy it 38.0 983.95 983.98 .03 983.19 .00 1.36 .00

FLW DISTRIBUTION (%) = .0 100.0 .0

EXAMPLE 6 (CONTINUED) TAKEO CREEK GEOMETRY, SEG. 4, CP4
BOUNDARY CONDITION DATA, CONTROL POINT NO. 4
TIME STEP NO. 1

TEMPERATURE= =~ 73.000 . .- :
FLOW DURATION(DAYS) 2.000 o sy

##2* N DISCHARGE WATER ENERGY VELOCITY ALPHA TOP AVG AVG VEL (by subsection)
(CFS) SURFACE LINE WIDTH BED 1 2 3
SEC NO. 1.000
** CRITICAL W.S. USED AT SECTION NO. 1.000 AT TIME = 2.00 DAYS,=*
**ELOEQ**
wess g 0.0 979.50 979.69 .19 1.00 59.76 979.07 .00 3.48 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
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SEC NO. 2.100
aeee $0.0
SEC NO. 4.000
seee $0.0
SEC NO. 6.000
2223 90'0
TABLE SA-1.

980.33 980.34
981.50 981.70
986.41 986.47

113.585

979.29

FLOW DISTRIBUTION (%) =

33.58 980.75

FLOW DISTRIBUTION (%) =

.01 1.00
.20 1.00
.06 .00

40.80 985.32

FLOW DISTRIBUTION (%) =

TRAP EFFICIENCY ON STREAM SEGMENT # 4
E

XAMPLE 6 (CONTINUED) TAKEO CREEK GEOMETRY, SEG. 4, CP4
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

22 22222223222 222 222 2222222222222 2222222222ty st

TIME ENTRY *

DAYS POINT *

3

2.00 6.000 *

TOTAL= 1.000 :

SAND *

INFLOW OUTFLOW TRAP EFF *
®

.02 »
.02 .97 -40.21 :

*

I3 2 2 22 F X222 2222222222 2222222222222 22222222222 2

LOAD BYFGRAIN SIZE &TONS/DAY)

TABLE SB-1.

SEDIMENT INFLOW
SANDS & GRAVELS

SEDIMENT OUTFLOW
SANDS & GRAVELS

SECTION.
ID NO
6.000
4.000
2.100
1.000

TABLE SA-1.

BED CHANGE
FEET

-.10
.01
-.26
-2.81

TOTAL

23.96

987.24

980.33
979.50

VF

4.84
.00

33.00
1.46

THALWEG
EL FEET
984.70

8.23
.00

244 .47
.00

TRAP EFFICIENCY ON STREAM SEGMENT # 3

90.

*

10.86 .02
.00 .00
648.68 55.24
.00 .00

.00 .76
.0 100.0

.00 3.57
.0 100.0

.00 2.01
.0 100.0

Ve

.00
.00

4.39
.00

SEDIMENT LOAD (TONS/DAY)
SAND

53.
42,
307.
987.

EXAMPLE 6 (CONTINUED) BEAR CREEK GEOMETRY, SEG. 3, CP3
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

R R AR R R AN AN AR AN TN AN AN RAARAN AN RS

TIME ENTRY *
DAYS POINT :
2.00 6.000 *
2.100 *

TOTAL= 1.000 *
*

&

INFLOW

.00
.97
.98

SAND
OUTFLOW

1.32

TRAP EFF

-.35

I2 222222222 22222 R2R 22 222 2 R 2222 R 222222222

TABLE SB-1.

SEDIMENT INFLOW
SANDS & GRAVELS

SEDIMENT OUTFLOW
SANDS & GRAVELS

SECTION BED CHANGE
ID NO FEET
€.000 -.10
4.000 .01
2.100 .54
1.000 -3.59
TABLE SA-1.

TOTAL

3.96

1334.14

.80
.00

59.22
1.89

THALWEG
EL FEET
982.70
978.31
977.84
973.41

®
-
&
®
®
®
*
*
*®

LOAD BYFGHAIN SIZE &TONS/DAY)

1.36

373.42
.00

Q
CFS
38
38
128

128.

TRAP EFFICIENCY ON STREAM SEGMENT # 2
EXAMPLE 6 (CONTINUED) CASCADE CREEK GEOMETRY, SEG. 2, CP2

1.79 .00
.00 .00
826.29 67.93
.00 .00

ve

.00

5.39
.00

SEDIMENT LOAD (TONS/DAY)

SAND
33.
26.

463.

1334.

ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

L2222 2 22222 222222 s il s ity

TIME ENTRY *
DAYS POINT *
®
2.00 6.200 *
TOTAL= 1.000 *
*

SAND
INFLOW  OUTFLOW TRAP EFF
.00
.00 .04 -7.90

(2222 2222 2 RS2 R 22 2222 22 22 R 22 22222 22222 22222222222
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TABLE SB-1. TOTAL
SEDIMENT INFLOW
SANDS & GRAVELS 4.32
SEDIMENT OUTFLOW
SANDS & GRAVELS 38.44

SECTION BED CHANGE WS ELEV
ID NO FEET

FEET
6.200 .00 972.74
4.000 .00 969.60
3.000 .00 965.96
1.000 -1 960.34

VF

2.87
.01

3.86
3.25

THALWEG
EL FEET
972.00
968.30
964 .30
959.69

LOAD BYFGRAIN SIZE &TONSIDAY)

.89
.00

2.85
2.31

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
RIVER NETWORK SYSTEM.
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

L2 2222 2 2222 22222222222 2222222222222 2222222322222z

EXAMPLE PROBLEM NO 6

®

.37
.00

4.02
.00

.13
.00

8.70
.00

vC

.03
.00

13.44
.00

SEDIMENT LOAD (TONS/DAY)
SAND

3.
3.
2.
38.

LOAD BYFGRAIN SIZE &TONSIDAY)

TIME ENTRY * SAND *
DAYS POINT : INFLOW OUTFLOW TRAP EFF :
2.00 58.000 * .03 -
5§3.000 * 1.32 *
TOTAL= 53.000 * 1.35 .06 .96 :
*
itit"t.'t'tttt..ttl...t'Qtt.‘t.-t.ttt’ttitlt'iﬁt..ttt
TIME ENTRY * SAND -
2.00 53.000 * .06 *
42.100 * .00 *
TOTAL= 35.000 * .06 .00 1.00 :
-

2 22 2 22222223 2222223232222 2222222222222 2223223222223
TIME ENTRY * SAND *
2.00 35.000 * .00 s

15.000 * .04 *
TOTAL= 1.000 : .04 .00 .92 :

t 2233222222222 22322 32222222222 2222222222322 222222332222 ]

TABLE SB-1. TOTAL

SEDIMENT INFLOW

SANDS & GRAVELS 28.81 9.03 10.94

.00 .00

SEDIMENT OUTFLOW

SANDS & GRAVELS 3.07 .05 .21

.34 .43
SECTION BED CHANGE WS ELEV  THALWEG Q
ID NO FEET FEET EL FEET CFS

58.000 -.23 978.28 975.17 282.
55.000 -.10 976.18 972.80 282.
53.000 2.38 974.14 974.58 410.
44,000 .04 974.05 967.14 410.
42.100 .00 974.04 969.80 439.
35.000 .00 974.00 963.30 439.
33.300 .00 963.12 961.00 439.
33.200 .00 963.03 861.00 439,
32.000 -.02 962.97 956 .48 439.
15.000 -.01 957.33 953.99 500.
1.000 .03 956.00 944.73 500.

*

*

*

i Output has been removed
*
*
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8.84
.00

.67
.10

.00
.00

.85
.00

ve

.00
.00

.42
.00

SEDIMENT LOAD (TONS/DAY)
SAND

562.
60.



6.7 Example Problem 7 - Cohesive Sediment

This problem illustrates the deposition of clays and silts in an impoundment at the downstream
end of a single stream segment. Subsequent lowering of the pool level in that impoundment causes
erosion of the cohesive deposits. Exhibit 14 shows the input data file for this problem and Exhibit 16

the output file.

6.7.1  Cohesive Sediment Data

This problem uses Method 2 (see Sections 2.3.9, 3.3.4.2, and the 12 record in Appendix A) to
compute the deposition and erosion rates for clay and silts. This method requires the addition of two
Specilal 12 records to provide the data; in this case, one for the active layer and one for the inactive
layer. The data for the active layer is described below.

The shear stress threshold above which clays and silts will not deposit is 0.02 Ib/ft2. The shear
stress at which deposited cohesive material will scour is 0.05 Ib/ft2. The shear stress above which
mass erosion occurs is 0.10 Ib/ft2. The erosion rate at that shear stress is 1.5 Ib/ft?/hr. The slope of
the mass erosion rate curve is 60/hr. These values are depicted in Figure 30 for both the active and
inactive layers. Note that the shear strength of the inactive layer is larger than that of the active layer
and it erodes more slowly. This represents, perhaps, the effect of consolidation. The I3 record
indicates that only one size of silt will be used in the computations.

Cohesive Sediment Characteristics Cohesive Sediment Characteristics for
for Material Found in the Active Layer Material Found in the Inactive Layer
4.0
£ w2 £ =2
< =S
& E 30
o o
< <
= )
P Fa o
& & |
c c l
0 2 10
3 3 I
. - [ ]
u u sTco snee |
\ 6 N\
] .10 kL) .10 .18 20 25
Shear Stress Ib/sq. ft. Shear Stress Ib/sq. ft.
(a) ()
Figure 30

Erosion Rate Characteristics, Example Problem 7

Caution, the cohesive sediment values given in Example Problem 7 are not factual and should
not be used under any circumstances without field verification. To determine these values, laboratory
tests must be performed on the sediments to be simulated. These tests must be done under the
same physical and chemical conditions as in the prototype, see Section 2.3.9.
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T1

T2

T3

NC .100
X1 1.0
GR1004.0
GR950.00
GR956.20
GR958.80
GR968.00
GRS62.00
GRS84 .00
HD 1
NV 22
NV 12
NV 33
X1 15.0
X3

GR992.00
GR964 .70
. GR958.60
GR962.00
GR970.00
GRSS0.00
HD 15
NC .10
X1 32.0
GR998.00
GR979.48
GR956.80
GR966.50
GRS78.91
GR984.00
HD 32
NC .06
X1 42.1
GR996.00
GRS88.00
GR9S0.00
GR969.80
GR969.80
GR989.90
GR986.80

- HD 42.10

X1 44.0
XL

GR1002.0
GR996.00
GR980.60
GR968.90
GR977.80
GR983.10
HD 44
X1 53.0
GR1004.0
GR994 .00

EXAMPLE PROBLEM NO 7.

Exhibit 14

Example Problem 7 - Input

Cohesive Sediment

A LAKE IS CREATED.

.100
31.
9915.0
10092.0
10243.0
10350.0
11085.0
11665.0
12735.0
10.
.045
.080

10000.0
10117.0
10225.0
10370.0
11150.0

10.

.06

32.
7130.
8780.
9880.
9943.
10067 .
10130.
11720.

28.

8035.0
9285.0
9845.0
10028.0
10150.0
10400.0
10.

22.
7550.0
8940.0

[eJoJololeloYo o)

.040
10077.0
978.40
948.48
958.90
957.40
968.00
962.00

10081
965.6
965.6
965.6
10665.0

982.00
956.00
959.30
964 .00
972.00
1000.00
10673
.05
10057.0
982.00
978.50
957.80
971.20
978.96
992.00
10075
.045
9880.0
998.00
986.00
969.80
969.80
985.80
989.50
989.90
9881
9845.0

992.00
1017.6
970.90
967.40
976.90
999.80
9868
10000.0
1000.00
986.00

.3

0.
956.00
946.60
959.80
970.00
970.00
976.00

10275.
10002.
10108.
10250.
10400.
11240.
12400.

000000 =

10250

.064 988.8
.130 988.8
.11 982.0
10850.0  8565.
10700 961
0 976.00
0 953.00
.0 957.00
10970.0 966.00
0 980.00

0

10271.0  7429.
9250.0 982.00
10057.0 968.60
10137.0 959.40
10250.0 978.50
10387.0 980.00
11240.0 1000.00
10275

10130.0 2460
7310.0 998.00
8990.0 985.70
9881.0 969.80

10001.0 986.70

10067.0 985.80

10180.0 988.60

12310.0

10021
10127.0 290.
9850 10200

8150.0 990.00
9425.0 990.00
9868.0 972.20
10058.0 967.10
10193.0 982.00
10450.0 1002.40
10193
10136.0 3366.
7760.0 998.00
9245.0 986.30

COHESIVE SEDIMENT.

0.
10060.0
10138.0
10275.0
10700.0
11365.0
12550.0

.12
7535.
11000

10300.0
10693.0
10822.0
11015.0
11410.0

6654 .
9510.0
10075.0
10157.0
10271.0
10610.0
11330.0

4495
7930.0
9570.0
9941.0

10001.0
10069.0
10230.0

795.

8305.
9505.
9898.
10078.
10206.
10464.

2831.
8440.0
9555.0

[ejolololoXe]
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0.
959.20
944.70
959.80
966.00
970.00
980.00

988.8
8268.
970
976.00
954.00
957.30
961.00
984.00

8240.
980.00
959.82
959.60
978.50
982.00
1008.0

3605
992.00
986.45
985.80
986.70
969.80
987.60

495.

990.00
9886.00
970.50
971.90
981.20

2941.
996.00
986.30

0.
10077.0
10158.0
10300.0
10960.0
11500.0
12670.0

0.

10490.0
10703.0
10825.0
11090.0
11570.0

0.
9600.0
10087.0
10177.0
10300.0
10745.0
11425.0

0.
8205.0
9707.0
9941.0

10003.0
10069.0
10280.0

0.

8735.0
9650.0
9968.0
10118.0
10300.0

0.
8640.0
9825.0

959.
.20

955

959.
970.
.00
.00

970
982

966.
.60
.50
.00

955
961
962

990.

980.
956.
959.
978.
.00

982

990.
989.
.80

985

969.
969.
.20

985

988.
984 .
967.
976.
979.

996.
983.

30

90
00

00

00

01
50
82
60

00
44

80
80

00
10
50

20

00
80

10081 .
10225.
10325.
11060.
11615.
12730.

O0O0O0O0O0O-

0.

10610.0
10723.0
10850.0
11150.0
11770.0

0.
9925.0
10097.0
10196.0
10350.0
11145.0

o

OCO0OO0OO0O00-

8495.
9857.
9943.
10003.
10129.
10430.

0.

8835.0
9788.0
9998.0
10127.0
10325.0

0.
8780.0
9900.0



974

141

GR982.80 10000.0 978.20 10011.0 .00 10041.0 972.20 10071.0 972.60
GRO78.20 10121.0 988.70 10136.0 989.30 10154.0 999.20 10200.0 1000.1
- GR1002.0 10470.0 1004.00 10700.0

HD 53 10. 10000 10136

X1 55.0 18. 9931.0 10062.0 275. 1430. 770. 0. 0.
GR1004.0 7592.0 1000.00 7947.0 996.00 8627.0 990.00 9052.0 986.00
GR984.30 9737.0 984.70 9837.0 985.50 9910.0 987.20 9931.0 978.10
GR974.80 9975.0 974.20 10005.0 972.90 10035.0 973.20 10045.0 983.80
GR985.80 10187.0 986.00 10307.0 990.00 10497.0

HD 55 10. 9931 10062

X1 58.0 22. 9912.0 10015.0 1097. 1012. 1462. 0. 0.
GR1006.0 8542.0 1004.00 8952.0 1000.00 9702.0 997.20 9812.0 996.30
GR976.20 9944.0 975.40 9974.0 978.20 9991.0 990.40 10015.0 988.30
GR988.80 10065.0 988.30 10065.0 989.30 10169.0 990.00 10172.0 992.00
GR992.00 10492.0 988.00 10642.0 986.70 10852.0 988.00 11022.0 986.00
GR986.00 11137.0 988.00 11192.0

HD 58 3.4 9912 10015

EJ

T4 MAIN STEM, SEGMENT 1.

T5 LOAD CURVE FROM GAGE DATA.

T6 BED GRADATIONS FROM FIELD SAMPLES.

T7 SILT/CLAY ADDED.

T8 SEDIMENT TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1971)
I1 0 5

I2 CLAY 2

I2 CLAY 1 .02 .05 .1 1.5 60.

I2 CLAY 2 .02 .125 .23 2.0 32.

I3 SILT 2 1 4 ;

I4 SAND 4

IS .5 .5 .25 .5 .25 0 1.0

LQ 1 50 1000 5800 90000

LT TOTAL .0220 3.0 640 9000. 800000

LF CLAY .10 .10 .10 .10 .15

LF SILT1 0 0 0 0 0

LF SILT2 0 0 0 0 0

LF SILT3 .30 .30 .20 .20 .25

LF SILT4 0 0 0 0 0

LF  VFS .019 .019 .298 .311 .332

LF FS .228 .228 .231 .206 .130

LF MS .353 .353 .156 .154 .110

LF CS .000 .000 .011 .016 .020

LF VCS .000 .000 .004 .008 .005

LF  VFG .000 .000 .000 .004 .002

LF FG .000 .000 .000 .001 .001

LF MG .000 000 .000 .000 .000

LF CG .000 000 .000 .000 .000

LF  VCG .0 .0 .000 .000 .000

PF EXAMP 1.0 1.0 32.0 16.0 86.5 8.0 95.0 4.0
PFC 2.0 85.0 1.0 73.0 .5 37.0 .25 8.0 .125
PFC.0625 0.0

PF EXAMP 32.0 1.0 64.0 32.0 99.5 16.0 99.0 8.0
PFC 4.0 96.0 2.0 93.5 1.0 83.0 .50 45.5 .250
PFC .125 1.0 .0625 0.0

PF EXAMP 58.0 1.0 64.0 32.0 97.0 16.0 94.0 8.0
;EgD 4.0 90.0 2.0 79.0 1.0 56.0 .50 4.0 .125
a gOO FLOW 1 = WARM-UP BASE FLOW OF 500 CFS, LAKE IMPOUNDED.

R 985

T 65

w 1

$PRT

CcP 1

PN 3

END

10101.0
10320.0

0

9337.0
9955.0
10062.0

9912.0

0

10062.0
10242.0
11097.0

©0 ©
oOH 000 ==

©

oo oo oo



% c FLOW 2 = 100 DAYS AT BANK FULL Q, LAKE IMPOUNDED.

Q 1250.
R 985
X 10 100
$RATING '
RC 40 2000 0 0 950.0 955.1 958.0 960.0 962.0
RC 963.6 965.1 966.2 967.0 967.7 968.3 968.9 969.4 969.8
RC 970.2 970.6 971.0 971.4 971.8 972.1 972.4 972.7 972.9
RC 973.1 973.3 973.5 973.7 973.8 973.9 974.0 974.1 974.2
RC 974.3 974.4 974.5 974.6 974.7 974.8 974.9 975.0
$PRT
cpP 1
PN 3
END
* C FLOW 3 = NEAR BANK FULL Q, LAKE LOWERED.
Q 1250.
W .2
* B FLOW 4 = NEAR BANK FULL Q, LAKE LOWERED.
Q 1250.
X 1 20.
a 58 FLOW 5 = LAST FLOW, BASE FLOW OF 500 CFS, LAKE IS LOWERED.
00
X 2 20.
$
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6.7.2 Output

The geometric and hydraulic output contains the same information as in previous examples.
When the sediment data is read, the program produces tables of cohesive sediment properties under
the headings "CLAY IS PRESENT" and "SILT IS PRESENT". The remainder of the input sediment data

is output as before.

The first time step had a duration of one day with the pool elevation at cross section 1.0 of 985
feet. The trap efficiency for clay was 11 percent and silt and sands 100 percent. From Table SB-1,
(under the heading "SEDIMENT LOAD") we see that clay begins to deposit at cross section 15.0 and
silt at cross section 55.0. No silt is transported beyond cross section 32.0 for this flow and lake stage.
Sands and gravels are immediately deposited at the upstream-most cross section (58.0).

The second time step was for 100 days at ten day increments with the pool elevation also at 985
feet. A C-level sediment output was requested for cross section 32.0. Under the heading
*POTENTIAL TRANSPORT BY SIZE CLASS* we see that 88.2 tons/day of clay and 71.5 tons/day of
class 3 silt could potentially be transported (refer to data on the 12 and I3 records). Above this table
is one labelled "“SEDIMENT INFLOW (TONS/DAY)" which indicates that the rates at which clay and silt
enter the control volume associated with cross section 32.0 are greater than the transport potential;
therefore deposition occurs. The active and inactive layers now contain clay and silt since they have

been deposited.

The third time step is preceded by a rating curve that represents channel control at the
downstream-most section. The higher velocity at cross section 32.0 results in a bed shear stress of
0.3276 Ib/ft2, which, from Figure 30, results in mass erosion of both layers. The computed potential
erosion rates for both clay and silt are 14,7790 and 43,740 tons/day for the active and inactive layers
respectively. The actual erosion rates will be limited by the availability of these materials.
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Exhibit 15

Example Problem 7 - Output
Cohesive Sediment

AR SN RAR AN N ANAN AN AC ARG AD NGNS AN AANANANAADSSS SEAA AR AN ST ANA NNV A AR NAN AN NGRSO
* SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS * * U.S. ARMY CORPS OF ENGINEERS *
- Version: 4.0.5 - March 22, 1991 - * HYDROLOGIC ENGINEERING CENTER *
« INPUT FILE: EX7.DAT - * 609 SECOND STREET *
* OUTPUT FILE: EX7.0UT * * DAVIS, CALIFORNIA 95616-4687 *
* RUN DATE: O1APR91 RUN TIME: 12:57:41 . * (916) 756-1104 n
AANA AN SRR AA AN N AR E A ANV N RN N AN AN AR AR A A NN OO N RO AR AARN AN AN NN AN AN AR NS A A A SRS SIS d RN

X X XOXXXXX XXXXX XX

X X X X X X X

X X X X X

QOOXXX XXXX X JOOMKX XXX

X X X X X X

X X X X X X X

X X X00XXX  XXXXX XXXXX

e e R R e R e e R i R et t ]

* MAXIMUM LIMITS FOR THIS VERSION ARE:
. 10 Stream Segments (Main Stem + Tributaries)
. 150 Cross Sections

) 100 Elevation/Station Points per Cross Section
* 15 Grain Sizes

. 10 Control Points

T et et e e R e e R e e et d

L3 B B BN O 3

T EXAMPLE PROBLEM NO 7. COHESIVE SEDIMENT.
'{g A LAKE IS CREATED.

NC .1000 .1000 .0400 .1000 .3000

SECTION NO. 1 RIVER MILE= 1.000
.Set the Depth (Tt) of the Bed Sediment Reservoir to  10.00

N-Values vs Elevation Table

Channel Left Overbank Right Overbank
.0450 966. .0800 966. .1000 966.
.0640 989. .1300 989. .1100 982.
.0000 0. .0000 0. .1200 989.

SECTION NO. 2 RIVER MILE= 15.000
...Set the Depth (Tt) of the Bed Sediment Reservoir to  10.00

NC .1000 .1000 .0500 .0000 .0000

SECTION NO. 3 RIVER MILE= 32.000
..Set the Depth (ft) of the Bed Sediment Reservoir to 10.00

NC .0600 .0600 .0450 .0000 .0000

SECTION NO. 4 RIVER MILE= 42.100

..Set the Depth (ft) of the Bed Sediment Reservoir to .00
SECTION NO. 5 RIVER MILE= 44.000

...Set the Depth (ft) of the Bed Sediment Reservoir to 10.00
SECTION NO. 6 RIVER MILE= 53.000

..Set the Depth (ft) of the Bed Sediment Reservoir to  10.00

SECTION NO. 7 RIVER MILE= 55.000
..Set the Depth (ft) of the Bed Sediment Reservoir to 10.00

SECTION NO. 8 RIVER MILE=
..Set the Depth (Tt) of the Bad sml.mnt Reservoir to 3.40

NO. OF CROSS SECTIONS IN STREAM SEGMENT= 8
NO. OF INPUT DATA MESSAGES = 0

TOTAL NO. OF CROSS SECTIONS IN THE NETWORK = 8

TOTAL NO. OF STREAM SEGMENTS IN THE NETWORK= 1

END OF GEOMETRIC DATA

T4 MAIN STEM, SEGMENT 1.

15 LOAD CURVE FROM GAGE DATA.

T6 BED GRADATIONS FROM FIELD SAMPLES.

17 SILT/CLAY ADDED.

T8 SEDIMENT TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1971)
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EXAMPLE PROBLEM NO 7. COHESIVE SEDIMENT.
A LAKE IS CREATED.

SEDIMENT PROPERITES AND PARAMETERS

SPI 1BG MNQ SPGF ACH NFALL IBSHER
In 5. 0 1 1.000 32.174 2 1

CLAY IS PRESENT.

MTCL SPGC PUCD UWCL CCCD
I2 2 2.650 78.000 30.000 16.000
DEPOSITION COEFFICIENTS BY LAYER
DEPOSITION
THRESHOLD
SHEAR
LAYER STRESS
NO. 1b/sq.Tt
ACTIVE LAYER 1 .0200
INACTIVE LAYER 2 .0200
EROSION COEFFICIENTS BY LAYER
PARTICLE  MASS MASS SLOPE OF SLOPE OF
EROSION EROSION EROSION PARTICLE  MASS
SHEAR SHEAR RATE EROSION EROSION
LAYER STRESS STRESS LINE=ER1  LINE=ER2
NO lb/sq.ft 1b/sq.ft. 1b/sf/hr 1/hr i/hr
ACTIVE LAYER 1 .0500 .1000 1.5000 30.0000 60.0000
INACTIVE LAYER 2 .1250 .2300 2.0000 19.0476 32.0000

SILT IS PRESENT
MTCL  IASL LASL SGSL PUSDLB UWSDLB CCSDLB
2 1

I3 4 2.650 82.000 65.000 5.700
DEPOSITION COEFFICIENTS BY LAYER
DEPOSITION
THRESHOLD
SHEAR
LAYER STRESS
NO. 1b/sq.Tt
ACTIVE LAYER 1 .0200
INACTIVE LAYER 2 .0200
EROSION COEFFICIENTS BY LAYER
PARTICLE  MASS MASS SLOPE OF SLOPE OF
EROSION EROSION EROSION PARTICLE  MASS
SHEAR SHEAR RATE EROSION EROSION
LAYER STRESS STRESS LINE=ER1  LINE=ER2
NO 1b/sq.ft 1b/sq.ft. 1b/sf/hr 1/hr i/hr
ACTIVE LAYER 1 .0500 .1000 1.5000 30.0000 60.0000
INACTIVE LAYER 2 .1250 .2300 2.0000 19.0476 32.0000
FINE-GRAIN SEDIMENT TYPES BY CROSS SECTION (XSEC,TYPE)
1.000 1 15.000 1 32.000 1 42.100 1 44.000 1
53.000 1 55.000 1 58.000 1

SAND AND/OR GRAVEL ARE PRESENT

MTC TASA LASA SPGS GSF BSAE PSI UWDLB
14 4 1 10 2.650 .667 .500 30.000 83.000

USING TRANSPORT CAPACITY RELATIONSHIP # 4, YANG
FOLLOWING GRAIN SIZES UTILIZED (MM)

CLAY: .0027
SILT: .0056 .0110 .0220 .0440
SAND: .0880 .1770 .3540 .7070 1.4140

2.8280 5.6570 11.3140 22.6270 45.2550

COEFFICIENTS FOR COMPUTATION SCHEME WERE SPECIFIED
DBI DBN XID XIN XIu UBI UBN JSL
I5 .500 .500 .250 .500 .250 .000 1.000 1
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SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
LOAD BY GRAIN SIZE CLASS (tons/day)

MG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
CG | .100000E-19| .100000E-19( .100000E-19| .100000E-19| .100000E-19
VCG | .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19

L -| 1.00000 50.0000 1000.00 5800.00 90000.0

L  CLAY | .220000E-02| .300000 64.0000 900.000 120000.

L SILT .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
L SILT2 .100000E-19| .100000E-19| .100000E-19| .100000E-19| .100000E-19
L SILT3 | .660000£-02( .900000 128.000 1800.00 200000.

L SILT4 .100000E-19| .100000E-19| .100000E-19( .100000E-19( .100000E-19
L VFS ( .418000E-03| .570000E-01| 180.720 2799.00 265600.

L FS .501600E-02| .684000 147.840 1854.00 104000.

L MS | .776600E-02| 1.05900 99.8400 1386.00 88000.0

L CS | .100000E-19( .100000E-19| 7.04000 144.000 16000.0

L VvCs .100000E-19| .100000E-19| 2.56000 72.0000 4000.00

L VFG | .100000E-19| .100000E-19| .100000E-19| 36.0000 1600.00

L FG | .100000E-19| .100000E-19| .100000E-19| 9.00000 800.000

L

L

I

CROSS REACH  MOVABLE INITIAL BED-ELEVATIONS ACCUMULATED CHANNEL DISTANCE
SECTION LENGTH BED  LEFT SIDE THALWEG RIGHT SIDE FROM DOWNSTREAM
1D. NO. (1) WIDTH (11) (1) (1t) (Tt) (miles)
.00
1.000 183.50  959.30  944.70  958.90 .00 .00
8268.00
15.000 242.00 961.00  954.00  962.00 8268.00 1.57
8240.00
32.000 219.50  968.60  956.50  978.50 16508.00 3.13
3605.00
42.100 154.50 969.80  969.80  969.80 20113.00 3.81
495.00
44.000 337.50  970.90  967.10  976.90 20608..00 3.90
2941.00
53.000 o 195:00 98280  972.20  988.70 23549.00 4.46
770.
55.000 204.00 987.20  972.90  983.80 24319.00 4.61
1462.00
58.000 176.50  996.30  975.40  990.40 25781.00 4.88

BED MATERIAL GRADATION (as computed from PF-records) )
SAE  DMAX  DXPI XPI TOTAL BED MATERIAL FRACTIONS

SECID
(%) (Tt) () BED per grain size, fine - coarse.
N 1.000 1.000 .105 .105 1.000 1.000 .000 .000 .000 .000 .000
.010 .070 .290 .360 .120
.060 .040 .015 .035 .000
N 15.000 1.000 .158 .158 1.000 1.000 .000 .000 .000 .000 .00O
: .010 .070 .333 .368 .112
.042 .032 .010 .020 .003

N 32.000 1.000 .210 .210 1.000 1.000 .000 .000 .000 .000
.010 .070 .375 .375 .105
.025 .025 .005 .005 .005
N 42.100 1.000 .210 .210 1.000 1.000 .000 .000 .000 .000 .000
.006 .051 .237 .431 .154
.058 .031 .003 .015 .015
N 44.000 1.000 .210 .210 1.000 1.000 .000 .000 .000 .000 .000
.006 .048 .218 .439 .160
.063 .032 .003 .016 .016
N 53.000 1.000 .210 .210 1.000 1.000 .000 .000 .000 .000 .000
.002 .032 .105 .485 .
.090 .036 .001 .024 .024
N 55.000 1.000 .210 .210 1.000 1.000 .000 .000 .000 .000 .000
.002 .028 .076 .497 .210
.097 .038 .001 .026 .026
.000 .020 .020 .520 .230
.110 .040 .000 .030 .030

N 58.000 1.000 .210 .210 1.000 1.000

STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 7. COHESIVE SEDIMENT.
BED SEDIMENT CONTROL VOLUMES

SECTION LENGTH MAX. WIDTH | DEPTH I VOLUME
NUMBER (Tt) (Tt) (1t) (cu.ft) | (cu.yd)
1.000 4134.00 203.00 10.00 | .839202E+07 | 310816.
15.000 8254.00 228.49 10.00 | .188596E+08 | 698502.
32.000 5922.50 218.12 10.00 | .129183E+08 | 478457.
42.100 2050.00 180.92 : .000000 .000000
44.000 1718.00 288.06 10.00 | .494879E+07 | 183288.
53.000 1855.50 233.27 10.00 | .432826E+07 | 160306.
55.000 1116.00 196.96 10.00 | .219808E+07 | 81410.4
58.000 731.00 185.67 3.40 | 461456. 17091.0

NO. OF INPUT DATA MESSAGES= 0
END OF SEDIMENT DATA
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BEGIN COMPUTATIONS.
SHYD

& B FLOW 1 = WARM-UP BASE FLOW OF 500 CFS, LAKE IMPOUNDED.

BOUNDARY CONDITION DATA, CONTROL POINT NO.
1

TIME STEP NO.
WATER DISCHARGE=
ELEVATION=
TEMPERATURE=
FLOW DURATION (DAYS)

1.

000

1

COHESIVE SEDIMENT.

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 7.

ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

AN A AN A A R AN A A R N A A N A R A S A A A S N A A A N A A A A A AN R R S R A S A A A A I N T R A R A R N A A AN AN R AR A AR AR A NI AR R RS

-

TIME ENTRY *
DAYS POINT :
1.00 58.000 *
TOTAL= 1.000 *

CLAY
INFLOW -OUTFLOW TRAP EFF

.03
.03

.03

.1

L2 2N 3N 3N N 2

SILT
INFLOW OUTFLOW TRAP EFF

.03
.03

.00

1.00

-

LN BN B O N

SAND .

INFLOW OUTFLOW TRAP EFF *
-

.05 S
.05 .00 1.00 *

-

-

AN A AR A S A AR NN NN NN AR N AN AR R AN NN RN AN AR RN RN A AN AN A NSO AR ANARE AR AN A NS AR R AN VNI R VAN A A C XA DA AR NN VAN A RN ER RSO SINSIRAGAS

TABLE SB-1.
SEDIMENT INFLOW
CLAY

SILT
SANDS & GRAVELS

TOTAL

TOTAL LOAD

SEDIMENT OUTFLOW
CLAY

SILT

SANDS & GRAVELS

TOTAL LOAD

SECTION BED CHANGE

ID NO FEET
58.000 .04
55.000 .00
53.000 .00
44.000 .00
42.100 .00
32.000 .00
15.000 .00

1.000 .00

VF

838

THALWEG
EL FEET
975.44
972.90
972.20

969.80
956.50
954.00
844.70

$PRT
éﬁ'PRINT AT SEL1ECTED CROSS SECTIONS ONLY

PN 3
END

LOAD BYFGRAIN SIZE (TONS/DAY)
M

40.65 .00
34.87 .00

.00 .00

.02 .00

.00 .00

.00 .00
SEDIMENT LOAD (TONS/DAY)
CLAY SILT SANI

18. 40.

18. 38.

18. 30.

18. 21.

18. 12.

18. .

17, 0.

16. 0.

ve

. c FLOW 2 = 100 DAYS AT BANK FULL Q, LAKE IMPOUNDED.
COMPUTING FROM TIME=

1.000000 DAYS TO TIME=

BOUNDARY CONDITION DA;'A, CONTROL POINT NO.

TIME STEP NO.
WATER DISCHARGE=
ELEVATION=
TEMPERATURE=
FLOW DURATION (DAYS)

1250.00

1

101.000000 DAYS IN

10 COMPUTATION STEPS

EXAMPLE PROBLEM NO 7.

COHESIVE SEDIMENT.

FLOW # (N) = 1
FLOW...Q(N)=  1250.0

TIME STEP DURATION (DAYS)=  10.0000
ACCUMULATED TIME YRS)= .2767
WATER TEMPERATURE (DEG F)=  65.0000
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easanansenanaRdesneddadwands FAIL VELOCITY BY METHOD 2%#sstesssniasantsanssndndanad

DIAMETER VELOCITY REY. NO. cD

.000009 .2105298E-04 .1671599E-04 1437286.
.000018 .8390687E-04 .1332435E-03 180969.5
.000036 .3337332E-03 .1059932E-02 22878.70
.000072 .1318051E-02 .8372224E-02 2933.566
.000144 .5112670E-02 .6495108E-01 389.9372

.000288 .1907676E-01 .4847001 56.01589
.000580 .5916453E-01 3.027370 11.72824
.001160 .1355234 13.86910 4.470513
.002319 .2832060 57.84010 2.046556
.004639 .4824399 197.4439 1.410801
.009279 .7200630 589.4511 1.266741
.018560 1.040348 1703.463 1.213804
.037120 1.472924 4823.523 1.211086
.074216 2.082692 13636.37 1.211086
.148596 2.946998 38633.42 1.211086

SEDIMENT INFLOW (TONS/DAY)
TOTAL LOAD BYFGRAIN SIZE .(‘TONSIDAY)

VF
CLAY 89.52
SILT 179.04 .00 .00 179.04
SANDS & GRAVELS 625.68 268.22 203.88 139.42

.00
10.33
00

3.91
00

D e e T T e T ey

THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION 32.000

HYDRAULIC PARAMETERS:

VEL SLO EFD EFW N-VALUE TAU USTARM
.226  .000001 22.48 201.87 .0500 .00151 .02792
BED SEDIMENT RESERVOIR COMPUTATIONS:
NEW SURFACE AREA (SQ FT): TOTAL K-PORTION S-PORTION
1332433.75 1332433.75 .00
GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS
BED MATERIAL BY GRAIN SIZE FRACTION .000125 .000000 .000000
.009911 .069379 .371673
.024778 .024778 .004956
BED MATERIAL BY PERCENT FINER/100 .000125 .000125 .000125
.018784 .088163 .459836
.960355 .985133 .990089

CLAY TRANSPORT CAPACITY:

BED SHEAR STRESS,lb/sq.ft = .0015
FINE GRAIN SEDIMENT TYPE = 1
LAYER TYPE = 1 2
DEPOSITION THRESHOLD #/sq.ft= .0200 .0200
MASS EROSION THRESHOLD, #/sf= .1000 .2300
SIZE FALL DECAY  TRANSPORT
CLASS RATIO RATIO POTENTIAL
(tons)
1 .009853 .990195 88.
SILT TRANSPORT CAPACITY:
BED SHEAR STRESS,1b/sq.ft = .0015 -
FINE GRAIN SEDIMENT TYPE = 1
LAYER TYPE = 1 2
DEPOSITION THRESHOLD #/sf = .0200 .0200
EROSION THRESHOLD,#/sq.ft = .1000 .2300
SIZE FALL DECAY  TRANSPORT FALL
CLASS RATIO RATIO POTENTIAL VELOCITY
(tons) (Tt/sec)
2 .039271 .961490 0. .0000839
3 .156198 .855389 0. .0003337
4 .616889 .539618 72. .0013181
5 2.392890 .091364 0. .0051127
SAND
** ARMOR LAYER @®*
STABILITY COEFFICIENT= .94947
MIN.GRAIN DIAM = .000288
BED SURFACE EXPOSED = 1.00000
INACTIVE LAYER ACTIVE LAYER
% DEPTH % DEPTH
CLAY .000000 .00 .003270 .00
SILT .000000 .00 .228226 .13
SAND  1.000000 9.70 .768504 .30
TOTAL  1.000000 9.70 1.000000 .43
AVG. UNIT AVG. UNIT
WEIGHT WEIGHT
.046500 .042075
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FROUDE NO.
.008

.008748
.371673
.004956
.008873
.831508
.995044

.000000
.104068
.004956
.008873
.935577
1.000000



**BED IS ARMORED**

COMPOSITE UNIT WT OF ACTIVE LAYER t/cf= .042075
WEIGHT IN SURFACE LAYER (tons) WTSL= 18413.5
DEPTH OF NEW ACTIVE LAYER (Tt) DSE= .0000
WEIGHT IN NEW ACTIVE LAYER(tons)WTMXAL= .0
WEIGHT IN OLD ACTIVE LAYER(tons) WAL= 23960.2
USEABLE WEIGHT, OLD INACTIVE LAYER,WIL= 601168.2
BED MATERIAL BY GRAIN SIZE FRACTION .000000 .000000
.010000 .070000
.025000 .025000
BED MATERIAL BY PERCENT FINER/100 .000000 -000000
.010000 -080000
.960000 -985000

** ACTIVE LAYER **
BED MATERIAL BY GRAIN SIZE FRACTION .003270 .000000
.007685 .053795
) .019213 .019213
BED MATERIAL BY PERCENT FINER/100 .003270 .003270
.239181 .292976
.969260 .988472

.000000
.375000
.005000

000000

-455000
-890000

.000000
.288189
.003843
.003270
.581165
.992315

C FINES, COEF(CFFML), MX POTENTIAL= .656707E+02 .100000E+01 .269978E+07

POTENTIAL TRANSPORT BY SIZE CLASS= .882178E+02 .943262E-20 .792687E-20 .715250E+02

.000000 .000000
.375000 .105000
.005000 .005000
.000000 .000000
-.830000 .935000
.995000 1.000000
.228226 .000000
.288189 .080693
.003843 .003843
.231496 .231496
.869354 .950047
.996157 1.000000
-284629E-21

.100000E-06 .100000E-06 .100000E-06 .100000E-06 .100000E-06
.100000E-06 .100000E-06 .100000E-06

o
TOTAL VE LOAD BYFGRAIN SIZE l(‘TONS/DAY)
CALCULATED SEDIMENT LOAD, TONS/DAY
CLAY 88.22
SILT 71.52 .00 .00 71.52
SANDS & GRAVELS .00 .00 .00 .00
.00 .00 .00

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 7. COHESIVE SEDIMENT.
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SE!

GMENT

.100000E-06
vC
.00
.00 .00
.00 .00

- 100000E-06

A AR AN A R AR AR A A R AN AN A A R A A A A R A A S R A A A A A R A AR A N I A R A N A A A A A A I A N A A A AN O A A A AR A A AR R A AR R A AR ARSI AR AR AR

- - -

TIME ENTRY * CLAY * SILT *
DAYS POINT * INFLOW OUTFLOW TRAP EFF * INFLOW OUTFLOW TRAP EFF *
3 - *

101.00 58.000 * 13.73 i 12.68 L
TOTAL= 1.000 * 13.73 13.11 .04 * 12.68 .70 .94 =
- * -

-

SAND *

INFLOW  OUTFLOW TRAP EFF *
.

30.94 .
30.94 .00 1.00 *
-

A A A R A R A A S A A N A R A A R S R A A AR A I A I I A I A A A R A A A A A A R A A A S A R A A A R A AR A A A A A A AR AR R AR AR AR AR R

TABLE SB-1. TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
F M ve
SEDIMENT INFLOW
CLAY 89.52
SILT 179.04 .00 .00 179.04 .00
SANDS & GRAVELS 625.68 268.22 203.80 139.42 10.33 3.91
TOTAL LOAD 894.24
SEDIMENT OUTFLOW
CLAY 85.52
SILT 9.93 .00 .00 9.93 .00
SANDS & GRAVELS .00 . .00 .00 .00 .00 .00
TOTAL LOAD 95.45
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)

ID NO FEET FEET EL FEET CFS CLAY SILT SAND
58.000 .13 985.73 975.53 1250. 90. 179. 644.
55.000 5.53 985.10 978.43 1250. 90. 179. 529.
53.000 1.47 985.02 973.67 1250. 90. 179. 41.
44.000 A7 985.01 967.27 1250. 89. 161. 0.
42.100 .23 985.01 970.03 1250. 89. 133. 0.
32.000 .14 985.00 956.64 1250. 88. T2. 0.
15.000 .07 985.00 954.07 1250. 87. 22. 0.

1.000 .04 985.00 944.74 1250. 86. 10. 0.
ACCUMULATED WATER DISCHARGE FROM DAY ZERO(SFD)

MAIN TRIB #1 TRIB #2 TRIB #3 <+ .ETC

500.0000
SRATING
...DOWNSTREAM BOUNDARY CONDITION SPECIFIED BY A RATING CURVE
ELEVATION OF GAGE ZERO .00
DISCHARGE CORRESPONDING TO LOWEST ELEVATION IN TABLE .0
DISCHARGE INTERVAL 2000.0
NO. OF POINTS IN RATING TABLE 40
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ELEVATIONS
850.00 955.10 958.00 960.00 962.00 963.60 965.10 966.20 967.00
968.30 968.90 969.40 969.80 970.20 970.60 971.00 971.40 971.80
972.40 972.70 972.90 973.10 973.30 973.50 973.70 973.80 973.90
974.10 974.20 974.30 974 .40 974.50 974.60 974.70 974 .80 974.90

$PRT
. .PRINT AT SELECTED CROSS SECTIONS ONLY
cP 1

PN 3

s c FLOW 3 = NEAR BANK FULL Q, LAKE LOWERED.

BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
TIME STEP NO. 3
WATER DISCHARGE= 1250.00
ELEVATION= 953.188
TEMPERATURE= 65.000
FLOW DURATION(DAYS) .2000

EXAMPLE PROBLEM NO 7. COHESIVE SEDIMENT.
FLOW # (N) = 1
FLOW...Q(N)=  1250.0
TIME STEP DURATION (DAYS)
ACCUMULATED TIME  (YRS)
WATER TEMPERATURE (DEG F)
*

RN A AR AN N AN A AL AT O A AN DD

=  65.0000
#a¢ FAIL VELOCITY BY METHOD 2%*t#asussanwandsasasdnandtdad

DIAMETER VELOCITY REY. NO. cb

.000009 .2105298E-04 .1671599E-04 1437286.
.000018 .B390687E-04 .1332435E-03 180969.5
.000036 .3337332E-03 .1059932E-02 22878.70
.000072 .1318051E-02 .8372224E-02 2933.566
.000144 .5112670E-02 .6495108E-01 389.9372
.000288 .1907676E-01 .4847001 56.01589
.000580 .5916453E-01 3.027370 11.72824
.001160 .1355234 13.86910 4.470513
.002319 .2832060 57.94010 2.046556
.004639 .4824399 197.4439 1.410801
.009279 .7200630 589.4511 1.266741
.018560 1.040348 1703.463 1.213804
.037120 1.472924 4823.523 1.211086
.074216 2.082692 13636.37 1.211086
.148596 2.946998 38633.42 1.211086

SEDIMENT INFLOW (TONS/DAY)
TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
VF F M c vC
{ CLAY 89.52
SILT 179.04 .00 .00 179.04 .00
SANDS & GRAVELS 625.68 268.22 203.80 139.42 10.33 3.91
.00 .00 .00 .00 .00

L L T T LT T T T e T e P P e T P e T T L ]

THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION 32.000

HYDRAULIC PARAMETERS :
SLO EFD EFW N-VALUE TAU USTARM FROUDE NO.

2 770 .001081 4.85 146.63 .0500 .32762 .41084 .222
BED SEDIMENT RESERVOIR COMPUTATIONS:
NEW SURFACE AREA (SQ FT): TOTAL K-PORTION S-PORTION
812541.25 812541.25 .00
GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS

967.70
972.10
974.00
975.00

BED MATERIAL BY GRAIN SIZE FRACTION .000139 .000000 .000000 .009714 .000000
.009901 .0693190 .371305 .371305 .103965

.024754 .024754 .004951 .004951 .004851

BED MATERIAL BY PERCENT FINER/100 .000139 .000139 .000139 .009853 .009853
.019755 .089065 .460370 .831675 .935640

000000

.960394 .985148 .990099 .995049 1.

CLAY TRANSPORT CAPACITY:
BED SHEAR STRESS,1b/sq.ft
FINE GRAIN SEDIMENT TYPE 1
LAYER TYPE 1 2

DEPOSITION THRESHOLD #/sq.ft=  .0200  .0200
MASS EROSION THRESHOLD, #/sf=  .1000  .2300

SIZE EROSION RATE (tons/day)
CLASS ACTIVE INACTIVE
LAYER LAYER

1 147790.18 49959.96

.3276
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SILT TRANSPORT CAPACITY:

BED SHEAR STRESS,1b/sq.ft =  .3276
FINE GRAIN SEDIMENT TYPE = 1
: LAYER TYPE = 1 2
DEPOSITION THRESHOLD #/sf =  .0200  .0200
EROSION THRESHOLD,#/sq.ft =  .1000  .2300
SIZE EROSION RATE (tons/day)
CLASS ACTIVE INACTIVE
LAYER LAYER
2 147790.18 49959.96
3 147790.18 49959.96
4 147790.18 49959.96
5 147790.18 49959.96
SAND
** ARMOR LAYER **
STABILITY COEFFICIENT= .70824
MIN.GRAIN DIAM = .000288
BED SURFACE EXPOSED = 1.00000
INACTIVE LAYER ACTIVE LAYER
% DEPTH % DEPTH
CLAY  .000000 .00 .003543 .00
SILT  .000000 .00 .247306 14
SAND  1.000000 9.70 .749151 .30
TOTAL  1.000000 9.70 1.000000 .44
AVG. UNIT AVG. UNIT
WEIGHT WEIGHT
.046500 .041743
COMPOSITE UNIT WT OF ACTIVE LAYER t/cf= .041743
WEIGHT IN SURFACE LAYER (tons)  WTSL= 11228.9
DEPTH OF NEW ACTIVE LAYER (ft) DSE= .0025
WEIGHT IN NEW ACTIVE LAYER(tons)WTMXAL= .0
WEIGHT IN OLD ACTIVE LAYER(tons) WAL= 14988.8
USEABLE WEIGHT, OLD INACTIVE LAYER,WIL= 366602.8
BED MATERIAL BY GRAIN SIZE FRACTION : .000000 .000000 .000000 .000000
.010000 .070000 .375000 .375000 .105000
-025000 -025000 -005000 .005000 .005000
BED MATERIAL BY PERCENT FINER/100 .000000 .000000 .000000 .000000 -000000
.010000 .080000 -455000 .830000 .935000
.960000 .985000 .990000 .995000  1.000000
== ACTIVE LAVER **
BED MATERIAL BY GRAIN SIZE FRACTION .003543 .000000 .000000 . 247306 .000000
.007492 .052441 .280932 .280932 .078661
.018729 .018729 .003746 .003746 .003746
BED MATERIAL BY PERCENT FINER/100 .003543 .003543 .003543 .250849 .250849
.258340 .310781 .591713 .872644 .951305
-970034 .988763 .992508 .996254  1.000000
C FINES, COEF(CFFML), MX POTENTIAL= .587031E+04 .100000E+01 .268019E+07
POTENTIAL TRANSPORT BY SIZE CLASS= .14B060E+06 .147790E+06 .147790E+06 .167333E+06 .147790E+06
.164320E+05 .471873E+04 .252230E+04 .1781B1E+04 .166995E+04
.153141E+02 .106668E+02 .100000E-06 .100000E-06 .100000E-06
TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
VF F ¥ ve
CALCULATED SEDIMENT LOAD, TONS/DAY
CLAY 13
SILT 38076.74 .00 .00  38076.74 .00
SANDS & GRAVELS 2825.62 846.16 322.95 874.47 618.95 162.49
.35 . .00 ¥ .00

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT #

EXAMPLE PROBLEM NO 7.

1

COHESIVE SEDIMENT.

ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

NN AR AN GRS R AN RN N AN OAA S AR ARNA AR AR AN A AC AN A AANANN RN AN AR AANANN SRR OEA AN ONARAANAA RS RO SASGANANNSASOANCRAAANASANRAANS

- - - -

TIME ENTRY * CLAY . SILT . SAND .
DAYS POINT *  INFLOW OUTFLOW TRAP EFF *  INFLOW OUTFLOW TRAP EFF *  INFLOW OUTFLOW TRAP EFF *
- - - -

101.20  58.000 * 13.76 - 12.70 . 31.00 .
TOTAL= 1.000 * 13.76 13.48 .02 * 12.70 8.22 .35 ¢ 31.00 .06 1.00 *
- L] - -

AN A AN A R A R AN R N NN R S S AN AN A N N N R A A A RN AR NN A R AN AN AR NN N AN AN NN AR AN NN AN AR AN AN AN AN A A

TABLE SB-1. TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
VF F M
SEDIMENT INFLOW
CLAY 89.52
SILT 179.04 .00 .00 179.04 .00
SANDS & GRAVELS 625.68 268.22 203.80 139.42 10.33
TOTAL LOAD 894.24
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SEDIMENT OUTFLOW

CLAY 1208.87
SILT 53254 .92 .00 .00 53254 .92
SANDS & GRAVELS 653.09 42.47 91.46 224 .54
’ .85 .24 .00
TOTAL LOAD 55116.87
SECTION BED CHANGE WS ELEV  THALWEG Q
ID NO FEET FEET EL FEET CFsS
58.000 -.02 984.77 975.38 1250. 90.
55.000 4.56 982.56 977 .46 1250. 90.
53.000 .73 977 .46 972.93 1250. 90.
44.000 .59 972.71 967.69 1250. 147.
42.100 .06 970.93 969.86 1250. 270.
32.000 .07 965.65 956.57 1250. 535.
15.000 .01 960.68 954.01 1250. 943.
1.000 .01 953.19 944.71 1250. 1209.
ACCUMULATED WATER DISCHARGE FROM DAY ZERO(SFD)
MAIN TRIB #1 TRIB #2 TRIB #3 v o uvETE
750.0000

.00
217.37
.00

179.
179.
179.
6956.
19543.
38077.
50343.
53255.

76.17
.00

SEDIMENT LOAD (TONS/DAY)
CLAY SILT SAND

2692.
24267 .
66639.
21586.
16985.

2826.

1480.

653.

* B FLOW 4 = NEAR BANK FULL Q, LAKE LOWERED.
COMPUTING FROM TIME=  101.200000 DAYS TO TIME=  121.200000 DAYS IN

BOUNDARY CONDITION DATA, CONTROL POINT NO. {
4

TIME STEP NO.
WATER DISCHARGE= 1250.00
ELEVATION= 953.188
TEMPERATURE= 65.000

FLOW DURATION(DAYS) 1.000

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 7. COHESIVE SEDIMENT.

20 COMPUTATION STEPS

ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

A A A A A A A S AN A A A A A A A A R A N A A AN R A A N A N A S A A AR R A A A A A A A A A S AR AR A AR A A AN AN NN A A AR AR DO AR RO RS

L -« -
TIME ENTRY * CLAY . SILT -
DAYS POINT *  INFLOW OUTFLOW TRAP EFF *  INFLOW OUTFLOW TRAP EFF *  INFLOW
- - L]
121,20 58.000 * 16.50 . 15.23 . 37.18
TOTAL= 1.000 * 16.50 16.22 .02 * 15.23 10.75 .29 * 37.18
- L] -

SAND
OUTFLOW TRAP EFF

10.78

Al

LR BN N BN NS BN

L L L I L ™™™

TABLE SB-1. TOTAL LOAD BY GRAIN SIZE (TONS/DAY)
VF F " e
SEDIMENT INFLOW
CLAY 89.52
SILT 179.04 .00 .00 179.04 .00
SANDS & GRAVELS 625.68 268.22 203.80 139.42 10.33 3.91
.00 .00 .00 .00 .00
TOTAL LOAD 894.24
SEDIMENT OUTFLOW
CLAY 89.52
SILT 179.04 .00 .00 179.04 .00
SANDS & GRAVELS 1184.89 571.58 194.38 211.42 158.05 49.15
.27 .06 .00 .00 .00
TOTAL LOAD 1453.45
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
1D NO FEET FEET  EL FEET CFS CcLAY SILT SAND
58.000 -.24  983.06  975.16 1250. 90. 179. 597.
55.000 2.86  980.09  975.76 1250. 90. 179, 610.
53.000 -.25  976.13  971.95 1250. 90. 179. 615.
44.000 -.25  972.43  966.85 1250. 90. 179. 615.
42.100 .01 970.77  968.81 1250. 90. 179, 581.
32.000 -.22  965.58  956.28 1250. 90. 179. 1703.
15.000 .44  961.33  954.44 1250. 90. 179. 1450.
1.000 .61 953.19  945.31 1250. 90. 179. 1185.

= B FLOW 5 = LAST FLOW, BASE FLOW OF 500 CFS, LAKE IS LOWERED.

COMPUTING FROM TIME=  121.200000 DAYS TO TIME=  141.200000 DAYS IN
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
5

TIME STEP NO.
WATER DISCHARGE= 500.00
ELEVATION= 951.275
TEMPERATURE= 65.000

FLOW DURATION(DAYS) 2.000
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TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1

EXAMPLE PROBLEM NO 7.

COHESIVE SEDIMENT.

ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

P R e e T T T T e T T T T

TIME ENTRY *
DAYS POINT *
-

141.20 58.000 *
TOTAL= 1.000 *
-

AR A R RN A A A A A AR A A A A A A A S A A A A N A A A A A AN I A A A A S A I A A R A A A A AN A AN A RN AN AN AR AN A AN AN AR AR IR AR AR AR RO

TABLE SB-1.
SEDIMENT INFLOW
CLAY
SILT
SANDS & GRAVELS
TOTAL LOAD

SEDIMENT OUTFLOW
CLAY

SILT
SANDS & GRAVELS

TOTAL LOAD

-

SECTION BED CHANGE

ID NO FEET
58.000 -.24
55.000 2.83
53.000 -.25
44.000 -.25
42.100 .00
32.000 -.27
15.000 .37

1.000 .76
$SEND

INFLOW

17.06
17.06

TOTAL

WS ELEV
FEET
980.72
978.86
974.20
971.40
970.25
963.01
859.59
951.28

0 DATA ERRORS DETECTED.

TOTAL NO. OF TIME STEPS READ =
TOTAL NO. OF WS PROFILES = -
ITERATIONS IN EXNER EQ =

VF ve
.00 .00 40.65 .00
29.17 42.62 34.87 .00 .00
.00 . 40.65 .00
91.67 43.31 42.95 30.71 9.23
THALWEG Q SEDIMENT LOAD (TONS/DAY)
EL._FEET CFs CLAY SILT SAND
975.16 500. 19. 41. 109.
975.73 500. 19. 41. 115.
971.95 500. 19. 41. 117.
966.85 500. 19. 41. 114.
969.80 500. 19. 41. 111.
856.23 500. 19. 41. 105.
954 .37 500. 19. 41. 334.
945.46 500. 19. 41. 218.
5
42
1680.

END OF JOB

JOB COMPLETED
RUN TIME =

0 HOURS,

CLAY
OUTFLOW TRAP EFF

16.79 .02

0 MINUTES & 55.59 SECONDS

-

LR IR BN BN O 2

INFL

15.
15.

183

ow

80
80

SILT
OUTFLOW TRAP EFF

11.32

LOAD BY GRAIN SIZE (TONS/DAY)
F M

.28

-

L N B B O 2

-

SAND .
OUTFLOW TRAP EFF *
L]

-

12.85 .66 *

-

-
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Section

Appendix A
Table of Contents

1 Geometry and Channel Properties

The records described in this section are used to define the geometry of the
river system being modeled. The title records (T1-T3) are required at the
beginning of each stream segment. Each set of X1 through H (or HD) records
are used to describe the geometry and special features of a cross section
along a stream segment. The QT, $TRIB, and CP records are used to
combine single stream segments into a river network.

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
110
1.12
1.13
1.14

Title Records (T1 -T3) .. .....ccn o 5SS Bamees m, v rewm 45, 21 53 54 2 T S B S B § B

NC
NV
QT
X1
X3
X5
XL
GR
H

Record - Manning's N-Values ............ciiiiiiiennnnenennn.
Record - Vary N-Values by Elevation or Discharge ................
Record - Tributary or Local Inflow/Outflow Location . ...............
Record - Cross SectionLocation ...........ccccvviienenneenn..
Record - ENCIOaChMBNIS .. . .o« a6 55 6o s s 5 wma s 55 ssesnssssesss
Record - Hydraulic Control Point . ...............ccitiuiiennn.
Record - Conveyance LIMits . ..........ccoiiiiiiiiinenennnnns
Record - Cross Section Coordinates . . ...........c.ooeviiennn..
Record - Movable Bed Limits . .............c.iiiieennenennn.

HD Record - MovableBed Limits . .............coiiiiinriennnn..
EJ Record-EndofGeometricData . ..........ccciiiiiinrnennnnn.
$TRIB Record - Tributary Inflow Point . . .. .. ......ciiiininnennnn..
CP Record - Control Point Identification ...........cviiveivrennn.

2 Sediment Properties and Transport Functions

The initial sediment properties and quantities for the model are defined using
the records in this section. Each stream segment in the river network must be
described with a separate set of T4-N (or PF) records. The information
entered on the 11 through IS records pertain to the whole network system.
Therefore, they need only be entered with the mainstem sediment data
records. If these records are entered with the sediment data for any other
stream segment, they will be ignored by the program. Local inflow data
(SLOCAL and LQL-LFL records) are entered after the complete set of records
has been entered for the stream segment in which they are located and before
the records for the next stream segment.

21 TitleRecords (T4 -T8) . ..v i viiiin ittt et eiiiiieneeeeennnnn

2.2

h

Record - Sediment Properties . . . .......coviiiiiiiieenennnnns

2.3 2 Record - Parameters Required for Clay Transport ................
2.4 Special 12 Records - Cohesive Sediment Transport Method 2 -
Supplemental Parameters . . ...ttt

Page
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2.5
2.6
27
2.8
29
2.10

2.11

212

2.13
2.14
215
2.16
217
2.18

I3
14
15
J
K
LQ

LT
LF

N
PF

Table of Contents (continued)

Record - Parameters Required for Silt Transport . ................
Record - Parameters Required for Sand Transport ...............
Record - Weighting Factors for Numerical Integration Method . . ... ..
Record - User Specified Transport Function ....................
Record - User Specified Transport Function ..............c.....
Record - Water Discharge for the Water Discharge-Sediment

Load RelationShip. % fo asswmms s wmmins o namiesiens s sassmmnas s s
Record - Total Sediment Load for the Water Dlscharge-Sedlment

Load RelationNShiP: « . : i s sscasmussns s s usmmaas s § s s nnass i & 6o
Record - Fraction of Load for the Water Discharge-Sediment

Load Relationship .. ....covovvieriernrnrenrneaanennnnenns
Record - Bed Material Gradation - Fractions of Total Bed Load ......
Record - Bed Material Gradation - Percent Finer . ................

$LOCAL Record-Localinflow . ............cciieiiiiiinnnnnnn.
LQL Record - Water Discharge for the Local Inflow/Outflow Specification . .
LTL Record - Total Sediment Load for Local Inflow/Outflow Specification . .

LFL Record - Sediment Grain Size Distribution for Local Inflow/Outflow . .

3 Hydrology

The $HYD record is used only once to indicate the beginning of the
hydrologic data section in the input file. The *, Q, and W records are entered
as a set for each time step/discharge to be modelled in the hydrologic data.
The T record is required with the first time step/discharge and is optional
thereafter. All other records are optional and are to be added to the
appropriate time step(s). The $SEND record should be entered as the last
record of the input file and may also occur only once.

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

$HYD Record - Hydrologic Model ........ = B e
* Record - Commentand PrintControl . .. ........cccvciieeennnn.
Q Record - Water Dischargeincfs ............cciiiiiiiinennnn.
R Record - Downstream Water Surface Elevation Boundary Condition . . . .
S Record-RatingShift . ..............ciiiiiiiiiiiiiiniinnnnn.
T Record - Water Temperature . ..........cooerterreeeneneeennns
WReCOrd -DUration . . .....ccevetrvnenonnnsotononnosesoasnsns
X Record - Alternate Format for Coding DurationData ...............
SPEND RECOrd . .......coeiervieinnenonnnnassnsnnnasssnnness

A-ii

Page
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A-33
A-36
A-37
A-38

A-39
A-40

A4
A-42
A-44
A-46
A47
A-49
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Speclal Commands and Program Options
These commands are inserted into the HYDROLOGIC data after the $HYD
command and immediately before any * record. They are entered one after
another, iaserted singularly, or used as many times as desired. Some require
additional data as explained in the detailed instructions that follow this
summary.
4.1 $B Record - Transmissive Boundary Condition. . .................... A-65
4.2 $DREDGE Record - Dredging Option . . . ....covviiennnnnnnenenn, A-66
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HEC-6 Input Description T1-T3
Geometry and Channel Properties

1.1 Title Records (T1 - T3)

Three title records are required to precede the geometry data for each stream segment in the
network. The program expects a T in Column 1. Additional printout of geometric data can be
requested by specifying a B or C in Column 3 on the T1 record.

Field Variable Value Description
0 ICG,IDT T1 Record identification in Columns 1 and 2. T1, T2 and T3
for the first, second and third title records, respectively.
Column 3 ISI(1) Blank Normal printout lists data from title records and the NC
of T1, (zero not record. Only the cross section identification number is
record allowed) listed for records X1 through EJ.
only -
B This printout option prints the initial geometry of the
model and causes a data edit! to be made. -
C This printout option activates a trace? printout through
subroutine GMOD.
2-10 Comments  Fields 2 through 10 (Columns 9-80) may be used for

identification purposes such as labeling the data set,
noting the date of the run, or other relevant information.

1 Specifying & B in Column 3 invokes a data edit command. This causes the input records to be echoed in the output enabling
the user to verify the initial geometry of the model. The B-level printout is normally not recommended but it may provide useful
additional information when initially developing a data set.

2 gpecifying a C in Column 3 invokes a trace printout to occur. Use of this print option is not recommended. C-level trace
printout is intended only for program debugging purposes.

g Descrpgions Preceding page blank A2



NC HEC-6 Input Description
Geometry and Channel Properties

1.2 NC Record - Manning’s N-Values (required for first cross section)

The NC record specifies the Manning’s
n-values and the expansion and contraction
coefficients for transition losses. An NC is
required prior to the first cross section definition
(the first X1 record). When changing previously
specified values additional NC records are
required at those cross sections where n-values
change. The NC record values are constant
with depth and will be used until changed by
the next NC record. NC records may be
inserted before any X1 record. The n-values
apply over the reach, and will be used starting
in the reach in which the record appears in the
data set. Expansion and/or contraction Figure A-1
coefficients apply to the next upstream reach. , Channel and Overbank N-Values

»

3

XNVR(3)

,/\ g | e M\,
L08 j—‘w

X = Distance in feet

Elevation in feet

.
L

Y

NOTE: HEC-6 applies n-values to the upstream reach whereas HEC-2 applies them
halfway to the cross section on either side of the one for which they appear in
the data set. However, results using either method are usually in close
agreement without changing the n-values.

Fleld Variable Value Description

................................................................................................................................................

R

Record identification.

0 ICG,IDT NC

1 XNVR(1) + Manning's n-value for the left overbank.
0 No change from previous n-value for the left overbank.

2 XNVR(3) + Manning's n-value for the right overbank.
0 No change from previous n-vatue for the right overbank.

3 XNVR(2) + Manning's ‘n’ value for the chann<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>