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FOREWORD

This September 1990 Version 4.0.0 of HEC-6, "Scour and Deposition in Rivers and Reservoirs,”
was geveloped by enhancing the version 3.2, dated October, 1986. The original computer program
was developed by William A. (Tony) Thomas while at the Little Rock District and evolved into Version
2.7 while he was at the Hydrologic Engineering Center (HEC). The updates and enhancements of this
version were initiated by Mr. Thomas while at HEC and the majority of the work was completed by Mr.
Thomas and his staff at the U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
Some modifications were made under contract by Ford, Thorton and Norton Associates, Little Rock,
Arkansas. This document was prepared by David Williams of W.E.S.T. Consuitants, Inc. and finalized
by HEC.

The present program has undergone major revisions since version 3.2, Modifications 50 and
51, and Error Corrections 01, 02, 03, and 04. While this version was under development, it was
referred to as the *Network® version. Several applications have been made with the *Network® version
and it has been thoroughly tested. Effort has been made to make version 4.0.0 *backwards
compatible’; i.e., data developed for the prior versions can be used with minimum modifications.
Because the movable bed width is now caiculated differently, some computed results may differ from
earlier versions.

This is the sixth in a special series of comprehensive programs, each of which is intended to
be a major computational aid for solving programs associated with a particular area of hydrologic
angineering. The programs currently in this series of comprehensive programs are:

HEC-1, Flood Hydrograph Package

HEC-2, Water Surface Profiles

HEC-3, Reservoir System Analysis (for Conservation)

HEC-4, Monthly Streamflow Simulation

HEC-5, Simulation of Flood Control and Conservation Systems

HEC-6, Scour and Deposition in Rivers and Reservoirs

Up-to-date information regarding availability of these 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. It is
desired that users notify HEC of inadequacies in, or desirable modifications to the program.
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NOTATION

= iength of longest axis of a sediment particle

incremental area

total area of subsection

sediment transport coefficients developed using data

area of subsection

Il

= 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 mavable 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 coefficients 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% of the bed is finer, in feet

xi



D = water depth

By = actual water depth for equilibrium depth calculations
Digy = average water depth ¢ each trapezoidal element
D, = the minimum water aepth for the condition of no sediment transpon (i.e.,

equilibrium depth) for grain size d

D,y = 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
Deosia = depth of active layer of previous discharge

Do = depth of sediment from bed surface to model bottom

D, = either D,_or D1,

DBN, D8I = weighting factors for hydraulic parameters at the downstream boundary
DD = duration of time increment

D.E = sediment transport coefficients developed using data

DS, = depth-siope product

DECAY(j) = settling coefficient for sediment size class i

DIST = distance to upstream or downstream cross section

B e D2 = equilibrium deptns corresponding to points on bed gradation curves
e = naturai leganthm base

EFD = effective depth of a reach

EFW = effective width of a reach

ENTRLR = entrainment ratio

ET2ON = entrainment coefficient

Fear Feys = fractions of sand, silt, and clay, respectively, in the

Eat = deposit

FSAE = transport capacity correction due to armoring

FTTS = flow through time through the reach

g = acceleration due to gravity

Xii



G, G,
GP

GS

K-1, K, K+1

NGS

NSS

pl

sediment load

sediment loads at the upstream 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

V,P/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

Xiii



P = wetted pernimeter

Py = porosity of deposits

P = wetted perimeter of subsection

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

PC = percent of bed material coarser than size d

Pi = fraction of bed composed of a grain size class

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

q = water discharge per unit width of flow

Q = water discharge

R = hydraulic radius, in feet

R = nydraulic radius of subsection

R, R; = downstream and upstream hydraulic radius, respectively
S, = surface area exposed to scour

S, = friction slope

SA = bed surface area

SAE = ratio of surface area of potential scour to total surface area
SD(i) = diameter of sediment size class i

SF = particle shape factor

SG = specific gravity of sediment particles

SLO = friction slope

SPI = see LTI

STO = multiplying factor of GP

t = time

i = time in years

TPIGS = total percent for all PIGS sizes

UBN, UBI = weighting factors for hydraulic parameters at the upstream boundary

UWD = unit weight of deposits
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WMB
WS,, WS,
X

XID. XIN, XU

s
Ysar Ysu Yeu

Yse

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

average velocities (total discharge + total flow area) 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

Y-intercept of empirical data, from Shields (Vanoni, 1975)
conversion from Ibs to tons '
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

composite unit weight of deposits



initial unit weight of the sediment deposit, usually after 1 year of consolidation
characteristic time of erosion

density of sand grains

density of water

bed shear stress

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

critical bed shear stress for deposition

critical bed shear for particle scour

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



SECTION - 1

1. INTRODUCTION

1.1 Model Purpase and Philosophy

HEC-6 is a one-dimensional numerical model designed to analyze scour and deposition by
simulating the interaction between the water-sediment mixture, the sediment material forming the
stream's boundary and the hydraulics of flow. The model is intended to be used primarily for the
evaluation of long-term river and reservoir responses rather than short-term, single event, floods.
HEC-6 does not account for lateral channel migration or stream bank instability processes.

It is sometimes possible to separate sedimentation studies from those involving only the
hydraulics of flow. For example, deposition in deep reservoirs can be studied from just the standpoint
of a reduction in reservoir storage capacity because there is seidom reentrainment of material once it
is deposited. On the other hand, sedimentation studies of shallow reservoirs or rivers downstream
from dams treatment of the entire movable boundary problem because scour and/or deposition may
amect the hydraulics. It is for this more general case of problems that HEC-6 is designed.

HEC-6 is not a watershed sediment yield program. It simulates the ability of a stream to
transport sediment and considers the full range of conditions embodied in Einstein's Bed Load
Function (Einstein, 1950), silt and clay transport and deposition, and the creation and destruction of
an armor layer.

A reach of river with a sediment bed composed of the same type of sediment material as that
moving in the stream is called an *"alluvial reach® (Einstein, 1950). Einstein recognized that the “alluvial
reach® provides a memory bank for the sediment (i.e., the bed surface of the stream) that has moved
recently, perhaps even as recently as during the previous fiood. By combining hydraulic properties of
flow with characteristics of the sediment in that memory bank (which could be determined after the
fact by analyzing samples of the streambed) one can calculate the rate of sediment transport which
had occurred during that previous flood. HEC-6 utilizes a similar conceptual model to depict the
movement of bed sediment materials for a temporal sequence of flows.

1.2 Applications of the Program

Nature maintains a delicate balance between the water-sediment mixture flowing in a natural
stream, the size and gradation of sediment material forming the stream's boundary and the hydraulics
of flow. When one constructs a reservoir, flood control features in the river, or maintains a minimum
depth of flow for navigation, that balance is upset. This computer program can be used to predict the
impact of changing one or more of the above parameters directly in terms of the water surface
elevation and the water depth resulting from the change in streambed elevation.

HEC-6 is designed to simulate long-term trends of scour or depasition in a stream channel
such as would result from modifying the frequency and duration of the water discharge and/or stage
or from encroaching on floodplains. HEC-6 has the ability to evaluate reservoir deposition (both
volume and location of deposits), channel contractions required to either maintain navigation depths
or diminish the volume of maintenance dredging, influence that dredging has on the rate of
deposition, scour during large flood events, and sedimentation within concrete channeis.



1.3 Overview of Manual

This manual describes the fundamental concepts, program limitations and capabilities,
methodologies, input requirements and output formats for HEC-6. A brief description of model
capabilities and the organization of the manual is presented below. The secticn numbers ziter each
heading refer to the manual’s section that describes the information in detail.

Theoretical Basis For Movable Boundary Calculations (Section 2)

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

General Input Data Requirements (Section 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 (Section 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 dispiay the desired information during a simulation.

HEC-6 Computations and Modeling Guidelines (Section §)

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

Example Problems (Section 6)

This section gives example applications of HEC-6. [t 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 10.
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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 (U.S. Army Corps of Engineers, 1959). 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’ (1970) method using the bed gradation of each cross
section. Expansion and contraction losses are included in the determination of energy losses. The
energy loss factors may be changed at any cross section.

For each discharge in the hydrograph, the downstream (starting) water surface elevation is
determined by a rating curve or user specified water surface elevation. If desired, the downstream
rating curve and any rating curves throughout the study reach can be changed in time by input of a
new rating curve in the hydrology data set.

Conveyance limits, containment of the flow by levees, ineffective flow areas, and overtopping
of levees, are simulated in a manner similar to HEC-2. Split flow computations are not done.

Supercritical flow is approximated by normal depth; therefore, sediment transport phenomena
occurring in supercritical reaches are not explicity computed by HEC-6.

HEC-6 can be executed in *fixed-bed® mode, 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 in a ‘“fixed-bed® mode.

1.4.3 Sediment

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

For clay and silt sizes up to 0.0625 mm, Krone’s (1962) method is used for deposition and
Ariathurai's adaptation of Parthenaides' (1965) method is used for scour.

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

a. Toffaleti's (1969)

o} Madden's (1963) modification (unpublished) of Laursen's (1958) relationship
o Yang's Stream Power for Sands (Yang, 1972)

d. Duboys (Brown, 1950)

e Ackers-White (1973)

f. Colby (1964)

g. Toffaleti (1969) and Schoklitsch (1930)

h. Meyer-Peter and Muller (1948)

i. Toffaleti (1969)/Meyer-Peter and Muller (1948) Combination

j- Madden's (1985) modification (unpublished) of Laursen’s (1958) relationship
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K. Parthenaides (1965)/Ariathurai (1976) and Krone (1962) for cohesive sediments.
l. User specification of transport coefficients based upon observed data.

The above methods, except for method (a), utilize the Colby (1964) method 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 (1970)
approach.

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 geological controls such as bedrock or a clay layer is accomplished by
specifying the lower limits (elevation) of the movabie bed.

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 in these areas is based
upon the hydraulic and sediment characteristics of the channel alone.

Sediment inflow rating curves for the main river channel, its tributaries, and local inflow/outflow
points can be changed with time. HEC-6 has the capability to simulate diversion of water and
sediment by grain size.

For the downstream-most cross section, a transmissive boundary condition may be specified
where no scour or deposition is allowed to occur.

1.4.4 General

Output enhancements include the ability to print the total sediment discharge that has passed
each cross section and the volume of deposits (or scour) accumulated at each cross section since the
start of the simulation.

For a given dredging template, HEC-6 has the ability to simulate dredging activities. Dredging
can be triggered by an allowable deposition depth before dredging is initiated or on a periodic basis.
Dredging can also be performed based upon a required minimum navigation water depth.

If a network of main stem and tributaries is to be simulated, this version of HEC-6 makes use
of exactly the same data set earlier versions would require if each river and tributary segment were
being analyzed independently. Control Point data must 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.
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1.5 Theoretical Assumptions and Limitations

HEC-6 is a one-dimensional continuous simulation model based on a sequence of steady
flows to depict 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 explained later. Usually 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 for deposition conditions. Bed forms are not simulated except that ‘n’ values can be functions
of discharge which indirectly permits a consideration of bed forms if the user can determine bed form
effects from measured data. Density and secondary currents are not simulated.

There are three constraints on the formation of a model network containing tributaries for
‘which sediment transport is calculated:

a. Sediment transport in distributaries is not possible.
b. Flow around islands, i.e., closed loops, cannot be directly accommodated.

: 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 conditions. 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
hydrograpns, single event analyses may be performed with confidence.



SECTION - 2

2. THEORETICAL BASIS FOR MOVABLE BOUNDARY CALCULATIONS

2.1 General Overview of Approach and Capabilities

Section 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 Section 3.

211 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.

2.1.2 Geometry

Geometry of the 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.

2.1.3 Hydraulics and Hydrology

The water discharge hydrograph is approximated by a sequence of steady flow discharges,
2ach of which each last for a specified period of time. Water surface profiles are calculated by using
the standard step method to soive the energy and continuity equations (U.S. Army Corps of
Engineers, 1959). Friction loss is calculated by the Manning's equation and expansion and
contraction losses are included 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 ventically 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.

2.1.4 Sediment Transport

Inflowing sediment loads are related to water discharge by sediment rating tables 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.
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Sediment mixtures are classified by grain size using the American Geophysical Union scale
(Thomas, 1977). The program accommodates clay \particles less than 0.004 mm diameter), four
classes of silt (0.004-0.0625 mm), five c:asses of sara (from very fine sand, 0.0625 mm, to very coarse
sand, 2.0 mm), and five classes of gravel (from very rine 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 siope, 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 (1959). 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 2.1 shows a
representation of the terms in the energy equation.

@ ®
29 “—Energy Grade Line
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Channel Bottom

+h (2-1)
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where:

g = acceleration of gravity

h, = energy loss

V,, V, = average velocities (total discharge + total flow area) at ends of reach
WS,, WS, = water surface elevations at ends of reach (see Figure 2.1)

ay, o, = velocity distribution coefficients for flow at ends of reach

2.2.2 Hydraulic Losses

2.2.2.1 Friction Losses

Geometry is specified by cross sections and reach lengths; friction losses are calculated by
Method Il of U.S. Army Corps of Engineers (1959). The energy loss term, h,, in equation 2-1 is
composed of friction loss, h, and form losses, h,, as shown in equation 2-2. Only contraction and
expansion losses are considered in the geometric form loss term.

h, =h, =h, (2-2)

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, = (Q/K)? (2-3)
172
(A2 e A')I R.‘, + R1
" ZJ: 148] ~ 2 2 (24)
=R L
where:
ALA, = downstream and upstream area, respectively, of the cross sectional flow
normal to the flow direction

J = total number of subsections across cross section
K' = average conveyance + square root of length between sections
L = length of the jth strip between subsections
n = Manning's roughness coefficient
Q = water discharge
R, 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:

P LA (2-5)
o L (T~ >y
2g 29
where:
C. = loss coefficients for expansion or contraction

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

2.2.3 _Computation of Hydraulic Elements

Each cross section is defined by (X,Y) coordinates as shown in Figure 2.2

(See Figure 2.3)

A \
X)) (X14.Y 14)
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Figure 2.2. 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. Fig. 2.3 illustrates the technique by
using a subsection of Figure 2.2 with STCHL and STCHR as lateral boundaries of the subsection
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Figure 2.3. Incremental Areas in Subsection.
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The area of a subsection, A, is:

A =a +a,+a, +a, (2-6)
where:
= incremental area
A = area of subsection
The equation for an incremental area is:
_ (d+d )W 2-7)
‘ 2
where:
dpd . = the left and right depth of each incremental area, respectively (see Figure 2.4)
w = width of an incremental area
Dey = length difference between two sides of an incremental area

Normally, d, d,,, and W are defined by two consecutive cross section coordinates, as shown
in Figure 2.4. 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 bath.
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Figure 2.4. Incremental Area

2.2.3.2 Wetted Perimeter

The wetted perimeter, P, is computed as the length of cross section below the water surface.
In the case of Figure 2.3, this is:

P=p'+p2+p3+p‘ (2-8)

where:

o} = incremental wetted perimeter

The equation for the wetted perimeter of the incremental area in Figure 2.4 is:

p, = D, + )" 29)

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
R = — (2-10)
P
i
where:
A = area of subsection
P, = wetted Iperlmeter of subsection
R = hydraulic radius of subsection
2.2.3.4 Conveyance
The conveyance K| is computed for each subsection j by:
1.49
K, = —= AR® (2-11)
i
The total conveyance in the cross section is:
NSS
K=Y K (2-12)
j=1
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

%

f=1

K 3
f
A?
%
A

(2-13)

a =

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.
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EFDi = X\ (2-14)
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Yy a.DZ;
i=1
/I
2/3
LI (2-15)
erw ==
EFD*
where:
a, .= flow area of each trapezoidal element

O
Il

average water depth of each trapezoidal element
iy = the total number of trapezoidal elements in a subsection

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 2-16, and compared with the computed section factor at each
Cross section.

CAT = - /Q)w (2-16)
qla

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

ZSQ = A(A/W)'"? (2-17)
where:
A, = total area of cross section
W, = ‘otal water surface width
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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 2.1 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 2.5.

Actual Water Surface

Hydraulic Properties Used For
Sediment Transport Calculations
in HEC—

(e.9. octual woter surfoce n subcrricel reaches
and Aormal depth m supercntcsl reaches)

Hydraulic
% e Jump
v -
Subcriticat ~ D «
Reach \

Supercritical

Reach
| 8 Su ercritical
! —— —— Criticai Lepth 1 pReoch Subcritical
! ——— Actual Depth i Reach

| T —— Normal Depth l

Figure 2.5. 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 to computed the upstream cross
section water surface elevation. Figure 2.6 demonstrates the sequence of successive trials to
converge the standard step method.
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Figure 2.6. Convergence of Assumed and Computed Water Surface Elevations.
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Computational Procedure:
Trial 1: Based on the previous water surface profile.
Trial 2;: Assumed is 90% of DLY1

Trial 3: Trial 1 and 2 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 values and the computed value of WSE
are within the allowable error tolerance. If they are, the computed WSE becomes the
converged solution.

When an answer is forced, the program uses the last computed water surface elevation even
though the allowable error between the trial and computed elevations has been exceeded. 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.

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.
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Interior Point (section)

VEL = XIDVEL(K-1) T XINVEL(K) + XIUVEL(K+1) (2-18)
EFD = XIDEFD(K-1) + XINEFD(K) + XIUEFD(K+1) (2-19)
EFW = XIDEFW(K-1) + XINEFW(K) + XIUEFW(K+1) (2-20)
SLO = 0.5{SLO(K) + SLO(K=1)] (2-21)
Upstream Point (section)
VEL = UBNVEL(K) + UBIVEL(K-1) (2-22)
EFD = UBNEFD(K) + UBIEFD(K-1) (2-29)
EFW = UBNEFW(K) + UBI-EFW(K-1) (2-24)
SLO = SLO(K) (2-25)

Downstream Point (section)

VEL = DBNVEL(K) + DBIVEL(K+1) (2-26)
EFD = DBNEFD(K) + DBI€FD(K+1) (2-27)
EFW = DBNEFW(K) + DBIEFW(K+1) (2-28)

SLO = SLO(K) (2-29)
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where:

DBN, DBl = 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

downstream, interior, and upstream coefficients, respectively, for
interior points

XID, XIN, XiU

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 aiso 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

Scheme 1 DBl DBN XID XIN XU usl UBN

Most

0.5 0.5 0.25 0.5 0.25 0.0 1.0 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 can be changed by using the 15 record.

2.2.5 Hvdraulic 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 potential is then muttiplied by the fraction of each size class present in the bed to
yleld transport capacity 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 controis 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. The basis for stability of the armor layer is the work by Gessler (1970).

2.3.1 Egquation for Continuity of Sediment Material

2.3.1.1 _The 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 bed rock or other
geological control beneath the bed surface. In areas where no bed rock exists, an arbitrary model
bottom or datum is assigned. This is illustrated in Figure 2.7.

3 Water < 1

bl Control Volume at
k Cross Section 2

; |
Stream Bed I

Surface B
| |
R R R A E TN N S

‘Eﬁaodel Bott>om | Ys
ed Rook

Figure 2.7. Control Volume for Bed Deposits.

The control volume for section 2 is represented by the heavy dashed lines. The control
volumes for sections 1 and 3 join that for section 2, etc.

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 2.8.
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Figure 2.8. Ogformed Control Volume For Bed Deposits.

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

V=8 (YL /2 +Y:LJ2) (2-30)
where:
B, = width of the mcvable bed
Lo Ly = length cf the upstream and downstream reach, respectively, used in control

volume ccmputation
Vo = volume c¢r sediment In control volume

¥ = depth of sediment in controt volume

For a water depth of O, the volume of fluid in the water column is
V. =8, -1DL/2) + (DL/2)] (2-31)

B, and D are hydraulic paramsters, width and depth, which are calculated by averaging over
the same space used in solving the eriergy eguauon as described in section 2.2.1.

The solution to the continuity of sediment equation assumes that the initial concentration of
suspended bed material is zero. That i3, ail 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.
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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 aliuvium 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 2.9. 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.

Lo8 | MCH |  RrOB
) | Limits of Movable Bed | |

Bank —e \\] l ®&— Bank
\

ik

Sediment Sediment
Reservoir J Reservoir

— Ve
‘/\/\— Bed Sediment
Bottom

Reservoir

Model

Figure 2.9. Sediment Material in the Streambed.

HEC-6 accounts for two sediment sources: the sediment concentration in the inflowing water
and the bea-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 bed rock 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.

Coordinates connected with the solid line in Fig. 2.9 define 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
movable bed width and the representative reach length, equals the required scour volume. If a model
bottom elevation is not specified, a default value of 10 feet below the thaiweq is used, which then
becomes the maximum D, available for scour.
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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):

5 Y,
f & B % L} & O (2'32)
ax ° 9(DD)
where:

8, = width of movable bed

DD = duration of time step

G = sediment discharge (ft */sec)

X = distance aiong the channel

Y, = depth of sediment in control volume

This equation is expressed in finite difference form (see equations 2-33 and 2-34) for point P
using the notation shown in Figure 2.10.

<+ ™ o~ -
< < (= (=
Q .2 Q L
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(K+1) (K) (K=1)
? ® O 9 -
Flow e
—_— = o
e o ® ® (J+1) | €
9] P D IAT )
® ® ® ® ()
 Lu L La
| 1 i
X Distance Along Channel Bottom 0
(Upstream) (Downstream)

Figure 2.10. Computation Grid.

G, -G, By -Y)_

0 (2-33)
VSFIL, + L)) DD
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b G, -G,
-Y - i 2-34
» ¢ [©5B, L,+L 23

where:

Bis = ~ width of movable bed at point P

G, G, = sediment Ioad§ at the upstream and downstream cross sections,
respectively Vo'e s/

e = upstream and downstream reach lengths, respectively, between cross
sections

Yeor Yoo = depth of sediment before and after time step, respectively, at point P

VSF = volume shape factor as calculated from prismodial equation

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, G,, 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 betwesn G, 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 2-34.

As shown in Figure 2.10, the transport capacity is calculated for the bed elevation at the
beginning of the time interval and it is not recalculated during that interval. Thereforse, it is impornant
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
snield the finer particles from being entrained in the flow. Two different processes are assumed: (1)
mixing that occurs between the bed sediment panticles and the fiuid-sediment mixture due to the
anergy 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.
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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 bty combining Manning's, Strickler's, and Einstein's equations, respectively:

v = 1986 o gre (2-35)
n
178
ne3a- (2-36)
29.3
g, 9 (2-37)
Py bs,
where:
d = grain diameter
D = water depth
\" = water velocity
Py = density of sand grains
Py = density of water
k4 = transport intensity from Einstein’s bed load function, related to the inverse of
Shield’'s parameter ;
(S(ZZ ¢ ‘)"37/} Funetion 1a Ers 7/61 n Bedload Forme /ﬂj

For no transport, ¥ equals 30 or greater. Solving equation 2.37 in terms of S, for a specific
gravity of sand of 2.65 and with ¥ set at 30 yields

. (2-38)
18.18D

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

o = (1.486)(29.3D** [ d |7 (2-39)
g 18.18D0
q = 1021 D™g" (2-40)
where:
q = water discharge per unit width of flow



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

D =D=|_—9 (2-41)
¢ 10.21g"?
where:
D, = the minimum water depth for no sedlment tranSport (i.e., equmbrium depth) for
grainsized (porticle /s frkels o be sTEble for D)

2.3.2.2 Scour Depth and Armoring

Where the bed material is a 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 of a vertical column,
illustrated by Figure 2.11 and equations 2-42 and 2-43

SA = N |FF (2-42)
N = SA
243
- (243)
4
where:
Dy = depth of scour to reach equilibrium
N = number of sediment grains on bed surface

SA = bed surface area
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Figure 2.11. A Column of Bed Material Having Surface Area SA.

The surface area of the cciumn 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.

N = SASAE

o (2-44)

4

where:

SAE = ratio of surface area of potential scour to total surface area

Assuming a neterogenous 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:

V. - PCSAD, = N|[Z -af} (2-45)
where:

d, = smallest stable grain size in armor layer

D, = depth of bed material which must be removed to reach equilibrium in time
stop

PC = percent of bed material coarser than size d

V.. = volume of bed material which must be removed to reach equilibrium in time
step
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Combining the surface area and volume equations and solving for the required depth of scour
to fully develop the armor layer gives:

SASAE
D = nd? L a (2-46)
- 4 6 PCSA
which reduces to:
SAE - d
D =(23) |—— _— 2-4
. = (2 >[ = ] (247)

This equation is used with equation 2-41 to calculate an equilibrium depth for a mixture of
grain sizes. In order to determine the PC to use in equation 247, 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 2.12. The first step in
locating the proper segment on the gradation curve is to calculate the equilibrium depths, D1,, and
02,, for the grain sizes at points 1 and 2, respectively, using equation 241. If the actual water depth,
D Is less than D2,,, the straight line segment from 1 to 2 in Figure 2.12 defines the required
functional relationship 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.
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Figure 2.12.  Gradation of Bed Material for Equilibrium Depth
Computation.

Relating depth of scour and equilibrium depth requires consideration of two conditions as
illustrated in Figure 2.13.
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Figure 2.13. Equilibrium Depth Conditions.

When D,,, the actual depth of flow, is between D1,, and D2,, (corresponding to equilibrium
depths for points 1 and 2 of Figure 2.12), condition 1 is satisfied and

D ,=0D1_+D (2-49)
A general expression is

D =D +D (2-50)

u v s8

where:

D, = either D, or D1,

u

The technique for determining D, for a mixture of grain sizes is to first calculate D,, for D2,..
Using equations 2-42 through 2-47, D,, is used to determine if there is a sufficient number of stable
grans in V,, (see equation 2-45) 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
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 voiume of
material removed, and the surface area exposed for scour is:

vOL

A =
SAE = WLSE Exner 1 (2-51)
where:
VoL, = volume remaining in active layer
VOl = total volume in active layer

Leaching of the smaller particles from beneath the bed surface is prevented by adjusting the
surface area exposed, 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% of the total bed surface (Harrison,
1950). 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 as described in Section 2.3.2.1. 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 2.13).

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 (see Thomas, 1981). The thickness of the active layer is checked
against a maximum allowable value ( 2 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 2 foot
maximum allowable thickness of the active layer assumes that this is the maximum depth to which
grains can interact within a computational intervai.
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2.3.3.1 The Cover Laver Z£aner

During erosion, HEC-6 stratifies the active layer into two sublayers; a cover layer and a sub-
surface layer as shown in Figure 2.14. 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
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 siow
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 (1950) noticed this *armoring* occurring when as little as 40% of the bed surface was

covered.

Y Water Surface

<
DaL
Deq
Active T Cover Layer
Layer Sub—Surface
. Layer
Inactive
Layer Model Bottom

Figure 2.14. Composition of the Active Layer.

2.3.3.2 The Sub-Surface Layer

The sub-surface layer is 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 2 times the size of the largest panticle 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 eartier.
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2.3.3.3 Rate of Replenishing the Active Layer £~/ /

A streambed having a gravel or cobble surface underiain 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, - yv)d, (2-52)
t, =y - EFD - S, (2-53)
where:
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 (Vanoni, 1975)
% = unit weight of water
Y, = unit weight of sediment particles
5 = bed shear stress
T, = critical bed shear stress, after Meyer-Peter and Muller (1948)

The probability relationship presented by Gessler (1970) is shown in Figure 2.15. 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 (t/t) of
1.0 in Figure 2.15 and actually indicates a stability probability of 0.5. As the actual tractive force
increases, the tractive force ratio decreases to refiect a lower probability that the grains will remain
stationary. Thig does not guarantee particle movement nor do tractive force ratios greater than 1
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:
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where:
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Figure 2.15. Probability of Grain Stability.

Work by Gessler (1970) 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

BSF

SAE,, = 10 - =2

(1.0 - SAE) Fxwer / (2-55)

where subscripts t and t+1 represent beginning and ending of a computational 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 10% of 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

i
2.3.4.1 Bed Gradation Recomputations £ + .2, ;’/55

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 length at each reach by:

L7 - DURATIONVELOCITY (2-56)
REACH LENGTH

Often the number of recalculations can be less than this without significant changes in the
results. The user should initially start with LTl=0 (use variable SP! in |1 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 2-56. Starting from SPI=50,
decrease it in increments of 10 until the resuits become significantly different from the results with
SPI=0. Use the SPI that gives answers close to those obtained with SPI=0.

2-27



2.3.4.2 Characteristic Rate of Entrainment £ rve/ 3 (/0 7rmi0s /osfen? )

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,
associated with the rate at which a flow approaches its equilibrium ioad, is calculated by dividing the
reach length by the characteristic distance for entrainment as follows:

ENTRLR = REACH LENGTH/(30DEPTH) (2-57)

The entrainment coefficient, ETCON, is then defined by

ETCON = 1.368 - g<MR~A (2-57)
where:
e = natural logarithm base
ENTRLR = entrainment ratio
ETCON = entrainment coefficient

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 Oeposition ~£xxcr 5 (7 fyppoc,fe Tiei o /y

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 ciass.
The rate at which sediment deposits from the flow field is controlled by particle settling velocity as
follows:

DECAY(i) = %ﬁ (2-59)
where:
D,(i) = effective depth occupied by sediment size i
0D = duration of time increment
Vi) = settling velocity for particle size i

2-28



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 paraboalic 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)SAE®™ 1, 7 (2-60)
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 0 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-P)-SG .y (2-61)
where:
P, = 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 pp 33-41 of Vanoni (1975) when field data is lacking at your project site.

/e $EX Coed, 4-74)
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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 (Vanoni, 1975).

1

Ysc =

FSA FSL FCL (2-62)
— e
Ysa Yoo Yeu
where:

Ysc = composite unit weight of deposits

Ysar Ysu = unit weight of sand, silt, and clay, respectively

YeL

Fau Py = fraction of sand, siit, and clay, respectively, in the

FeL deposit

2.3.5.3 Consolidated Unit Weight

Compaction of deposited sediments is caused by the grains reorienting themseives and the
squeezing out the water trapped in the pores. The equation for consolidation (Vanoni, 1975) is:

Y=y, +8-log,T (2-63)
where:
B = coefficient of consolidation for siits or clay
T = time in years
Y, = initial unit weight of the sediment deposit, usually after 1 year of consolidation

Suggested values of y, and B are given in Vanoni (1975).

The average consolidation unit weight over a time period T requires integration over time.
This is computed using the following relationship developed by Miller (1953).

T

Y. =Y +8B {ﬁ -log,,T - 0.434 B (2-64)

These unit weights are used to convert sediment weight to volume for computation of the bed
elevation change.
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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 = c , (2-65)
(ab)'"?
where:
a b, c = 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 irregularty
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 shoulid 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 (1966) and is similar to Rubey's method (Vanoni, 1975). 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 (1957), and is described in detail by Williams (1980). 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. D, is set to zero.

2. The active layer thickness is calculated.

3. The gradation of sediment in the active layer is calculated.

4. 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.

5. 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.

6. A new water surface profile and associated hydraulic forces are calculated.
7. The new D,, is calculated.

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

9. |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
:xists in the seaiment reservoir, then D, is set to the full sediment reservoir depth and a
note is printed.

10. |If there is enough sediment in the sediment reservoir, D,, is compared to the remains of the
previous active layer, D, [f the difference (D,, - D) is greater than 5 feet, the weight of
sediment equivalent to a thickness of 5 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 sediment transport caiculations depend on the bed surface gradation.

11. If the difference (D, - D,..d) iS l€Ss than 2 feet, a new target weight of sediment is
determined for the exchange between inactive and active layers in subsequent
computations.

Earlier versions of HEC-5 allowea leaching of sediment from depths below the bed surface. This
is prevented by subdividing tri2 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 channel 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. Cnce 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 venical components of the coordinates within
these scour/deposition limits are then adiusted as shown in Figure 2.9. An option for adjusting the
geometry in a different manner for deposition is described in Section 3.7.4.

2.3.9  Siit and Clav Transport

2.3.9.1 _Cohesive Sediment Deposition
The equation for silt ana clay deposition (Krone, 1962) in a recirculating flume at siow
aggregation rates and suspended sediment load concentrations less than 300 mg/l is
log C/C, = -kt (2-66)

or

cic, = e~
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where:

C = concentration at end of time period'

C, = concentration at beginning of time period'

D = water depth

k = VP/23D

P, = probability that a floc will stick to bed (1 - t./z,)
t = time

V, = settling velocity of sediment particles

T, = bed shear stress

1y = 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 (1965) and adapted by Ariathurai (1977). Particle
erosion is determined by:

C-ﬁ-ﬁ_1]+c° (2-68)
Qy |,
where:

C = concentration at end of time period

C, = concentration at beginning of time period

M, =  erosion rate for particle scour

Q = water discharge

S, = surface area exposed to scour

t, = bed shear stress

1, = critical bed shear for particle scour

'Note: These and the subsequent relationships apply for sediment concentrations that are less than
300 mg/l, (see Krone, 1962).

2-33



%

¥ = unit weight of water

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 (1977)
recommended that a ‘characteristic time®, At, be used. With a computational interval of DD, the mass
erosion equation becomes:

c. M5 At (2-69)
Qy DD °
where:
DD =  duration of time period
M, =  erosion rate for mass erosion
At = characteristic time of erosion

Ariathurai (1977) 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 mineralology, 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. |f the
concentration of fines (i.e., siit ana clav) 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 proportionaily reduced so that the total concentration is 800,000 ppm.
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SECTION - 3

3. GENERAL INPUT REQUIREMENTS

3.1  General Description of Data Input

Input data are grouped into categories of geometry, sediment, hydrology, operating rule,
program commands, and the network model as briefly described below. A description of input
variables is contained in Appendix A. The alphanumerics in parentheses after each major heading
refer to the input records that control the discussed data.

3.2 Geometric Data

This category includes cross sections, reach lengths and ‘'n’ values existing at the beginning
of the study, which are required for water surface profile calculations. In addition, the movable bed
cortion 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. In Fortran, this format is A2, F8.0, 9F8.0.

3.2.1 Cross Sections (X1, X3, GR)

Cross sections are specified for conditions existing at the beginning of the study and
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 2.2). Corrections for skew and
changes in elevation are made, if desired, without re-entering coordinate points (X1 record).

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

3.2.2 Subsections (X1)

Each cross section can be subdivided into parts called subsections - for example, 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
iength 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.

3-1



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 of the inside overbank area. For meandering rivers, the channel length is generally greater
than the overbank reach lengths.

3.2.4 Manning ‘'n’ Values (NC, NV, $SKL. $KI)

A Manning ‘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 hydrology data set. To return to the input ‘n’ values, a
SKI record must be input.

3.2.5 Bridges

This model has no provision for calculating flow at bridges except by normal backwater
calculations. Simulate piers 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 wiil cause the movable bed to fall and rise
by changing the cross section eievations 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 leves, man-made levee or some other structure. End area, wetted perimeter, n-value and
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 is exceeded, that overbank area is used for hydraulic conveyance
calculations (see Figure 3.1).

Figure 3.1. 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 3.2.

Effective Effective
Area Width Area Width
Channel Channel

Limits

f % ' Limits I

Figure 3.2. 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 are specified. This method is similar to Method 1 of the encroachment option in HEC-2 as
demonstrated by Figure 3.3. Method 3 cannot be used together with Method 1 or 2.




Channel Channel
Limits

ELENCL R //—— ELENCR  ELENCL Py EENcR
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| |

STENCL STENCR STENCL STENCR

Figure 3.3. Examples of Ineffective Area, Method 3.

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 3.4.

Naturat

Levee
Moveaole Bed Ineffective Moveable Bed
, Limits Flow Area | Limits N
i ) r il
2 N\ \ o 7

x4

Deposition

Figure 3.4. ineffective Areas Due to Natural Levee Formation.

3.2.9 ODOredaing (H, HD, SDREDGE, $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. Qutside 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. iateral limits, and the depth of overdredging. Dredging
is initiated by the $SDREDGE record in the nydrology data set and is assumed to be active for all
discharges until a SNODREDGE record is encountered. This ‘on* dredging and °off* pair of records
can be placed in the hydrology data set as often as required. Dredging can be activated any number
of times during a long simuilation by placing pairs of SDREDGE, SNODREDGE records in the
hydrology.

The elevation of the channe! bottom is calculated at the end of each computational cycle (DD).
If 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). ‘NVhen this occurs, the channel is dredged to an elevation such that
the minimum draft is achieved.
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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 inflowing sediment load, transport capacity relationship, depth of sediment material in
the bed, gradation of material in the bed, and unit weight of deposited material as well as fully
consolidated deposits are input in this section.

The grain sizes of sediment particles commonly transported by rivers may range over 7 log
cycies. Small sizes behave much differently from large sizes. Therefors, 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 3.1. HEC-6
accounts for 15 different sizes of material including 1 for clays, 4 silt sizes, 5 sand sizes, and 5 gravel
sizes. The representative size of each class is the geometric size, which is the square root of the
class ranges multiplied together. For example, the geometric size for medium silt is (0.016-0.032)'? or
0.023 mm.

Class Size No.

used in HEC-6 Sediment Material Class. Grain Dia. (mm)

CLAY Clay (Clay) 0.004

SILT
1. Very Fine Silt (Sit) 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

Table 3.1. Grain Size Classification of Sediment Material.

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
tributaries 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 vs. sediment load in tons/day as in Figure 3.5.

3-5



QS in Tons/Day
-T

Q in cfs

Figura 3.53. wWater-Sediment Inflow Relationship.

Data is entered as a tanie of seaiment load by grain size class for a given discharge. The
range of discharges should 2ncompass the full range expected in the simulation.

If the inflowing seaiment load is essentially of one grain size, that size should be located in
Table 3.1 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 in 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 3.1. Use as many of these classifications as are
required 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 above AGU classification in Table 3.1 is stored internally in the program and cannot
be modified.

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

Transport theorv for sand reiates the total sand and coarser load moving to the gradation of
sediment panticles on the bed suniace. Armor calculations require the gradation of material beneath
the bed surface and knowiedge about the depth to bed rock or some other material that might
prevent degradation.

These requirements are accommedated 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 the following sketch.
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Figure 3.6. 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,,. !f 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 3.6), 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 3.6), is a
completely different data source and easier to sample than the bed surface gradation. Therefore, in
using the computer program it is customary to specify inflowing sediment load and gradation of the
region identitied 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 and
PFC records.

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 {11, 12, 13, 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 3.1. The program defaults to a specific gravity of 2.65 and the grain shape factor defaults to
0.667 it na values are specified. The fall velocity methods are input on the I1 record (see Section
2.3.6).



3.3.4 Sediment Transport

3.3.4.1 Sand and Gravei Transport (11)

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

a. Toffaleti (1969)

b. User developed relationship

4 Madden'’s (1963) modification of Laursen's (1958) relationship
d. Yang's Stream Power for Sands. (Yang, 1972)

e. Duboys (Brown, 1950)

f. Ackers-White (1973)

g. Colby (1964)

h. Toffaleti (1969) and Schoklitsch (1930)

i. Meyer-Peter and Maller (1248)

I Toffaleti (1969) and Meyer-Peter and Muller (1948)

k. Madden’s (1985) modification of Laursen’s (1958) relationship

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:

. {D .5, - cr (3-1)
A
where:
DeS, = depth-siope 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 - n* (3-2)
where:
D.E = sediment transport coefficients developed using data
n = Manning's roughness coefficient
STO = muttiplying factor of GP

3.3.4.2 Clay and Silt Transport (12, [3)

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/l (see Krone, 1962). The first method
aillows the deposition of clays and silts but does not allow scour (MTCL and MTSL = 1 in12 and 13
records, respectively). This is the method used in previous HEC-6 versions. The second method
(MTCL ana MTSL = 2) allows for both deposition and scour as described in Section 2.3.9. When this
method is used, an additional 12 record is required to provide information regarding critical shear
stress thresholds for deposition and shear stress thresholds and erosion rates for both particle and
mass erosion.

3.3.5 Transmissive Boundary ($B)

The user may specify transmissive boundary which will allow sediment reaching that boundary
(cross section) 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

This category's data is are 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 flow events,
each having a specified duration in days as illustrated in Figure 3.7. 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 histograph.
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Figure 3.7. Example of Histograph Representation of a Hydrograph for HEC-6.

3.4.1 _Water Discharges and Durations (Q, W,

An example hydrologic data set is shown in Table 3.2. The meaning of each record is
explained in the following sections.

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 tha time increment into smaller increments. In this case, instead of
encoding entire sets of *, Q and W recoras. the W record is replaced by the X record. The X record
is used to divide the time duration which is normaily on the W record into smaller computational time

increments.
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Sediment Data

$HYD

SRATING

RC 3 100 0 0 520 525 528
x AB COMMENT FOR EVENT NO. 1, AB LEVEL PRINTOUT
Q 100

T 60

w 1

» COMMENT FOR EVENT NO. 2

Q 200

w 2

" A COMMENT FOR EVENT NO. 3

Q 200

R 527

T 70

w 2

SRATING

RC 3 100 0 0 520 525 6528
. BB COMMENT FOR TIME STEP NO. 4

Q 200

w 1

SSEND

Table 3.2. Example Hydrologic Input of HEC-6.

3.4.2 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. Termnperatures of tributaries and local inflows are aiso on the T
record. The water temperature of the main stem is determined by discharge weighing of the
‘ributary/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 reservair. This section deals with the simulation of these types of
operations.

The starting water surface elevation is used by this program for the same purpose that it is used
in HEC-2 for water surface profile computations. It is required at the downstream end of the
geometric model (i.e., the downstream boundary). Operating rules may be impased 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.
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The first method involves the usa of a rating curve which can be specified using a SRATING
record followed by a set of RC recoras 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 temporarity modified using the S record or replaced by
entering a new set of $RATING 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 water surface
to a new value.

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 timestep.
Ont he next time step, the program wiil 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 a 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 whnich specifies a pool elevation ana a head loss. When the tailwater elevation plus the
heaad loss term is nigher than the specified pool elevation, the pool rises. This option was originally
developed for hinged coci operations which usually had constant head losses for all discharges.
Users can specify an internal rating curve anywhnere in the network by using a combination of X5
and/or R records. This is helpiul in modeling weirs and drop structures.

3.4.4 Example Hydrology input

The following description refers to the example data shown in Table 3.2. The $HYD record
follows the sediment data. At the beginning, the $RATING and RC records are used to input a
discharge-elevation relationship. Every discharge must have *, Q and W (or X) records. A water
temperature (T) record is always required for timestep number 1. The second timestep will use the
same temperature (60°F). The T record in timestep no. 3 changes the temperature (70°F). This
temperature is also used for timestep no. 4 since there is no T record in that timestep. The water
surface elevation on the R record in event no. 3, 527 feet, is the starting water surface elevation for
timestep no. 3. The rating curve ($RATING and RC records) just before event no. 4 is used to
determine the starting water surface for timestep no. 4 and overrides elevation 527 from the R record
in timestep 3. A $$SEND record is used to end the hydrology data as well as the entire HEC-6 input
data set.
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Tne A in column 5 and the B in column 6 of the * record for event no. 1 will produce A level
printout of the water surface profile computations and B level print out of the sediment transport
computation. 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 Section 4.

3.5 Program Commands (EJ. $TRIB, SLOCA HYD, $SEND

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 EdJ record identifies the end of
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 SLOCAL 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 3.8, or by CP, where n is the
control point number, as in Figure 3.9.

i.ocal inflow/outflow point: 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 3.8.

River segment: 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 |, whera n is the segment
number, as in Figure 3.8.

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

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

3.6.1 Main Stem and Tributarv Numbering

Segment and control points should not be numbered arbitrarily. To illustrate the numbering
procedure, Figure 3.8 is used as an example and depicts a stream network. Arrows indicate local
inflow/outtiow points. The numbering of segments, inflow points, and control points should be
according to these steps.

Step 1.  Sketch out the stream network system.

Step 2. 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 L, ,.

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 pcints I, and I.. Label L,, for the local inflow entering segment 4.

Step 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 |, Since there are
no tributaries on segment 6, check for tributaries 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 5. Check next upstream segment of 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.
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Figure 3.8. Example of Stream Network Numbering System.,
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3.6.2 Cross Secrion 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 foliowing 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 recora following the $TRIB record identifies the control point number
associated with the geometry information for each tributary segment data set. Table 3.3 illustrates
these requirements for the network shown in Figure 3.8.

Figure 3.9 shows how to paosition 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 (contrcl) 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 3.9).
The control point number must be coded on that QT record.

Record Comment
T1 MAIN STEM GEOMETRY CCMES FIRST, THEN TRIBUTARIES.
T2 EXAMPLE ILLUSTRATES GEOMETRIC SEQUENCE OF FIGURE 3.8.
T3 THIS RECORD TO EJ RECORD CONTAINS GEOMETRIC INFQ.
e Geometry of main stem, contains QT records for L, ,, L, , and segments 2 and 3.
EJ End of main stem (Segment 1)
$TRIB Warns program that geometry of a tributary segment follows.
CcP 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 UPSTREAM
T2 TRIBUTARY FROM CONTROL POINT 1, STARTS AT CONTROL POINT 2 AND ENDS
T3 AT 12,
_— Geometry cf Segment 2, contains QT records for segment 4 and 5.
EJ End of Segment 2.
STRIB 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 UPSTREAM
T2 TRIBUTARY FROM CONTROL POINT 2 ON THE MAIN STEM. STARTS AT CONTROL
T3 POINT 3 AND ENDS AT 13.
_— Geometry of Segment 3.
EJ End of Segment 3.
STRIB Indicates that data for additional tributary segments follow.
CP 4 Indicates that the following segment enters the network at control point 4.
T1 THIS PART IS FCR GEOMETRY OF SEGMENT 4 WHICH IS THE DOWNSTREAM
T2 MOST TRIBUTARY OF SEGMENT 2. IT STARTS AT CONTROL POINT 4 AND ENDS
T3 AT 14,
—_ Geometry of Segment 4, contains QT records for Segment 6 and L, ,.
EJ End of Segment 4.
T4 Sediment data follows.

Table 3.3. Sequence of Geometric Data Sets for Networks.
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Figure 3.9. Example Cross Section Locations for Stream Networks.

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 11 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 SLOCAL record followed by inflow/outflow
sediment discharge tables. Diversions are treated the same except negative discharges are used in

the sediment discharge tables.

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
ilustrated in Table 3.4 which is for the network shown in Figure 3.8.
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Record Comments

—— Previous geometric records.

T4-T8 T4-T8 records are used fcr comments on main stem.
= Rest of sediment data of main stem are entered.
SLOCAL Indicates information on local inflow points follows.
LQL Insert information cn Iccal sediment inflow on LQL, LTL and LFL records. Since there
LTL are two local inflow/outfiow points in the segment (L,, and L, ,), two complete sets of
LFL these records are required with the set for L, , first followed by L, ,.
LQL
LTL
LFL
$TRIB Sediment data set of segment 2 follows.
T4-T8 T4-T3 records are used for comments on segment 2.
—— Rest of sediment aata of segment 2 are entered.
STRIB Sediment data set of seament 3 follows.
T4-T8 T4-T8 records are used for ccmments on segment 3.
—— Rest of seaiment cata of segment 3 are entered.
STRIB Sediment data set ¢f segment 4 follows.
T4-T8 T4-T8 records are useg for comments on segment 4.
— Rest of sediment cata of segment 4 are entered.
SLOCAL Indicates information on local inflow/outflow points follows.
LatL This set of records are for local inflow/outfiow point L, .
LTL
LFL
STRIB Sediment data sat of segment 5 follows.
— Enter sediment information on rest of segments in similar fashion.
$SHYD Start of hydrology.

Table 3.4. 3Sequence of Sediment Data Sets for Networks.

3.6.4 Hydrologic Data

The hydrologic data set Gepicted in Table 3.5 is for the stream network shown in Figure 3.8. 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 temperaturas 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.

field 11 2] o 4] S 6| 71 8| 9|
SHYD
i THIS ILLUSTRATES THE HYDROLOGIC DATA SEQUENCE.
Q Q, QL Q.L,, Q, Q, Q, Q.L., Q, Q,
T Ty Tl Tl o T LA T Ta
w W,
* Next Time Step

e Continue with sets of * to W records for all discharges
SEND End of model data input

Table 3.5. Hydroloaic Data Input for Stream Networks.
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The information in field 1 of the Q (Q,) and T (T,) records refers to segment 1 (see Figure 3.8).
Information on these records is for the water exiting segment 1 at control point 1. Information in fields
2(Qi,,andTL,,) 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
hydraulic data for each segment and produce a single duration which best simulates the hydraulic
and sediment processes of the whole system.

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 tor each stream segment, must be arranged in the sequence of the control point numbers. A
STRIB 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 i1s picked out of 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. It is
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 compieted 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.
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3.7 __Input Reauirements for Other Options

3.7.1 Flow Resistance Relationships ($KL, SKI)

Limerinos’ (1970C) relationship is available for the determination of Manning's ‘n’ based upon bed
gradation. This relationship is:

0.0926R'®

- (3-3)
1.16 + 2.0 log, (R/d,,)

where:
ds, = particle size in the streambed of which 84% of the bed is finer, in feet
R = hydraulic radius, in feet

This option is initiated by the $XL record in the hydrologic data set and insertion of the $KI
record returns the 'n’ values to previous inout values.

3.7.2 Fixed Bed Calculations

HEC-6 is capable of being executed as a *fixed ted® model similar to HEC-2. The minimum
required records are: T1-T3. NC. X1, GR, H, EJ, SHYD, Q, T, W and $SEND. The H record can be
left blank. Optional records are MV, X3, X5, SRATING ana RC. Note that no T4 through L records
are required. If these records are present, 3 *fixed bed" run is accomplished by moving the $HYD
through $SEND recoras to just aiter 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  Muttiple Fixed Bed Calculation

If there are no tributaries or local inflow/outflow points, up to 10 multiple profiles may be
computed in one run. Table 3.6 contains an example of a run using 5 discharges from 100 to 10,000
cfs with starting water surface elevations ranging from 510 to 518 feet. Multiple profile runs are
preferred over simple runs because the printout is more compact for the same number of discharges
making it easier to make comparisons. If a $RATING record has been specified, the R record is not
needed.

SHYD

* A 5 DISCHARGES FROM LLOW TO HIGH
Q100. 500. 1000. 5000. 10000.
R510. 512, 513. 516. 518.

T 70 70. 70. 70. 70.

W 1. 1. 1. 1. 1.
$SEND

Table 3.6. Example Hydrology Data Set for Multiple *Fixed Bed® Calculations.
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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 3.6. Input of a $GR record in the hydrology 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.
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SECTION - 4

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 modei
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 4.1 and 4.2.

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

4.2 Geometric Data and Hydraulic Calculations (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.

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.

4.3 Sediment Data & Calculations (T4, * SPRT, CP, PN, END)

Selection of output levels within the simulation level is essential for a complete understanding
of model behavior. Use of the option in 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. 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 (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.
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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
hydrology 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 4.4 should be utilized.

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

The $VOL record in the hydrology 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 planes
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.

4.5 Summary of Output Controls

Table 4.1 summarize 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 4.2 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.

Record Level Description of Printout
T1 - Normal printout. Prints T1-NC records and cross section identification
numbers.
B Initial geometry and causes data edit to be made.
C Trace printout through subroutine GMOD.
T4 = No printout.
B Initial condition of inflowing sediment loads and cross sectional bed
gradations.

Table 4.1. Summary of Initial Conditions Printout Commands.



Record Level Description of Printout

%! Discharge, starting water surface elevation, water temperature, flow duration.
General hydraulic parameters of each cross section.

Initial geometric data, distribution of hydraulic parameters across subsections.
Trace information.

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

mow>» |

2 No printout except B-level for iast discharge.

' Volume of sediment entering and exiting model, trap efficiency.

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

Detailed printout of caiculations.

$PRT* Turn offprint out at all cross sections.

Print out at all cross sections levels specified on * record.

> 2z O w>» |

Ccp = The control point number of the segment where printout is specified; used with
SPRT, PN and END records.

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

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

svoL® - 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 $YOL record.

' - Record Column 5
* . Record Column 6
* . Record Column 7
¢ . Record Column 8

Table 4.2. Summary of Continuous Simulation Printout Commands.

43



SECTION - 5

5. HEC-6 COMPUTATIONS AND MODELING GUIDELINES

5.1 General

Training Document No. 13 (Thomas, 1981), entitled *Guidelines for the Calibration and
Application of Computer Program HEC-6," describes methods and procedures for calibrating and
applying computer program HEC-6. Other useful documents for sediment transport modeling are
Thomas (1977) and Gee (1984). Data requirements for river geometry, sediment characteristics and
hydrology are discussed in these documents.

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. [f none are
present, the program will arbitrarily assign 10 feet below channel bottom to provide some finite depth
of sediment material in the model. If more than 10 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 reservair level for the water surface profile computations and the program will
adjust the bed according to caiculated resuits.

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 remaoved before testing for the inorganic
properties presented below. If a significant quantity of organic particles are present, such as on the
Big Sandy River where coal amounted to 40% of the sample by waight, 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 Synthesis

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 fiuctuation 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 1000 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 carmry 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.
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6. EXAMPLE PROBLEMS

This section presents several example problems that illustrate the contents of input data and
computed resuits 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 (1984) and Thomas et al. (1981). These examples are provided only to
ilfustrate 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 i du‘g";fg}.‘m
from an actual engineering application of HEC-
6; therefore, the values of the parameters used Bear Creek
in these problems represent that situation only.

They should not be used for other situations
without field substantiation. Figure 6.1 shows a |~ Cross Section 35.0
schematic of the river system that was the

¥ -~ Cross Section 53.0
basis for these example praoblems. Each

example builds upon previous examples, Silver Creek
therefore, only the additional or changed data \’\_ B Faohin A
is described for each. The contents of the ‘

input and output files are described in the i
sequence in which they occur.

Cross Section 42.1

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 options
used in the example problems were selected Cross Section 32.0
based on ease and frequency of use. Each
analyst should select an appropriate option for
their particular application. The selection
should be based on study obijectives, data
availability and ease of use of the selected

Downstream

option. End of Project

Cross Section 35.0

Cascade Creek

Cross Section 15.0
S. Fork Zumbro River

6.1 _Problem 1 - Fixed Bed Application Figure 6.1 Schematic of System used for
Example Problems

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 6.1;
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 property located in the data file. The QT
records locate inflow/outflow points (tributaries or local flows); the values of the flows at these points
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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 section 33.3 there are no GR data, this section is therefore a repeat of the downstream
section, 33.2. Width and elevation maodifications can be made to repeated sections similar to the
HEC-2 procedure. Note that an HD, or H, record must be provided at the repeat section. Repeated
sections are usually used to provide extra computational points for improving the accuracy of
integration of the energy loss equation (USACE-HEC, 1986). Care must be taken to assure that
repeat sections have sediment transport characteristics that reflect the theory of *reach representative’

cross sections (Thomas, et al., 1981).

The distinguishing characteristic of an HEC-6 fixed boundary simulation data file is that there
is no sediment data. The geometric data is followed by the flow data which begines with a $SHYD
record. The flow data for this example contains a rating curve ($RATING & 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. Problem 1 thus is a ‘multiple profile® run with two flow profiles being
computed through a single reach.

EXHIBIT 6.1 Input - Fixed Bed

T3 EXAMPLE PROBLEM NO 1. BASIC BYDRAULIC PROBLEM USING ROCHESTER DATA SET,
T2 MAINSTEM IS THE LOWER SOUTH FORK ZUMBRO RIVER, MN, 3 LOCAL INFLOWS

T3 ORIGINAL WORK BY DAVID T. WILLIAMS, WES, 1982: ADAPTED 1989, DTW

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
GR850.00 10092.0 948.48 10108.0 946.60 10138.0 944.70 10158.0 955.20 10225.0
GRS56.20 10243.0 958.90 10250.0 959.80 10275.0 959.80 10300.0 959.80 10325.0
GR9S58.80 10350.0 957.40 10400.0 870.00 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

X1 15.0 27. 10665.0 10850.0 8565. 7538. 8268. 0. 0. 0.
GR9S2.00 9570.0 $82.00 10110.0 976.00 10300.0 976.00 10480.0 966.00 10610.0
GRS64.70 10665.0 956.00 10673.0 953.00 10693.0 954.00 10703.0 955.60 10723.0
GRS58.60 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
GR980.00 11865.0 1000.00 12150.0

4D =5

QT

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 10087.0 956.50 10087.0
GR956.80 10117.0 957.80 10137.0 959.40 10157.0 959.60 10177.0 959.82 10186.0
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

X1 33.2 21. 1850.0 2150. 130, 250. 320, 0 0. 0

980.00 1150.0 982.00 1180.0 982.00 1215.0
982.00 1350.0 980.00 1420.0 980.00 1540.0
984.641 1850.0 979.19 1851.0 961.00 1900.8
984.50 2150.0 982.00 2800.0 980.00 3100.0

GR1000.0 980.0 990.00 1060.
GR980.00 1260.0 982.00 1300.
GR982.00 1730.0 982.00 1830.
GR961.00 2088.2 976.00 2148.

0000 o

GR1000.0 3170.0 0.00 0. 0.00 0.0 0.00 0.0 0.00 0.0
AD 33.2

X1 33.3 0 1850.0 2150.0 158. 175. 175. .95 1.49 0.
HD 33.3

X1 35.0 22, 9894.0 10155.0 105. 105. 105. 0. 2% 0.
X3 10

XS5 974 . 0.5

GR984.00 9035.0 980.00 8070.0 978.00 9135.0 980.00 9185.0 982.00 8270.0
GR980.00 9465.0 981.70 9595.0 983.70 9745.0 984.70 9894.0 963.40 9894.0
GR963.30 9954.0 967.10 9974.0 G967.40 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



NC .08
X1 2.1
GR986.00
GR988.00
GRS80.00
GR969.80
GR869.80
GR989.90
GR986.80
HD 42.10
QT

X1 44.0
GR1002.0
GR996.00
GR880.60
GR968.90
GR877.80
GR983.10
HD 23
X1 53.0
GR1004.0
GR8984 .00
GRS82.80
GR878.20
GR1002.0
HD 53
QT

X1 55.0
GR1004.0
GR984 , 30
GR974 .80
GR985.80
HD 55
X1 58.0
GR1006.0
GRS76.20
GR988. 80
GR882.00
GRS86.00
HD 58
EJ

SHYD
SRATING
RC

RC

RC

RC

Y
(g]

A
1200.
50.
1

L0 2

2500.
s
SEND

6.1.2 Qutput

0 IO =

The output from Example Problem 1 is shown in Exhibit 6.2. Various levels of output detail

.08

32.
7130.
8780.
9880.
9943.
10067.
10130.
11720.

OO0 o0oocooo

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
370.2
973, 1
§74.3

.045
9880.0
998.00
986.00
969.80
969. 80
985.80
989.50
989.90

9845.0
992.00
1017.6
970.80
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
$88.30
988.00
988.00

2000
965.1
970.6
973.3
974 .4

10130.
7310.
8880.
9881.

10001.

10067.

10180.

12310.

OO0 ocoocoo0o0oo

10127.
8150.
9425.
9868.

10058,

10193.

10450.

Ooocooo0o0oo

1

10136.
7760.
9245.

10011.

10136.

10700.

oo oo0ooo

10062.
7947 .
9837.

10005.

10307.

oo ooo

10015.
8g952.
9974.

10065,

10642.

11182.

1

oo o0oO0 oo

971.
973.
974.5

0
966.2
0
5

2070.
998.00
985.70
969.80
986.70
985.80
988.60

280.
980.00
990.00
972.20
967.10
982.00
002.40

33686.
998.00
986.30
874.00
989.30

275.
986.00
985.50
972.90
990.00

1097.
000.00
978.20
989.30
986.70

967.
971.
973.
974.6

N s oo

3965.

7830.
9570.
9941.
10001.
10068.
10230.

OO0 oO0Oo0ococo

795.

8305.
9505.
9898.
10078.
10206.
10464,

0
0
0
0
0
0

2831.

8440,
9535.
10041,
10154,

0
0
0
0

1430.

8627.
9910.
10035.
10497.

0
0
0
0

1012.

g9702.
g9991.
10168.
10852.

950.
967.
971.
973.
974,

PROFILE 1 = AVERAGE ANNUAL DISCHARGE

78.
50.

150.

is1.
60.

300.

340.
50.

A PROFILE 2 = BANK FULL FLOW

650.

oo0ooo

N®®No

3005.
9982.00
986.45
985.80
986.70
969.80
987 .60

485,
990.00
886.00
970.50
§71.90
981.20

2941.
986.00
986.30
972.20
998.20

770.
980.00
987.20
973.20

1462.
997.20
990.40
880.00
988.00

955.1
968.3
972.1
973.8
974.8

0
8205.
9707.
9941,

10003.
10068.
10280.

0
8735.
9650.
9868.

10118.
10300.

0
8840.
9825.

10071.
10200.

0
9052,
9931.

10045.

9812.
10015.
10172.
11022.

958.
968.
972.
974.
974.

0
0
0
0
0
Q

0
0
0
0
0

0
0
0
1]

0
Q
0

0

o oo

0o s~ 0oo

0.
990.00 8485,
989.
985.
968.
968.
98s.

988.
984.
967.
976.
979.

986.
983,
872.

46
80
80
80
20

0k
00
10
sQ
80
20

0.
0o
80
60

1000.1

986.
978.
983.

996.
988.
982.
986.

00
10
80

30

0o
00

960.0
968.4
972.7
974.1
a75.0

9857.
8943,
10003.
10128.
10430.

00000 0O0-

0.
8835.0
9788.0
9898.0

10127.0
10325.0

0.
8780.0
9900.0

10101.0
10320.0

0.
9337.0
8955.0

10062.0

0.
8812.0
10062.0
10242.0
11097.0

962.0
969.8
972.9
974.2

are available to the user. These are controlled by several input data items (see section 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.
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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 seaiment® is based on information cn 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.

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). Subsection 1
is the left overbank, 2 the channel, and 3 the right overbank. Information regarding local flows, user
supplied energy losses ana water surface elevations at controls (XS 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.

EXHIBIT 6.2 Output - Fixed Bed

AR AR AR A AR A AN AN AN SN AR A AR A AR I IANANANAAAANLAA AR ATRRR AR AT R AN LA RAANAAANIRTAAAN DO AN AN NOACAAD
* SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS L2 * U.S. ARMY CORPS OF ENGINEERS
*  Version: 4.0.0 - September 1990 * * THE HYDROLOGIC ENGINEERING CENTER *
* = * 609 SECOND STREET 4
* ® * DAVIS, CALIFORNIA 95616-4687 *
* RUN DATE 30NOVSO TIME 15:23:02 ” * (916) 756-1104 *
P2 22222222 22222 2222 22 222 d R i i ittt iliasiddldl) LA AR 22 S22l sl dddd il idd il dlastds)
X X 00000 X0 X200
X X X X X X X
X X X X X
X0000K 00X X VO 0o
X X X X X X
X X X X X X X
X X 00000X X0 X000
AR IR A A N T R I I I T AR AT AT AT NI AT AN AAAAANATIAR AR AN AAAANDAA DA AR AR AR YNNI EY
* MAXIMUM LIMITS FOR THIS VERSION ARE: »
* *
# Stream Segments (Main Stem + Tributaries) = 10 Control Points = 10 i
* Cross Sections = 150 Grain Sizes = 15 »
* L
AN AT I AR I I A I N I T I AN AR I AR I T T AN A AN TN IIN AN AN A AAN AN AAAANR AN AN ANV OD
AR AT AR AT AN AR R AN A I TR NN I AN ARV AN AN PV AT A AR AN IA AN AL AN AN ONARW
* INPUT FILE: EX1.DAT L
* OUTPUT FILE: EX1.0UT -
AR IR AR IR T AN N T A A I N R R I N I I I I N R I I I I A A AN T A N AR AT AN AN NI AN TITANAA R ARSI N AN AYD
o EXAMPLE PROBLEM NO 1. BASIC HYDRAULIC PROBLEM USING ROCHESTER DATA SET,
T2 MAINSTEM IS THE LOWER SOUTH FORK ZUMBRO RIVER, MN, 3 LOCAL INFLOWS
T3 ORIGINAL WORK BY DAVID T. WILLIAMS, WES, 1982: ADAPTED 1988, DTW

NC .1000 .1000 .0400 .1000 .3000

SECTION NO. 1 RIVER MILE= 1.000
SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000
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SECTICN NO. 2 RIVER MILE= 15.000

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

LOCAL INFLOW POINT 1 OCCURS JUST DOWNSTREAM FROM X-SECTION NO. 3

SECTION NO. 3 RIVER MILE= 32.000

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

SECTION NO. 4 RIVER MILE= 33.200

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

SECTION NO. 5 RIVER MILE= 33.300

...MULTIPLY ALL STATIONS(X) BY .85

...ADD 1.49 TO EACH ELEVATION(Y)

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

SECTION NO. 6 RIVER MILE= 35.000

POOL ELEVATICN, HEAD LOSS CRITERIA=XS5 974.000 .500

INEFFECTIVE FLOW AREA REQUESTED BY X3-RECORD. LEFT OVERBANK RIGHT OVERBANK

STA ¢ 10 19
INEFFECTIVE ELEVATION 984 .700 983.700

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

NC .0600 .0600 .0450 .0000 .0000

SECTICN NO. 7 RIVER MILE= 42.100

SET THE DEPTH(FEET) QOF BED SEDIMENT RESERVOIR TO .000

LOCAL INFLOW POINT 2 OCCURS JUST DOWNSTREAM FROM X-SECTION NO. 8

SECTION NO. 8 RIVER MILE= 44.000

SET TEE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

SECTION NO. 9 RIVER MILE= 53.000

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .qqo

LCCAL INFLOW POINT 3 OCCURS JUST DOWNSTREAM FROM X-SECTION NO. 10

SECTION NO. 10 RIVER MILE= 55.000

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

SECTION NO. 11 RIVER MILE= 58.000

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

NO. OF CRCSS SECTIONS READ IN FOR THIS STREAM SEGMENT= 11

NO. OF INPUT DATA MESSAGES = Q

TOTAL NO -7 CROSS SECTIONS IN THE NETWORK = 11

END OF GEOMETRIC DATA

FIXED BED MODEL

SRATING

DOWNSTREAM BOUNDARY CONDITION SPECIFIED BY A RATING CURVE

ELEVATICHN 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
968.30 968.30 968.40 969.80 §70.20 970.60 971.00 971.40 971.80 972.10
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
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* A PROFILE 1 = AVERAGE ANNUAL DISCHARGE

BOUNDARY CONDITION DATA, CONTROL PCINT NO. 1

SEGMENT INFLOW Q IN CFS...
) 1200.0 78.0 151.0 340.0
TIME STEP NO. 1
WATER DISCBARGE= 1200.00
ELEVATION= 353.060
TEMPERATURE= 60.000
FLOW DURATION(DAYS) 1.000
w#w#%« N DISCHARGE WATER ENERGY VELOCITY
(CFS) SURFACE LINE HEAD
SEC NO. 1.000
L L L A 1200.0 353 .08 353.12 .06
SEC NO. 15.000
Lt A 1200.0 959.3¢9 253,54 .15
....LOCAL INFLOW POINT NO. ., (= 78.00
CONTINUING ON SEGMENT NO i
TEMPERATURE= 60.000
SEC NO. 32.000
waw 1 1122.0 964 .10 S64. 14 .04
SEC NO. 33.200
rwww: ] 1122.0 964 .20 964 .24 .04
SEC NO. 33.300
Ll | 1122.0 964.31 964 .47 .16
SEC NO. 35.000
OPERATION RULE SPECIFIED
UPPER POOL ELEVATION (UPE) = 974.00  HEAD LOSS
Thrk ) 1122.0 974.00 374.01 01
SEC NO. 42.100
Rekw: ] 1122.0 974.22 374.24 .02
....LOCAL INFLOW POINT NO. 2, Q= 151.00
CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
SEC NO. 44.000
wwxw: 371.0 974 .28 3764.29 chi
SEC NO. 53.000
wamw 371.0 975. 11 975.69 .57
....LOCAL INFLOW POINT NO. :, Q= 340.00
CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
SEC NO. 55.000
wwaw ] 631.0 977.38 977.46 .08
SEC NO. 58.000
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ALPHA

FLOW

FLOW

FLOW

—

FLOW

TLOW

FLOW

FLOW

FLOW

—

FLOW

.00

.00

TOP
WIDTH

122.86
DISTRIBUTION

167.86
DISTRIBUTION

AVG
BED 1

948.15
2) =

957.06
(1) =

.00

.00

.00

133.53

DISTRIBUTION (%) =

217.65

DISTRIBUTIOR (%) =

198.82

DISTRIBUTION (Z) =

958.97

961.16

962.56

.00

.00

.00

.00

.00

.50
221.75
DISTRIBUTION

242.44
DISTRIBUTION

262.34
DISTRIBUTION

77.24
DISTRIBUTION

92.29
DISTRIBUTION

967.05
(z2) =

969.84
(%) =

969.86
(2) =

973.05
(Z) =

974 .36
() =

AVG VEL (by subsection)

2

.00
.0 100.0

.00
.0 100.0

.00
.0 100.0

.00
.0 100.0

.00

.0 100.0

.00

.0 100.0

.00
.0 100.0

.00
.0 100.0

.00
.0 100.0

.00
.0 100.0

3

1.99

2.27

.0

.0

.00

.00

.00

.00

.00

.00

.00

.00



waww 3 631.0 979.686 979.86 .20 1.00 55.38 976.48 .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 Q IN CFS...
1 2500.0 150.0 300.0 650.0
TIME STEP NO. 2
WATER DISCHARGE= 2500.00
ELEVATION= 355.825
TEMPERATURE= 60.000
FLOW DURATION(DAYS) 1.000
wew® 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
FEwE 2500.0 955.83 955.93 .10 1.00 151.14 949.38 200 2.57 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 15.000
whaw 1 2500.0 361.44 961.62 .17 1.02 215.82 957.34 .00 3.35 .20
FLOW DISTRIBUTION (2) = .0 89.8 %
....LOCAL INFLOW POINT NO. 1, Q= 150.00
CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
SEC NO. 32.000
raaw 1 2350.0 966.29 966.38 .09 1.00 145.83 959.53 .00 2.38 .00
FLOW DISTRIBUTION (%) = .0 100.0 .0
SEC NO. 33.200
bz S 2350.0 366.42 966.49 .06 1.00 231.09 961.41 .00 2.03 .00
FLOW DISTRIBUTION (%) = .0 100.0 .Q
SEC NO. 33.300
wwnw 2350.0 966.48 966.61 .16 1.00 211.35 962.72 .00 2.86 .00
FLOW DISTRIBUTION (2) = .0 100.0 .0
SEC NO. 35.000
OPERATION RULE SPECIFIED
UPPER POOL ELEVATION (UPE) = 974.00 HEAD LOSS = .50
i 2350.0 974.00 974 .04 .04 1.00 221.75 967.05 .00 1.s53 .00
FLOW DISTRIBUTION (2) = .0 100.0 .0
SEC NO. 42.100
ke 1 2350.0 974.82 974 .88 .06 1.00 242.50 969.81 .00 1.94 .00
FLOW DISTRIBUTION (I) = .0 100.0 .0
....LOCAL INFLOW POINT NO. 2, Q= 300.00
CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000
SEC NO. 44,000
wuww ] 2050.0 974.99 875.03 .04 1.00 265.26 969.83 .00 1.53 .Q0
FLOW DISTRIBUTION (2) = .0 100.0 «0
SEC NO. 53.000
e 2050.0 977.02 377 .64 .62 1.00 97.48 973.69 .00 6.31 .00
FLOW DISTRIBUTION (2) = .0 100.0 .0

... .LOCAL INFLOW POINT NO. 3, Q=  650.00

CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000



SEC NO. 5§5.000

e 1400.0 979.11 978.27 P ) 1.00 102.03 974 .75 .00 3.14 .00
FLOW DISTRIBUTION (2) = 0 100.0 0

SEC NO. 58.000

ok 1400.0 381.66 982.01 36 1.00 62.42 976.97 .00 4.79 .00
FLOW DISTRIBUTION (2) = .0 100.0 .0

SSEND

0  DATA ERRORS DETECTED.

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

JOB COMPLETED
RUN TIME = 0 HOURS, O MINUTES & 5.44 SECONDS

6.2 Problem 2 - Hydraulic and Geometric Options

This problem builds on 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 6.3. Items that differ from Example Problem 1 are discussed
below.

EXHIBIT 6.3 Input - Hydraulic Options

Tl EXAMPLE PROBLEM NO 2. HYDRAULIC OPTIONS PROBLEM USING ROCHESTER DATA SET,
T2 MAINSTEM IS THE LOWER SOUTH FORK ZUMBRO RIVER, MN, 3 LOCAL INFLOWS

T3 ORIGINAL WORK BY DAVID T. WILLIAMS, WES, 1982: ADAPTED 1989, DTW

NC .100 .100 .040 ol .3

X1 1:0 31. 10077.0 10275.0 0. Q. 0. 0. 0. 0.
GR1004.0 9915.0 978.40 10002.0 956.00 10060.0 959.20 10077.0 959.30 10081.0
GR950.0C 10092.0 948.48 10108.0 946.60 10138.0 944.70 10158.0 955.20 10225.0
GRS56.20 10243.0 958.90 10250.0 959.80 10275.0 959.80 10300.0 959.90 10325.0
GR958.80 10350.0 $57.40 10400.0 $70.00 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
GRS62.00 11665.0 962.00 12400.0 976.00 12550.0 980.00 12670.0 982.00 12730.0
GR984 .00 12735.0

HD i

NV 22 .045 965.6 .064 988.8

NV 12 .08 965.6 .13 988.8

NV 33 .1 965.6 i 982.0 .12 988.8

X1 15.0 27. 10665.0 10850.0 8565. 7535. 8268. 0. 0. 0.
X3 10700 961. 11000. 970.

GR982.00 9570.0 982.00 10110.0 976.00 10300.0 976.00 10490.0 966.00 10610.0
GRE64.70 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 9857.00 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 11180.0 972.00 11310.0 980.00 11410.0 984.00 11570.0 990.00 11770.0
GR890.00 11865.0 1000.00 12150.0

HD 15

QT

NC .1 .1 .05

X1 32.0 29. 10057.0 10271.0 7428. 6654 . 8240. s 0. 0.
GR988.00 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 10087.0 956.50 10087.0
GR856.80 10117.0 $57.80 10137.0 959.40 10157.0 ©59.60 10177.0 959.82 10196.0
GR866.50 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

BD 32

X1 33.2 21. 1850.0 2150.0 130. 250. 320. 0. 0. 0.



XL

GR1000.0
GR880.00
GR882.00
GRS61.00

GR986.80
HD 42.10
QT

X1 44.0
XL
GR1002.0
GRS86.00
GRS80.60
GR968. 90
GR977.80
GR983.10
HD 44
X1 53.0
GR1004.0
GR994 .00
GR882.80
GR978.20
GR1002.0
HD 53
aQr

X1 55.0
GR1004.0
GRS84 .30
GR974 .80
GR985.80
HD &
X1 s8.0
GR1006.0Q
GR976.20
GR988 .80
GRS€2.00
GRS86.00Q
HD s8
EJ

SHYD

*

A
1200.
953.
60.

M
>

10000.
963.
L

EWO =» T WO

:

980.
1260.
1730
2099,
3170,

oNO OO

o

22.

974.
9035.0
9465.0
9854 .0

10115.0
10885.0

.06

32.
7130.
8780.
9880.
9943.
10087.
10130.
11720.

cooocooo

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

coco0ooo0oo

10187.0

22.
8542.0
9844 .0

10065.0
10492.0
11137.0

250.
890.00
982.00
982.00
976.00

0.00

1850.0

9894.0

0.5
980.00
981.70
867.10
977.40

1004.00

.045
9880.0
998.00
986.00
969.80
969.80
985.80
989.50
989.80

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

8831.0
1000.00
984 .70
974.20Q
8986.00

9g912.0
1004 .00
975.40
988.30
988.00
388.00

1060.
1300.
1830.
2148,

Oooocoo

o

2150.

10155.0

9070.
9595.
9974 .
10120.
11085.

coCc oo

10130.
7310.
8890.
9881.

10001.

10067.

10180.

12310.

Oo0o0oOO0coOoO0o0O0

10127.0
9850.
8150.
9425,
9868.
10058.
10183.
10450.

OO0 o0oo0ooo

10136.0
7760.0
9245.0

10011.0

10136.0

10700.0

100862.
7847.
9837.

1000s.

10307.

o0 o000

1001s.
8852.
9874
10065.
10642.
11182,

Oocoooo

980.00
982.00
984 .61
984 .50

155.

978.00
983.70
967 .40
983.70

2070.
988.00
985.70
968.80
986.70
985.80
988.60

290.
10200Q.
990.00
990.00
972.20
967.10
982.00

1002.40

3366.
998.00
986.30
974 .00
988.30

275.
996.00
985.50
972.90
$90.00

1097.
1000.00
878.20
389.30
986.70

PROFILE 1 = ANNUAL DISCHARGE

78.
973,
60.

600.
377.

15%.

60.

1200.

340.

60.

A PROFILE 2 = FLOOD EVENT

2600.

1150.0
1350.0
1850.0
2150.0

0.0

10S5.

9135.0
8745.0
10004.0
10155.0

3965,
793Q.
9570.
98941,

10001.
10068,
10230.

OO0 o0o0oo

788.

8305.0
9305.0
9898.0
10078.0
10206.0
10464.0

2831,
8440.0
9555.0

10061.0
1015¢.0

1430.
8627.0
9810.0

10035.0
10487.0

1012.
8702.0
9891.0

10169.0
10852.0

982.00
980.00
979.18
982.00

0.00

175.

10s.

980.00
984.70
968.20
984.00

3005.
982.00
886.45
885.80
886.70
969.80
987.60

485,

880.00
986.00
870.50
971.90
981.20

28941,
986.00
986.30
972.20
999.20

770.
980.00
987.20
973.20

1462.
997.20
990.40
990.00
988.00

1180.0
16420.0
1851.0
2800.0

0.0

.95

9185.0
9894.0
10044.0
10265.0

8205.
8707.
8961,
10003,
10088.
10280.

OO0 00D OO -

8735.
9650.
9968.
10118.
10300.

©CO0OO0OO0O0o

0.
8640.0
9825.0

10071.0
10200.0

0.
9052.0
9831.0

10045.0

0.
9812.0
10015.0
10172.0
11022.0

982.
980.
961.
980.

982.

963.
967.

982.

890,
988.

985.

969.
969.
985.

988.
984.

967.
978.
979.

996.
983.
972.

0.

00
10
50
80
20

0.
00
80
60

1000.1

986.
978.
983.

996.
988.

982.
986 .

1215.0
1540.0
1800.8
3100.0

0.0

$270.0
9884.0
10054.0
10685.0

8495,
8857.
9943.
10003.
10128.
10430.

OO0 O0O0O0CO -

0.

8835.0
8788.0
99688.0
10127.0
10325.0

0.
8780.0
9800.0

10101.0
10320.0

0.
9337.0
9955.0

10062.0

Q.
9912.0
10062.0
10242.0
11097.0



6.2.1 Manning's n vs. Elevation

Some situations are better modeled by varying n-values vertically rather than horizontally; this
is done in problem 2 at section 15.0 by using NV records (see Appendix A for details). These n vs.
elevation functions are shown graphically on Ficure 6.2. These functions will be used at all
subsequent (upstream) cross sections untii 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 vs. subsection function. The NV record can aiso be used to vary n with

discharge.

—— Channel n
------ Left Overbank n
- - - Right Overbank n
] Lo
! :
J ! ;
4 : ;
990" | :
7 / ,"
- 7 ’,’
- /7
o P P
4 F
R S
g 7
§ -
© 970 - A
> — /’
a) - /
L.I._J 7 v {
- " |
7 ' I
. " [
7 £ I
B : l
7 " I
950 II'I"II'TIIl'lIIrlI[lllllITTll[l'IIITIIIIIIITIIIIIII'IITIIllll]
0.02 0.04 0.06 0.08 0.10 0.12 0.14
Manning's n value

Figure 6.2 Manning’s n vs. Elevation, Sectlon 15, Problem 2
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6.2.2 Ineffective Flow Area

A portion of 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 section data to
reflect encroachments. In this case, the left encroachment starts at the intersection of the left bank
and elevation 961 ft. and extends at that elevation to station 10700 ft. The right encroachment starns
at station 11000 ft. and extends at elevation 970 ft. to the right bank. Computationatty, 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 this example cross section 33.2
has non-conveying areas centered about the channel on both sides, leaving a conveyance width of
250 ft. At cross section 44.0 the left conveyance limit is at station 9850 ft. and the right at 10200 ft.,
leaving a conveyance width of 350 ft. (not centered about the channel). The difference between the
ineffective flow area and the conveyance limits options 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, 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 X5 record for section 33.3 causes the water surface elevation for that section to be read from field
2 of the R record in the flow data. Thus, for this example, the water surface elevation at section 33.3
will be 973 ft. for the first discharge and 977 ft. 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 (ji.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 ft. for the first discharge and 963 ft. for the second.

6.2.6 Output

The "A-level® hydraulic output for Example Problem 2 is shown in Exhibit 6.4. This output is
quite similar to that of Example Problem 1. Note that the water surface elevations at section 33.3 of
973 ft. and 977 ft. reflect the elevations on the R data. At cross saction 35.0 for the second (larger)
discharge, the minimum pool elevation of 974 ft. was submerged by tailwater and, therefore, a head
loss of 0.5 ft. was added to the computed water surface elevation of 977 ft. Refer to the X5 record for
that section. That discharge was also large enough that the water surface elevations at sections 33.2
and 44.0 reached the encroachments; this can be seen in the column labelled "TOP WIDTH® where
the values are 250 ft. and 350 ft. respectively for those two sections.
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EXHIBIT 6.4 Output - Hydraulic Options

'.'ﬁ"."..ﬁ"’...'t't'."t."'...'ﬁ..Q.'.'.""'t"".i""".'.'."t"..ﬁt"t.'."'.."-

hd INPUT FILE: EX4.DAT
* OUTPUT FILE: EX4.0UT

"
w

"ﬁ"..‘.'.t"t'*"i.i"ﬁt.ﬁt"..ﬁﬁ"'i"..tt't‘tt"tt'ﬁ...ﬁti.."""t'.'tt"t..""'ﬁ"'.

T1 EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN
T2 SEDIMENT RUN W/OPTIONS, 3 LOCAL INFLOWS: CASCADE, SILVER, BEAR CREEKS
i ORIGINAL WORK BY DAVID T. WILLIAMS, WES, 1982: ADAPTED 1989, DTW

NC .1000 .1000 .0400 .1000 .3000

SECTION NO. 1 RIVER MILE= 1.000

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO 10.000

NV 22. .0450 968. .0640 989. .0000 0. .0000
NV 12. .0800 966. .1300 988. .0000 0. .0000
NV 33. .1000 966. .1100 982. .1200 988. .0000
SECTION NO. 2 RIVER MILE= 15.000

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO 10.000
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(FEET) OF BED SEDIMENT RESERVOIR TO  10.000

SECTION NO. 4 RIVER MILE= 33.200

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

SECTION NO. 5 RIVER MILE= 33.300

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

SECTION NO. 6 RIVER MILE= 35.000

POOL ELEVATION, HEAD LOSS CRITERIA=X5 974.000 .500

INEFFECTIVE FLOW AREA REQUESTED BY X3-RECORD. LEFT OVERBANK RIGHT OVERBANK

STA ¢ 10 18

INEFFECTIVE ELEVATION 984.700 983.700

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

NC .0600 .0600 .0450 .C000 .0000

SECTION NO. 7 RIVER MILE= 42.100

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000

LOCAL INFLOW POINT 2 OCCURS JUST DOWNSTREAM FROM X-SECTION NO. 8
SECTION NO. 8 RIVER MILE= 44.000

SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO 1.000

SECTION NO. 9 RIVER MILE= 53.000
SET THE DEPTHB(FEET) OF BED SEDIMENT RESERVOIR TO 10.000

LOCAL INFLOW POINT 3 OCCURS JUST DOWNSTREAM FROM X-SECTION NO. 10

SECTION NO. 10 RIVER MILE= 55.000
SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO 10.000

SECTION NO. 11 RIVER MILE= 58.000
SET THE DEPTEB(FEET) OF BED SEDIMENT RESERVOIR TO 3.400

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

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

.0000
.0000
.0000
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T4 MAIN STEM, SEGMENT 1, SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

15 LOAD CURVE FROM USGS DATA AT USGS GAGE: S PERCENT ADDED FOR BED LOAD
16 BED GRADATIONS FROM INTERPOLATION OF SAMPLES TAKEN 10 JUNE 1980

7 ENCODED BY DAVID WILLIAMS, WES, SEPT 1882

T8 SEDIMENT TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1871)

EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCEESTER, MN
SEDIMENT RUN W/OPTIONS, 3 LOCAL INFLOWS: CASCADE, SILVER, BEAR CREEKS
ORIGINAL WORK BY DAVID T. WILLIAMS, WES, 1982: ADAPTED 1988, DTW

SEDIMENT PARAMETER DATA
SPI IBG MNQ SPGF ACGR NFALL
I1 3. Q 1 1.000 32.174 2

SAND AND/OR GRAVEL ARE PRESENT
MIC IASA LASA SPGS GSF BSAE
14 L 1 10 2.650 .667 .500
FOLLOWING GRAIN SIZES UTILIZED
SAND: .000288 .000580 .001160 .002319 .Q04639
.009279 .018560 .937120 .074216 .148596

wwaxe TRANSPORT CAPACITY RELATIONSHIP IS YANGewwe=w

COEFFICIENTS FOR COMPUTATION SCHEME WERE SPECIFIED
DBI DBN XID XIN XIU UBI
I5 .500 .500 .250 .500 .250 .000

SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
LOAD BY GRAIN SIZE CLASS (TONS/DAY)

LQ ~ 1.00000 * 50.0000 * 1000.00 * 5800.00
LF  VFS* .130800E-02* .178500 * 159.360 * 2299.50
LF FS*  360800E-02* .492000 * 105.920 * 1377.00
LE MS* _€08300E-02* .828500 * 49,9200 * 693.000
L CS* _100000E-19* .100000E-18* 3.52000 * 72.0000
LE VCS* 100000E-19* .100000E-19* 1.28000 * 36.0000

LY  VFG* .100000E-19* .100000E-19* .100000E-19* 18.0000
L FG* .10C000E-19* .100000E-189* .100000E-19* 4.50000

PSI UWDLB

30.000 93.000

® ¥ ¥ 2 ¥ * ® %

LF MG* . 100000E-19* .100000E-1S* .100000E-13* .100000E-189*
LF CG* .100000E-19* .100000E-18* .100000E-19* .100000E-19*
LF VCG* . 100000E-19* .100000E-19* .1Q0000E-19*  100000E-19*

SUM=* 110000E-01* 1.50000 * 320.000 * 4500.00

/OLUME VS DEPTH OF DEPOSITS

SEC NO. REACH MOVABLE INITIAL BED-ELEVATIONS
LENGTH BED LEFT SIDE THALWEG RIGHT SIDE
WIDTR
.00
1.000 183.50 959.30 344.70 958.980
8268.00
15.000 242.00 961.00 954.00 862.00
8240.00
32.000 219,50 968.60 956.50 978.50
320.00
33,280 299.00 379.19 961.00 976.00
175.00
33.300 299.00 §79.19 961.00 976.00
105.00

90000.0
232800.
112000.
44000.0
8000.00
2000.00
800.000
600.000
.100000E-19*
.100000E-19*
.100000E-19*

* & * & & % & B

400000. *

ACCUMULATED CHANNEL DISTANCE
FROM DOWNSTREAM
MILES

FEET

.00
8268.00
16508.00
16828.00

17003.00

.00
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35.

2.

44

53.

55.

58.

000

100

.000

000

000

000

3005.00

495.00

2941.00

770.00

1462.00

276.

337.

195.

204,

176

00

.50

50

00

00

.50

ED MATERIAL GRADATION (as computed

N

S
1

135.

A2

335

33.

35.

42.

44 .

53.

35.

58.

ECID
.000

000

Qoo

200

300

000

100

000

000

000

000

SAE CMAX
1.000 .105
1.000 .158
1.000 00
1.000 210
1.000 .210
1.000 .210
1.000 210
1.000 .210
1.000 .210
1.000 210
1.000 210

.LOCAL INFLOW DATA...

SEDIMENT LOAD

D!

XPL
105

.158

.210

ty
e
o

210

.210

.210

1,

963.

269.

370.

382.

387,

386.

30

g0

80

20

30

$63.

968.

975.

30

80

.10

«&0

.90

40

from PF-records)
XPI TOTAL BED

000

.000

.000

.000

.000

1:

-

TABLE FOR STREAM SEGMENT #

AT LOCAL INFLOW POINT ¢

LOAD BY GRAIN SIZE CLASS (TONS/DAY)

LQL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL

* 1.00000
VES*

FSe*
MS*
Cs»

vCcs*
VFG*

FG*
MG*
CG*

VCG*

SUM=w

.400000E-02

.LOCAL INFLOW DATA...

6-1

6

* 100.000

w
i
-
w
*
-

.8600
.3100
.800000E-01*
.300000E-01*
.100000E-01*
.100000E-19*
.100000E-19*
.100000E-19*

.265600E-02* 6.64000
.828000E-03* 2.07000
.344000E-03
.124000E-03
.320000E-04
.120000E-04
.400000E-05
.100000E-19
.100000E-19*
.100000E-19*

00
00

* 10.0000

* + 3 2

*

000

.000

.000

.000

.000

.000

1

1000.00
7.50000
122.500
302.500
26.0000
19.5000
10.0000
5.50000
5.50000
.100000E-19*
.100000E-19*

499.000

@ * &% % ¢ & » 2 2

BED MATERIAL FRACTIONS PER GRAIN

983.70

969.80

976.80

988.70

983.80

990.40

.010 .070
.060 .040
.010 .070
.062 .032
.010 .070
.02s .025
.010 .068
.028 .026
.009 .067
.030 .026
.009 .067
.030 .026
.006 .051
.058 .031
.006 .048
.063 .032
.02 .032
.080 .036
.002 .028
.097 .038
.000 .020
.110 .040
10000.0 ®
5940.00 *
5430.00 &
3210.00 .
2940.00 ®
3810.00 *
3480.00 %
2730.00 L
1590.00 *
660.000 »
180.000 »;
28970.0 !

.290
.015

.333
.010

.375
.005

.363
.00s

.356
.003

. 352
.00S

.237
.003

.218

.003

.105

.01

.76
.001

.020
.000

17108.

20113,

20608.

23548.

24318.

25781.

00

00

00

00

00

.360
.035

.68
.020

.375
.005

.380
.006

.383
.006

.384
.007

431
.015

L4389
.016

.485
.024

.497
.026

.520
.030

.120
.000

+112
.003

.105
.005

.109
.006

.112
.006

.113
.007

.154

.015

.160

. 816

.200

.024

.210
.026

.230
.030

.24

.81

.80

.46

.61

.88

SIZE (FINE TO COARSE)



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

LOAD BY GRAIN SIZE CLASS (TONS/DAY)

LQL * 1.00000 * 100.000 * 1000.00 * 10000.0 *
LFL VFS* .265600E-02* 6.64000 * 7.50000 * 5940.00 *
LFL FS* .828000E-03* 2.0700Q0 * 122.500 * 5430.00 i
LFL  MS* .344000E-03* .860000 * 302.500 * 3210.00 »
LFL CS* .124000E-03* ,310000 * 26.0000 * 2940.00 L
LFL VCS* ,320000E-04* .800000E-01* 19.5000 * 3810.00 »
LFL VFG* .120000E-04* .300000E-01* 10.0000 * 3480.00 X
LFL FG* 4Q0000E-05* .100000E-01* 5.50000 * 2730.00 L
LFL  MG* .100000E-19* .100000E-18* 5.50000 * 1580.00 *
LFL CG* .100000E-19* .100000E-19* ,L100000E-19* 660.000 L2

-

LFL VCG* .100000E-19% .100000E-19* .100000E-1S* 180.000

SUM=*  40OOD0OE-02* 10.0000 * 488.000 * 29870.0 &

.LOCAL INFLOW DATA...

SEDIMENT LOAD TABLE FOR STREAM SEGMERT # 1
AT LOCAL INFLOW POINT # 3

LOAD BY GRAIN SIZE CLASS (TONS/DAY)

LQL * 1.00000 * 100.000 * 500.000 * 1000.00 * 30000.0 &
LFL VFsS* .402000E-03* 6.03000 * 38.0000 * 83.6000 * 3082.50 *
LEL FS* .684000E-03* 10.2600 * 86.000Q0 * 210.000 * 4805.00 &
LFL  MS* .902000E-03* 13.5300 * 227.000 * 721.200 * 10710.0 *
LFL Cs* .200000E-05* .300000E-01* 98.5000 * 170.400 * 3535.00 *
LFL VvCS* .100000E-19* .100000E-19* ,L100000E-19* 3.60000 * 180.000 »
LFL VFG* .100000E-19* .100000E-19* .100000E-1S* . 100000E-19* 45.0000 »

«

LFL  FG* .100000E-139* ,100000E-19* ,100000E-18*  100000E-19* 22.5000
LFL  MG* .100000E-1S* .100000E-19% L 100000E-19* .100000E-19* . 100000E-1Q*
LFL  CG* .100000E-18* ,L100000E-19* .100000E-19* . 100000E-19* .100000E-19*
LFL VCG* .100000E-19* .100000E-13* .100000E-18* .100000E-19* . 100000E-19*

SUM=+* | 199Q000E-02* 29,8500 * 450.500 * 1198.80 * 22500.0 *

STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN
DIMENSIONS OF BED SEDIMENT CONTROL VOLUMES, FEET.

SEC. NO. * LENGTH * MAX. WIDTH * DEPTH = VOLUME »
* z ' * CU. ET. » CcU ¥YD. *
1.000* 4¢134.00 * 203.000 * 10.0000 * _839202E+07* 310816. *
15.000* 8254.00 " 228.490 * 10.0000 * _188596E+08* 698502. *
32.000* 4280.00 * 227.718 * 10.0000 * .974600E+07* 360863. *
33.200* 247.500 ~ 281.869 * 000000 * .000000 * 000000 w
33.300* 87.5000 * 299.000 = .000000 * .000000 * .000000 i
35.000% 1502.50 * 235.500 * ,000000 ~ .000000 * 000000 *
42.100* 1750.00 * 197.899 * .000000 * .000000 * 000000 i
44 .000* 1718.00 * 288.055 * 1.00000 " 494879. * 18328.8 %
53.000* 1855.50 * 233.267 * 10.0000 * _43282B6E+07* 160306. =
5$5.000* 1116.00 * 196.961 * 10.0000 * _219808E+07* 81410.4 .
58.000*% 731.000 * 185.667 * 3.40000 * 461456. * 17091.0 *

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

BEGIN COMPUTATIONS.
SHYD



SKL

* AB FLOW 1 = BASE FLOW OF 500 CFS

BOUNDARY CONDITION DATA, CCNTROL POINT NO. 1

SEGMENT INFLOW Q IN CFS...
1 500.0 61.0 28.0 128.0
TIME STEP NO. 1
WATER DISCHARGE= 500.00
ELEVATION= 956.000
TEMPERATURE= 65.000
FLOW DURATION(DAYS) 2.000
w##w# N DISCHARGE WATER ENERGY VELOCITY ALPHA TOP AVG
(CFS) SURFACE LINE HEAD WIDTH BED 1 2
SEC NO. 1.000
L 500.0 956.00 §56.00 .00 1.00 154.50 949.52 .00
FLOW DISTRIBUTION (X) = .0 100.0
SEC NO. 15.000
SUPERCRITICAL
SEC NO. 15.000 TIME = 2.00 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
NO. WS WS WS
0. 957.23 855.56
1. 957.33 855.63 957.28
whae 1 500.0 957.33 958.06 .73 1.00 46.55 955.76 .00
FLOW DISTRIBUTION (I) = .0 100.0
....LOCAL INFLOW POINT NO. 1, Q= 61.00
CONTINUING ON SEGMENT NO 1
TEMPERATURE= 64.027
SEC NO. 32.000
i 439.0 8960.73 960.78 .04 1.00 114.10 958.43 .00
FLOW DISTRIBUTION (%) = .0 100.0
SEC NO. 33.200
SUPERCRITICAL
SEC NO. 33.200 TIME = 2.00 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
NO. WS WS WS
0. 961.57 961.45
X 961.59 961.42 961.54
el 439.0 961.59 961.80 .21 1.00 201.98 961.01 .00
FLOW DISTRIBUTION (2) = .0 100.0
SEC NO. 33.300
ey 4 438.0 962.33 962.38 .06 1.00 206.42 961.03 .00
FLOW DISTRIBUTION (Z) = .0 100.0
SEC NO. 35.000
OPERATION RULE SPECIFIED
UPPER POOL ELEVATION (UPE) = 974 .00 HEAD LOSS = .50
b | 439.0 974.00 974.00 .00 1.00 221.75 967.05 .00
FLOW DISTRIBUTION (Z) = .0 100.0
SEC NO. 62.100
e B ! 439.0 874.02 974.02 .00 1.00 242.42 969.82 .00
FLOW DISTRIBUTION (2) = .0 100.0
....LOCAL INFLOW POINT NO. 2, Q= 29.00

CONTINUING ON SEGMENT NO 1
TEMPERATURE= :3.605

6-18

3.

1.

3

.50

86

71

64

29

.43

.0

AVG VEL (by subsection)

.00

.00

.00

.00

.00

.00



SEC NO. 44,000
kw3 410.0 974.02 974.02 .00
SEC NO. 53.000
SUPERCRITICAL
SEC NO. 53.000 TIME = 2.00 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
NO. WS WS WS
1. 8973.29 873 .64
2 973.88 273.71 973.83
w1 410.0 973.88 874 .40 <52

....LOCAL INFLOW POINT NC. 3, Q= 128.00
CONTINUING ON SEGMENT NO 1
TEMPERATURE= 62.064
SEC NO. 55.000
RN o 282.0 975.22 $75.35 .13
SEC NO. 58.000
b ¢ 282.0 977.16 977.61 8

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT #
EXAMPLE PROBLEM NO 4.

1.00 261.28 969.83 .00
FLOW DISTRIBUTION (2) = .0 100

1.00 62.55 972.75 .00
FLOW DISTRIBUTION (%) =

1.00 75.85 973.83 .00
FLOW DISTRIBUTION (2) =

1.00 42.45 975.93 .00
FLOW DISTRIBUTION (%) =

1

LOWER SOUTE FORX ZUMBRO RIVER, ROCHESTER, MN

ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

AR AR A AR A AR AN IR AR AR AR AR RN AAROAIIN ANV OO ORI R DR

*

L ]

TIME ENTRY * SAND *
DAYS POINT *  INFLOW OUTFLOW TRAP EFF *
* *
2.00 58.00Q * .03 *
53.000 * .04 *
TOTAL= 53.000 * .07 .76 -9.67 *
w *

AR AT AR AT AT T T AR TR TN A AR AN A RN IA AR AR AN AR WOV A ST TR
TIME ENTRY * SAND *
2.00 $3.000 * .76 “
42,100 * .00 »
TOTAL= 35.000 * .76 .00 1.00 *

"

13

R R R R e L S T P ey

TIME ENTRY * - SAND
2.30 35.000 * .00
15.000 » .00
TOTAL= 1.000 * .00 .26 =

"

§9.23 *

AR AR A A A TR R A AN AN A A IR AR ER A RN AR TARAN IR AN A OA AN

TABLE S3-1. TOTAL
VF
SEDIMENT INFLOW
SANDS & GRAVELS 28.81 9.03
.00
SEDIMENT QUTFLOW
SANDS & GRAVELS 260.08 16.61
1.38
SECTION  BED CHANGE WS ELEV  THALWEG
ID NO FEET FEET EL FEET
58.000 11 977.16 974 .68
55.000 .05 975.22 972.95
53.000 .qa 373.88 972.20
44 .000 .56 374.02 967.66
42.100 .00 374.02 969.80
35.000 .00 974.00 963.30

AND LOAD BY GRAIN SIZEIN TONS/DAY

F M [of
10.94 8.84 .Q0
.00 .00 .00
36.23 96.75 80.54
1.58 L4l .00
Q SEDIMENT LOAD (TONS/DAY)
CFS SAND
282. 828.
282. 726.
410. 0.
410. 0.
439, 0.
438, 0

.0 100.

.0 100.

.0 100.

.37

.0

5.78
0

.00

26.57
.00

#0

.0

.00

.00
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33.300 .00 362.33 961.00 439. 0.

33.200 .00 961.59 961.00 439. 0
32.000 -.16 860.73 G56.34 439, 1709.
15.000 .08 957.33 954 .08 500. 260.
1.000 .00 956.00 344 .70 500. 260.
SDREDGE
SDREDGE 0.

STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

SEC NO. 42.100

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

SEC NO. 44.000

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

TONS OF SEDIMENT DREDGED FROM THIS REACH= 2476.0 ACCUMULATED FROM DOWNSTREAM END= 2478.
CUBIC YARDS= 1972.1 1g972.

* 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. 2
WATER DISCHARGE= 2500.00
ELEVATION= 865.000
TEMPERATURE= 65.000
FLOW DURATION(DAYS) 2.500

TABLE SA-1. TRAP EFFICIENCY CN STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

R A A R A g A A R A A e A e T T 2

L 3 L 4

TIME ENTRY * SAND -
DAYS POINT *  INFLOW OUTFLOW TRAP EFF *
* -

52.00 58.000 * 13,11 »
53,000 * 16.03 »

TOTAL= 53.000 * 29.14 37.71 -.29 *
L -

LA A AR AR A A2 Ll A AL A A AR il adddlial sl il llilllzny)

TIME ENTRY * SAND -
52.00 53.000 * 37.71 *
42.100 * .36 #

TOTAL= 35.000 * 38.06 13.86 .64 *
® *

AAR VNI A AR AN AN AN AN A AR IAA AN AN AC RSO ANY

TIME ENTRY * SAND *
52.00 35.000 » 13.86 *
15.000 * .99 "

TOTAL= 1.000 * 14.86 .62 496 %
* *

AR AR R AN ANV NAA AN AN RNV AAANIA NN RA ANV AC AR AT ATR

TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZEIN TONS/DAY
\43 F M c vc
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
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SECTICN  BED CHANGE WS ELEV  TEALWEG Q SEDIMENT LOAD (TONS/DAY)

0 NO FEET FEET EL FEET CFS SAND
58.000 -2.22 978.82 372.18 1400. 483,
55.000 =1..77 377.98 971.13 1400. 1051.
$3.000 .qa 976.37 872.20 2030. 0.
44,000 2.61 374.24 370.27 2030. 1879.
«2.100 2.46 374.07 372.26 2200. 1053.
35.000 .00 374.00 3963.30 2200. 0.
33.300 1.22 965.46 262,22 2200. 928,
33.200 1.22 8965.38 962.22 2200. 813.
32.000 27 965.39 356.77 2200. 300.
15.000 -8 3965.03 3954.18 2500. 16.
1.000 .a0 965.00 344.70 2500. 16.

STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

SEC NO. 42.100

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

SEC NO 44.000

ZLEVATION 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 4016,

® B FLOW 3 = NEAR BANK FULL DISCHARGE

BOUNDARY CONDITION DATA, CONTROL POINT NO. 1

TIME STEP NO. 3
WATER CISCHARGE= 1230.00
ELEVATION= 360.000
TEMPERATURE= 35.000

FLOW DURATION(DAYS) 1.000

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1
EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

R R R A AR R R A Rl Rl 2 T T T T P2 Y

* -

TaME ENTRY - SAND *
CAYS 20INT. * INFLOW  OUTFLOW TRAP EFF *
" -

£5.00 £8.000 * :3.18 i
$3.000 * 16.13 &

TCTAL= $3.00Q0 ~ 28.32 37.91 -.29 *
" .

R AR R A AN T A I AT TR AR AR A AN N AR AR A NI AT DRI AR AN R R AN AV LTI R RN AR

TIME ENTRY * SAND .
£3.00 53.000 * 37.91 *
42.100 * .36 *

TOTAL= 35.000 # 28.27 13.86 .64
* -

R R R R s 22 2 R R 2R R R T DA R A2 T 222 T 1 2 Ll e R

TIME ENTRY * SAND L
€3.00 35.000 * 13.86 bd
15,000 * 1.00 "

TOTAL= ..000 * 14.86 AL .95 *
»; *

R A AR A AR AR AN A AN PV AR AR AT TR A RAA ARV ANA OO IV IV LN IV AR TR RO

TABLE 83-1. TOTAL AND LOAD BY GRAIN SIZEIN TONS/DAY
23 F M c vc
SEDIMENT INFLOW
SANDS & GRAVELS 149.81 66.90 53.32 29.58 .01 .a0
.00 .00 .00 .00 .00
SEDIMENT QUTFLOW
SANDS & GRAVELS 204.33 67.74 26.17 51.88 42.768 15,33
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.28 .18 .00 .00 .00

SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)

ID NO FEET FEET EL FEET CFsS SAND
58.000 ~3,26 376.98 372.14 682. 260.
55.000 =1 .18 376.37 971.14 682. 209.
53.000 .00 374.83 372.20 1022. Q.
44,000 ~3.26 374.05 367.01 1022. 32,
42.100 .00 374.02 972.26 1100. 2
35.000 .00 974.00 863.30 1100. 0.
33.300 .00 363.74 361.00 1100. 1230.
33.200 .00 363.26 361.00 1100. 4358.
32.000 -. 38 962.21 956.12 1100. 21668.
15.000 .56 359.99 354 .56 1250. 204.
1.000 .00 960.00 944 .70 1250. 204.

STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

INFLOWING SEDIMENT LOAD TABLE MODIFIED BY:
Lp 10.000 .qoo .000 .000 .000 .000 .0o00 .000

SEDIMENT LCAD TABLE FOR STREAM SEGMENT #
LOAD BY GRAIN SIZE CLASS (TONS/DAY)

LQ * 1.00000 * 50.0000 * 1000.00 * $800.00 * 80000.0 *
LF  VFS* . 130900E-02* 178500 * 159.360 * 2289.50 ~ 232800. =
LF FS* .360800E-02* .452000 * 105.820 * 1377.00 * 112000. ®
LF MS*  608300E-02+* .8239500 * 49.8200 * 693.000 * 44000.0 =
LF CS* .378500E-02* .517500 ~ 3.52000 * 72.0000 * 8000.00 %
LF  VCS* .27S000E-03* .37S000E-01* 1.28000 * 36.0000 * 2000.00 *
LF  VFG* .S50000E-04* .7S0000E-02* .100000E-19* 18.0000 * 800.000 L

-

LF FG* . 100000E-18* 1J0000E-19* . 100000E-19* 4.50000 * 400.000
LF MG* . 100000E-19* .100000E-13* . 1COOO0OE-19* .100000E-19* .100000E-19*
LEF CG* .100000E-19* .170000E-18* . 100000E-19* .100000E-19* .100000E-19*
LF VCG* . 100000E-18* .1COO000E-19* .100000E-19* .100000E-19* .100000E-19*
SUM=w 151250E-01* 2.06250 * 320.000 * 4500.00 * 400000. *
Lp 12.000 .000 .000 .000 .000 .000 .000 .000

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

LOAD BY GRAIN SIZE CLASS (TONS/DAY)

LQL * 1.00000 * 100.000 * 1000.00 * 10000.0 i
LFL VFS* .265600E-02* 6.64000 * 7.50000 * $940.00 i
LFL FS* .828000E-03* 2.07000 * 122.500 * 5430.00 n
LFL  MS* .344000E-03* 960000 * 302.500 * 3210.00 %
LFL CS* .124000E-03* 310000 * 26.0000 * 2940.00 "
LFL VCS* .320000E-04* .800000E-01* 19.5000 * 3810.00 .
LFL VFG* .120000E-04* 300000E-01* 10.0000 * 3480.00 "
LFL FG* .400000E-05* . 1COO0CE-01* 5.50000 * 2730.00 ~
LFL  MG* .100000E-19* 1J0000E-19* 5.50000 * 1590.00 »

LFL  CG* .100000E-19* .100000E-19* .100000E-19* 660.000 iz
LFL VCG* .100000E-139* .100000E-19* 100000E-13* 180.000 "

SUM=*  400000E-02* 10.0000 * 499.000 * 29870.0 ¥

SRATING

6-22



DOWNSTREAM BOUNDARY CONDITION SPECIFIED BY A RATING CURVE

ELEVATION OF GAGE ZERO

DISCHARGE CORRESPONDING TO LOWEST ELEVATION IN TABLE

DISCHARGE INTERVAL

.00
Q

2000.0

NO. CF POINTS IN RATING TABLE 40

ELEVATICNS
950.00
368.30
372.40
374 .10

966.20
971.40
973.80
974 .80

967.00
971.80
973.80
974.90

967.7¢0
g972.10
874.00
975.00

963.60
970.60
973.350
374 .60

865.10
971.00
973.70
874.70

862.00
270.20
3873.30
974 .50

360.00
369.80
973.10
' 974 .40

358.00
969.40
§72.90
374.30

g35.10
968.90
872.70
974 .20

PRINT AT SELECTIVE X-SECTIONS ONLY
PN 1.000 7.000
END .000 .000

.000
.000

.000
.000

.000
.000

.000
.000

.000
.000

.000
.000

.000
.00

SNODREDG

AC FLOW 4 = BASE FLOW OF S00 CFS

BOUNDARY CONDITION DATA, CONTROL POINT NO. !

SEQRMENT INFLOW Q IN CFS. ..

1 500.0 61.0 29.0 128.0

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

4
500.00
865.000
55.000

1.000

WATER
SURFACE

w*wxw N DISCHARGE

(CFS)

1.000
500.0Q

SEC NO.

nAww 1

365.00

«2.100
439.0

cwaw

874.00

EXAMPLE PROBLEM NO 4.

LINE HEAD

365.00

974.01

FLOW # (N) = b

FLOW. . .Q(N)= 282.0

TIMESTEP DURATICN (DAYS) = 1.0000
ACCUMULATED TIME (YRS) = . 1479
WATER TEMPERATURE (DEG F)=  62.0638

.00

.00

ENERGY VELOCITY  ALPHA
WIDTH

4.47

FLOW DISTRIBUTION (ZX) =

1.00

FLOW DISTRIBUTION () =

AVG VEL (by subsection)
2 3

ToP AVG

BED i

17 +91

9.

.02
0.0

1330.15 951.82

.8 3

. 55
.0

970.70 .00 .00

.0 100.0

262.95

LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

rewenernARrarresoewvewerwewew CAL] VELOCITY BY METHOD 2% 0t aentnnwoontadvveseavdwey

DIAMETER VELOCITY REY. NO. CD
.000288 1341174E-01 . 4491205 60.13548
.000580 . 5773942E-01 2.836456 12.31433
.001160 1329477 13.06215 4.645407
.002318  .2304031 55.07558 2.087875
004638 4807878 188.9094 1.420513
.009279 71391504 565.1826 1.268938
.018560 1.039763 1634 .511 1.215170
.037120 1.472924 4630.883 1.211088
074216 2.082692 13091.77 1.211088
.148596 2.346998 37090.49 1.211086

SEDIMENT INFLOW (TONS/DAY)
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TOTAL
SANDS & GRAVELS 30.66 9.03
a0
THE FOLLOWING IS A LOCAL INFLOW
L OCAL INFLOW FOINT NO.
2
LOCAL INFLOW g w2
MAINSTEM INFLOW 1 4
TOTAL OUTFLOW 1 4

rwveeveeserweevewwewsnwrwwaw FATL VELOCITY BY

DIAMETER

.000288
.000580
.001160
.002318
.004839
.009279
.018560
.037120
.0746216
.148586

VELOCITY

.1685611E-01
.5869588E-01
. 1346745
2822873
.4819037
.71987666
.040157
. 472924
.082692

1
2
2.346998

SEDIMENT INFLOW FROM LOCAL INFLOW POINT

SANDS & GRAVELS

It e T AR R AR L DA AR R R A A R Al 2 L

TOTAL

1.22

AND
.81
.00

10.94
.00

Q(CFS)

9.0000000
10.000000
39.000000

REY. NO.

.4727185
2.963424
13.59883
56.988364
194.6000
581.3678
1680.487
4759.336
13456 .91
38119.32

LOAD BY GRAIN
;28
.00

AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONS/DAY

8.864 1,57 .29
00 .00 00
: TEMP(DEG-F):
70.00:
63.60:
64.03:

METHOD 2% # 0t ataaao st e deataavddewee

CcD

57.33453
11.91627
4.527048
.059898 .
.413942
.267785
.214248
.211086
.211086
.211086

o e e N

SIZE (FINE TO COARSE) IN TONS/DAY
.10 .04 <01
a0 .00 .00

PI 222 2 T I 2 PR DR A2 A A2 A AR A2 R 22 2 R 2t LAl dd]

THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION

HYDRAULIC PARAMETERS:

VEL SLO EFD EFW N-VALUE TAU USTARM FROUDE
NO.
420 .acoQo3 5.956 195.948 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
3ED MATERIAL BY GRAIN SIZE FRACTION . 104572 .208984 3g9sz1 .233720 .053457
.Q17827 .a08123 000138 002245 .200001
BED MATERIAL BY PERCENT FINER/10CJ 104572 313567 683488 .317207 .970665
.988482 .9978615 .99775¢4 .999989 1.000000
SAND
*= ARMOR LAYER **
STABILITY COEFFICIENT= .94788
MIN.GRAIN DIAM - .001184
BED SURFACE EXPOSED = 1.00000
INACTIVE LAYER ACTIVE LAYER
b4 DEPTH b DEPTH
CLAY 200000 .00 000000 .00
S1LT J00000 00 000000 .00
SAND 200000 .00 1.000000 2.46
TOTAL 112000 a0 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), WISL= .0
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CEPTH OF NEW ACTIVE LAYER(FT), DSE= .0000
WEIGHT IN NEW ACTIVE LAYER, WIMXAL = .0
WEIGHT IN OLD ACTIVE LAYER, WAL= 37088.2
JSEABLE WEIGHT, OLD INACTIVE LAY, WIL= .0
ZED MATERIAL BY GRAIN SIZE FRACTION .084731 .101697 .101697 .101697 .101687
.101697 .1016987 .101697 .101897 .101697
BED MATERIAL BY PERCENT FINER/100 .084731 .186427 .288124 .389820 .491517
. 583214 .694910 .796807 .898303 1.000000
w* ACTIVE LAYER »*
BED MATERIAL BY GRAIN SIZE FRACTION .104572 .208984 .369821 .233720 .053457
.017827 .008123 .000139 .002245 .000001
BED MATERIAL BY PERCENT FINER/100 .104572 3133587 .683488 .917207 .870885
. 988482 .997615 .997754 .999899 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-08
BED MATERIAL BY GRAIN SIZE FRACTION .104581 .208994 .368912 .233713 .053458
.017828 .008123 .000139 .002245 .000001
BED MATERIAL BY PERCENT FINER/100 .104581 .313583 .883497 .917210 .970868
.988482 .987613 .997754 . 9999808 1.000000
TOTAL AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONS/DAY
CALCULATED SEDIMENT LOAD, TONS/DAY
SANDS & GRAVELS .00 .00 .00 .00 .00 .00
.00 .00 .00 .Q0 .00
AR I N AN A AR TN AL A AN AN CIAANAIANN ST NN IARRIIOOR WHIRECXATTTCCRATOY w *w LA A A A AL A LA A4 ] 4L *
THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION 1.000

HYDRAULIC PARAMETERS:

VEL sLo EFD EFW N-VALUE TAU USTARM FROUDE
%O.
.302 ,000000 11.243 167.384 0182 .00010 .00708
.G16
3ED SEDIMENT RESERVOIR COMPUTATIONS:
NEW SURFACE AREA (SQ FT): TOTAL K-PORTION S-PORTION
35495400 95495400 .00
TRANSMISSIVE BOUNDARY CONDITION = TYPE 2
3ED MATERIAL BY GRAIN SIZE FRACTION .010000 .070000 .290000 .360000 .120000
.060000 .040000 .015000 .035000 .000000
3ED MATERIAL BY PERCENT FINER/100 .010000 .080000 .370000 .730000 .850000
.910000 .350000 .965000  1.000000  1.000000
TOTAL AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONS/DAY
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. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT
AR ATRN R TTRTR - LA 4 THAETTRTOR L4 LA b A A 4 A 4 J LA A A4 4 ]
L] -
TIME ENTRY * SAND .
DAYS POINT *  INFLOW OUTFLOW TRAP EFF
L4 -
$4.00 58.000 * 13.20 .
5§3.000 * 16.15 .
TOTAL= $3.000 * 29.35 37.95 -.29 ®
L] L]

B e T T A R S A R AL L 2 D2 2 L T T 2 2 2 L R ey

TE ENTRY * SAND »
S4.00 53.000 * 37.85 N
42.100 * .38 "

TOTAL= 35.000 * 38.31 13.86 B4 *
L] L]

R A A P 2 R PR R R AR T A SR A TR AR 22 20 D2 2 T2 B T T T ey

TIME ENTRY * SAND L]
54.00 3s.Qo0Q * 13.86 L
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13.000 * 1.00 o
TOTAL= 1.000 * 14.87 I .95 »

Ll L]

AR A AL A AR A Al dd Al e il il dddd it dlidlaliisdddl)

TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZEIN TONS/DA
VF F M a 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 20
SECTION BED CHANGE WS ELEV  THALWEG Q SEDIMENT LOAD (TONS/DAY)
ID NO FEET FEET  EL FEET CcFS SAND
58.000 -3.26  975.48  972.14 282. 20.
55.000 -1.77  974.96  971.13 282, 42,
53.000 .00  373.88  372.20 410. 0.
44.000 -3.22  974.01  964.78 410. 0.
42.100 .00  974.00  369.80 39, 0.
35.000 .00  974.00  963.30 439, 0.
33.300 00 365.04  961.00 439, 0.
23.200 .20 365.04 361.00 439. Q.
32.000 =2.38 965.04 356.12 439, 0.
15.000 .56 965.00  954.56 500. 0.
1.000 00 965.00  344.70 500. 0.
ACCUMULATED WATER DISCHARGE FROM DAY ZERO(SFD)
MAIN TRIB #1 TRIB #2 TRIB #3 ....EIC
2750.0000
SVOL A

STREAM SEGMENT # 1: EXAMPLE FROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

SUMMARY TABLE: MASS AND VOLUME OF SEDIMENT

SECTION SEDIMENT PASSING SECTION IN TONS SEDIMENT DEPOSITED IN REACH IN CUBIC YARDS
TOTAL SAND SILT CLAY TOTAL ACCUMULATED SAND SILY CLAY
INFLOW 26737, 26737. Q. 9. 21286.
58.000 35457. 35457. 0. Q -6945. -69645. -6945. 0. 0.
55.000 44155, 44155. 0. Q. -6928. -13873. -6928. 0. 0.
LOCAL J2721. 32721. 0. 0. 26062.
53.000 76876. 76876. 0. 0. 0. -13873. 0. Q. 0.
44,000 64482, 54482. 0. Qi 9871. -4002. 9871. 0. 0.
LOCAL 733. 733. 0. Q 5813.
42.100 28083. 28083. Qi 0 285735, 25373, 29575. 0. 0
35.000 28083. 28083. 0. 0. a. 25573. 0. Q. 0
33.300 28083. 28083. s 0. 0 25574, 0. 0. 0
33.200 28081. 28081. 0. 0 1. 25578.. 1. a. 0
32.000 32938. 32938. O J -3868. 21707. -3868. a. Q
LOCAL 2027. 2027. 0. 0. 1615.
15.000 1464. 14664, 0. 0. 26684 . 48391. 26684 . 0. 0.
1.000 1484. 1464 . R 0. 0. 48391. 0. 0. 0.

ACCUMULATED LOAD BY SIZE CLASS (fine to coarse, in TONS

INFLOW
SAND 13375, 8739. 6186. 315. 122.
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RIVER MILE = $8.000
SAND 13404, 8933. 43364, 5002. 218S.
1008. 364. 0 217. Q.
RIVER MILE = 5§5.000
SAND 13337. 3190. S5081. 9958. 4272.
1351. 608. 10. 337. 0.
RIVER MILE = 53.000
SAND 16102. 15314. 228489. 16033. 6272,
1351, 608. 10. 337. 0.
RIVER MILE = 44 .000
SAND 15348. 13536. 19465. 12040. 2992.
671. 342, S 83. 0.
RIVER MILE = 42.100
SAND 11798. 5993. 5857. 3399. 1017.
14 S 0 0 0
RIVER MILE = 35.000
SAND 11798. 5993. 5857. 3399. 1017.
14. 5. Q. q. 0
RIVER MILE = 33.300
SAND 11798. 5883. 5857 . 3389. 1017.
14. Su 0. Q5 0.
RIVER MILE = 33.200
SAND 11798. 5993. $857. 3age. 1017,
13. 4. 0. 0. Q.
RIVER MILE = 32.000
SAND 3833. 5774. 8892. 6481, 1917.
16. 14. 2. 0 O
RIVER MILE = 15.000
SAND 158. 176. 503. 455, 163.
4. 3 1. 0 0
RIVER MILE = 1.000
SAND 158. 178 503. 455, 163.
4 3 1. 0 0
SSEND

Q DATA ERRORS DETECTED.

TOTAL NO. OF TIMESTEPS READ= 4
TOTAL NO. OF WS PROFILES= 23
ITERATICNS IN EXNER EQ = 920.
IND OrF JCB

2B 'GoVPLETED
UN TIME = 0 HOURS,  MINUTES & 57.23 SECONDS

A portion of the *B-level* hydraulic output for Example Problem 2 for the second discharge at
section 15.0 is shown in Exhibit 6.5. This output may be used to check the operation of the n vs.
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 ft. The GR data shown for
section 15.0 reflect the X3 encroachment. Elevations on the left side are kept above 961 ft. to station
10693 ft., which is the station before 10700 ft. The same is seen on the right side as elevations are
kept at 970 ft. after station 11000 ft. until the original ground line is encountered.
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EXHIBIT 6.5 B-Level Hydrualic Output

* LA 2 4 whw -

weww we e L LA A 222 22 T T2 22

* INPUT FILE: EX2B.DAT *

* OUTPUT FILE: EX2B.OUT *

AR AR AN TSN hadad o4 - w bAA AL AL AL A AR A A2 2y T T Y

* B PROFILE 2 = FLOOD EVENT
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
SEGMENT INFLOW Q IN CFS...
1 10000.0 §00.0 1200.0 2600.0
TIME STEP NO. 2
WATER DISCHARGE= 10000.00
ELEVATION= 363.000
TEMPERATURE= 60.000
FLOW DURATION(DAYS) 1.000
w#www 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-SECTICN COORDINATES (STA,ELEV)

9915.000 1004.000 9915.000 1004.000 10002.000 978.400 10060.000 956.000 10077.000 959.200
10081.000 959.300 10082.000 950.000 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 §59.800
10325.000 959.900 10350.000 958.800 10400.000 957.400 10700.000 §70.000 10960.000 966.000
11060.000 $70.000 11085.000 968.000 11240.000 968.000 11365.000 970.000 11500.000 970.000
11615.000 970.000 11665.000 962.000 12400.000 962.000 12550.000 976.000 12670.000 980.000
12730.000 982.000 12735.000 984.000

wesw } 10000.0 363.00 963.23 .23 2.43 12463.42 g51.52 .84 4.03 L4b
FLOW DISTRIBUTION (2) = 1.4 81.6 Tl
REACH PROPERTIES BY STRIP 1 2 3
INEFF FLOW EL -99999.00 -99999.00 -99999.00
U/S SECTION... CONVEYANCE 6030. 422630. 32696.
AREA 185. 2273. 1612.
HYD RADIUS 4.23 11.20 1.59
REACH. .. N .1000 .0400 1000
SQRT(L) .0000 .0000 .0000
0/S SECTICN... AREA 0. a. 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)

8570.000 992.000 9570.000 992.000 10110.000 982.000 10300.000 976.000 10480.000 976.000
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 108352.000 962.000 10970.000 964.000 11015.000 970.000 11090.000 970.000
11150.000 §70.000 11190.000 970.000 11310.000 972.000 11410.000 980.000 11570.000 984.000
11770.000 990.000 11865.000 990.000 12150.000 1000.000

K 10000.0 8969.01 969.28 .27 1.58 434.03 958.47 1.02 4.446 1.31
FLOW DISTRIBUTION (Z) = 2.6 86.6 10.8

REACH PROPERTIES BY STRIP 1 2 3
INEFF FLOW EL -39998.00 -99999.00 -399999.00
U/S SECTICN... CONVEYANCE 8718 287841. 35800.
AREA 237. 1951. 821.
HYD RADIUS 2.81 10.34 5.18
REACH. .. N .0874 .0478 .lo21
SQRT(L) 92.5473 90.9285 86.80644
D/S SECTION... AREA 153, 2273. 1612.
HYD RADIUS 4.23 11.20 1.58

N-VALUE, SLOPE ,EFW,.EFD, VAG= 047807 .000732 175.88 11.08 4. 46
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....LOCAL INFLOW POINT NO. 1, Q= 600.00

CONTINUING ON SEGMENT NO 1
TEMPERATURE= 60.000

Q0  DATA ERRORS DETECTED.

TOTAL NO. OF TIMESTEPS READ= 2
TOTAL NO. OF WS PROFILES= 2
ITERATIONS IN EXNER EQ = Q.
END OF JOB

OB CCMPLETED
RUN TIME = O HOURS, O MINUTES & 6.26 SECONDS

6.3 _Problem 3 - Movable Bed

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 6.6 illustrates the
input data file for Example Problem 3.

EXHIBIT 6.6 Input - Movable Bed

g EXAMPLE FROBLEM NO 3. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

T2 BASIC SEDIMENT RUN, 3 LOCAL INFLOWS: CASCADE, SILVER AND BEAR CREEKXS

3 ORIGINAL WORK BY DAVID T. WILLIAMS, WES, 18982: ADAPTED 1988, DTIW

NC . 100 .100 .040 A .3

X1 1.8 31. 10077.0 1027s5.0 0. 0. 0. 0. 0. B
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 10108.0 346.60 10138.0 944.70 10158.0 955.20 10225.0
GR956.20 10243.0 958.80 10250.0 959.80 10275.0 959.80 10300.0 958.90 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 0368.00 11240.0 970.00 11365.0 970.00 11500.0 970.00 11615.0
GP962.00 11665.0 962.00 12400.0 976.00 12550.0 980.00 12670.0 982.00 12730.0
GR884.00 12735.0

g 1 10. 10081 10250

NV -2 .045 965.6 .064 988.8

NV a2 .080 965.6 .130 g988.8

NV 33 .10 965.6 .11 ¢82.0 .12 g988.8

X1 15.0 27. 10665.0 10850.0  8565. 7535. 8268. 0. 0. 0.
X3 10700 961 11000 870

GR992.00 9570.0 982.00 10110.0 976.00 10300.0 976.00 10480.0 966.00 10610.0
GRS64.70 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
GRS70.00 11180.0 972.00 11310.0 980.00 11410.0 984.00 11570.0 990.00 11770.0
GR990.00 11865.0 1000.00 12150.0

2

HD is 18, 10673 1085

QT

NC &0 .10 .05

X1 32.0 29. 10057.0 10271. 7428. 6654 . 8240. 0 0. 0

980.00 9600.0 980.01 9925.0
959.82 10087.0 956.50 10097.0
959.60 10177.0 959.82 10196.0
978.50 10300.0 978.60 10350.0
982.00 10745.0 982.00 11145.0
1008.0 11425.0

Q
0 982.00 9250.0 982.00 9510.
0 978.50 10057.0 968.60 10075.
GR956.80 10117.0 957.80 10137.0 959.40 10157.
0 971.20 10250.0 978.50 10271.
0 978.96 10387.0 3980.00 10610.
0 992.00 11240.0 1000.00 11330.
4D 32 10. 10075 10275

Ooo0cocoo
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X1 33.2
XL

GR1000.0
GR980.00
GR982.00
GR961.00
GR1000.0
HD 33.2
X1 33.2
D 33.3
X1 35.0
X3 10

GR884.00

X1 S5.0
GR1004.0
GRS884 .30
GR874 .80
GR885.80
HD S8
X1 58.0
GR1006.0
GR976.20
GR888.80
GR892.00
GR886.00
HD S
EJ

T4

-
i

6

7
T8
I1 0
I4 SAND
IS
LQ
LT TOTAL
LF VFS
LF FS

6-30

o

580.
1260.
1730
2089.
3170.

OoouvoNnNOOCO

22;

974,
9035.
9465.
9954.

10115,
10895.

w
N o
OO0 00 oo

00000000 -

7130.
8780.
9880.
9843.
10067.
10130.
11720.

[
o
o
N
@
OO0 O0OO0o0Oo

10187.0
10.
22,
8562.0
9944 .0
10065.0
10492.0
11137.0
3.4

MAIN STEM.

.850.0

990.00
982.00
982.00
976.00
0.00
1851
1850.0
1851
9884.0

3
980.00
981.70
967.10
977 .40

1004.00
9954
.045
9880.0
998.00
986.00
9689.80
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

9331
9912.0
1004.00
975.40
988.30
988.00
988.00

9912

SEGMENT 1,

o

21350,

1060.
1300.
1830.
2149.
D
2148
2150.0
2148
10155.0

OO0 oo0o

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

290.
10200
990.00
890.00
972.20
967.10
882.00
1002.40

3366.
998.00
986.30
974,00
989.30

22s.
996.00
985.50
972.80
9390.00

1097.
1000.00
978.20
9898.30
986.70

250.

1150.
1350.
1850.
2150.

0.

oo ocoo

125,

10s.

9135.0
9745.0
10004.0
10155.0

3965.
7930.
9570.
9941.

10001.
10069.
10230.

OO0 o00O0OO0

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

LOAD CURYC FROM USGS DATA AT USGS GAGE:
BED GRADATIONS FROM INTERPOLATION OF SAMPLES TAKEN 10 JUNE 1980

ENCODED BY DAVID WILLIAMS, WES, SEPT 1982

982.00
980.00
979.19
982.00

175.

105.

980.00
984.70
968.20
3984.00

3005.
992.00
986.45
985.80
986.70
969.80
987.60

495,

990.00
986.00
970.50
971.80
981.20

29641.
996.00
986.30
g972.20
999.20

7.
990.00
987.20
973.20

1462.
997.20
990.40
980.00
988.00

1180.
1420.
1851.
2800.

OO0 o0ooo

9185.0
9894.0
10044.0
10265.0

820S.
9707.
9941.
10003.
10069.
10280.

OO0 o000

8735.0
9650.0
9968.0
10118.0
10300.0

8.
8640.0
9825.0

10071.0
10200.0

0.
9052.0
9931.0

10045.0

0%
8812.0
10015.0
10172.0
11022.0

982.
980.
961.
990.

982.
963.
967.
982.

990.
989.
98s.
S689.
969.
985.

988.
984 .
967.
976.
979.

996
983

00
40
60
00

00
10
350
80
20

0

.00
.80
g972.

60

1000.1

986.
978,
983.

996.
988.
9g2.
986.

SOUTE FORK ZUMBRO RIVER, ROCHESTER, MN
S PERCENT ADDED FOR BED LOAD

00
10
80

30
30

00

SEDIMENT TRANSPORT BY STREAM POWER: SEE ASCE JOURNAL (YANG 1871)

0110
119
.328

1

5
50
1.5
119
328

10
.25
1000
320
.498
331

-
5800
4500.
511
.3086

28
80000
400000
. SB2
.280

1215,
1540.
1900.
3100.

O O ®moo

9270.0
9894.0
10054.0
10685.0

8485,
98357.
9943 .
10003.
10128.
10430.

OO0 o000 O0-

8835.
g9788.
9998.
10127.
1032s.

OO0 ocoo

a.
8780.0
9900.0

10101.0
10320.0

0.
8337.0
8955.0

10062.0

0.
9912.0
10062.0
10242.0
11087.0



LFL

LTLTOTAL

LFL
LFL

LTXIXO » THO » EXO »ZTRDPDO

VvCs

w
L%
g
o

000
.000

o
o
o

85,

32.
96.

58.
90.

DO OO0 OO0OOoOo

.0040
.664
.207
.086
.Qal
.008

.0030

.C010

. 0000

.0000

.0000

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

.0030

.0o010

.0000

.0a00

.0000

.0020
.201
(342
.51
.001
.200

2000

.2000

.0000

.0000

.0000

FLOW 1
51

72
FLOW 2
300.

FLOW 3

18
220,

FLOW 4
61

.553

100

.664
.207
.086
.031
.008
.0030
.0010
.0000
.0000
.0000
100
10
.664
.207
.0886
.031
.008
.0030
.0010
.0000
.qoa0
.0000
100.
30.0
.201
1362
451
.001
200
.0000
000
.900
.a00
.Q00

.156
011
.004
.000
.000
.000
.000
.000
32.0
73.0

6é.
93.

0.
64,
79.

oo owo

1000
soa
.013
. 243
.605
.052
.039

.0200
.0110
. 0310
.0000
.0000

1000

500
.015
.245
.605
.052
.038

.0200
.0110
.0110
.00
.0000

500.
500.
.078
172
L4564
.197
.000

.0000
.0000
.0000
.0000
.0000

.154
.0186
.008
.004
.001
.000
.000
.000
16.0

w
- N
oo

w
- N
oo

10000
3g000
.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
Wbet
.601
.162
.003
.0000
.0000
.0000
.0000
.0000

= BASE FLOW QF 500 CFS

29

70

= 50 DAYS AT BANK FULL DISCHARGE

150.

128

67

650.

.110
.020
.00s
.002
.001
.000
.000
.000

37.0

99.5
83.0

56.0

30000.
22500
.137
.218
.476
.158
.oo8
.0020
.0010
.0000
.Q000
.go0o

= NEAR BANK FULL DISCHARGE

78.

340.

= BASE FLOW OF 500 CFS

29

128

.25

16.0

16.0
.50

o ©
o e -
o o

o w

o &
oo
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6.3.1 Movable Bed Limits

The HD records contain information regarding the movable bed for each cross section. For
example, at section 1.0, only that portion of the cross section between stations 10081 and 10250 ft. is
the ‘movaple bed*. The *fixed" GR points are those or: 2ither side of t~- movable bed stations; that is,
should a limit of the movable bed coincide with a GR point, that point 1s 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 ft. 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 enterea on the | records. For problem 3, the number of times that the bed material gradation is to
be re-caicutated within a time step is set to five (see section 2.3.4.1) on the |1 record. Default vaiues
for the other parameters on this record will be used. Only sands and gravels are analyzed in 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 |4 record. The transport computation method chosen is that of Yang (4 in field
2 of the 14 record). Default vaiues 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 scneme for the hydraulic parameters has been selected via the 15
record (see section 2.2.4).

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 vs. 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 loaas. 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 tne fraction of
the total load comprised of any particular grain size. These data are entered from fine 1 coarse and
must correspond tc the size ranges selected with the 12 to 14 data.

There are three local inflows cf water and sediment in this problem; their locations are defined
by the QT recoras in the geometric data. The tables of sediment load vs. local inflow are on LQL,
LTL. and LFL records, analogous to the main river inflowing load data. The local flow load tables are
entered in the same sequence as the geometric data; that is, downstream to upstream.
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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 linearty interpolate the bed material gradation.
Note tnat 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 resuits 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 aiso be important in some
instances. See Thomas, et al. (1981) and Gee (1984) for information regarding preparation of flow
data.

EXHIBIT 6.7 Output - Movable Bed

tﬁ'.'t.'t"L'ttt'Q"t'.'t'".'t"""'..."'ﬁ."t..'.ﬁ"'..""'.'."..".-'."..."....'

. INPUT FILE: EX3.DAT .
* OUTPUT FILE: EX3.OUT .
P22 2222222 2 22283l dd] ] LA A b 4 A 4 4 4 w *w w VIV ORI OY

T4 MAIN STEM, SEGMENT 1, SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

15 LOAD CURVE FROM USGS DATA AT USGS GAGE: 5 PERCENT ADDED FOR BED LOAD

16 3ED GRADATIONS FROM INTERPOLATION OF SAMPLES TAKEN 10 JUNE 1980

17 ENCODED BY DAVID WILLIAMS, WES, SEPT 1982

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

EXAMPLE PROBLEM NO 3. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN
BASIC SEDIMENT RUN, 3 LOCAL INFLOWS: CASCADE, SILVER AND BEAR CREEXS
ORIGINAL WORK BY DAVID T. WILLIAMS, WES, 1982: ADAPTED 1989, DTW

SEDIMENT PARAMETER DATA
SPI IBG MNQ SEGF ACGR NFALL IBSHER

SAND AND/OR GRAVEL ARE PRESENT

MTC IASA LASA SPGS GSF BSAE PSI UWDLB
I4 4 1 10 2.650 .667 .500 30.000 93.000

FOLLOWING GRAIN SIZES UTILIZED
SAND: 200288 000580 .001180 .002319 004639
.009279 .018560 037120 .074216 . 148596

~wewaTRANSPORT CAPACITY RELATIONSHIP IS YANG#w#wew e MIC = &

COEFFICIENTS FOR COMPUTATION SCHEME WERE SPECIFIED
DBI DBN XID XIN XIU UBI UBK JSL
s 500 .500 250 .500 .250 .000 1.000 1



SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
LOAD BY GRAIN SIZE CLASS (TONS/DAY)

LQ « 1.00000 = 50.0000 ~ 1000.00 * 5800.00 * 80000.0 i
LF  VFS* .130900E-02* 178500 * 159.360 * 2298.50 * 232800. »
LE FS* .360800E-02* .492000 * 105.920 * 1377.00 * 112000. o
LF MS* _608300E-02* .829500 * 49.8200 * 693.000 * 44000.0 .}
LF CS* .100000E-18* .100000E-18* 3.52000 * 72.0000 * 8000.00 *
LF  VvCS* .100000E-19* . 100000E-19* 1.28000 * 36.0000 * 2000.00 *
LF  VFG* .100000E-19* .100000E-19* .100000E-1S* 18.0000 * 800.000 ®
LF FG* .100000E-18* .100000E-19* .100000E-19* &, 50000 * 400.000 *

LF MG* .100000E-1S* .100000E-19* .100000E-19* L 100000E-19* . 100000E-1S*
LF CG* .100000E-19* .100000E-19* ,L100000E-19* .100000E-19% .100000E-19*
LF  VCG* .100000E-18* ,L100000E-18* .100000E-19* .100000E-19* ,L100000E-19*

SUM=*  110000E-01* 1.50000 * 320.000 * 4500.00 * 400000. ®
VOLUME VS DEPTH OF DEPOSITS
SEC NO. REACH MOVABLE INITIAL BED-ELEVATIONS ACCUMULATED CEANNEL DISTANCE
LENGTH BED LEFT SIDE THALWEG RIGHT SIDE FROM DOWNSTREAM
WIDTH FEET MILES

a0

1.000 183.50 359.30 944.70 958.90 .00 .00
8268.00

15.000 2642.00 361.00 954.00 962.00 8268.00 1.57
8240.00

32.000 218.50 968.60 356.50 978.50 16508.00 3.13
320.00

33.200 299.00 379.19 961.00 976.00 16828.00 3.18
175.00

33.300 299.00 978.19 861.00 976.00 17003.00 3.22
105.00

35.000 276.00 963.30 963.30 983.70 17108.00 3.24
3005.00

42.100 154.50 269.80 969.80 969.80 20113.00 3.81
485.00

44.000 337.59 970.90 867.10 976.90 20608.00 3.90
2941.00

53.000 185.00 382.80 g72.20 988.70 23549.00 4.46
770.00

55.000 204.00 387.20 372.80 383.80 24319.00 4.61
1462.00

£8.000 176.50 396.30 375.40 390.40 25781.00 4.88

ED MATERIAL GRADATION (as computed from PF-records)
SECID SAE DMAX DXPI XPI TOTAL BED BED MATERIAL FRACTIONS PER GRAIN SIZE (FINE TO COARSE)
N 1.000 1.000 .105 105 1.000 1.000 .010 .70 .280 . 360 . 120
.060 .040 018 .035 200

.000 1.000 .010 .070 .333 .68 112
.062 .032 .010 .020 003

,A
[
[<-]
-

N 15.000 1.000 .158

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.cC00 .210 210 1.000 1.000 210 .068 363 .380 i09
.028 .026 .C0S .006 306

N 33.300 1.000 «210 210 1.000 1.9%00 .008 .067 .356 .383 .112
.030 .026 .305 .006 2086

N 35.000 1.000 .210 .210 1.000 1.900 .009 .067 -352 .384 413
.030 .026 .G0S .007 .007

N 42.100 1.000 210 .210 1.000 1.000 .006 231 237 L6431 .154
.058 .031 .003 .013 .015

N 44,000 1.000 .210 .210 1.000 1.000 .0086 .048 .218 L4398 .160
.063 .032 .003 .016 .016
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N $3.00

N 35.00
N $8.00
.LOCAL

0 1.000 .210

0 1.000 ol

0 1.000 .210

INFLOW DATA. ..

10

.210

.210

.210

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)

LQL !
LFL VFsS*
LFL FS*
LFL  Ms»
LFL Cs+
LFL VCS+*
LFL VFG*
LFL oo
LrL MG
LTL Z5*
LFL VCG~»
SUM=w

1.00000 L
.265600E-02*
.828000E-03*
.344000E-03*
.124000E-03*
.320000E-04*
.120000E-0Q4~
.400000E-0S*
.100000E-19~*
.100000E-19*
.100000E~-19*

.400000E-02*

.LOCAL INFLOW DATA...

100.000
6.64000
2.07000
.860000
.310000

® ® ® 3 2

.800000E-01"
.200000E-01*
.100000E-01*
.100000E-19*
.100000E-19*
.100000E-19*

10.0000

1000.00
7.50000
122.500
302.500
26.0000
19.5000
10.0000
5.50000
5.50000
.100000E-19*
.100000E-19*

* & & * % % % 8

499.000 ”

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

LOAD BY GRAIN SIZE CLASS (TONS/DAY)

LQL *
LFL VrS#
LFL TS
LzL HEw
LFL cce
LFL Vi3
wFL VEG™
LIZL je
=Tk e
-FL oty
LTL  ¥Egr

SUM=#

1.00000 *
.265600E-02*
.828000E-03~
.244000E-03*
124000E-03*
320000E-064*
.120000E-04*
<COQ00E-05*
. 100000E~19*
.1C000CE-19*
.100000E-19*

4J0000E-02*

LOCAL INFLOW DATA...

100.000
6.64000
2.07000
.860000
.310000

»
-
"
*

*

.800000E-01*
.300000E-01*
. .C0000E-01*
.100000E-19*
.100000E-19*
1C0000E-19*

10.0000

1000.00
7.50000
122.500
302.500
26.0000
19.5000
10.0000
5.50000
5.50000
.100000E-19*
.100000E-19*

* 2 & 2 =

F & 2 a2

499.000 *

SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1
AT LOCAL INFLOW POINT # 3

LOAD BY GRAIN SIZE CLASS (TONS/DAY)

LQL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL
LFL

.
FS*
FIw
ugw

cS*

vCs*
TG*
FG*
MG*
CcG*

VCG*

1.00000 o
.402000E-03*
.684000E-03*
.902000E-03"
.200000E-05*
.100000E-19*
.1C0000E-19*
.100000E-19*
.100000E-19*
.100000E-19*
.100000E-138*

100.000
6.03000
10.2600
13.5300

»
"
*
"

.300000E-01*
. 100000E-19*
.100000E-19*
.100000E-19*
.100000E-19*
.100000E-19*
.100000E-19*

500.000
39.0000
86.0000
227.000
98.5000
.100000E-19*
.100000E-139*
.100000E-19*
.100000E-19*
.100000E-19*
.100000E-19*

* 2 2 2 2

.002
.0s0

.002
.087

.000
.110

.032
.036

.028
.038

.020
.040

10000.0

$940.
5430.
3210.
2940.
3810.
3480.
2730.
1590.

660.000
180.000

29970.0

10000.0

5940.
5430.
3210.
2940.
3810.
3480.
2230.
1580.

00
00
00
00
00
00
00
00

660.000
180.000

29970.0

1000.

0o

93.6000
210.000
721.200
170.400
3.60000
.100000E-19*
.100000E~19*
.100000E-19*
.100000E-19*
.100000E-19*

% * ® % 2 R4 OR RS

2 * % o 2 % 2 ®»

*

* * &

"
-

"

.108
.001

.076
.001

.020
.000

30000.0
3082.50
4905.00
10710.0
3555.00
180.000
45.0000
22,5000

. 485
.024

. 487
.0268

.520
.030

* & 2 3 % & % »

.100000E-18*
.100000E-19*
.100000E-19*

.200
.024

.210
.028

.230
.030

6-35



SUM=w 199000E-02* 23.8500 * 450.500 * 1198.80 * 22500.0

STREAM SEGMENT # 1: EXAMPLE PROBLEM NO 3.

LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

DIMENSIONS OF BED SEDIMENT CONTROL VOLUMES, FEET.
SEC. NO, = LENGTH * MaAX., WIDTH * JEPTH ¥ VOLUME i
* il * ®¥ CU; FT. * CU. YD =~
1.000% 4134.00 *« 203.000 ~ 10.0000 * .839202E+07* 310816. ¥
15,000% 8254.00 * 228.490 ~ 10.0000 ~ .188596E+08* 698502. w
32.000% 4280.00 w 227,710 * 10.0000 * .974600E+07* 360863. %
33.200* 247.500 * 281.869 * .000000 * 000000 * 000000 *
33.300* 87.5000 * 299.000 * 000000 * .000000 * .000000 ¥
35.000* 1502.50 * 235.500 * .000000 * 000000 * .000000 v
42.100* 1750.00 * 197.899 * .000000 * .000000 * .000000 L
44.000* 1718.00 * 288.055 * 10.0000 * . 494879E+07* 183288. ¥
53.000* 1855.50 * 233.267 + 10.0000 * .432828E+07* 160308. *
$5.000% 1118.00 * 196.961 * 10.0000 * .219808E+07* 81410.4 ¥
58.000% 731.0¢C * 185.6867 * 3.40000 * 461456, * 17091.0 ®
NO. OF INPFUT DATA MESSAGES= 0
END OF SEDIMENT DATA
BEGIN CCMPUTATIONS.
SHYD
o AB FLOW 1 = BASE FLOW OF 500 CFS
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1
SEQMENT INFLOW Q IN CFsS...
1 500.0 61.0 28.0 128.0
TIME STEP NO. 1
WATER JISCHARGE= 500.00
ELEVATION= 356.000
TEMPERATURE= 65.000
FLOW DURATION(DAYS) 2.000
weww N DISCHARGE  WATER INERGY VELOCITY  ALPHA TOP AVG AVG VEL (by subsection)
(CFS) SURFACE LINE ZEAD WIDTH 3ED 1 2 3
SEC NO. 1.000
L £00.0 356.00 356.00 20 1.00 154 .50 949.52 .00 .50 .00
FLOW DISTRIBUTION (Z) = .0 100.0 .0
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
Le 357.33 956.55 957.28
vaw o 500.0 957.33 958.06 .73 1.00 46.55 955.76 .00 6.86 co
FLOW DISTRIBUTION (2) = .0 100.0 .8
....LOCAL INFLOW POINT NO. 1, Q= 51.00
CONTINUING ON SEGMENT NO 1
TEMPERATURE= 64.027
SEC NO. 32.000
rawe 1 439.0 962.987 3962.98 01 1.00 126.98 958.73 .00 .82 .00
FLOW DISTRIBUTION () = .0 100.0 .0
SEC NO. 33.200
wwes ) 439.0 963.03 963.05 02 1.00 210.65 961.07 .00 1.06 00
FLOW DISTRIBUTION (%) = 0 100.0 .0
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SEC NO. 33.300
e 439.0 863,12 963.
SEC NO. 35.000

OPERATION RULE SPECIFIED

UPPER POOL ELEVATION (UPE) = 974.

Ay ) «39.0 974.00 974,
SEC NO. 42.100
L A ¢ 438.0 274,04 S74.

....LOCAL INFLOW POINT NC. 2, Q=

CONTINUING ON SEGMENT NO 1

TEMPERATURE= 63.605
SEC NO. 44,000
i | 410.0 374.05 974
SEC NO. 53.000
wanw 410.0 974.14 974.

..LOCAL INFLOW POINT NO. 2, Q=

CONTINUING ON SEGMENT NO 1

TEMPERATURE= £2.064
SEC NO. 55.000
swww L 282.0 976.18 276,
SEC NO. £8.000
whew 2 282.0 978.28 378.

14 .02 1
FLOW

00 HEAD LOSS

00 .00 o
FLOW
04 .00 1
FLOW

29.00
.05 .00 1
FLOW
50 .36 1.
FLOW

128.00
22 .04 1
FLOW
39 .11 1.
FLOW

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEQMENT ¢ 1
LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

LA R A A R e A R A R R A AL AR 2 A 2 D 22 2 T T T Y

EXAMPLE PROBLEM NO 3.

s

«

SAND
OUTFLOW TRAP EFF

2 2 2 ¢ % 8 3

.q0 1.00

w

.00 211.16 961.

DISTRIBUTION (X) =

.50
00 221.75 987
DISTRIBUTION (Z) =

.00 242.42 S68.

DISTRIBUTION (%) =

.00 261.36 968.

DISTRIBUTION

00 66.12
DISTRIBUTION

.00 83.11

DISTRIBUTIOR

00 50.53
DISTRIBUTION

AR A AN T AN A AAAR AT ANV AR DT ORIV VIV RVALYONRA VSO R AWRNDDD

SAND *

.00 .29

2 & = 2

TIME INTRY *
CAYS ZOINT * INFLOW
2.20 58.000 * .03
53.000 * 04
42.100 * .00
TOTAL= 35.000 * .07
"
TIME ENTRY *
2.00 35.000 * .00
15.000 ¢ .00
TOTAL= 1.000 * .00
L]
(AR 222222222222 22212222 222222 1)
TABLE SB-1. TOTAL
SEDIMENT INFLOW
SANDS & GRAVELS 28.81
SEDIMENT OUTFLOW
SANDS & GRAVELS 3.07
SECTION  BED CHANGE WS ELEV

AND LOAD BY
vF F
9.03 10.94
.00 .00
.05 .21
.34 .43
THALWEG Q

(2) =

S72.

(X) =

874,

() =

976.

() =

o8

.03

84

85

83

10

22

GRAIN SIZEIN TONS/DAY

M

8.86
.00

.67
.10

c

.00
.00

.85
.00

.0

.00
100.0

.00
100.0

.00
100.0

.00
100.0

.00
100.0

.00
100.0

.00
100.0

SEDIMENT LOAD (TONS/DAY)

.37

vC

.00
.00

.42
.00

.00

.00

.00

.00

.00

.00

.00
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ID NO FEET FEET EL FEET CFs SAND
58.000 = 223 378.28 975.17 282. 346.
55.000 & X0 376.18 372.80 282. S62.
53.000 .20 374.14 372.20 410, 615.
b4 030 .07 974 .05 §67.17 -10. 6.
42.1C .00 574.04 969.80 -38. 0.
35.000 .00 374.00 963.30 +39. 0.
33.300 .00 963.12 861.00 439. 0.
33.200 .00 963.03 861.00 439. Dl
32.000 =, 02 3962.97 956.48 438. 178,
15.000 =, 01 957.33 953.99 500. 388.

1.000 . 03 856.00 944 .73 500. 3,
' B FLOW 3 = NEAR BANK FULL DISCHARGE

BOUNDARY CONDITION DATA, CONTROL POINT NO.
TIME STEP NO.
DISCHARGE=
ELEVATION=

TEMPERATURE=

FLOW DURATION(DAYS)

WATER

TABLE SA

28

3

1250.00

360.000

55.000

1.000

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

1

TRAP EFFICIENCY 2N STREAM SEGMENT ¢ |

LOWER SOUTH FCRK ZUMBRO RIVER, ROCHESTEZ MN

B A R R R e R R Al A Dt a Rl el e T

TIME
DAYS

53.00

TOTAL

L

ENTRY *

POINT

58.000
53.000
62.100
35.000

_
L3
1]
"
Ll
-

"

INFLOW

13.
16.

28.

18
13
36
68

SAND

QUTFLOW

6.

03

L
TRAP EFF

.80

*
*
-
-
*
o
*

*

AR AT A T T I T N AR R I A R I AT I R NI AT A AN I NIRRT TR NS Y

TIME
53.00

TOTAL

ENTRY
35.000
15.000

1.000

"

*

*

"

"

6.
1.

=

03
00
03

SAND

.06

28

L]
w
'l
*
«

R R LR R R T AR AR R A SRR AR 22 2 2 0 22 2 R T

TABLE SB

SEDIMENT

e

INFLOW
SANDS & GRAVELS

SEDIMENT OUTFLOW
SANDS & GRAVELS

SECTION
ID NO

s8.
&5,
53.
44
42.
38.
33.
33,
32.
15.

L

6-38

000
000
000

.000

100
coo
300
200
000
000
000

3ED CHAN
FEET
sily

GE

86-
.24

10
2

133

TOTAL

148.81

WS ELEV
FEET

979.
577.
8/5.
374,
S74.
974 .
365.
365.
C664 .
961.
960.

31
92
a3
48
37
0o
08
00
92
00
00

VF

66.

90

.47
.00

THAL
EL F

973.
972.
372.
367.
972.
G64.
961.
961.
956.
354.
946,

WEG
EET
S

F

53.32
.00

.45
.20

Q
CFsS

682.

682.
1022.
1022.
1100.
1100.
1100.
i100.
1100.
1250.
1250.

AND LOAD BY GRAIN SIZEIN TONS/DAY

M C
29.58 .01
.00 .00
1.30 1.37
.00 00

SEDIMENT LOAD (TONS/DAY)
SAND
1408.
2549.
9500.

304 .
339.
10.

507.

575.

311.

292.

4.



6.3.7 Output

Exhibit 6.7 shows a portion of the output file generated from execution of Exampie Problem 3.
The geometric data output is the same as in the previous example so is not repeated here. This is
foliowed 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.

The table headed "VOLUME VS DEPTH OF DEPOSITS® depicts the status of the bed sediment
reservoir at the beginning of the simuiation, 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 section 1.0, the
movable bed was designated to be from station 10081 to station 10250 ft.; therefore, these are
movable GR points. The width used for computations extends halfway to the next, fixed, GR points
(10077 & 10275 ft.), which is a distance of 183.5 ft. [= ((10275+10250)/2) - ((10081+10077)/2)]. See
Figure 2.9.

The table headed "BED MATERIAL GRADATION® contains the information on the PF and PFC
recoras. 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-ft. of sands and gravels had entered the reach (section 58.0 is the upstream end of
the reach). The total material passing section 35.0 is 6.03 acre-ft. The total input from the locals and
the upstream end was 29.72 acre-ft., yielding a trap efficiency for that reach {(inflow-outfiow)/inflow] of
80%.

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 section 1.0 was initially 944.70 ft.

After 54 days, there was a computed deposit of 0.23 ft. at section 1.0, resulting in a thalweg elevation
of 944.93 ft. Note that, in general, the sediment output is from upstream to downstream which refiects
the sequence in which the sediment computations are performed.

EXHIBIT 6.8

& FLOW & = BASE FLOW OF 500 CFS

R AT I NTI A AR AN RN RN T A AN VAV O RV A NGOG RS ] swe o L]

THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION 1.000
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HYDRAULIC PARAMETERS:

VEL SLO EFD EFW N-VALUE TAU USTARM FROUDE
NO.
.279 .000001 11.321 166.989 .0400 .00039 .01416
.015
BED SEDIMENT RESERVOIR COMPUTATIONS:
NEW SURFACE AREA (SQ FT): TOTAL K-PORTION S-PORTION
954954 .00 954854 .00 .00
GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS
BED MATERIAL BY GRAIN SIZE FRACTION .012375 .071094 .291352 .358870 .118513
.058680 .039121 .014669 .034226 .000000
BED MATERIAL BY PERCENT FINER/100 .012375 .083468 .374821 .733780 .853304
.911883 .951104 .965774 1.000000 1.000000
SAND
#* ARMOR LAYER **
STABILITY COEFFICIENT= .85000
MIN.GRAIN DIAM = .000288
BED SURFACE EXPOSED = .00000
INACTIVE LAYER ACTIVE LAYER
1 DEFPTH 1 DEPTH
CLAY 200000 .00 .000000 .00
S1LT 000000 .00 .000000 .00
SAND 1.000000 9.70 1.000000 .52
TOTAL 1.000000 9.70 1.000000 .52
AVG. UNIT AVG. UNIT
WEIGHT WEIGHT
.046500 .046500

«*BED IS ARMORED**

COMPOSITE UNIT WT OF ACTIVE LAYER T/CF= .066500
WEIGHT IN SURFACE LAYER(TONS), WISL= 13196.9
DEPTH OF NEW ACTIVE LAYER(FT), DSE= .0000
WEIGHT IN NEW ACTIVE LAYER, WIMXAL= 0
WEIGHT IN OLD ACTIVE LAYER, WAL= 23235.9
USEABLE WEIGHT, OLD INACTIVE LAY, WIL= 430858.7
BED MATERIAL BY GRAIN SIZE FRACTION .010000 .070000 .280000 .360000 .120000
.060000 .040000 .C15000 .035000 .000000
BED MATERIAL BY PERCENT FINER/100 .010000 .080000 370000 .730000 .850000
.310000 .950000 .965000 1.000000 1.000000
“w ACTIVE LAYER **
BED MATERIAL BY GRAIN SIZE FRACTION 156418 081374 316620 .339864 110485
.034185 022827 .308539 .019878 000000
BED MATERIAL BY PERCENT FINER/100 .056418 .147792 . 6466212 .804076 .916561
.948756 .971583 .980122 1.000000 1.000000

C FINES, COEF(CFFML), MX POTENTIAL= .000000E+00 .100000E+01 .108000E+07

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

TOTAL AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONS/DAY
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 3. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

222122 ] e

L] -

TIME ENTRY ¢ SAND .
DAYS POINT *  INFLOW CUTFLOW TRAP EFF *
L L]

54.00 58.000 * 13.20 .
53,000 * 16.15 .

42.100 * .36 .

TOTAL= 35.000 * 29.72 6.03 .80 #
L L]



AR A B2 R IR 2 2 22 2 A A2 2 A A D 2L 222 222 2 2 22T 1 a2l 2 T T Ty

TIME ENTRY * SAND L

54.00 35.000 * 6.03 *®
15.000 « 1.00 '

TOTAL= 1.000 * 7.03 .06 .99 *
* *

T AN A AN TR AT A PPN AT A AT AN T IA T RN AN TSI AT O XAV OOTTND

TABLE SB-1l. TOTAL AND LOAD BY GRAIN SIZEIN TONS/DAY
' VF r M of vc
SEDIMENT INFLOW
SANDS & GRAVELS 28.81 9.03 10.84 8.84 .00 .00
.00 .00 .00 .00 .00
SEDIMENT QUTFLOW
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 CFsS SAND
58.000 -1.86 977.23 973.54 282, 29.
$5.000 -.24 975.87 372.66 282, 27.
53.000 =18 974 .36 972.05 410. 676.
44.000 .56 974.10 967.66 410. 15.
42.100 2.35 974.07 g972.15 439. 0.
35.000 79 374 .00 364.09 439. 0
33.300 02 965.18 961.02 439, 0
33.200 .32 965.17 961.32 439. 0.
12.00¢ =. 23 965.16 356.27 439. 0.
15.000 12 3965.02 354.12 500. 0
1.000 .23 965.00 344.93 sQ0. 0

ACCUMULATED WATER DISCHARGE FROM DAY ZERO(SFD)
MAIN TRIB #1 TRIB #2 TRIB #3 5 3 nETE
127750.0000

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;
nowever, some of it can be of use for applications. An example of this *C-level* sediment information for section
*.0 for the last flow of Example Problem 3 is shown in Exhibit 6.8. The "HYDRAULIC PARAMETERS" table
ontains the velocity, energy slope, effective depth, effective width, Manning’s n, TAU (the average bed shear
:ress. -j, USTARM (the shear velocity, u.), and the Froude number. See Vanoni (1975) for definitions of these
ydraulic vanables. The *‘GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS® table shows the gradation of the
oed material at this cross section at this time. The first data are the contents of the bed by grain size, as
fractions, irom fine to coarse. In this example there is 1.2% of very fine sand, 7.1% of fine sand, etc. These size
-iasses were specified on the | records. The next items are cumuilative; 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 (ft.) is
the minimum stable grain size as described in section 2.3.2.2. The following table shows that there are 9.70 ft. of
sands and gravels in the inactive layer and 0.52 fi. in the active layer. This corresponds to the 0.23 ft. of
deposition shown in the ‘B-level® print for this section. Note that the bed sediment reservoir is 10 ft. deep at this
section (HD data) and arithmetic round-off expiains 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 muktiplied by the
fraction of that grain size in the active layer.
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6.4 Problem 4 - Some Sediment Options

1000
] #=+= Section 35 GR data
1 x»=-*x Movable bed limits
I Dredging tempiate
990 #eeenn
= : ¥
= ]
2 980 g
) ] :
> H
L ] :
o] 3 E
970
N !
960 III]IIIIlllll]llllllllrllllll|IIIIITIIITIIIllllll]lllllllll]
8500 9000 9500 10000 10500 11000 11500
Distance in feet

Figure 6.3 Cross Section 35.0, Problem 4

In this example, sections 35, 42.1, and 44 are to be dredged. The input data file is shown in Exhibit 6.9.
The geometric data was modified via the HD record to identify the dredged channel template. Figure 6.3 shows
cross section 35.0 for Example Problem 4. An XS record was added at section 53.0 to create output information
regarding the quantities of material dredged. The dredging is activated by $SDREDGE records in the flow data
and deactivated by $SNODREDGE records in the flow data.

EXHIBIT 6.9 Input - Sediment Options

T1 EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUMBRO RIVER, ROCHESTER, MN

T2 SEDIMENT RUN W/OPTIONS, 3 LOCAL INFLOWS: CASCADE, SILVER, BEAR CREEKS
T3 ORIGINAL WORK BY DAVID T. WILLIAMS, WES, 1982: ADAPTED 1989, DTW

NC .100 .100 .040 o =

X1 1.0 31. 10077.0 10275.0 9; 0 0 0 0 0

GR1004.0 9915.0 878.40 10002.0 956.00 10050.6 959.26 10077.0 959.30 10081.0
GR950.00 10082.0 948.48 10108.0 946.60 10138.0 ©944.70 10158.0 955.20 10225.0
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GR858.60
GR862.00
GR870.00
GR880.00
HD 15
QT

NC .10
X1 32.0
GR998.00
GR978.48
GR956.80
GR966. 50
GR978.91
GR984 .00
HD 32
X1 33.2
XL

GR100Q0.0
GRS80.00
GR882.00

GR1004.0
GR984.00
GR982.80
GR878.20

10243.0 958.80
10350.0 957.40
11085.0 968.00

11665.0 962.00
1273s5.0
10: 10081
.045 965.8
.080 965.6
.10 965.6
27. 10665.0
9570.0 982.00
10665.0 956.00
10750.0 959.30
10852.0 964.00
11180.0 872.00
11865.0 1000.00
10. 10673
.10 3
29. 10057.0
9080.0 982.00
10000.0 978.50
10117.0 957.80
10225.0 971.20
10370.0 978.96
11150.0 992.00
i0. 10075
21. 1850.0
250
380.0 S90.00
1260.0 982.00
1730.0 982.00
2099.2 976.00
3170.0 0.00
0 1851
0 1850.0
0 1851
22. 98%4.0
974, ;9
9035.0 980.00
9465.0 981.70
9954.0 967.10
10115.0 877.40
10895.0 1004.00
Q 89354
.26 .45
32. 9880.0
7130.0 988.00
8780.0 986.00
9880.0 969.80
§943.0 969.80
10067.0 985.80
10130.0 989.50
11720.0 988.80
0 9881
28. 9845.0
8035.0 992.00
9285.0 1017.6
9845.0 970.90
10028.0 967.40
10150.0 g76.80
10400.0 999.80
1 9868
22. 10000.0

7550.0 1000.00
8940.0 986.00
10000.0 978.20
10121.0 988.70

10250.0
10400.0
11240.0
12400.0

10250
.064
.130

1060.0
1300.0
1830.0
2149.0
0.0
2148
2150.0
2148
10155.0

9070.0
9585.0
9974 .0
10120.0
11085.0

10155

10130.0
7310.0
8980.0
9881.0

10001.0

10067.0

10180.0

12310.0

1

10136.0

7760.0
9245.0
10011.0
10136.0

959.80
9<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>