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FOREWORD 

This September 1990 Version 4.0.0 of HEC-6, 'Scour and Deposition in Rivers and Reservoirs,' 
was developed 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 majonty of the work was completed by Mr. 
Thomas and his staff at the U.S. Army Engineer Wateways 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. Consultants, 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 calculated 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 

Llp-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 notrfy HEC of inadequacies in, or desirable modifications to the program. 
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NOTATION 

a - - iength of longest axis of a sediment particle 

a, - - incremental area 

A - - total area of subsection 

A, 6,  C = sediment transport coefficients developed using data 

Ai - - area of subsection 

4 - - total area of cross section 

A,, A2 - - downstream and upstream area, respectively, of the cross sectional flow 
normal to the flow direction 

BSF 

CRT 

CSAE 

length of intermediate axis of a sediment particle 

coefficient of consolidation for silts or clay 

width of the movable bed 

width of movable bed at point P 

coefficient used in calculation of transport under armor conditions 

bed stability factor (coefficient) 

length of smallest axis of a sediment particle 

concentration at end of time period 

loss 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 

panicle size in the streambed of which 84% of the bed is finer, in feet 



D*, 

D,(i) 

03, 

DS,,, 

03, 

D, 

DEN, DBI 

DD 

D,E 

D*S, 

DECAY (i) 

Dl ST 

D l  ,, C2,, 

e 

EFD 

EFW 

ENTRLR 

ET,ZO N 

F S A I  FSLl 

FcL 

FSAE 

FTTS 

9 

water depth 

actual water depth for equ~librium depth calculations 

average water depth f:: each trapezoidal element 

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

length difference between two sides of an incremental area 

effective depth occupied by sediment size i 

depth of bed material which must be removed to reach equilibrium 

depth of active layer of previous discharge 

depth of sediment from bed surface to model bottom 

e~ther D,, or Dl,, 

weighting factors for hydraulic parameters at the downstream boundary 

duration of time increment 

sediment transport coefficients developed using data 

depth-slope product 

settling coefficient for sediment size class i 

distance to upstream or downstream cross section 

equilibr~cm deptns corresponding to points on bed gradation curves 

natural lcgartthm base 

effective depth of a reach 

effective width of a reach 

entrainment ratio 

entrainment coefficient 

fractions of sand, silt, and clay, respectively, in the 

aeposit 

transpon capacity correction due to armoring 

flow through time through the reach 

acceleration due to gravity 



LTI - - 

M, - - 

M2 
- - 

n - - 
N - - 

NGS - - 

NSS - - 

P, - - 

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 

VSP/2.3D 

average conveyancetsquare root of length 

conveyance of a subsection 

sum of the subsect~on 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 

nclmber of sediment grains on bed surface 

number of grain sizes present 

number of subsections 

incremental wetted perimeter 



PlGS 

PROB 

SLO 

SPI 

ST0 

UBN. UBI 

UWD 

wetted perlmeter 

poroslty of deposits 

wetted permeter of subsectton 

probability that a floc w~ll stick to bed (1 - T J ' c ~ )  

percent of bed material coarser than size d 

fraction of bed composed of a grain size class 

percent of a grain size class required to transport inflowing sediment load 

probability that grains will stay in the bed 

water discharge per unit width of flow 

water discharge 

hydraulic radius, in feet 

hydraulic radius of subsection 

downstream and upstream hydraulic radius, respectively 

surface area exposed to scour 

friction slope 

bed surface area 

ratio of surface area of potential scour to total surface area 

diameter of sediment size class i 

panicle shape factor 

specific gravity of sediment particles 

friction slope 

see LTI 

multiplying factor of GP 

time 

time in years 

total percent for all PlGS sizes 

weighting factors for hydraulic parameters at the upstream boundary 

unit weight of deposits 



v - - water velocity 

v, - - volume of fluid in control volume 

\ISe = volume of bed material which must be removed to reach equilibrium 

v,, - - volume of sediment in control volume 

V,(i) - - settling velocity for particle size i 

v,, v, - - average velocities (total discharge + total flow area) at ends of reach 

VEL - - weighted velocity of a reach 

VOL, - - volume remaining in active layer 

VOk, - - total volume in active layer 

VSF = volume shape factor 

W - - width of an incremental area 

w , - - total water surface width 

1VlD - - bed surface weight required to just transport inflowing sediment load 

WTDT - - weight of surface layer 

WMB - - width of movable bed 

ws,, WS, - - water surface elevations at ends of reach 

X - - distance along the channel 

XID. XIN, XIU = weighting factors for hydraulic parameters 

"s 
- - depth of sediment in control volume 

y,,, Y,, = depth of sediment before and after time interval, respectively, at point P 

ZSQ - - computed section factor 

0.047 = Y-intercept of empirical data, from Shields (Vanoni, 1975) 

2000 - - conversion from Ibs to tons 

u . ,  a2 - - velocity distribution coefficients for flow at ends of reach 

Y - - unit weight of water 

' I  s 
- - un~t weight of sediment particles 

Y ; A ,  YSL? YCL = unit weight of sand, silt, and Clay, respectively 

Y sc 
- - 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 (1 948) 

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. INTRODUCTlON 

1.1 Model Purpose and Philosophy 

HECS is a one-dimensional numerical model designed to analyze scour and deposition by 
simulating the interaction between the water-sediment mixture, the sediment materid 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 
rdraulics of flow. For example, deposition in deep resewoirs can be studied from just the standpoint 
a reduct~on in reservoir storage capacrty because there is seldom reentrainment of material once it 

IS deposited. On the other hand, sedimentation studies of shallow reservoirs w rivers downstream 
from dams treatment of the entire mwable boundary problem because scour andlor deposition may 
arrect 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 
transpon sediment and considers the full range of conditions embodied in Einstein's Bed Load 
Function (Einstein, 1950), silt and clay transpon 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 recentty as during the previous flood. 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 Ao~lications of the Proaram 

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 resutting from the change in streambed elevation. 

HEC-6 is designed to simulate long-term trends of scwr or deposition in a stream channel 
such as would result from modtfying the frequency and duration of the water discharge and/or stage 
or from encroaching on floodplains. HECS 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, infiuence that dredging has on the rate of 
deposition, scour during large flood events, and sedimentation within concrete channels. 



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 secrlcn numbers ~Rer each 
heading refer to the manual's section that describes the information in detail. 

Theoretical Basis For Mwable Boundarv Calculations (Section 21 

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 Reauirements (Section 31 

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

Proaram 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 display the desired information during a simulation. 

HEC-6 computations and Modelina Guidelines (Section 51 

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

Example Problems (Section 61 

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

1.4 Summarv of Proaram Caoabilities 

General program capabiliies 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. 



1.4.2 Hvdraulics 

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 
rhe channel can also be varied by Limerin0sJ (1 970) 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 
af levees, are simulated in a manner similar to HEC-2 Split flow computations are not done. 

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

HECd 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 Wed-bed' mode. 

1.4.3 Sediment 

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

For clay and silt sizes up to 0.0625 mm, Krone's (1962) method is used for deposition and 
Ariathurai's adaptation of Panhenaides' (1 965) method is used for scour. 

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

a. Toffaieti's (1 969) 

b. Madden's (1963) modification (unpublished) of Laursen's (1958) relationship 

C. Yang's Stream Power for Sands (Yang, 1972) 

d. Ouboys (Brown, 1950) 

e. Ackers-White (1 973) 

f. Cdby (1964) 

g. Toffaleti (1969) and Schoklitsch (1930) 

h. Meyer-Peter and Muller (1 948) 

I. Toff aleti (1 969)lMeyer-Peter and Muller (1 948) Combination 

1. Madden's (1 985) modification (unpublished) of Laursen's (1 958) reliltiorrship 



k. Parthenaides (1 965)lAriathurai (1 976) and Krone (1 962) for cohesive sediments. 

I. 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 activii) 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 
specdying the lower limits (elevation) of the movable bed. 

The movable bed limits mav 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 a b i l i  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 i f  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 STRIB records are replaced by $LOCAL records and a water temperature is 
entered for each local inflow point. 



1.5 Theorerical Assum~tions and Limitations 

HEC-6 is a one-dimensional COntinuo~s simulation model based on a sequence of steady 
flows to depict discharge hydrographs. There is no provision for simulating the development of 
meanders or spectfying a lateral distribution of sediment load across a cross section. The cross 
section is subdivided into two parts with input data; that pan 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 mwed 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 tom 
effects from measured data. Densrty and secondq 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. 

c. Only one junction or local inflow point can occur between any Wo cross sections. 

1.6 Sinole Event Anatvsis 

HEC-6 is designed to analyze long-term scour and deposition. Single event anatyses must be 
performed with caution. HEC-6 assumes that equilibrium conditions are reached within each time step 
(with certain restr~ctions explained later); however, the prototype is often influenced by unsteady non- 
equilibrium conditions during flood events. Equilibrium is never achieved under these condiions 
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 
hydrographs, single event analyses may be performed with confidence. 



SECTION - 2 

2 THEORmCAL BASIS FOR MOVABLE BOUNDARY CALCULATIONS 

2.1 General Overview of Ap~roach and Caoabilities 

Section 2 presents the theories and ideas embodied in HECS. Detailed information on how 
these theories and ideas are implemented in HECS are described in Section 3. 

2.1.1 General 

HEC-6 processes a discharge hydrograph as a sequence d (steady) flaws 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, vdume and gradation of sediment that is 
scoured or deposited, armoring of the bed surface, and the resuiting bed elevation. In addition, 
sediment outflow at the downstream end of the study reach is calculated. The location and amount of 
mater~al that has to be dredged is calculated and printed out if desired. 

21.2 Geometrv 

Geometry of the system is represented by cross sections which are specified by coordinate 
points (stations and elevations) and the distance between cross sections. HECS raises or lowers 
cross section elevarions 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 fwed 
ground locations but can move vertically if within the movable bed. 

2.1.3 Hvdraulics and Hvdroloqy 

The water discharge hydrograph is approximated by a sequence of steady flow discharges, 
sach of which each last for a specified period of time. Water Surface profiles are calculated by using 
:he standard step method to solve the energy and continulty equations (U.S. Army Corps of 
Engineers, 1959). Friction loss is calculated by the Manning's equation and expansion and 
sontraction 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 
zach cross section 'n' values may vary vertically or by discharge. 

It is necessary to specify the downstream water surface elevation for water surface profile 
calculations. In the case of a reservoir the operating rule may be utilbed, but if open river conditions 
exlst, a stage-discharge rating curve is usually specified as the downstream boundary condition. A 
ratlng 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 equ~libriurn conditions. the gradation of the material forming the stream bed must be measured. It 
can be specified at each cross section. If only deposition is expected, the gradation of material in the 
bed is less important and can be calculated by the program using the inflowing sediment load 
gradation. 



Sediment mixtures are class~fied by grain size using the American Geophysical Union scale 
(Thomas, 1977). The program accommodates clay ,panicles less than 0.004 mm diameter), four 
classes of siit (0.004-0.0625 mrn), five c:asses of saix (from very fine sand, 0.0625 mm, to very coarse 
sand, 2.0 mm), and five classes of grziiir (from very rlne 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., w~dth, depth, energy slope, and flow velocity) and the gradation 

of bed material. Sediment is routed downstream after the backwater computations are made for each 
successive discharge. 

2.2 Theoretical Basis for Hvdraulic Calculations 

The basis for water surface profile calculations is essentially Method II in U.S. Army Corps of 
Engineers (1 959). 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 velocrty, depth, 
width and slope - all of which come from water surface profile calculations. The onedimensional 
energy equation, shown below, is solved using the standard step method and the above hydraulic 
parameters are calcuiated at each cross section for each successive discharge. Figure 2.1 shows a 
representation of the terms in the energy equation. 

- - 
\ - - ~ n e r ~ ~  Grade Line 

Do turn 

Figure 2.1. Representation of Terms in Energy Equation. 
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where: 

9 - - acceleration of gravity 

h, - - energy loss 

V l l  v2 = average velocities (total discharge + total flow area) at ends of reach 

Ws,, WS, = water surface elevations at ends of reach (see Figure 2.1) 

%I 4 2  = velocity distribution coefficients for flow at ends of reach 

2.2.2 Hvdraulic Losses 

2.2.2.1 Friction Lasses 

Geometry is specified by cross sections and reach lengths; friction losses are calculated by 
Method I I  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. 

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. 

where: 

A , , &  = downstream and upstream area, respectively, of the cross sectional flow 
normal to the flow directron 

total number of subsections across cross section 

average conveyance i square root of length between sections 

length of the jth strip between subsections 

Manning's roughness coefficient 

water discharge 

downstream and upstream hydraulic radius, respectively 



2.2.2.2 Other Losses 

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

where: 

CL 
- - 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 value is positive, flow is expanding and C, is the coefficient of 
contraction. 

2.2.3 Cornoutation or Hvdraulic Elements 

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

(See Figure 2.3) 
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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 werbanks. 

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 



STCHL STCHR 

-Channel Bottom 

Figure 2.3. Incremental Areas in Subsection. 

T ~ P  area of a subsection, A, is: 

Ai = a,  + a, + a, + a, 

where: 

a - - incremental area 

4 - - area of subsection 

The equation for an incremental area is: 

where: 

d,, d,,, = the left and right depth of each incremental area, respectively (see Figure 2.4) 

W - - width of an incremental area 

- Deb - 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 both. 
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Figure 2.4, Incremental Area 

2.2.3.2 Wetted Perimeter 

m e  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 ,  + Pa + P3 + P, 
where: 

Pi - - incremental wetted perimeter 

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

p, = (DW2 + W2)lR (2-9) 

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

2.2.3.3 Hvdraulic Radius 

The hydraulic radius is calculated for each subsection by: 



where: 

A. - - area of subsection 

p, 
- - wetted perimeter of subsection 

Ri 
- - hydraulic radius of subsection 

2.2.3.4 Convevance 

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

The total conveyance in the cross section is: 

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 

a = 
j=1 

2.2.3.6 Effectlve 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 9  for the cross section. 
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where: 

- 3 . -  flow area of each trapezoidal element 

''6, 

- - average water depth of each trapezoidal element 

It 
- - 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. 

where: 

Q CRT = - 
(9/a)lR 

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

4 - - total area of cross section 

wt 
- - total water surface width 



If CRT is less than ZSQ, subcritical flow exists and computations continue. Otherwise, critical 
depth is calculated by tracing the specific energy curve to the elevation of minimum total energy and 
the resulting water surface elevation is compared with the water surface elevation calculated by 
equation 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 boundafy conditions and staing water 
surface elevation. As the calculations proceed upstream, HECB 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 HECS but 
under supercritical flow, S1 and S2 curves are not computed because onty supercritical normal flow 
depths are calculated. An example of such a series of profiles is shown in Figure 2.5. 
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Figure 2.5. Examples of Subcritical, Critical, and Supercritical Flow 
Simulations in HEC-6. 
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2.2.3.9 Converqence Equations 

Three major steps are used to converge computational trials to computed the upstream cross 
sectron 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. 

Computational Procedure: 

Trial 1: Based on the previous water surface profile. 

Trial 2: Assumed is 90% of DLYl 

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 Hvdraulic 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. 



Interior Point (section) 

VEL = XID-VEL(K-1) T XIN.VEL(K) + XIU-VEL(K+1) 

EFD = WD€FD(K-1) + XIN.EFD(K) + XIU€FD(K+l) 

EFW = XID€FW(K-1) + XIN€FW(K) + XIU€FW(K+l) 

SLO = O.S{SLO(KJ + SLO(K=l)] 

Upstream Point (section) 

VEL = UBN.VEL(K) + UBIVEL(K-1) 

EFD = UBN€FD(K) + UBI€FD(K-1) 

EFW = UBN€FW(K) + UB/EFW(K-1) 

SLO = SLO(K) 

Downstream Point (section) 

VEL = DBN.VEL(K) + OBI-VEL(K+1) 

EFD = DBN€FD(K) + DBI€FD(K+l) 

EFW = DBN€FW(K) + DBI€FW(K+l) 

SLO = SLO(K) 



where: 

DBN, DB1 - - coefficients for downstream reach boundary 

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

SLO - - friction slope 

UBN, UBI - - coefficients for upstream reach boundary 

VEL - - weighted velocrty of the reach 

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

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

Representative Hydraulic Parameter Weiahtina Factors 

Scheme 1 DBI DBN XID XIN XIU UBI UBN 

Scheme 2 0.0 1.0 0.0 7.0 0.0 0.0 1.0 

Most 
Stable 

Most 
Sensitive 

The program defaults to scheme 2 but can be changed by using the 15 record. 

2.2.5 Hvdraulic Rouahness 

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 rougnness 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'. 



2.3 Theoretical Basis for Sediment Calculations 

Sediment transport capacrty is calculated at each time intewal. 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 muhiplied by the fraction of each size class present in the bed to 
yield transport caoacq for that size class. These fractions Often change significantly during a time 
step, therefore an iteration technique is used to account for the effect of these changes on transport 
capacity. The primary controls on rate of scour are thickness of the active bed and amount of surface 
area armored. The active bed is the layer of material between the bed surface and a hypothetical 
depth at which no transport occurs for the given gradation of bed material and flow conditions. This 
is discussed in more detail in later sections. The thickness of the active bed is calculated at the 
beginning of each interval. The amount of surface area armored is proportional to the amount of 
active bed removed by scour. The basis for adjusting bed elevations for scour or deposrtion is the 
Exner equation. The basis for stability of the armor layer is the work by Gessler (1970). 

2.3.1 Eauation for Continuitv 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 w 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. 

Water 2 1 
Control Volume at 
Cross Section 2 

Model Bottom 

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 wrinen 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 resutts, the shape of the control volume is deformed as shown 
in Figure 2.8. 
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Figure 2.8. D~formed Control Volume For Bed Eeposits. 

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

where: 

80 - - width of ?he rricvable bed 

1, Ld = length cf the upstream and downstream reach, respectively, used in control 
volume ccmouraiion 

- V,, - volume cr sediment ~n control volume 

Y, - -- depth of sediment in control volume 

For a water depth of 0, the volume of fluid in the water column is 

8, and 0 are hydraulic pararnners, width and depth, which are calculated by averaging over 
the same space used in solving the efiergy equation as described in section 2.21. 

The solution to the continuity r?f sediment equation assumes that the initial concentration of 
suspended bed material is zero. That is, ell 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 comrd volume. 



The hydraulic parameters, bed material gradation and calculated transport capacity are 
assumed to be uniform throughout the control VOIU~~.  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 Concents of the Bed-Sediment Reservoir 

The alluvium deposit over which the water flows is called the sediment reservoir. The portion 
of the alluvium directly below the channel bed is called the 'Bed Sediment Reservoir' and the portion 
on the sides is the 'Bank Sediment Reservoir' as depicted in Figure 2.9. The river channd 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 n d  well understood. 

LOB MCH ROE 

Limits of Movable Bed 

Reservoir 

Model Bottom --/ Reservoir 

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 transpon to the gradation of sediment 
panicles 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 
ihe  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 Dm, which when muhiplied 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 thatweg is used, which then 
becomes the maximum O,, available for scour. 



2.3.1.3 Exner Eauation 

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

where: 

B.3 - - width of movable bed 

DD = duration o; time step 

G - - sediment discharge (ft 'Isec) 

X - - distance aionc 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. 

X Distance Alona Channel Bottom 0 

(Upstream) (Downstream) 

(K+1) (K) (K-1) I 

Figure 2.10. Computation Grid. 
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where: 

8SP 
= width of movable bed at point P 

G"* G* = sediment loads at the upstream and downstream cross sections, 
respectively 16 /- '/k"i ,++ 

11 b = upstream and downstream reach lengths, respectively, between cross 
sections 

Y Y = 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 between G, and 0, 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 234. 

As shown in Figure 2.1 0, the transport capacrty is calculated for the bed elevation at the 
beoinninq of the time interval and it is not recalculated during that interval. Therefore, it is imponant 
!hat 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 
m e  ioot 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 Laver 

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 flaw. Two different processes are assumed: (1) 
mixing that occurs between the bed sediment particles and the fluid-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 
iunction of flow intensity (i.e., und discharge), energy slope, and particle size. 



2.3.2.1 Eauilibrium Depth 

The minimum hydraulic condition at which a panicular grain size will be immobile on the bed 
surface can be calculated t;y combining Manning's, Strickler's, and Einstein's equations, respectively: 

where: 

d - - grain diameter 

D - - water depth 

v - - water velocity 

PI - - density of sand grains 

Pf 
- - densrty of water 

T - - transport intensrty from Einstein's bed load function, related to the inverse of 
Shield's parameter 

(fee 4 LM 4 h c f - l . ~  /.y CIS  46th b ~ d / ~ ~ L  Gf a 

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

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

q = 10.21 D7'"d'" 
where: 

9 = water discharge per unit width of flow 



where: 

The equilibrium depth for a given grain size and un l  discharge is therefore: 

D, = the minimum water depth for no sediment transport (i.e.. equilibtim depth) for 
grain size d jp*r  h c/e / 2 // k c / ,  / ~6 ~ J A ?  4 ) 

I. 

2.3.2.2 Scour Demh and Armorinq 

Where the bed material is a mixture of grain sues, the scour depth required to accumulate a 
sufficient amount of coarse surface material to armor the bed is calcu&ted as follows: Th. number of 
grains times the surface area shielded by each grain equals the total surface area of a vertical column, 
illustrated by Figure 21 1 and equations 242 and 243 

where: 

D, = depth of scour to reach equilibrium 

N = number of sediment grains on bed surface 

SA = bed surface area 



Figure 2.1 1. A Column of Bed Material Having Surface Area SA. 

The surface area of the cclumn 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. -his reduces the 
number of grains exposed to scour as follows. 

S A W  N = -  r 1 

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: 

where: 

*, = smallest stable grain size in armor layer 

Dm = 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 



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

which reduces to: 

SAE . d 
0, = (a31 [ PC ] 

This equation is used with equation 241 to calculate an equilibrium depth for a mbdure 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 212  The firs! step in 
locating the proper segment on the gradation curve is to calculate the equilibrium depths, 01, and 
D2, for the grain sizes at points 1 and 2, respectively, using equation 241. If the actual water depth, 
D,,, is less than 02,, 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 mwe down the gradation curve to points 2 to 
3, 3 to 4, etc., until either the proper segment is located or the srnailest grain sue is sufficient to armor 
the bed in which case scour will not occur. 

dm, 
Figure 2.12. Gradation of Bed Material for Equilibrium Depth 

Computation. 

Relating depth of scour and equilibrium depth requires consideration of two condins as 
illustrated in Figure 2.13. 



Figure 2.1 3. Equilibrium Depth Conditions. 

Condition 1 Condition 2 
,,- Water Surface 

Q 

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

D ' e q  

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

A general expression is 

D 2 e q  1 D*eq  

where: 

1 

Bed Surface 

Dl,, 
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-- 
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D, = either D,, or Dl, 

Deq 

z\=,v 

- 

The technique for determining D, for a mixture of grain sizes is to first calculate D, for D G .  
Using equations 242 through 247, D, is used to determine if there is a sufficient number of stable 
grains in V, (see equation 2-45) to completely cover the bed surface. If not, 0% 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,. 



HECS 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 w l e r  depth, 
veloctty and slope. Only the material in the active layer is subject to scour. HECS 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 vdume of 
material removed, and the surface area exposed for scour is: 

VOL" 
SAE = - 

VOL, 

where: 

VOL, = volume remaining in active layer 

VO$, = 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 
capaclty is linearly decreased to zero as SAE decreases to 40% d the total bed surface (Harrison, 
1950). Thereafter, the inflowing load of that grain size and smaller is transported through the reach. 
Pan~cle sizes equal to and larger than the armor size are not constrained by this procedure. 

2.3.3 Com~osition of the Active Laver 

The thickness of the active layer is calculated by equating the resistance of the bed sediment 
panicles 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 panicles are stable a m  the erosive 
forces of the flow. All panicles within that layer are subject to being eroded provided there is sufficient 
transport capacrty. The thickness of the active layer is D, (see Figure 213). 

The active layer's maximum thickness is not checked durinq 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 resutts for such conditions and 
adjust the time step accordingty (see Thomas, 1981). The thickness of the active layer is checked 
against a maximum allowable value ( 2 feet) at the statt 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 interval. 



2.3.3.1 The Cover Laver E&.we/ 3 

During erosion, HEC-6 stratifies the active layer into two sublayers; a cwer layer and a sub- 
surface layer as shown in Figure 2.14. The concept of a cwer 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 sitts, will decrease; however, the potential 
transport of those sizes will not change. That decrease is due to the remwal 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 slow 
moving shield that protects the finer particle sizes beneath it from the erosive forces. If the cwer 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' occumng when as little as 40% of the bed surface was 
covered. 
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Figure 2.1 4. Composition of the Active Layer. 

2.3.3.2 The Sub-surface Laver 

The sub-surface layer is composed of well mixed sediments brought up from the inactive layer 
plus sediment which has deposrted 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 particle in transport, a new sub-surface layer is brought up 
from the inactive layer. Availability of material is a constraint. Thickness of the active layer is 
considered to be very important and is calculated as described earlier. 



2.3.3.3 Rate of Re~lenishina the Active Laver Exes f / 

A streambed having a gravel or cobble surface underlain by finer material is said to be 
armored. This condition does not reduce the stream's potential to trmspon 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 mwement is limited by their availabiii 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: 

r, = y EFD S, 

where: 

dm = median grain diameter of the grain size class being tested for stability 

EFD = effective depth 

Sf = friction slope 

0.047 = Y-intercept of empirical data, from Shields (Vanoni, 1975) 

Y - - unit weight of water 

Y s  
- - unit weight of sediment particles 

- 
Cb 

- bed shear stress 

- 
T, - critical bed shear stress, after Meyer-Peter and Muller (1 948) 

The probability relationship presented by Gessler (1970) is shown in Figure 215. According 
to Gessler, the stability of sediment particles on the bed surface is a probability relationship. Shields' 
deterministic curve for mwement of sediment particles corresponds to a tractive force ratio (sJr) of 
1.0 in Figure 2.1 5 and actually indicates a stability probability of 0.5. As the actual tractive force 
increases, the tractive force ratio decreases to reflect a lower probability that the grains will remain 
stationary. This does not guarantee particle mwement nor do tractive force ratios greater than 1 
guarantee that sediment panicles will remain stationary in the bed. This relationship is used to 
calculate a bed stability coefficient which includes the paRicle size distribution of the bed material as 
follows: 



NGS 

BSF = 
i=l 

NGS 
C PROB -PI;d, 

where: 

BSF = bed stability factor (coefficient) 

dm, - - median grain diameter for grain size class i 

i - - grain size class analyzed 

NGS = number of grain sizes present 

PI - - fraction of bed composed of a grain size class 

PROB = probability that grains wiil stay in the bed 

Figure 2.15. Probability of Grain Stability. 

Work by Gessler (1 970) proposed a stability factor equal to or greater than 0.65 be used to 
indicate a stable armor layer. If a paniaily 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,+, = 1 .O - -(1 .O - SAE,) 
0.65 

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 Clav on the Active laver 

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 sins, sands and 
gravels before the erosion of clay even if the bed shear were normalty sufficient to erode those 
panicles but not enough to erode the cohesive clay. 

2.3.4 Movement of Sediment 

/ 

2.3.4.1 Bed Gradation Recom~utations E,~,MP,- j/Lr 3 

HEC-6 solves the Exner equation for continuity of material. W transport capacity is greater than 
sediment discharge, available sediment is remwed from the bed to satisfy continurty. Since transport 
capaclty 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: 

LTI = 
DURATION VELOClW 

REACH LENGTH 

Often the number of recalculations can be less than this without significant changes in the 
results. The user should initially start with LT lO (use variable SPI in 11 input record) for extreme 
hydrologic events and observe the results. This should be the most stable (and computationally 
intensive) condition because the number of iterations is set by equation 2-56. Starting from SPI=50, 
decrease it in increments of 10 until the resuls become significantly dierent from the results with 
SPI=O. Use the SPI that gives answers close to those obtained with SPI=O. 



2.3.4.2 Characteristic Rate of Entrainmen: EXHE/ 3 ( I f n  #ri,i~ 5 / w g f d + * / , ' - ' j  i 

The characteristic rste 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 'flowdistance' 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 load, is calculated by dividing the 
reach length by the characteristic distance for entrainment as follows: 

ENTRLR = REACH LENGTHI(3ODEPTH) (2-57) 

The entrainment coefficient, ETCON, is then defined by 

ETCON = 1.368 - 0- 

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. 

i 
2.3.4.3 Characteristic Rate for Dewsition Erne/ 3 (7  /J&/. ir,if~*A (/I; 

Deposition occurs when the inflowing sediment discharge is greater than the transport 
capacrty. Not all size classes in a mixture deposit; therefore, this process is calculated by size class. 
The rate at which sediment deposits from the flow field is cMr0lled by particle settling velocity as 
follows: 

where: 

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

DD = duration of time increment 

V,(i) = settling velocrty for particle size i 



2.3.4.4 Influence of armor in^ on Trans~ort Ca~acity 

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

FSAE = CSA€ + (1.0 - C S A E ) w  EXMCY- J (2-60) 

where: 

BSAE = coefficient used in calculation of transport under annor conditions 

CSAE = fraction of transport capacity sufficient to pass inflawing sediment discharge, 
used in armor layer calculations 

FSAE = transport capacity correction due to amr ing  

The value of CSAE is the fraction of transport capacity just sufficient to pass the inflawing 
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 specrfying 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 Weiaht of Dewsits 

2.3.5.1 Initial Unit Weiaht 

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

where: 

Pd - - 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 un l  weight. 
Otherwise, use tables on pp 3941 of Vanoni (1975) when field data is lacking at your project site. 



2.3.5.2 Com~osite Unit Weiaht 

When dealing with mixtures of particle sizes, the composite unit weight of the mixture is 
computed using Colby's equation (Vanoni, 1975). 

where: 

Ysc 
- - composite unit weight of deposits 

YsAl YSL, - - unit weight of sand, silt, and clay, respectively 
YCL 

FUI F s ~ ~  = fraction of sand, siit, and clay, respectively, in the 
FCL deposit 

2.3.5.3 Consolidated Unit Weiaht 

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

where: 

B - - coefficient of consolidation for silts or clay 

T - - time in years 

Y l  = initial unit weight of the sediment deposit, usually after 1 year of consolidation 

Suggested values of y, and B are given in Vanoni (1 975). 

The average consolidation unit weight over a time period T requires integration over time. 
This is computed using the following relationship developed by Miller (1 953). 

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



2.3.6 Sediment Particle Properties 

Four basic sediment properties are imponant in sediment transport prediction: size, shape 
factor, specific gravity, and fall velocrty. Grain size c l ~ ~ c a t i o n  is fixed in HEC-6 and is described in 
section 3.3. Panicle shape factor is defined by: 

where: 

a, b, c = the lengths of the longest, intermediate, and shortest, respectively, mutualty 
perpendicular axes of a sediment particle 

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

Specific gravny 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 265. 
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 HECS. Method 1 is based upon the fail velocities 
determined by Toffaleti (1 966) 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 panicle shape factor, utilizes the 
procedure descnbed in ICWR (1957), and is described in detail by Williams (1980). Method 2 is the 
default. 

2.3.7 Scour Depth Calculation Seauence 

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

1. DSd 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 



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 sea~ment 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, 0, is compared to the remains of the 
previous active layer, D,. If 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 calculations depend on the bed surface gradation. 

11. If the difference (D, - D , a  is less 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-6 allowea leaching of sediment from depths below the bed surface. This 
is prevented by subdividing the active layer into a sublayer updated LTI times for each discharge and 
maintaining a separate cover layer. This process is described in Section 2.3.3. 

2.3.8 Bed Elevation Chanae 

When scour or deposition occurs after a time step, HECS adjusts channel elwations within the 
movable bed portion of the cross-section. For deposition, the streambed portion is mwed vertically 
only if it is within the movable bed specified by the H or HD record and is below the water surface 
(i.e., wetted). Deposition is allowed outside of the conveyance limits defined by the XL record. Scour 
occurs only if it is within the movable bed, within the conveyance limits, within the effective flow limits 
defined by the X3 record, and below the water surface. Once the scour or deposition limits are 
determined, the volume of scour or deposition is divided by the effective width and length of the cross 
section to obtain, Y,, the bed elevation change. The vertical components of the coordinates within 
these scourtdeposition 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 Silt and Clav Tran.S~ort 

2.3.9.1 Cohesive Sediment Dewsition 

The equation for silt ana clay deposition (Krone, 1962) in a recirculating flume at slow 
aggregation rates and suspended sediment load concentrations less than 300 mg/l is 

log C/Co = -k4t 



where: 

C = concentration at end of time period' 

C, = concentration at beginning of time period' 

D = water depth 

k' = V,P,j2.30 

P, = probability that a floc will stick to bed (1 - tdtJ 

t = time 

\I, = settling velocity of sediment particles 

2, = bed shear stress 

r, = 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 convened 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: 

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 

5,  = bed shear stress 

T, = 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). 



Y = 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 (1 977) 
recommended that a 'characteristic time', At, be used. With a computational interval of DD, the mass 
erosion equation becomes: 

where: 

DD = duration of time period 

M2 = erosion rate for mass erosion 

h t  = characteristic time of erosion 

Ariathurai (1 977) 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 capacrty, pH, 
\ salinity, and depositional history, in situ and/or laborato~y testing are the recommended methods to 

' 
determine the erosion characteristics of cohesive sediments. 

2.3.1 0 Mudflow Constraint on Transport Potential 

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



SECTION - 3 

3. GENERAL INPUT REQUIREMENTS 

3.1 General Descriotion of Data lnout 

Input data are grouped into categories of geometry, sediment, hydrology, operating rule, 
program commands, and the network model as briefly described below. A descriptron 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 
13f the study, which are requ~red for water surface profile calculations. In addition, the movable bed 
;onion 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, F6.0, 9F8.0. 

3.2.1 Cross Sections MI, 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) - n u  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 (XI record). 

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

3.2.2 Subsections O(1) 

Each cross section can be subdivided into parts called subsections - for example, left 
crverbank, 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. Subfleaion conveyances are summed to get 
a total value for the reach which is used to calculate friction loss. 



3.2.3 Reach Lenuth (XI) 

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 Mannina 'n' Values (NC, NV. $KL SKI) 

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 werbank areas. When 'n' varies with discharge, the 
first 'n' on the NV record should be a negative value. To change 'n' values utilizing timerinas' 
relationship, the SKL record is placed in the hydrology data set. To return to the input 'n' values, a 
SKI record must be input. 

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 andlor 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 Mwable and Fixed Bed (H. HD) 

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

3.2.7 Convevance Limits (XL) 

Sometimes water inundates areas that do not contribute to the water conveyance. 
Conveyance limits are specified by either entering a conveyance wldth 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 tf the mwable bed limits are beyond the conveyance 
limits. 



3.2.8 Ineffective Flow Area (X31 

When high ground or some other obstruction such as a levee prevents water from flowing into 
a subsection, the area up to that point is ineffective for conveying flow and is not used for hydraulic 
computations until the water surface exceeds the top elevation of the obstruction. The barrier can be 
a natural levee, man-made levee or some other structure. End area, wetted perimeter, n-value and 
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 tor ineffective 
areas. 

Three methods for ineffective flow area are available. Method 1 confines the water wlhin 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). 

Channel Channel 

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 l imb 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 

I I 

Figure 3.2. Examples of Ineffective Area, Method 2 

Method 3 uses the exact locations (STENCL and STENCR for left and right werbanks) and 
dievations (ELENCL and ELENCR for left and right overbanks) of ineffective areas for each werbank 
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 
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Figure 3.3. Examples of Ineffective Area, Method 3. 

The program automatically tests the first and last points in the mwable bed to ascertain if 
natural levees are forming during the computations. if this occurs, the program overrides the 
ineffective area methods s~ecified 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 

Moveoole Bed 

Figure 3.4. Ineffective Areas Due to Natural Levee Formation. 

3.2.9 Dredaina (ti. HD, $DREDGE. SNODREDGEZ 

When the dredging option is used, part or ail the movable bed portion of a cross section is 
lowered to the prescribed bed elevation. Outside of the dredged channel, the points are not changed. 
Sediment material is assumed to be removed from the channel and out of the system. The H or HD 
record is used to specdy the bottom elevation. lateral limits, and the depth of werdredging. Dredging 
is initiated by the $DREDGE record in the hydrology data set and is assumed to be active for all 
discharges until a SNODREDGE record is encountered. This 'ona 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 simulation by placing pairs of $DREDGE, $NODREDGE records in the 
hydrology. 

The elevation of the channel 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 
inven 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 ($DREDGE record). When this occurs, the channel is dredged to an elevation such that 
the minimum draft is achieved. 



3.3 Sediment Data 

Sediment data is specified on records I 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 capactty 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 panicles commonly transponed by rlvers may range ww 7 log 
cycles. Small sizes behave much differently from large sizes. Therefore, it is necessary to classlfy 
sediment material into groups for application of different transport theories. The three basic classes 
considered by HEC-6 are clay, sitt and sandlgravel. The groups are identified and subdMded 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, whkh is the square root of the 
class ranges multiplied together. For example, the geometric size for medium sitt is (0.016*0.032)'R or 
0.023 mm. 

Class Size No. 
used in HEC-6 Sediment Material 

CLAY - Clay 

SILT - 
1. Very Fine Silt 
2. Fine Silt 
3. Medium Silt 
4. Coarse Silt 

SAND AND GRAVEL 

Very Fine Sand 
Fine Sand 
Medium Sand 
Coarse Sand 
Very Coarse Sand 
Very Fine Gravel 
Fine Gravel 
Medium Gravel 
Coarse Gravel 
Very Coarse Gravel 

Class. 

(Clay) 

Grain Dia (mml 

Table 3.1. Grain Size Classification of Sediment Material. 

3.3.1 lnflowina Sediment Load (L LO, LT. LF) 

The aggradation or degradation of a stream bed profile depends upon the amount and size of 
sediment inflow relative to the transport capacty of the stream (see Section 2.3.1). The sediment 
entering the water inflow points of the geometrtc model (i.e., local inRow 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. 



Figura 3.5. WaterSediment Inflow Relationship. 

Data is entered as a taole of seaiment load by grain size class for a given discharge. The 
range of discnarges should encompass 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 class~iication 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, bur once a range of sizes is selected, all grain sizes within that range must 
be included. The above AGU classdication 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 theory for sana relates the total sand and coarser load moving to the gradation of 
sediment particles on the bed suriace. 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 accommodated in the sediment program by assigning a depth of 
sediment material to each cross smion and specQing the surface gradation and the subsurface 
gradation as illustrated in the following sketch. 



Limits of Movable Bed 

Surface gradation for 
transport theory 

Gradation for scour 
Model Bottom calculations 

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 b e  by an 
amount D,, and calculates the amount of sediment material available for transpart from the cross 
sectional area defined by D,,. If no model bottom elevation is specified, a defautt 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 spec@ inflowing sediment load and gradation of the 
region identified by point B and have the program calculate the bed surface gradation which is 
required to transport the inflowing load. The bed gradation in region B is coded on the N or PF 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 identlty 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 Promnies (11. 12, 13, 14) 

Five basic properties are considered: grain size, grain shape factor, specific gravity, unit 
weight of deposits and fall velocrty. Grain size classifications are fixed in the program and are shown 
in Table 3.1. The program defautts to a specific gravrty of 2.65 and the grain shape factor defauls to 
0.667 if no values are specified. The fall veloctty methods are input on the I1 record (see Section 
2.3.6). 



3.3.4 Sediment Trans~ort 

3.3.4.1 Sand and Gravei Transoort (11) 

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

a. Toffaleti (1 969) 

b. User developed relationship 

c. Madden's (1 963) modification of Laursen's (1 958) relationship 

d. Yang's Stream Power for Sands. (Yang, 1972) 

e. Duboys (Brown, 1950) 

f. Ackers-White (1 973) 

g. Colby (1964) 

h. Toffaleti (1 969) and Schoklitsch (1 930) 

I. Meyer-Peter and Miiller (1 948) 

j. Toffaleti (1 969) and Meyer-Peter and MLjller (1 948) 

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

Madden's (1 963) and (1 985) 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: 

where: 

D * S ,  = depth-slope product 

A, B, C = sediment transport coefficients developed using data 

GP - - sediment transport potential 



Often the transpon potential is affected by variations in flow resistance. To account for this, the K 
record is used to define a factor, STO, which is muliplied by GP to determine the sediment transport 
potent~al. ST0 is defined by: 

where: 

D,E = sediment transport coefficients developed using data 

n - - Manning's roughness coefficient 

ST0 - - multiplying factor of GP 

3.3.4.2 Clav and Silt Transport (12. 13) 

Two methods for clay and silt transport are available in HEC-6. They are only applicable for 
flows with suspended sediment concentrations less than 300 mg/l (see Krone, 1962). The first method 
allows the deposition of clays and silts but does not allow scour (MTCL and MTSL = 1 in 12 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 Boundarv ($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 transpowbed 
change computations. 

3.4 Hvdroloaic Data 

This categorys data is are specified on records 0 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 specrfied 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. Examole of Histeraph Representation of a Hydrograph for HEC-6. 

3.4.1 Water Dischar~es 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 SHYD 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 discharqe at a long time increment may cause computational oscillations and 
it may be desirable to divide tha time 1r;crement into smaller increments. In this case, instead of 
encoding entire sets of *, Q and W records. the W record is replaced by the X record. The X record 
is used to divide the time duration which is normally on the W record into smaller computational time 
increments. 



Sediment Data - 
$HYD 
$RATING 
RC 3 100 0 0 520 525 528 
* AB COMMENT FOR EVEM NO. 1, A0  LEVEL PRINTOUT 
Q 100 
T 60 
W 1 

COMMENT FOR EVENT NO. 2 
0 200 
W 2 

A COMMENT FOR EVEM NO. 3 
Q 200 
R 527 
T 70 
W 2 
$RATING 
RC 3 100 0 0 520 525 528 

BB COMMENT FOR TIME STEP NO. 4 
Q 200 
W 1 
$$END 

Table 3.2. Example Hydrologic Input of HEC-6. 

3.4.2 Water Temperature 0 

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 reauired 
for the first discharge. The temperature is assumed to be the same for subsequent discharges until 
another T record is encountered. Temperatures of tributaries and local inflows are also on the T 
iecord. The water !emperature of the main stem is determined by discharge weighing of the 
-ributary/local inflow and main stem temperatures. 

3.4.3 Operatino Rule 

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

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 imposed at up to 20 dams 
or other controls in the geometric data set to permit continuous anatysis through reservoirs, weirs, 
etc.. in series. 

3.4.3.1 Downstream Boundary ($RATING. RC, R. Sl 

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



The first method involves the use of a rating curve which can be specified using a $RATING 
record followea by a set of RC recoras containing the water surface elevation data as a function of 
discharge. The rsting curve need onty 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. Tbe rating curve may be temporarriy modified using the S record or replaced by 
entering a new set of $RATING ana 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 :he ciownstream water surface elevation while still allowing 
the user to specdy 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 nexr time step, the program wril 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 v~here the program would find a value for the water 
surface elevation. 

3.4.3.2 Internal Control Points M5, R) 

A rulecurve type of option can be specified to establish a constant operating elevation of a 
navigation pool within the geometric sa. This is accomplished with the use of an XJ record in the 
geometry data wnich specifies a pool elevation ana a head loss. When the tailwater elevation plus the 
heaa loss term is nigher than the specrfied 9001 elevation, the pool rises. This option was originally 
developed for hinged pool operations which usually had constant head losses for all discharges. 
Users can specrfy an internal rating curve anywhere in the network by using a combination of X5 
andlor R records. This is helpful in modeling weirs and drop structures. 

The following description refers to the example data shown in Table 3.2 The SHY0 record 
follo.vs the sediment data At the beginning, the $RATING and RC records are used to input a 
discharge-elevation relationship. Every discharge must have *, Q and W (or X) records. A water 
temperature (T) record is always required for timestep number 1. The second timestep will use the 
same temperature (60'F). The T record in timestep no. 3 changes the temperature (70'F). This 
temperature is also used for timestep no. 4 since there is no T record in that timestep. The water 
surface elevation on the R record in event no. 3, 527 feet, is the starting water surface elevation for 
tirnestep no. 3. The rating curve ($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 HECS input 
data set. 



The 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 8 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 
iile' for post-processing. Definitions Of the print flags used on the * records are presented in 
Appendix A and described in Section 4. 

3.5 Proaram Commands (EJ. $TRIO. $LOCAL SHYD, $SEND) 

A command record structure was dweloped 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 reauired for all data sets. The W record identifies t h  end of 
geometric input. The SHY0 record identifies the beginning of the hydrologic data. The $SEND 
record identrfies the end of the input. If tributaries or local inflowloutflow points are in the model, 
STRIB and SLOCAL records, respectively, are required. The STRIB and SLOCAL 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..acal ir.flowloutflow point: Points along any riier segment at which water and sediment enters or 
exits that segment. Each local inflow/outflow point is designated by an 
arrow and k,, where m is the sequence number (going upstream) of 
local inflowloutflow points along segment n, as in Figure 3.8. 

River segment: 

Tributary: 

Main Stem: 

A part of a riier 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 I, where n is the segment 
number, as in Figure 3.8. 

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

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



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 TI  
record. The date of the data set is also useful information. 

3.6.1 Main Stem and Tributarv Numberinq 

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/outflw 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 wnn I, and for segment 2, 1, and for segment 3, I,. Label the main 
stem's local inflowioutflow 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 1, 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 I,. 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. 



Moin Stem 

STEP 1 
I Moin Stem 

STEP 2 

1 
Figure 3.8. Example of Stream Network Numbering System. 



3.6.2 Cross Section ik ta  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 ev0ntually reaches the first 
EJ record in the geometric data set. the program will read one more record. If it is a STRIB record 
the program recognizes that the iollowing data set is for a segmsnt 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 STRIB record identifies the contrd 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 position cross sectlons 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 ilows. 

The location of the junction (contrcl) points is specified by inserting a QT record just prior to the 
X I  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 OT record. 

Record Comment 

MAIN STEM GEOMETRY COMES FIRST, THEN TRIBUTARIES. 
EXAMPLE ILLUSTRATES GEOMETRIC SEQUENCE OF FIGURE 3.8. 
THlS RECORD TO EJ RECORD CONTAINS GEOMETRIC INFO. 
Geometry of main stem, contains QT records for L,,,, L,,, and segments 2 and 3. 
End of main stem (Segment 1) 
Warns program that geometry of a tributary segment follows. 
lndicates the following segment enters the network at control point 2. 
THlS PART IS FOR GEOMETRY OF SEGMENT 2 WHICH IS THE FIRST UPSTREAM 
TRIBUTARY FROM CONTROL POINT 1, STARTS AT CONTROL POINT 2 AND ENDS 
AT 12. 
Geometry cf Segment 2, contains QT records for segment 4 and 5. 
End of Segment 2. 
lndicates that data for additional tributary segments follow. 
lndicates that the following segment enters the network at control point 3. 
THiS PART IS FOR GEOMETRY OF SEGMENT 3 WHICH IS THE NEXT UPSTREAM 
TRIBUTARY FROM CONTROL POINT 2 ON THE MAlN STEM. STARTS AT CONTROL 
POINT 3 AND ENDS AT 13. 
Geometry of Segment 3. 
End of Segment 3. 
lndicates that data for additional tributary segments follow. 
lndicates that the iollowing Segment enters the network at control point 4. 
THlS PART IS FCR GEOMETRY OF SEGMENT 4 WHICH IS THE DOWNSTREAM 
MOST TRIBUTARY OF SEGMENT 2. IT STARTS AT CONTROL POINT 4 AND ENDS 
AT 14. 
Geometry of Segment 4, contains QT records for Segment 6 and L,,,. 
End of Segment 4. 
Sediment data follows. 

Table 3.3. Sequence of Geometric Data Sets for Networks. 



Figure 3.9. Example Cross Section Locations for Stream Networks. 

r 

MAIN STEM 
.- -1.16 

TRIBUTARY 
[~xpanded View I 

O-- Local Inflow 

Local Outflow 

3.6.3 Sediment Data 

7 

The main stem sediment data follows the geometric data in the job stream. The main stem data 
set fixes the fluid and sediment propenies, number of grain size classes and unit weight of deposits 
for the entire network. If sediment properties in I1 through IS records are present in the tributaty data 
sets, they wlil be skipped by the program. Information on local inflows to a segment are input as a 
pan of that segment's data set. These are identified with a $LOCAL record followed by inflow/outflow 
sediment discharge tables. Diversions are treated the same except negative discharges are used in 
the sediment discharge tables. 

After the main stem sediment data set is entered, it is followed by a STRIB record and then the 
first tributary sediment data set. It is not necessary to enter a control point number since the 
sediment data sets must be in the same sequence as the geometric sets described earlier. This is 
illustrated in Table 3.4 which is for the network shown in Figure 3.8. 



Record Sammerns 

Previous geometric records. 

T4-T8 

$LOCAL 
LQL 
LTL 
LFL 
LQL 
LTL 
LFL 
STRIB 
T4-T8 

$LOCAL 
LQL 
LTL 
LFL 
$TRIB 

SHYD 

T4-Ti3 records ara used for comments on main stem. 
Rest of sediment data of main stem are entered. 
Indicates information on local inflow points follows. 
Insert information on lccal sediment inflow on LQL LTL and LFL records. Since there 
are two local inflow/outfiow points in the segment (L,,, and L,,J, two complete sets of 
these records are required with the set for L,, first followed by L,,,. 

Sediment data set of segment 2 follows. 
T4-TCi rscords are used for comments on segment 2. 
Rest of sediment ana or segment 2 are entered. 
Sediment data sn of segment 3 follows. 
T4-T8 recoras are usea for ccmments on segment 3. 
Rest of seairnent cara of sagment 3 are entered. 
Sediment data set ot segment 4 follovrs. 
T4-T8 records are usea for comments on segment 4. 
2ast of sedlrnent data of segment 4 are entered. 
Indicates ~nformatron on local ~nflow/outflow points follows. 
This set of records ara for local inflowloutflow point L,,,. 

Sediment data sat of segment 5 follows. 
Enter sediment information on rest of segments in similar fashion. 
Start of hydrology. 

Table 3.4. Sequence or Sediment Data Sets for Networks. 

3.6.4 Hvdrolouic Data 

The hydrologic drta set dtoictea rn Table 3.5 is for the stream network shown in Figure 3.8. In 
general the water diccharqe 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 1 I 2 1 ., I 4 I 5 I 6 1 7 I 8 1 9 I 0 

SHYD 
t THIS ILLilSTRATES THE iiYDR0LC)GIC DATA SEQUENCE. 
Q Q, QlL, 1 2 J - 7 2  3 2  Q, 0 4  Q4L,,l Qs Q, 

T f T, T1L7,1 T,L,,2 T2 ' 3  T, T4L4,1 TS Tt3 

W w , 
t Next Time Step 

Continue with sets of * to W records for all discharges 

$END End of model data inpur 

Table 3.5. iiydroloq~c Data Input for Stream Networks. 



The information in field 1 of the Q (Q,) and T (l,) 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 (Q,L,,, and T,L,,,) and 3 (Q,L,,, and T, L,,3 are for the local inflow points L,, and 4 ,  respectively, 
which are on segment 1. Field 4 (Q, and TJ contains the information on the water entering control 
point 2 from segment 2. Segment 3 information is entered in field 5 (Q, and TJ 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 Summarv of Data Input Smuence 

The first data set in the data input is the geometric data The main stem geometry is followed by 
a STRIB 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 STRIB 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 STRIB 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 I), water 
temperatures are read for each water discharge, and the flow duration is read. 

3.6.6 Calculation Seauence of Network Svstems 

3.6.6.1 Hvdraulic Computations for Network Svstems 

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 man stem and tributaries. Upon reaching the upstream end 
or stream segment number 1, computations return to control point number 2, its starting water surface 
elevat~on is 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/diersions 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 completed and results are printed, computations proceed to the next lower numbered 
segment. After the main stem calculations, the program cycles back to read the next discharge. The 
process is repeated until all water discharges have been analyzed. 



3.7 l n ~ u t  Reauirements for Other Options 

3.7.1 Flow Resistance Relationshios (SKL. SKI) 

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

where: 

d, = 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 $KL record in the hydrologic data set and insertion of the SKI 
record returns the 'n' values to prwious i n ~ u t  values. 

3.7.2 Fixed Bed Calculations 

HEC-6 is capable of being executed as a ?xed Led' model similar to HEC-2. The minimum 
required records are: TI -73. NC. XI, GR, H, EJ, SHVD, Q, T, W and SSEND. The H record can be 
left blank. Optional records are NV, X3, X5, f RATlNG ana RC. Note that no T4 through L records 
are required. If these records aie present, a Yixed bed' run is accomplished by moving the SHYD 
through $$END records 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 Multi~le Fixed Bed Calculation 

If there are no tributaries or local inflaw/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 crlntout is more compact for the same number of discharges 
making it easier to make compansons. If a $RATING record has been specified, the R record is not 
needed. 

$HYD 
* A 5 DISCHARGES FROM LOW TO HIGH 
Q100. 500. 1000. 5000. 1 m o .  
R510. 51 2. 513. 51 6. 51 8. 
T 70. 70. 70. 70. 70. 
W 1. 1. 1. 1. 1. 
$SEND 

Table 3.6. Example Hydrology Data Set for Multiple 'Fixed B W  Calculations. 



3.7.4 Cross Section Sha~e Due to Dewsition ($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 $OR 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. 



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 completety display model 
performance. 

Each major data group (i.e., geometric, sediment and hydrologic) has a *nomMT 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 Hvdraulic Calculations (TI, *) 

The geometric information initially input is printed out using the printout option on the TI 
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 prlntout uslng the A-level only when interested in velocrty information. Optional 
output from the hydraulic calculations IS not panicularly useful once geometric problems are resolved 
and the 'n' values are calibrated. 

4.3 Sediment Data & Calculations fl4, *. 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 8-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 exercsed, the 
information for all the cross sections is printed out. 



Often it is desirable to print out information only at selected points in time and for certain cross 
sections of interest. This is accomplishes by inputting SPRT, CP. PN and END records in the 
hydrology data set. The SPRT 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 spec@ 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 
8VOL option described in Section 4.4 should be utilized. 

4.4 Accumulated Sediment Volumes ISVOL, VJ. VR) 

The SVOL 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 SVOL record initiates the 
computation of an eievation-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 capabilrty to determine the table based upon a 
user specified slope of the elevation planes. 

4.5 Summarv 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 Descriotion of Printout 

T I  - Normal printout. Prints TI -NC records and cross section identification 
numbers. 

8 Initial geometry and causes data edit to be made. 
C Trace printout through subroutine GMOD. 

- No printout. 
B Initial condition of inflowing sediment loads and cross sectional bed 

gradations. 

Table 4.1. Summary of lnitial Conditions Printout Commands. 



Record Level Descriotion of Printout 

* I  Discharge, starting water surface elevation, water temperature, flow duration. 
A General hydraulic parameters of each cross section. 
B Initial geometric data, distribution of hydraulic parameters across subsections. 
D Trace information. 
E Detailed trace information. Hydraulic information for each incremental area, 

each trial elevation in backwater computations for each cross section. 

- No printout except 0-level for last discharge. 
A Volume of sediment entering and exiting model, trap efficiency. 
6 Bed elevation changes, water surface elevations, thalweg elevation, sediment 

load exiting model. 
C Detailed printout of calculations. 

SPRT N Turn offprint out at all cross sections. 
A Print out at all cross sections levels specified on record. 

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

?N - Cross section sequence number on segment specified; used with SPRT, CP 
and END records. 

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

SVOL~ - Cumulative bed and volume change. 
X Table of volume versus elevation. 

$VOL4 A Cumulative weight of sediment passing each cross section for each sediment 
size class. 

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

' - Record Column 5 
' - Record Column 6 
' - Record Column 7 

- Record Column 8 

Table 4.2. Summary of Continuous Simulation Printout Commands. 



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 (1 977) and Gee (1 984). Data requirements for river geometry, sediment characteristii and 
hydrology are discussed in these documents. 

5.2 Establishinq 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 
ident~fication 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. Wihin 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 fwed bed. Mark the 
elevations of geologic controls such as bedrock and clay layers on each cross section. If none are 
present, the program will arbitrarily assign 10 feet below channel bottom to provide some finle depth 
of sediment material in the model. If more than 10 feet of scour is expected, assign a lower bottom 
elevatton. 

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

5.3 Sediment Data 

5.3.1 Sediment PaRicie Characteristics 

Only inorganic sediments are considered. The amount of organic sediments in samples 
should be measured, expressed as a percentage, and removed before testing for the inorganic 
properties presented below. If a significant quantity of organic panicles are present, such as on the 
Big Sandy River where coal amounted to 4096 of the sample by weight, a suitable procedure for 
correcting the calculations must be developed. In the Big Sandy River case the coal was represented 
by an equivalent sand size and treated as inorganic sediment having a specific grarity of 2.65. 



5.3.2 lnflowina Sediment Load Svnthesis 

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

5.4 Hvdroloaic 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 panem 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 velocrty 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 cany greater amounts of sediment and resul 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. 



6. EXAMPLE PROBLEMS 

This section presents several example problems that illustrate the Contents of input data and 
computed results files for several typical applications of HEC-6. Detailed descriptions of the input data 
records can be found in the lnput 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 onJ to 
illustrate the type and sequence of data needed to model various situations. They encompass a 
range of situations from fixed bed backwater computation to simulation of the movement of sediment 
in a dendritic network of streams. 

I 1 
The example problems are derived 

from an actual engineering application of HEC- 
6; therefore, the values of the parameters used 
in these problems represent that situation only. 
They should not be used for other situations 
without field substantiation. Figure 6.1 shows a 
schematic of the river system that was the 
basis for these example problems. Each 
example builds upon previous examples, 
!herefore, only the additional or changed data 
is described for each. The contents of the 
input and output files are described in the 
sequence in which they occur. 

Some data can be entered in more 
than one way (an option); for example, the bed 
material gradation can be placed on either N or 
PF records (see Appendix A). The options 
used in the example problems were selected 
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 objectives, data 
availability and ease of use of the selected 
optlon. 
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End of Project 
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6.1 Problem 1 - Fixed Bed Application 
1 I 
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 HECS as a fixed bed (backwater) model. 

6.1.1 l n ~ u t  Data 

An example of a data file used to operate HECS 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 XS) have 
different parameters for HEC-6 than for HEC-2; these differences are noted in the lnput Description 
(Appendix A). The data file begins with three title records (TI, 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 HO (or H) records delineate the movable portion of the cross section; though 
irrelevant for fixed bed operation of HEC-6, they must be properly located in the data file. The QT 
records locate inflow/outflow points (tributaries or local flows); the values of the flows at these points 



are found on the Q records in the hydrology (flow) data. The cross sections are entered from 
downstream to upstream. In general, HEC-6 data records are position dependent. 

At section 33.3 there are no GR data, this section is therefore a repeat of the downstream 
section, 33.2. Width and elevation modifications 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 transpon 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 (SRAllNG & RC), and flow information 
(*, Q, T, and W). The temperature 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 Flxed Bed 

T 1 EXAMPLE PROBLM NO 1. BASIC aYDRAULIC PROBLM USIIVG RCCHESTER DATA SET. 
T2 MAINSTM IS THE LOWER SOUTH FORK ZUMBRO RIVER. M. 3 LOCAL INFtCUS 
13 ORIGINAL WORK BY DAVID 1. WILLINS.  WES, 1982: ADAPTED 1989. DTW 
NC ,100 ,100 ,040 1 .3 
XI 1.0 31.10077.010275.0 0. 0. 0. 0. 0. 0. 
GR1004.0 9915.0 978.40 10002.0 956.00 10060.0 959.20 10077.0 959.30 10081.0 
GR950.00 10092.0 948.48 10108.0 946.60 10138.0 944.70 10158.0 955.20 10225.0 
GR956.20 10243.0 958.90 10250.0 959.80 10275.0 959.80 10300.0 959.90 10325.0 
GR958.80 10350.0 957.40 10400.0 970.00 10700.0 966.00 10980.0 970.00 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 
Xl 15.0 27.10665.010850.0 8565. 7535. 8268. 0. 0. 0. 
GR992.00 9570.0 982.00 10110.0 976.00 10300.0 976.00 10490.0 966.00 10610.0 
GR964.70 10665.0 956.00 10673.0 953.00 10693.0 954.00 10703.0 955.60 10723.0 
GR958.60 10750.0 959.30 10800.0 957.00 10822.0 957.30 10825.0 961.50 10850.0 
GR962.00 10852.0 964.00 10970.0 966.00 11015.0 961.00 11090.0 962.00 11150.0 
GR970.00 11190.0 972.00 11310.0 980.00 11410.0 984.00 11570.0 990.00 11770.0 
GR990.00 11865.0 1000.00 12150.0 
5D :5  
or 
X1 32.0 29. 10057.0 10271.0 7429. 6654. 8240. 0. 0. 0. 
GR998.00 9080.0 982.00 9250.0 982.00 9510.0 960.00 9600.0 980.01 9925.0 
GR979.48 10000.0 978.50 10057.0 968.60 10075.0 959.82 10087.0 956.50 10097.0 
GR958.80 10117.0 957.80 10137.0 959.40 10157.0 959.60 10177.0 959.82 10196.0 
GR966.50 10225.0 971.20 10250.0 978.50 10271.0 978.50 10300.0 978.60 10350.0 
GR978.91 10370.0 978.96 10387.0 980.00 10610.0 982.00 10745.0 982.00 11145.0 
GR984.00 11150.0 992.00 11240.0 1000.00 11330.0 1008.0 11425.0 
AD 32 
XI 33.2 21. 1850.0 2150.0 130. 250. 320. 0. 0. 0. 
GRIOOO.O 980.0 990.00 1060.0 980.00 1150.0 982.00 1180.0 982.00 1215.0 
GR980.00 1260.0 982.00 1300.0 982.00 1350.0 980.00 1420.0 980.00 1540.0 
GR982.00 1730.0 982.00 1830.0 984.41 1850.0 979.19 1851.0 961.00 1900.8 
GR961.00 2099.2 976.00 2149.0 984.50 2150.0 982.00 2800.0 990.00 3100.0 
GR1000.0 3170.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 
AD 33.2 
XI 33.3 0 1850.0 2150.0 5 5  7 .  175. .95 1.49 0. 
tfD 33.3 
XI 35.0 22. 9894.0 10155.0 105. 105. 105. 0. 0. 0. 
x3 10 
X5 974. 0.5 
CR984.00 9035.0 980.00 9070.0 978.00 9135.0 980.00 9185.0 982.00 9270.0 
GRg80.00 9465.0 981.70 9595.0 983.70 9745.0 984.70 9894.0 963.40 9894.0 
GR963.30 9954.0 967.10 9974.0 967.40 10004.0 968.20 10044.0 967.60 10054.0 
GR973.40 10115.0 977.40 10120.0 983.70 10155.0 984.00 10245.0 982.00 10695.0 
GR982.00 10895.0 1004.00 11085.0 
HD 35 



NC .06 .06 ,045 
Xl 42.1 32. 9880.0 10130.0 2070. 3965. 
GR996.00 7130.0 998.00 7310.0 998.00 7930.0 
GR988.00 8780.0 986.00 8990.0 985.70 9570.0 
GR990.00 9880.0 969.80 9881.0 969.80 9941.0 
GR969.80 9943.0 969.80 10001.0 986.70 10001.0 
GR969.80 10067.0 985.80 10067.0 985.80 10069.0 
GR989.90 10130.0 989.50 10180.0 988.60 10230.0 
GR986.80 11720.0 989.90 12310.0 
ml 12.10 
QT 
XI 44.0 28. 9845.0 10127.0 290. 795. 
GR1002.0 8035.0 992.00 8150.0 990.00 8305.0 
GR998.00 9285.0 1017.6 9425.0 990.00 9505.0 
GR980.60 9845.0 970.90 9868.0 972.20 9898.0 
GR968.90 10026.0 967.40 10058.0 967.10 10078.0 
GR977.80 10150.0 976.90 10193.0 982.00 10206.0 
GR983.10 10400.0 999.80 10450.0 1002.40 10464.0 
ED 64 
X1 53.0 22. 10000.0 10136.0 3366. 2831. 
GR1004.0 7550.0 1000.00 7760.0 998.00 8440.0 
GR994.00 8940.0 986.00 9245.0 986.30 9555.0 
GR982.80 10000.0 978.20 10011.0 974.00 10041.0 
GR978.20 10121.0 988.70 10136.0 989.30 10154.0 
GR1002.0 10570.0 1004.00 10700.0 
Wl 53 
QT 
X1 55.0 18. 9931.0 10062.0 275. 1430. 
GR1004.0 7592.0 1000.00 7947.0 996.00 8627.0 
GR984.30 9737.0 984.70 9837.0 985.50 9910.0 
GR974.80 9975.0 974.20 10005.0 972.90 10035.0 
GR985.80 10187.0 986.00 10307.0 990.00 10497.0 
HD 55 
Xl 58.0 22. 9912.0 10015.0 1097. 1012. 
GR1006.0 8542.0 1004.00 8952.0 1000.00 9702.0 
GR976.20 9944.0 975.40 9974.0 978.20 9991.0 
GR988.80 10065.0 988.30 10065.0 989.30 10189.0 
GR992.00 10492.0 988.00 10642.0 986.70 10852.0 
GR986.00 11137.0 988.00 11192.0 
HD 58 
EJ 
SHYD 
SRATING 
RC 60 2000 0 0 950.0 
RC 963.6 965.1 966.2 967.0 967.7 
RC 370.2 970.6 971.0 971.4 971.8 
RC 973.1 973.3 973.5 973.7 973.8 
3.C 97L.3 974.6 974.5 974.6 974.7 
* A PROFILE 1 - AVERAGE ANNUAL DISCAARGE 
Q 1200. 78. 5 340. 
T 50. 60. 60. 50. 
W 1. 

A PROFILE 2 - BANK FULL FLOW 
Q 2500. 150. 300. 650. 
w 1. 
SSEND 

The output from Example Problem 1 is shown in Exhibit 6.2. Various level8 of output detail 
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', '8-level', etc., in increasing detail. Note that the default HEC-6 output 
provides the minimum level of information. 

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



In Example Problem 1, the default (minimum) geometric output is presented. Additional 
information can be obtained via swdches on the T I  record, see Appendix A. Each cross section is 
denoted by the identificatron on the X I  record. We suggest that rlver mile be used to identrfy cross 
secttons. The 'depth of bed sealmew is based on information 03 the HD record; since this. is a fixed 
bed run, the values on this record are not used. lnformation regarding the repeated cross section at 
river mile 33.3 (see the X I  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 wrmen 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 nwer 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 
supp!ied energy losses ana water surface elevations at controls 0(5 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 

***********************************w***********.****** 

SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS * 
* Version: 4.0.0 - Septuabor 1990 

RUN DATE 30NOV90 TIME 15:23:02 
...................................................... 

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

....................................... 

.......................................................................................... 
MAXIMM LIMITS FOR THIS VERSION ARE: 

* * 
Stroam S e m m t s  (Main Stem + Tributaries) - 10 Control Points - 10 
Cross Sections - 150 Grain Sizes - 15 

.......................................................................................... 
INPUT FILE: M1.DAT * 
OUTPUT FILE: M1.OUT 

* * * * t * * * * * * t * * * * * r r - t t * * * * * * * * * * * * * * . ~ . ~ * * t * . ~ t o * * * . r * t * . ~ * ~ t o * * t * ~ ) * * * . ~ * * * t * * * * ( . * * * * * ( . * W * * * * * * ( .  

Tl EXAMPLE PROBLM NO 1. BASIC HYDRAULIC FROBLM USING ROCHESTER DATA SET, 
T2 H A I N S m  IS THE LOWER SOUTB FORK ZUMBRO RIVER. M ,  3 LOCAL IHFLCIJS 
13 ORIGINAL WORI: BY DAVID 1. WILLIAEG. WES, 1982: ADAPTED 1989. DTW 

SECTION NO. 1 RIVP( MILE* 1.000 
SET TAE DEFTE(FEE1) OF BED SEDIMENT RESERVOIR TO ,000 



SECTICN NO. 2 RIVER MILE- 15.000 
SET THE DEPTB(FEEI) OF BED SEDIMENT RESERVOIR TO ,000 

LCCAL INFLOW POINT 1 OCCURS JUST WWNSfaEAn FRCn X-SECTION NO. 3 

SECTION NO. 3 RIVER MILE- 32.000 
SET T E  DEPTB(FEET) OF BED SEDIHENI RESERVOIR TO ,000 

SECTION NO. 4 RIVER MILE- 33.200 
SET THE DEPTB(FEET) OF BED SEDIMENT RESERVOIR TO .000 

SECTION NO. 5 RIVER MILE- 33.300 
. . .  MULTIPLY ALL STATIONS(X) BY .95 
. . .  ADD 1.49 TO UCR ELEVATION(Y) 
SET THE DEPTH(FEET) OF BED SEDIMENT RESERVOIR TO .000 

SECTICN NO. 6 RIVER MILE- 35.000 
WOL ELEVATION, READ LOSS CRITERIA-X5 974.000 .500 
INEFFECTIVE FLOW AREA REQUESTED BY X3-RECORD. LEFT RIGHT OflPUWlK 

STA + 10 19 
INEFFECTIVE ELEVATION 984.700 903.700 

SET TKE DEPTHCFEET) OF BED SEDIHENT RES&RVOIR TO ,000 

SECTICN NO. 7 RIVER MILE- 42.100 
SET THE DEPTHCFEET) OF BED SEDIMENT RESERVOIR TO ,000 

LOCAL INFLOW POINT 2 OCCURS JUST DOHNSIREM FRDn X-SECTION NO. 8 

SECTION NO. 8 RIVER MILE= 44.000 
SET ThT DEPIH(FEET! OF BED SEDIHENT RESERVOIR TO .000 

SECTION NO. 9 RIVER MILE= 53.000 
SET THE DEP'IB(FEE1) OF BED SEDIMENT RESERVOIR TO .OOO 

LCCAL INFLCCl POINT 3 OCCURS JUST DUWSTRZAH FRCn 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 SFCTIONS RUD :N FOR IBIS STREAH S E m -  11 
NO. OF INPUT DATA MESSAGES = 0 

73TA.L NO 3' CROSS SECTIONS IN THE NETWORK - 11 
END OF CECNETRIC DATh 

FIXED BED HODEL 

SRATING 

W W H S W Y  BOUNDARY CONDITION SPECIFIED BY A RATING CURn 

ELEVATiCti OF GAGE ZERO . 00 
3ISCHARGE CORRESPONDING TO LOWEST ELEVATION IN TABLE . O  
lISCHARGE INTERVAL 2000.0 
NO. OF POINTS IN RATING TABLE 40 
ELEVATIONS 

950.00 955.10 958.00 960.00 962.00 963.60 965.10 966.20 967.00 967.70 
968.30 968.90 969.40 969.80 970.20 970.60 971.00 971.40 971.60 972.10 
972.40 972.70 972.90 973.10 973.30 973.50 973.70 973.80 973.90 974.00 
97L.10 974.20 974.30 974.40 974.50 974.60 974.70 974.80 974.90 975.00 



* A PROFILE 1 - AVERAGE AhWAL DISCIIARGE 

BOUNDARY CONDITION DATA. CONTROL POINT NO. 1 

SEGMENT INFLOW Q IN CFS . . .  
1 1200.0 78.0 151.0 340.0 

TINE STEP NO. 1 
WATER DISCBARGE- 1200.00 

ELEVATION- 953.060 
TPIPEIUTURE- 60 .OO 0 

FLOW DLIRATION(DAYS) 1.000 

**** N DISCBARGE WATER ENERGY VELOCITY ALPBA TOP AVG AVG VEL (by rubsoction) 
(CFS) SURFACE LINE REM WIDTH BED 1 2 3 

SEC NO. 1.000 
**** 1 1200.0 353 36 353.12 .06 1.00 122.96 948.15 .OO 1.99 .OO 

FLOW DISTRIBUTION (2) - .O 100.0 .O 

SECNO. 15.000 
**** 1 1200.0 959.39 '53.54 .15 1.00 167.86 957.06 .OO 3.06 .OO 

FLOW DISTRIBUTION (2) - .O 100.0 . O  

. . . .  LOCALINFLOWPOINTNO. 1. ;= 78.00 

CONTINUING ON SEGMENT NO : 
TPlPERATURE- 60.000 

SECNO. ?2.000 
**** 1 1122.0 964.10 964.14 

SEC NO. 33.200 
**** 1 1122.0 964.20 964.24 

SEC NO. 33.300 
**** 1 1122.0 964.31 g64.07 

.04 1.00 133.53 958.97 .OO 1.64 .OO 
FLOW DISTRIBUTION (I) - .O 100.0 .O 

.04 1.00 217.65 961.16 .OO 1.70 .OO 
FLW DISTRIBUTION (2) = .O 100.0 .O 

.16 1.00 198.82 962.56 .OO 3.22 .OO 
FLOW DISTRIBUTION (X) = .O 100.0 .O 

SEC NO. 35.000 
OPERATION RULE SPECIFIED 
UPE'ER WOL ELEVATION (UPE) = 974.00 HEAD LOSS = .50 
**** 1 1122.0 974.00 374.01 0 1 1.00 221.75 967.05 .OO .73 .OO 

:LOCI DISTRIBUTION ( 2 )  - .O 100.0 0 

SEC NO. 42.100 
**** 1 1122.0 974.22 374.24 .02 1.00 242.44 969.84 .OO 1.06 .OO 

FLOW DISTRIBUTION (2) = .O 100.0 .O 

.LOCAL INFLOW WINT NO. 2, PI 151.00 

CONTINUING ON SE-T NO 1 
TENPERATURE- 60.0 0 0 

SEC NO. 44.000 
**** 1 971.0 974.28 974.29 .01 1.00 262.34 969.86 .OO .84 .OO 

FLOW DISTRIBUTION (2) = .O 100.0 .O 

SEC NO. 53.000 
"** 1 971.0 975.11 975.69 .57 1.00 77.24 973.05 .OO 6.08 .OO 

FLOW DISTRIBUTION (I) .O 100.0 .O 

. L E A L  INFLOW POINT NO. 2 .  O1 300.00 

CONTINUING ON SEGMEWT NO 1 
TEMPERATURE- 60.000 

SECNO. 55.000 
1 631.0 977.38 977.46 .08 1.00 92.29 974.36 .OO 2.27 .OO 

FLOW DISTRIBUTION (2) - .O 100.0 .O 

SEC NO. 58.000 



**** 1 631.0 979.66 979.86 .20 1.00 55.38 976.48 .OO 3.59 . O O  
FLOW DISTRIBUIION (1) - .O 100.0 . O  

* A PROFILE 2 - BANK FULL FLOW 
BOUNDARY CONOITION DATA. CONTROL POINT NO. 1 

SEGHENT INFLCW Q IN CFS ... 
1 2500.0 150.0 300.0 650.0 

TIME STEP NO. 2 
WATER DISCHAROE- 2500.00 

ELEVATION- 955.825 
TPIPERATURE- 60.000 

FLOW DVRATION(0AYS) 1.000 

**** N DISCHARGE WATER ENERGY VELCCITY ALPHA TOP AYO A- V R  (by subsaction) 
(CFS) SURFACE LINE KEAD WIDlX BED 1 2 3 

SEC NO. 1.000 
***+ 1 2500.0 955.83 955.93 . 10 1.00 151.14 949.38 .OO 2.57 .OO 

FUWDISTRIBUTION(I)- .O100 .0  .O  

SEC NO. 15.000 
*"* 1 2500.0 961.44 961.62 .17 1 .02  215.62 957.34 .OO 3.35 .20 

FLOW DISTRIBUTION ( X I  - . O  9S.S .1 

. . . .  LXAL INFLOW POINT NO. 1. Q= 150.00 

CONTINUING ON S E m N T  NO 1 
T W P U T U R E -  60.000 

SEC NO. 32.000 
***+ 1 2350.0 966.29 966.38 .09  1.00 145.83 959.53 .OO 2.38 .OO 

FLaW DxSTRIBUTIOn (1) - .O 100.0 . O  

SEC NO. 33.200 
*"* 1 2350.0 966.42 966.49 .06 1.00 231.09 961.41 .OO 2.03 .OO 

FtOW DISTRIBUIIOU (2) = .O 100.0 . O  

SEC NO. 33.300 
**** 1 2350.0 966.48 966.61 .14 1.00 211.35 962.72 .OO 2.96 .OO 

FLOW DISTRIBUTION ( 2 )  - .O 100.0 .O  

3EC NO. 35.000 
OPERATION RULE SPECIFIED 
UPPER PCOL ELEVATION (UPE) - 974.00 READ LOSS - .50 
**** 1 2350.0 974.00 974.04 .04 1.00 221.75 967.05 .OO 1.53 .OO 

FLOW DISTRIBUTION (1) - . O  100.0 . O  

SECNO. 42.100 
**** 1 2350.0 974.82 974.88 .06  1.00 242.50 969.81 .OO 1.94 .OO 

FLOW DISTRIBUTION (2) - . O  100.0 . O  

CONTINUING ON SE- NO 1 
TEMPERANRE- 60.000 

SEC NO. 44.000 
**** 1 2050.0 974.99 975.03 .04 1.00 265.26 969.93 .OO 1.53 .OO 

FLOW DISTRIBUTION (1) - .O 100.0 .O  

SEC NO. 53.000 
**** 1 2050.0 977.02 977.64 .62 1.00 97.48 973.69 . O O  B.31 .OO 

FLOW DISTRIBUTION (1) - . O  100.0 .O  

..LOCAL INFLOW WINT NO. 3 .  QI 630.00 

CONTINUING ON SEQ4UiT NO 1 
TEUPERATURE- 60.000 



SEC NO. 55.000 
**** 1 1400.0 979.11 979.27 15 1.00 102.03 974.75 .OO 3.14 .OO 

FLOW DISTRIBUTION ( 2 )  - 0 100.0 o 

SEC NO. 58.000 
**** 1 1400.0 981.66 982.01 .36 1.00 62.42 976.97 .OO 6.79 .OO 

FLOW DISTRIBUTION ( 2 )  = .O 100.0 .O 

0 DATA ERRORS DETECTED. 

TOTAL NO. OF TTHESTEPS FJWW 2 
TOTAL NO. OF US PROFILES- 2 
ITERATIONS IN EXMR EO - 0. 
END OF JOB 

JOB CCNPLETED 
RUN TIME = 0 AOUliS. O MINUTES & 5.44 SECONDS 

6.2 Problem 2 - Hvdraulic and Geometric O~tions 

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 

T1 EXAMPLE PROBLPI NO 2. HYDRAULIC OPTIONS PROBLPl USING ROCHESTER DATA SET. 
T2 HAINSTEM IS THE L L M R  SOUTH FORK ZUHBRO RIVER. HN. 3 LOCAL INFLOHS 
T3 ORIGINAL WORK BY DAVID T. WILLIAMS. WES. 1982: ADAPTED 1989, DTW 
NC .I00 ,100 .040 .1 .3 
XI 1.0 31. 10077.0 10275.0 0. 0. 0. 0. 0. 0. 
GR1004.0 9915.0 978.40 10002.0 956.00 10060.0 959.20 10077.0 959.30 10081.0 
GR950.00 10092.0 948.48 10108.0 946.60 10138.0 944.70 10158.0 955.20 10225.0 
GR956.20 10243.0 958.90 10250.0 959.80 10275.0 959.80 10300.0 959.90 10325.0 
GR958.80 10350.0 S57.40 10400.0 970.00 10700.0 966.00 10960.0 970.00 11060.0 
GR968.00 11085.0 968.00 11240.0 970.00 11365.0 970.00 11500.0 970.00 11615.0 
GR962.00 11665.0 962.00 12400.0 976.00 12550.0 980.00 12670.0 982.00 12730.0 
GR984.00 12735.0 
HD 1 
NV 22 ,045 965.6 .064 988.8 
NV 12 ,013 965.6 .13 988.8 
HV 33 1 965.6 1 1  982.0 .12 988.8 
XI 15.0 27.10665.010850.0 8565. 7535. 8268. 0. 0. 0. 
X3 10700 961. 11000. 970. 
GR992.00 9570.0 982.00 10110.0 976.00 10300.0 976.00 10490.0 966.00 10610.0 
GR064.70 10665.0 956.00 10673.0 953.00 10693.0 954.00 10703.0 955.60 10723.0 
GR058.60 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 
GR990.00 11865.0 1000.00 12150.0 
?ID 15 
QT 
NC .l .1 .05 
XI 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 10097.0 
GR956.80 10117.0 957.80 10137.0 959.40 10157.0 959.60 10177.0 959.82 10196.0 
GR966.50 10225.0 971.20 10250.0 978.50 10271.0 978.50 10300.0 978.60 10350.0 
GR978.91 10370.0 978.96 10387.0 980.00 10610.0 982.00 10745.0 982.00 11145.0 
GR984.00 11150.0 992.00 11240.0 1000.00 11330.0 1008.0 11425.0 
HD 32 
X1 33.2 21. 1850.0 2150.0 130. 250. 320. 0. 0. 0. 



V 1 
X1 55.0 i8. 9931.0 10062.0 275. 1430. 
GR1004.0 7592.0 1000.00 7947.0 996.00 8627.0 
Gi(984.30 9737.0 984.70 9837.0 985.50 9910.0 
GR974 80 9975.0 974.20 10005.0 972.90 10035.0 
GR985.80 10187.0 986.00 10307.0 990.00 10497.0 
HD 55 
X1 58.0 22. 9912.0 10015.0 1097. 1012. 
GR1006.0 8542.0 1004.00 8952.0 1000.00 9702.0 
GR976.20 9944.0 975.40 9974.0 978.20 9991.0 
GR988.80 10065.0 988.30 10065.0 989.30 10169.0 
GR992.00 10492.0 988.00 10642.0 986.70 10852.0 
GR986.00 11137.0 988.00 11192.0 
HD 58 
EJ 
sm 
* A PROFILE 1 = ANNUAL DISCBARGE 
Q 1200. 78. 151. 340. 
R 953. 973. 
T 60. 60. 60. 60. 
H I .  
* A PROFILE 2 = FLOOD EVENT 
Q 10000. 600. 1200. 2600. 
R 963. 977. 
W 1. 
s sm 



6.2.1 Mannina's n vs. Elevatron 

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 functrons will be used at all 
subsequent (upstream) cross sections untii another NV or NC record is found. Elevations on NV 
records areconstant 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 also be used to vary n with 
discharge. 

Flgure 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 cames 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 R. The right encroachment starts 
at station 11 000 ft. and extends at elevation 970 ft. to the right bank. Computationally, this is 
equivalent to raising the GR points to lie along the top of the encroachments. 

6.2.3 Convevance 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 R. 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 3.27 and 3.28. 

6.2.4 Internal Hvdraulic Control Points 

Study reaches will occasionally contain internal hydraulic controls, such as wein and gared 
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 Boundaw 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 resecvoir pool elevation, 
the boundary condition can be specified as a time series of water surface elevations (i.e. a stage 
hydrograph). This is illustrated by the R records in the input data for Example Problem 2 For this 
problem the starting water surface elevation is 953 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 sedion 33.3 of 
973 ft. and 977 ft. reflect the elevations on the R data At cross section 35.0 for the second (larger) 
discharge, the minimum pool elevation of 974 ft. was submerged by tailwater and, therefore, a head 
toss 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 WIDM' where 
the values are 250 ft. and 350 ft. respectively for those two sections. 



EXHIBIT 6.4 Output - Hydraulic Options 

.......................................................................................... 
INPUT FILE: M4.DAT 
OUTPUT FILE: M4.OUT * 

.......................................................................................... 

T 1 EXAMPLE PROBLM NO 4 .  LOHER SOUTH FORK ZUMBRO RIVER. ROCHESTER. MN 
T2 SEDIMENT RUN W/OPTIONS. 3 LOCAL INFLOWS: CASCADE. SILVER, BEAR CREEKS 
T3 ORIGINAL WORK BY DAVID 1. WILLIAkB. WES, 1982: ADAPTED 1989, DlW 

SECTION NO. 1 RIVER MILE- 1.000 
SET THE DEPTR(FEE1) OF BED SEDIMWI RESERVOIR TO 10.000 

SECTION NO. 2 RIVER MILE, 15.000 
SET THE DEPTH(FEET1 OF BED SEDIKENT RESERVOIR TO :0.000 

LOCAL INFLOW POINT 1 CCCURS JUST COclNSTXEAM FROH X-SECTION NO. 3 

SECTION NO. 3 RIVER MILE= 32.000 
SET THE DEPTHCFTET) OF BED SEDIMENT RESERVOIR TO 10.000 

SECTION NO. 4 RIVER MILE- 33.200 
SET T M  DEPTH(FEE1) OF BED SEDIMENI 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. HZM) LOSS CRITERIA-X5 974.000 .500 
INEFFECTIVE FLOW AREA REQUESTED BY XI-RECORD. LEFT OVERBANK RIGHT OVERBANK 

STA 10 19 
INZFFECTIVE ELEVATION 984.700 983.700 

SET TEE DEPTR(FEE1) OF BED SEDIMENT RESERVOIR TO ,000 

SECTION NO. 7 RIVER MILE- 42.100 
SET TEE DEPTE(FEET) OF BED SEDMWS R E S m I R  TO ,000 

LOCAL INFLOW POINT 2 OCCURS JUST DOWNSIREAM FRaM X-SECTION NO. 8 

SECTION NO. 8 RIVER MILE= 14.000 
SET THE DEPTE(FM) OF BED smmm RESERVOIR TO 1.000 

SECTION NO. 9 RIVLR MILE= 53.000 
SET T M  DEPTH(FLET) OF BED SEDIMENT R E S m I R  TO 10.000 

LOCAL INFLOW POINT 3 3 JUST CUWSTRUn TROH X-SECTION NO. 10 

SECTION NO. 10 RIVER MILL- 55.000 
SET THE DEPTE(FEET) OF BED SEDIMENT RESERVOIR TO 10.000 

SECTION NO. 11  RIVER MILE- 58.000 
SET TEE DEPTE(FEET) OF BED SEDIMENT RESERVOIR TO 3 .400  

NO. OF CROSS SECTIONS READ IN FOR THIS SlRUH S E W -  11  
NO. OF INPUT DATA MESSAGES = 0 

TOTAL NO. OF CROSS SECTIONS IN TEE N E W X K  = 11  
END OF GEDEeTRIC DATA 



T 4 MAIN STM, SEMENT 1, SOUTE FORK ZUMJRO RIVER. ROCRESTER. HN 
15 LOAD CURVE FRCN USGS DATA AT USGS GAGE: 5 PERCENT ADDED FOR BED LOM 
16 BED GRADATIONS FRM IN1PCPOUTION OF SAMPLES TAKEIO 10 JUlR 1980 
I7 ENCODED BY DAVID W I L L W .  WES, SEPT 1982 
T8 SEDIMENT TRANSWRT BY STRUM POWER: SEE ASCE JOURNAL (YANG 1971) 
DCAMPLE PROBLEM NO 4. LCWER SOUTH FORK ZUMIRO RIVER, ROCHESTER, FQI 
SEDIMENT RUN WIOPTIONS, 3 LOCAL INFL(;HS: CASCADE, SILVER. BEAR CREEKS 
ORIGINAL U.RK BY DAVID T. WILLIAMS, WES, 1982: ADAPTED 1989, DTW 

SEDIMENT PARAMETER DATA 
SPI IBG MNQ SPGF ACGR NFAU IBSBER 

I1 5. 0 1 1.000 32.174 2 1 

SAND AND/OR GRAVEL ARE PRESENT 

M C  IASA LASA SPGS GSF B S E  PSI UWDLB 
I4 4 1 10 2.650 .667 .500 30.000 93.000 

FOLLOHING GRAIN SIZES UTILIZED 
SAND: ,000288 .000580 .001160 ,002319 .00483B 

,009279 ,018560 ,037120 ,074216 ,148596 

*****TRANSFORT CAPACITY RELATIONSHIP IS YANG***" - *= I  4 

COEFFICIENTS FOR CCMPUTATION SCEEUE WERE SPECIFIED 
DBI DEN XI0 XIN XIU UBI UBN JSL 

I5 ,500 ,500 ,250 .SO0 .250 .OOD 1.000 1 

SEDIMENT LOAD TABLE FOR S'IREAM SEGHeWT # I 
LOAD BY GRAIN SIZE CLASS (TONSIDAY) 

* 1.00000 * 
.nS* .130900E-02* 
is* ,360800E-02* 
XS* .E08300E-02' 
CS* ,100000E-19. 
VCS* .lOOOOOE-19* 
W G *  .100000E-19* 

F5* .100000E-19* 
%* .100000E-19* 

LF CG* ,100000E-19' ,100000E-19' ,100000E-19* .100000E-19* .100000E-19* 
LF VCG* ,100000E-19. ,100000E-19. .100000E-19. .100000E-19* .100DOOE-19' 

iOLUME VS DEPTE OF DEPOSITS 
SEC NO. REMZ HOVABLE 

LENGTE BED 
WIDTB 

. 00 
1.000 183.50 

8266.00 
15.000 242.00 

8240.00 
32.000 219.50 

320.00 
33.200 299.00 

175.00 
33.300 299.00 

105.00 

INITIAL BED-ELEVATIONS ACCUMlUTED CHANNEL DISTANCE 
LEFT SIDE TBALWEG RIGHT SIDE FRM DCWNSTRUn 

FEET MILES 

959.30 946.70 958.90 .OO . 00 
961.00 954.00 962.00 8268.00 1.57 

968.60 956.50 978.50 16508.00 3.13 

979.19 961.00 976.00 16828.00 3.19 

979.19 961.00 976.00 17003.00 3.22 



ED MATERIAL GRADATION (as computed Lrm PF-records) 
SECID SAE C H A X  DXPI XPI TOTAL BED BED MATERIAL FRACTIONS PER GRAIN SIZE (FINE TO COARSE) 

N 1.000 1.000 ,105 .lo5 1.000 1.000 ,010 ,070 ,290 .360 .I20 
,060 .040 ,015 ,035 ,000 

.LEAL INFLOW DATA. 

SEDIMENT LOAD TABLE FOR S?RUE( SEi2ENT # 1 
AT LOCAL INFLOW POINT + 1 

L O M  BY GRAIN SIZE CUSS (TONSIDAY) 

LQL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 

1.00000 100.000 * 1000.00 * 10000.0 
VFS* .2656OOE-02* 6.64000 7.50000 5940.00 
FS* .828000E-O3* 2.07000 * 122.500 5430.00 
3.9 ,344000E-03' .860000 302.500 3210.00 
CS* .124000E-03* .310000 26.0000 2940.00 
VCS* ,320000E-04* .800000E-Ol* 19.5000 * 3810.00 
VFG* ,120000E-04* .300000E-Ola 10.0000 l 3480.00 
FG* .400000E-05* .100000E-01" 5.50000 * 2730.00 
MG* ,100000E-19* .100000E-19. 5.50000 * 1590.00 
CG* .100000E-19* .100000E-19* .100000E-19* 860.000 
VCG* .100000E-19* .100000E-19' .100000L-19* 180.000 ------------ ------------ ------------ --------- 

.LOCAL INFLOW DATA. 



SEDIMENT LOAD TABLE FOR ST- SE-T + 1 
AT LOCAL 1NFLOI.I POINT + 2 

LOAD BY GRAIN SIZE CLASS (TONSIDAY) 

LQL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
L FL 
LFL 
LFL 
LPL 

1.00000 * 100.000 1000.00 10000.0 
VFS* .265600E-02' 6.64000 7.50000 * 5940.00 
FS* ,828OOOE-03' 2.07000 122.500 * 5430.00 
MS* .344OOOE-03. .860000 302.500 3210.00 
CS* ,124000E-03" .310000 * 26.0000 2940.00 
VCS* ,320000E-04. .800OOOE-Ol* 19.5000 3810.00 
VFG* ,120000E-06* .300000E-01. 10.0000 3480.00 
FG* .400000E-O5* .100000E-01. 5.50000 * 2730.00 
Mj* .100000E-19* .100000E-19. 5.50000 1590.00 
CG* .100000E-19* .100000E-19. .100000E-190 660.000 
VCG* .100000E-19* .100000E-19* .10000OE-l9* 180.000 ------------ ------------ ------------ --------_-- 

;W* .400000E-02' 10.0000 499.000 29970.0 

.LOCAL INFLOW DATA ... 
SEDIKENT LOAD TABLE FOR SlTSAM SECWZRT ;) 1 

AT LOCAL INFLOW POINT + 3 

LOAD BY GRAIN SIZE CLASS (TONSIDAY) 

LCL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LE'L 

* 
T,'Fs* 
FS* 
MS* 
CS 
VCS* 
VFG* 

FG* 
NG* 
CG* 
VCG* 

STREAM SEGNENT # 1: EXAMPLE PROBLEM NO 4. LOWER SOUTE FORK ZWBRQ RIVER. ROCBESTER. Uti 
DIMENSIONS OF BED SEDIMENT CONTROL VOLUMES. FEET. 
SEC. KO. LENGTH * MAX. WIDTH DEPTS V O L U M E  

* * N. FT. * CU. YD. 
:.COO* 4134.00 * 203.000 * 10.0000 .839202E+07* 310816. 
15.000* 8254.00 * 228.480 * 10.0000 .188596E+08* 698502. * 
32.000* 4280.00 * 227.710 * 10.0000 * .974600&+07* 360063. * 
?3.200*247.500 *281.869 *.000000 *.000000 *.000000 
33.300* 87.5000 * 299.000 ' .000000 * .000000 .000000 
35.000. 1502.50 * 235.500 .OOOOOO " .OOOOOO .OOOOOO * 
42.100" 1750.00 197.899 * .000000 * .000000 .000000 * 
44.000* 1718.00 * 288.055 1.00000 * 494879. 18328.8 
53.000" 1855.50 * 233.267 10.0000 .432826&+07* 160306. 
55.000° 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 SEDIKENT DATA 

BEGIN CCMPUTATIONS. 
SHYD 



AB FLOW I - BASE FLOW OF 500 CFS 
BOUNDARY CONDITION DATA, CCNTXDL WIN1 NO. 1 

SEGEIENT INFLOW O IN CFS. . . 
1 500.0 61.0 29.0 128.0 

TIHE STEP NO. 1 
WATER DISCBARGE- 500.00 

ELEVATION- 956.000 
TEXPERATURE* 65.000 

FLOW DIJRATION(DAYS) 2.000 

**** N DISCBARGE WATER ENERGY VELOCITY ALPBA TOP AVO AVG E L  (by subuoetion) 
(CFS) SURFACE LINE HEM WIDTH BED 1 2 3 

SECNO. 1.000 
**** 1 500.0 956.00 956.00 .OO 1.00 154.50 949.52 .OO .50 .OO 

FLOW DISTRIBUTION (Z) - .O 100.0 .O 

SEC NO. 15.000 

SUPERCRITICAL 
SEC NO. 15.000 TIME - 2.00 DAYS. 
TRIAL TRIAL CCMPUTED CRITICAL 
NO. WS WS WS 
0. 957.23 955.56 
1. 957.33 955.63 957.28 

**** 1 500.0 957.33 958.06 .73 1.00 46.55 955.76 .OO 6.86 .OO 
FLOW DISTRIBUTION (Z) - .O 100.0 .O 

LEAL INFLOW POINT NO. 1. O1 61.00 

CONTINUING ON S E W N 1  NO 1 
TENPERATLIE- 64.027 

SEC NO. 32.000 
**** 1 439.0 960.73 960.78 .04 1.00 114.10 958.43 .OO 1.67 .OO 

now DISTRIBUTION (I) - .O 100.0 .O 

SEC NO. 33.200 

SUPERCRITICAL 
SEC NO. 33.200 TIME = 2.00 DAYS. 
TRIAL TRIAL COMPUTED CRITICAL 
NO. WS WS US 
0. 961.57 961.45 
1. 961.59 961.42 961.54 

**" 1 439.0 961.59 961.80 .21 1.00 201.98 961.01 .OO 3.71 .OO 
FL[W DISTRIBUTION (Z) = .O 100.0 .O 

SEC NO. 33.300 
**** 1 439.0 962.33 962.38 .O h  1.00 206.42 961.03 .OO 1.64 .OO 

FLOW DISTRIBUTION (Z) - .0 100.0 .O 

SECNO. 35.000 
OPERATION RULE SPECIFIED 
UPPER PalL ELEVATION (UPE) - 974.00 HEAD LOSS - .50 
a*** 1 439.0 974.00 974.00 .OO 1.00 221.75 967.05 .OO .29 .OO 

FLOW DISTRIBWTION (1) - . O  100.0 .O 

SEC NO. 12.100 
**" 1 439.0 974.02 974.02 .OO 1.00 242.42 969.82 .OO .43 .OO 

FLCW DISTRIBUTION (Z) - .O 100.0 .O 

.... LOCAL 1NIX.W mINT NO. 2, (F 29.00 



SECNO. 44.000 
l 1 410.0 974.02 974.02 . 00 1.00 261.28 968.83 .OO .37 .OO 

FLCW DISTRIBUTIOlD ( X I  - . O  100.0 . O  

SEC NO. 53.000 

JUPERCRITICU. 
SEC NO. 53.000 TIME = 2.00 DAYS. 
TRIAL TRIAL CCElPUTED CRITICAL 
NO. WS WS WS 
1. 973.79 973.64 
2. 973.88 973.71 973.83 

'*** 1 410.0 973.88 974.40 .52 1.00 62.55 972.75 .OO 5.79 .OO 
FLCW DISTRIBUTION ( X )  = . O  100.0 .o 

. . . .  LCCAL INFLCU WINT NO. 3,  O1 128.00 

CONTINUING ON SEC;EIENT NO 1 
TEMPERATURE- 62.064 

SEC NO. 55.000 
**** 1 282.0 975.22 975.35 .13 1.00 7 .  973.93 .OO 2.88 .OO 

FLCW DISTRXBUTtOll ( 2 )  - . O  100.0 .O 

SEC NO. 58.000 
**" 1 282.0 977.16 977.61 . 0 5  1.00 42.45 975.93 .OO 5.40 .OO 

FLDW DISTRIBUTION ( X I  = .O 100.0 . O  

TABLE SA-1. EFFICIENCY ON STREAM SEGMENT I 1 
EXAMPLE PROBLM NO 4. LOWER SOUTB FORX ZllMBRO R m ,  ROXESTER, W 
ACCUMlUTED AC-FT ENTERING AND LEAVING TBIS STREM SEQ4ENT 

*.********.*****.*****o*o*o*****o****o***+*****o*o*****o*o*** 

t l 

TIME ENTRY SAWD l 

DAYS WINT * INFLW OUTFLOW TRAP EFF 
* 

2.00 58.000 * .03 l 

53.000 .04 
TOTAL- 5 3 . 0 0 0 0  .07 .76 - 9 . 6 7 *  

* 
.******************o**************t*******oo*oo***o*+oo***o** 

~ I M E  ENTRY SAND l 

2.00 53 .OOO * .76 
42.100 * . 00 

T3TAL- 15.000 7 6 . O O  1.00 . 
t k * O ~ ~ ~ * ~ R * * * ~ ~ ~ * ~ n O ~ O ~ ~ * ~ ~ n * ~ ~ O O O * ~ I t * * ~ ~ ~ ~ ~ ~ ~ O * ~ ~ ~ ~ ~ ~ ~ o O o ~ o ~  

TIME ENTRY SAND * 
2 .00  35.000 . O O  l 

15.000 * . 00 
TOTAL= 1.000 * . O O  .26 -59.23 

* 
r * * * * * * * * * * * o * * o * * * * * * * * * l * t * *  

TPELE SS - 1. TOTAL AND L W  BY GRAIN SIZEfl MWSIDAY 
VF F M C VC 

SEDIMENT INFLOW 
SANDS & GRAVELS 28.81 9.03 10.94 8.84 .OO .OO 

.oo .oo .oo . 00 .oo 
SEDIMENT OUTFLOW 
SANDS 4 GRAVELS 260.08 16.61 36.23 98.75 80.54 26.57 

1.38 1.59 .41 .OO .OO 

SECTION 
iD NO 

58.000 
55.000 
53.000 
64.000 
42.100 
35.000 

BED CHANGE 
FEET 

- . 7 1  
. 05  
.oo 
.56 
.oo 
. 00 

WS ELEV 
FEET 

977.16 
975.22 
973.88 
574.02 
974.02 
974.00 

TIULWEG 
EL FEET 

974.69 
972.95 
972.20 
967.66 
969.80 
963.30 

Q 
CFS 

282. 
282. 
410. 
410. 
439. 
439. 

SEDWNT LOAD (TON!3/DAY) 
SAND 

828. 
726. 

0. 
0. 
0 .  
0. 



SDREDGE 

SDREDGE 0 

STREAM SEGMENT # 1: OIAMPLE PROBLM NO 4. LOWER S O W  FORK ZUMRO RIVER. ROCHESTER. MH 

SEC NO. 42.100 
ELEVATION OF DREDGED CHANNEL INCLUDING 1.00 FEET OF OVER DREDGING- 969.80 

SEC NO. 44.000 
ELEVATION OF DREDGED CHANNEL INCLUDING i.00 FEET OF OVER DREDGIN- 968.00 
TONS OF SEDIMENT DREDGED FROH THIS REACH- 2476.0 ACCUMlLATED FRCH DOWNSTREAM END- 2476. 

CUBIC YARDS- 1972.1 1972. 

B FLOW 2 = 50 DAYS AT BANK FULL DISCHARGE 

COHPUTING FROn TIME- 2.000000 DAYS TO TIME- 52.000000 DAYS IN 20 CCUPUTATION STEPS 

BOUNDARY CONDITION DATA, CONTROL POINT NO. 1 
TIME STEP NO. 2 

WATER DISCBARGE= 2500.00 
ELEVATION- 965.000 

TPIPERATURE- 65.000 
FLW DVRATION(DAYS) 2.500 

TABLE SA-1. TRAP EFFICIENCY ON STREW SEGHEWT # 1 
EXAMPLE PROBLEM NO 4. LOWER SOUTH FORK ZUNBRO RIVER. ROCHESTER. MN 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEWNT 

............................................................. 
* 

TIME ENTRY SAND 
DAYS POINT INFLOW OUTFLW TRAP EFF 

52.00 58.000 • 13.11 
53.000 16.03 a 

TOTAL- 53.000 29.14 37.71 -.29 

h********t*++***+***t*t****1.*********************.)**.)(.****t** 

TIME ENTRY SAND 
52.00 53.000' 37.71 * 

42.100 * .36 * 
T3TAL= 35.000 38.06 13.86 .64 

* * 
............................................................. 

t IME ENTRY SAND * 
52.00 35.000 13.86 * 

15.000 .99 * 
TOTAL- 1.000 * 14.86 .62 .96 * 

* * 
............................................................. 
TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZEIN TONSIDAY 

VF F M C VC 
SEDIUENT INFLOW 
SANDS & GRAVELS 529.98 265.63 173.06 82.59 6.27 2.42 

.oo .oo .oo .oo .oo 
SEDIMENT OUTFLW 
SANDS & GRAVELS 16.01 2.59 1.67 5.02 4.85 1.86 

.01 .oo .oo .oo 00 



SECTICN 
13 NO 
58.000 
55.001) 
53.000 
44.000 
L2.100 
35.000 
33.300 
33.200 
32.000 
15.000 
i.000 

BED CHANGE 
FEET 
-3.22 
-1.77 

.oo 
2.61 
2.46 
.oo 

1.22 
1.22 
.27 
. 18 
.oo 

WS ELOI 
FEET 
978.82 
977.99 
976.37 
974.24 
374.07 
976.00 
965.46 
965.39 
965.39 
965.03 
965.00 

Q 
CFS 
1400. 
1400. 
2050. 
2050. 
2200. 
2200. 
2200. 
2200. 
2200. 
2500. 
2500. 

STREAM SEGWZNT C 1: EXAMPLE PROBLM NO 4. LCWER SOURI FORK ZUWRO Rim, ROCESrPI. M 

SEC NO. 42.100 
ELEVATION OF DREDGED CHANNEL INCLUDING 1.00 FEET OF OVER DREDGING- 969.80 

SZC NO. 44.000 
SLEVATION OF DREDGED CHANNEL INCLUDING 1.00 FEET OF OVER DREDGING- 968.00 
:3NS OF SEDIMENT DREDGED FRM TBIS EACH- 50 10.0 ACCWULATED FRU4 DOMISTEAM END- 5040. 

CUBIC YARDS- 4014.3 601b. 

* B FLOW 3 = NEAR BANK FULL DISCBARGI: 

BOUNDARY CONDITION DATA. CONTROL POINT NO. 1 
TIME STEP NO. 3 

WAT01 SISCBARCE- :250.00 
ELEVATION= 360.000 

T m m T m -  55.000 
FLOW DUIU\TION(DAYS) 1.000 

?ABLE SA-1 .  TRAP EFFICIENCY ON STREAM SEcMENT C 1 
W P L E  PROBLM NO 4. L W E X  SOUIB FOR11 RIVER, ROCHESTER. M 
ACCUMULATED AC-FT ENTnING AND LUVING THIS STRUn S-T 

r*.***t***.**************t*********************************** 

t 

::% ENTRY * SAND t 

2AYS 13INT INFLOW OUTFLOH PAP EFF 
* 

4 2 . 2 0  58.000" L3.18 
53.000 * :s. 13 l 

Y!TAL= 53.000 * 29.32 37.91 -.29 
* 

.************************************************************ 
7 1.- ENTRY SAND t 

53 .OO 53.000" 37.91 t 

42.100 .36 0 

T3TAL- 35.000* 28.27 13.86 .64 
t 

.*****.****************t*******************t***************** 

TIM ENTRY SAND 
53.00 35.000. 13.86 t 

15.000 1.00 1 

T3TAL= i.000 i4.86 .72 .95 ' 
t 

n******."**.*******************t***************************** 

lMLE S2-1.  T3TU AND LOM BY GRAIN SIZEII TONSlDAY 
VF F H C VC 

SEDIMNT INFLOW 
SANDS d GUVELS 149.81 66.90 53.32 29.58 .O1 .OO 

.oo .oo .oo .oo .oo 
SEDIMENT OUTFLOW 
SANDS h GRAVELS 204.33 67.74 26.17 51.88 12.76 15.33 



SECTION aED CHANGE 
ID NO FEET 
58.000 -3.26 
55.000 -1.76 
53.000 .a0 
44.000 -3.26 
42.100 .OO 
35.000 . 00 
33.300 .OO 
33.200 . 00 
32.000 -.38 
15.000 .56 
1.000 . 00 

WS ELEV 
FEET 
376.98 
376.37 
374.83 
474.05 
376.02 
976.00 
363.74 
363.26 
962.21 
359.99 
960.00 

THALWEG 
EL FEET 
372.14 
371.14 
372.20 
367.01 
972.26 
963.30 
361.00 
961.00 
958.12 
354.56 
344.70 

Q 
CFS 
682. 
682. 
1022. 
1022. 
1100. 
1100. 
1100. 
1100. 
1100. 
1250. 
1250. 

SEDIENT LOAD (TONSIDAY) 
SAND 
260. 
209. 
0. 
32. 
2. 
0. 

1230. 
4358. 

21668. 
206. 
204. 

STREAM SECMENT t 1: EXAMPLE PROBLM NO 4. LCWER SOUTH FORK ZUHBRO RIVER. ROCHESTER. MH 

INFLCWING SEDIMENT LOAD TABLE HODIFIED BY: 
LP 10.000 ,000 .ooo .ooo 000 ,000 .ooo 

SEDIMENT LOAD TABLE FOR STREAM S E W N T  d i 
L O M  BY GRAIN SIZE CLASS (TONSIDAY) 

* 1.00000 50.0000 * 1000.00 * 5800.00 * 90000.0 
VFS* ,130900E-02" 178500 * 159.360 * 2299.50 232800. * 
FS* .3608OOE-02' ,492000 105.920 1377.00 * 112000. * 
MS. ,608300E-02. ,829500 * 49.9200 593.000 * ~4000.0 * 
is* ,379500E-02* .517500 " 3.52000 72.0000 * 8000.00 
VCS* ,275000E-OJ* ,375000E-01" 1.28000 * 36.0000 * 2000.00 
VFG* ,550000E-04* ,750000E-02" .100000E-19. 18.0000 * 800.000 * 

FG* ,100000E-19* 150000E-19' .100000E-19- 4.50000 * 400.000 
%* .lOOOOOE-19' 100000E-13* .lCOOOOE-19' .100000E-19* .100000E-19' 
:;* ,100000E-19. .1?0000E-19* .100000E-19* .100000E-19* ,100000E-19* 

VCG* ,100000E-19" .:COOOOE-?9* .100000E-19. .100000E-19. ,100000E-19. ------------ ------------ ------------ ------------ ------------ 
S W *  151250E-Ol* 2.06250 ' 320.000 * k500.00 * b00000. 

12.000 ,000 ,000 ,000 ,000 ,000 ,000 

SEDIkENT LOAD TABLE FOR SZRUn SE-T d 1 
AT LOCAL INFLOW POINT d 2 

LOAD BY GRAIN SIZE CLASS (TONSIDAY) 

LQL * 
LFL 'GS* 
LFL FS* 
LFL ?!* 
LFL CS* 
LFL VCS* 
LFL W G *  
LFL FG* 
LFL MS* 
LFL CG* 
LFL VCG* 

svn* 



DOWNSTREAM BOtRSDARY CONDITION SPECIFIm BY A RATING CURVE 

ELEVATION OF GAGE ZERO 
D I S W G E  CORRESWNDING TO LOHEST ELEVATION IN TABLE 
DISCWGE INTERVAL 
SO. OF POINTS IN RATING TABLE 
ELEVATIONS 

950.00  955.10 958.00 960.00 962.00 
368.30 968.90 969.40 969.80 370.20 
3 7 2 . 4 0  972.70 372.90 973.10 973.30 
9 7 4 . 1 0  974.20 974 .30  974.40  974.50 

PRINT AT SELECTIVE X-SECTIONS ONLY 
PN 1.000 7 . 0 0 0  ,000 ,000 ,000 . 000 . 000 . 000 ,000 
END ,000 . O O O  ,000 . 000 .OOO . O O O  ,000 . O O O  . , 0 0 0  

r.C FLOW 4 = BASE FLOW OF 500 CFS 

BOUNDARY CONDITION DATA. CONTROL WINT NO. 1 

SE(MENT INFLOW Q IN CFS . . .  
1 500.0 61.0  29.0 128.0 

TI= STEP NO. 4 
WATER 3ISCBARGE- 500.00 

ELEVATION- 965.000 
TEMF'rnTrn= 55.000 

FLOW DURATION(DAYS) 1 .000  

**** ?I DISCAARGE WATER ENERGY VELOCIrY UPBA TOP AVG A% VEL (by subsection) 
(CFS) SURFACE LiNE BEMI WIDIE BED 1 2 3 

SEC NO. 1.000 
**** ! 500.0  365.00 365.00 . O O  4 . 4 7  1330.15 951.52 .02  . 1 7  . O 1  

FLdW DISTRIBUTIOri (I) = . 8  90.0 9 . 3  

.?EC F 2 .  - 2 . i 0 0  
"*** 1 k 3 9 . 0  974.00 9 7 4 . 0 1  . O O  1.00 242.95 970.70 . O O  . 5 5  . O O  

FLOW DISTRIBUTION (I) - . O  100.0 . O  

EXAMPLE DlOBLM NO 4. LDWER SOUTH FORX ZLWRO RIVER, ROCBESTBI, FPl 
?LOWrY(N)= : 
FL O W . . .  Q(N)= 282.0 
TIMSTEP DURATION (DAYS) = 1.0000 
ACCUMVLATED TIME ('fRS, = , 1479  
;iATER TClPERATURt (DLG F)= 62.0638 
-***********t****7+**t**t**f F U L  VELOCITY By tq7TEOD 2**f~****.lf**.eoff(lft**f***+* 

3IMETER VELOCITY RDI. NO. CD 

SEDIMENT INFLOW (TONSIDAY) 



TOTAL AN0 LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONSlDAY 
SANDS 6 uXAVELS 30.66 9 . 0 3  10 .94  8 . 8 4  1.57 .29 

0 0 . o o  0 0 0 0 00  

THE FOLLOWING IS A LOCAL INFLOW 
L 0 C A L INFLOH WINT : NO. ; QCCFS) :TPIP(DEG-F): 

: 2 :  
LOCU LNFLOW : 3 : 29.0000000 70.00: 
MAINSTEM INFLOW : 1 : 410.000000 63.60: 
TOTAL OUTFLOW . 1 : 4 3 9 . 0 0 0 0 0 0  64 .03 :  

DIAMETER VELOCITY REY. NO. CD 

SEDIMENT INFLW FRCM LOX. INFLM WINT 
TDTAL AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONSlDAY 

SANDS & GRAVELS 1.22 .81 .25  . 1 0  . 04 . O 1  
00 . o o  00 . o o  . 00 

***********************0***0******0***************.*t******.***********0*********************.*****t*.)*0****** 

THE FOUOHING TABLE IS PRINTOUT FOR CROSS SECTION L2.100 ------------------------------------------------------------ 

TAU 

,00097 

HYORAULIC PARAMETERS : 
VEL SLO EFD EFW N-VALUE 

NO. 
, 4 2 0  . OX003 5.956 195.948 . 0 153 

030 
BED SEDIMEHT RESERVOIR CCHPUTATIONS: 
NEW SllRFACE A3.U (SO FT): TOTAL K-PORTION S-PORTION 

324607.08 ?24607.08 . O O  

GRMATION OF ACTIVE PLUS INACTIVE DEWSITS 
BED MATERIAL BY GRAIN SIZE FRACTION ,104572 ,208994 369921 ,233720 ,053457 

,017827 ,009123 ,000139 002245 .000001  
BED MATERIAL BY PERCENT FINERIlGG 134572 313567 683488 ,317207 ,970665 

,988492 .997615 ,997754 ,999999 1.000000 

SAND 
** hRHOR LAYER ** 
STABILITY COEFFICIENT- ,94788 
M1N.GRAIN DIM - .001184 
BED SLWACE EXPOSED - 1.00000 

INACTIVE LAYER A5TIn LAYER 
2 DEPTH DEPTH 

CLAY .L100000 00 000000 . 00 
SILT 300000 0 0 300000 . O O  
SAND ?00000 . O O  i .000000 2 .46  
TOTAL . : ? 2 0 0 0  50 1 .000000 2 . 4 6  

AVG. UNIT AVG. ilNIT 
'WEIGHT WEIGHT 

CCH#)SITE UNIT WT OF  ACT^ LAYER TICF- ,046500 
WEIGHT IN SURFACE LAYER(TONS), mSI.9 . O  



XPTE OF NEU ACTIVE UYERCFT). DSE- .OOOO 
WEIGHT IN NEW ACTIVE LAYER, .O 
WEIGHT IN OLD ACTIVE LAYER. HAL- 37098.2 
'!SEABLS HEIGHT, OLD INACTIVE LAY, WIL* .O 

BE3 MATERIAL BY GRAIN SIZE FIUCTION .084731 .lo1697 .lo1697 ,101697 ,101697 
.lo1697 .lo1697 .lo1897 .lo1697 ,101897 

OED MATERIAL BY PERCENT FINER1100 .084731 .I86427 .288124 .389820 ,491517 
,593218 .694910 .796607 ,898303 1.000000 

** !.CT:'E LAYER ** 
aED MATERIAL BY GRAIN SIZE FIUCTION ,104572 .208996 .369921 ,233720 ,053457 

,017827 .009123 .000139 .002245 .000001 
BED MATERIAL BY PERCENT FINERllOO .lo4572 ,323567 .683486 .917207 ,970685 

,988492 ,997815 .997754 .999999 1.000000 

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

WTENTIAL PANSPORT BY SIZE ,100000E-06 .100000E-06 .100000t-06 .10000OE-06 .100000E-06 
.100000E-06 .100000E-06 .100000&-06 .100000L-08 .100000t-06 

BED MATERIAL BY GRAIN SIZE FRACTION .lo4591 .208994 .369812 .233713 ,053456 
,017826 .009123 .000139 .002245 .000001 

aED MATERIAL BY PERCENT FINERl100 ,104591 .313585 .683497 ,917210 ,970666 
.988492 .go7615 .997754 .999899 1.000000 

TOTAL W D  LOAD BY GRAIN SIZE (PIIPt 10 M E )  IN TONSIMY 
CALCULATED SEDIHENT LOAD. TONSIDAY 
SANDS & GRAVELS 00 .OO .OO .OO . 00 .OO 

.oo .oo .oo .oo . 00 

"**0****0****00**00*0*00*0000~000*0*0*0t*0*00***0*****0**************~************************************.*** 

THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION 1.000 ............................................................ 

N-VALUE 

. 0 182 

HYDRAULIC PARAMETERS : 
VEL SLO EFD EEW 

so. 
302 .OOOOOO 11.243 167.384 

. Gl6 
3ED SEDIMENT RESERVOIR CCMPWTATIONS: 
NEW SURFACE AFEA (SO FT): TOTAL K-PORTION S-mRTI0N 

954954.00 954954.00 .OO 

TAU USTARn 

.OOOlO ,00705 

T"Z4NSMISSICZ BOUNDARY CONDITION - TYPE 2 
3ED MATERIAL BY GRAIN SIZE FRACTION .010000 .070000 ,290000 .360000 ,120000 

.060000 .040000 .015000 .035000 .OOOOOO 
3ED MATERIAL BY PERCENT FINERllOO .010000 .080000 .370000 .730000 .850000 

.910000 .950000 ,965000 1.000000 1.000000 
TOTAL AND LOM BY GRAIN SIZE (FINE TO COARSE) IN TONS~DAY 

IALC'JLATED SEDIMENT LOAD, TCNSlDAY 
runs & GL~VELS 00 .oo .oo .oo .OO .oo 

.oo 0 0 .DO .oo .oo 

:ABLE SA-1 .  TRAP EFFICIENCY ON SfREAn SE- I 1 
EXAMPLE ?ROBLM NO 4. LCWER SOUTH FORK ZUMJRO RIVER, ROCRZSTER. M 
ACCUMULATED AC-FT ENTERING AND LEAVING TRIS S T W  SEQENT 

~ ~ ~ ~ ~ ~ ~ o o ~ ~ o ~ ~ o ~ o ~ ~ ~ a * o ~ o o ~ * ~ * o O * o * t o ~ o * o o ~ o ~ ~ ~ o o o o ~ a o ~ o ~ ~ ~ ~ ~  

l l 

Ti.% ENTRY l SAND l 

DAYS WIRT l INFLOW 0UTFI.W TRAP EFF . 
54.00 58.000 * 13.20 * 

53.000* 16.15 l 

T3TAL= 53.000 29.35 37.95 -.29 . . 
**o***"o***.*o****oo**o**o*o*ooo*o****o**t****oo**oo***oo*~** 

TIME ENTRY l SAND 
54.00 53.000' 37.95 

42.100 ' .36 l 

TOTAL- 35.000 l 38.31 13.86 .64 
0 0 

r**o*..o****ooo.*.oo*t*oo*a*oo*t*****o*************o********* 

TIHE ENTRY l SMD o 

54.00 35.000. L3.86 l 



.............................. 
TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZIIl T0NS;DAY 

W F M - 
C 

SEDIMENT INFLOW 
SANDS 6 GRAVELS 30.66 9.03 10.94 8.84 1.57 

.oo .oo . 00 00 
SEDIMENT OUTnOn 
SANDS h GRAVELS .oo .oo .oo . 00 .oo 

.oo .oo .oo .oo 

SECTION BED CBANOE 
ID NO FEET 

58.000 -3.26 
55.000 -1.77 
53.000 .OO 
44.000 -3.22 
42.100 .OO 
35.000 .OO 
33.300 0 0 
23.200 3 0 
32.000 - .  38 
15.000 .56 
:. 000 .oo 

WSUEV 
FELT 
975.48 
974.96 
373.88 
974.01 
974.00 
974.00 
565.04 
065.04 
965.04 
965.00 
365.00 

TRALWUi 
EL FEET 
972.14 
971.13 
372.20 
964.78 
369.80 
963.30 
361.00 
361.00 
356.12 
954.56 
914.70 

ACCLMJLATED WATER DISCHARGE FROM DAY ZERO(SFD) 
MAIN TRIB I1 WIB 12 WIB 13 . . . . ETC 

2750.0000 

SVOL A 

STREAM SEGMENT # 1: MAMPLE PROBLEM NO 4. LOWER SOUIE FORK ZUMBRO RIVER. ROCESTER. MN 

SOmARY TABLE: MASS AND V O L W  OF SEDIMENT 

SECTION SEDIMENT PASSING SECTION IN IONS SEDIFENI DEWSITED IN RUCH IN CUBIC YARDS 
TOTU SAND SILT CLAY TOTAL ACClPNUTED SAND SILT CLAY 

LOCAL 733. 733. 0. 0. 583. 

LOCAL 2027. 1027. 0. 0. 1615. 

ACCUMTLArm LOAD BY SIZE CLASS (fin. to coarno, an TONS 
I NfLOW 

SAND 13375. 8739. 4.186. 315. 122. 



X I E R  MILE - 
?.iVER HILE - 
21VER MILE = 

RIVER MILE = 

RIVER MILE = 

RIVER MILE = 

RIVER MILE - 
RIVER MILE - 
RIVER HILE - 
2IVER MILE - 
RIVER MILE = 

58.000 
s m  

55.000 
SAND 

53.000 
SAND 

44.000 
SAND 

42.100 
SAND 

35.000 
SAND 

33.300 
SAND 

33.200 
s m  

32.000 
SAND 

15.000 
SAND 

1.000 
SAND 

0 3ATA ERRORS DETECTED 

T3T.a SO. OF TIMESTEPS READ- 4 
T31AL 210 OF US PROFILES= 23 
ITLUTIONS IN U(HW EQ = 920. 
S!4D OF 209 

:33 CC::?LETED 
:':N TI:E = 0 HOURS. 2 YINUTES 6 57.23 SECONDS 

A ponion of the '8-level' hydraulic output for Example Problem 2 for the second discharge at 
sectlon 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 It.. which is the station before 10700 ft. The same is seen on the right side as elevations are 
kept a! 970 ft. after Station I1000 ft. until the original ground line is encountered. 



EXHIBIT 6.5 B-Level Hydrualic Output 

.......................................................................................... 
INPUT FILE: M2B.DAT 
OUTPUT FILE: M2B.OUT 

.......................................................................................... 

B PROFILE 2 - FLOOD EVENT 
BOUNDARY CONDITION DATA. CONTROL POINT NO. 1 

SEWNT 1NM.W Q IN CFS . . .  
1 10000.0 500.0 1200.0 2600.0 

TIME STEP NO. 2 
WATER DISCBARGE- 10000.00 

ELEVATION- 963.000 
TPIPERATVRE- 60.000 

FLGU DURATION(DAYS) 1.000 

**** N DISCHARGE WATER E m Y  VELOCITY ALPHA TOP AVG AVO VEL (by subsection) 
(CFS) SURFACE LINE 3EAD WID= BED 1 2 3 

SEC NO. :. 500 
X-SECTION 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 10092.000 950.000 10108.000 948.480 10138.000 946.600 10158.000 944.700 
10225.000 955.200 10243.000 956.200 10250.000 958.900 10275.000 959.800 10300.000 959.800 
10325.000 959.900 10350.000 958.800 10400.000 957.400 10700.000 970.000 10960.000 966.000 
11060.000 970.000 11085.000 968.000 11240.000 968.000 11365.000 970.000 11500.000 970.000 
11615.000 970.000 11665.000 962.000 12400.000 962.000 12550.000 976.000 12670.000 980.000 
12730.000 982.000 12735.000 984.000 

**** 1 10000.0 963.00 963.23 .23  2.43 1243.42 951.52 .84 4.03 .44 
FLOWDISTRIBUTION (2) - 1.3 91.6 7 . 1  

REACH PROPERTIES BY STRIP 
INEFF FLW EL 

UIS SECTION . . .  CONVEYANCE 
AREA 

HYD RMIUS 
REACH. . . N 

SQRT(L) 
31s SECTICN . . .  AR&A 

HYD RADIUS 

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

9570.000 992.000 9570.000 992.000 10110.000 982.000 10300.000 976.000 10490.000 976.000 
10810.000 966.000 10665.000 964.700 10673.000 961.000 106Q3.000 961.000 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 108S2.000 962.000 10970.000 964.000 11015.000 970.000 11090.000 970.000 
11150.000 970.000 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 

**** . 10000.0 969.01 969.28 .27 1.58 432.03 958.47 1 .02  4.44 1 . 3 1  
FLOW DISTRIBUTION (2) - 2.6 86.6 10.8 

REACH PROPERTIES BY STRIP 
INEFF F L W  EL 

UIS SECTION . . .  CONVEYANCE 
AREA 

HYD RADIUS 
mII. .. N 

SPRT(L1 
DIS SECTION . . .  AREA 

m RADIUS 



.LOCAL INFLCW POINT NO. 1. 600.00 

CDNTINUING ON SECXENT NO 1 
TEMPERATURE- 60.000 

O DATA ERRORS DETECTED. 

TOTAL NO. OF TIMESTEPS REM- 2 
TOTAL NO. 3F WS PROFILES- 2 
ITERATIONS IN EUiER EQ = 0. 
END OF JOB 

6.3 Problem 3 - Movable Bed 

The following example demonstrates how to add sediment data to the previousiy deveioped 
file. Existence of sediment data within the input file causes HEC-6 to compute sediment transpon 
Yates and modii the cross section geometry as described in section 2.3. Sediment related data 
conslsts 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 SHYD record of the flow data Exhibit 6.6 illustrates the 
input data file for Example Problem 3. 

EXHIBIT 6.6 Input - Mwable Bed 

TI P R O B ~  no 3. L- SOUIB FORI mmto ~ m ,  R O C B L S ~ ,  r ~ i  
T2 BASIC SEDIMENT RUN, 3 LOCAL INFLOWS: CASCADE. SILVER AND BEAR C R E X S  
73 ORIGINAL WORX BY DAVID 1. WILLIAM. WLS. 1982: ADAPTED 1989, 01W 
NC .I00 ,100 ,040 .1 .3 
X l  1.0 31.10077.010275.0 0. 0. 0. 0. 0. 0. 
GR1004.0 9915.0 978.40 10002.0 956.00 10060.0 959.20 10077.0 959.30 10081.0 
GR950.00 10092.0 948.48 10108.0 946.60 10138.0 944.70 10158.0 955.20 10225.0 
bR956.20 10243.0 958.90 10250.0 959.80 10275.0 958.80 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 11085.0 968.00 11240.0 970.00 11365.0 970.00 11500.0 970.00 11615.0 
S2962.00 11665.0 962.00 12400.0 976.00 12550.0 980.00 12670.0 982.00 12730.0 
SR984.00 12735.0 
ED ?. LO. 10081 10250 
NV 22 ,045 965.6 ,064 988.8 
NV :2 ,080 965.6 ,130 988.8 
NV 33 .I0 965.6 .11 982.0 .12 988.8 
X1 15.0 27. 10665.0 10850.0 8565. 7535. 8268. 0. 0. 0. 
X3 10700 961 11000 970 
GR992.00 9570.0 982.00 10110.0 976.00 10300.0 976.00 10490.0 966.00 10610.0 
GR964.70 10665.0 956.00 10673.0 953.00 10693.0 954.00 10703.0 955.60 10723.0 
GR958.60 10750.0 959.30 10800.0 957.00 10822.0 957.30 10825.0 961.50 10850.0 
GR962.00 10852.0 964.00 10970.0 966.00 11015.0 961.00 11090.0 962.00 11150.0 
GR970.00 11190.0 972.00 11310.0 980.00 11410.0 984.00 11570.0 980.00 11770.0 
GR990.00 11865.0 1000.00 12150.0 
HD : 5  10. 10673 10852 
QT 
NC . L O  .lo .05 
X1 32.0 29. 10057.0 10271.0 7429. 6654. 8240. 0. 0. 0. 
GR998.00 9080.0 982.00 9250.0 982.00 9510.0 980.00 9600.0 980.01 9925.0 
GR979.48 10000.0 978.50 10057.0 968.60 10075.0 959.82 10087.0 956.50 10097.0 
GR956.dO 10117.0 957.80 10137.0 959.40 10157.0 959.60 10177.0 959.82 10196.0 
GR966.50 10225.0 971.20 10250.0 978.50 10271.0 978.50 10300.0 978.60 10350.0 
GR978.91 10370.0 978.96 10387.0 980.00 10610.0 982.00 10745.0 982.00 11145.0 
GR984.00 11150.0 992.00 11240.0 1000.00 11330.0 1008.0 11425.0 
9D 32 10. 10075 10275 



XI 33.2 21. 1850.0 2150.0 130. 250. 320. 0. 0. 0. 
XL 250 
Gi71000.0 980.0 990.00 1060.0 980.00 1150.0 982.00 1180.0 982.00 1215.0 
GR980.00 1260.0 982.00 1300.0 982.00 1350.0 980.00 1420.0 980.00 1540.0 
GR982.00 1730.0 982.00 1830.0 984.41 1850.0 979.19 1851.0 961.00 1900.8 
G2961.00 2099.2 976.00 2149.0 984.50 2150.0 982.00 2800.0 990.00 3100.0 
GR1000.0 3170.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 
HD 33.2 3 1851, 2149 
XI 33.3 0 1850.0 2150.0 155. 175. 175. 0. 0. 0. 
LID 33.3 0 1851 2149 
X1 35.0 22. 9894.0 10155.0 105. 105. 105. 0. 0. 0. 
X3 10 
X5 974. .5 
GR984.00 9035.0 980.00 9070.0 978.00 9135.0 980.00 9185.0 982.00 9270.0 
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 9974.0 967.40 10004.0 968.20 10044.0 967.60 10054.0 
GR973.40 10115.0 977.40 10120.0 983.10 10155.0 984.00 10245.0 982.00 10695.0 
GR982.00 10895.0 1004.00 11085.0 
HII 35 0 9954 10155 
NC .06 06 ,045 
Xl 42.1 32. 9880.0 10130.0 2070. 3965. 3005. 0 .. 0. 0. 
SR996.00 7130.0 998.00 7310.0 998.00 7930.0 992.00 8205.0 990.00 8495.0 
GR988.00 8780.0 986.00 8990.0 985.70 9570.0 986.45 9707.0 989.44 9857.0 
GR990.00 9880.0 969.80 9881.0 969.80 9941.0 985.80 9941.0 985.80 9943.0 
GRS69.80 9943.0 969.80 10001.0 986.70 10001.0 986.70 10003.0 969.80 10003.0 
GR969.80 10067.0 985.80 10067.0 985.80 10069.0 969.80 10069.0 969.80 10129.0 
GR989.90 10130.0 989.50 10180.0 988.60 10230.0 987.60 10280.0 985.20 10430.0 
GR086.80 11720.0 989.90 12310.0 
80 42.10 0 9881 10021 
QT 
Xl 44.0 28. 9845.0 10127.0 290. 795. 495. 0. 0. 0. 
XL 9850 10200 
GR1002.0 8035.0 992.00 3150.0 990.00 8305.0 990.00 8735.0 988.00 8835.0 
GR996.00 9285.0 :017.6 9425.0 990.00 9505.0 986.00 9650.0 984.10 9788.0 
GR980.60 9845.0 970.90 9868.0 972.20 9898.0 970.50 9968.0 967.50 9998.0 
GR968.90 10028.0 967.40 10058.0 967.10 10078.0 971.90 10118.0 976.80 10127.0 
GR977.80 10150.0 976.90 10193.0 982.00 10206.0 981.20 10300.0 979.20 10525.0 
GR983.10 10400.0 999.80 10450.0 1002.40 10464.0 
IfD 44 10. 9868 10193 
X1 53.0 22 .  10000.0 10136.0 3368. 2831. 2941. 0. 0. 0. 
GR1004.0 7550.0 1000.00 7760.0 998.00 8440.0 996.00 8640.0 996.00 8780.0 
GR994.00 8940.0 986.00 9245.0 986.30 9555.0 986.30 9825.0 983.80 9900.0 
GR982.80 10000.0 978.20 10011.0 974.00 10041.0 972.20 10071.0 972.60 10101.0 
GR978.20 10121.0 988.70 10136.0 989.30 10154.0 999.20 10200.0 1000.1 10320.0 
GR1002.0 10470.0 1004.00 10700.0 
HD 53 LO. :OOOO 10136 
QT 
X l  55.0 :8. 9931.0 10062.0 275. 1430. 770. 0. 0. 0. 
GR1004.0 7592.0 1000.00 7947.0 996.00 8627.0 990.00 9052.0 986.00 9337.0 
GR984.30 9737.0 984.70 9837.0 985.50 9910.0 987.20 9931.0 978.10 9955.0 
GR974.80 9975.0 974.20 10005.0 972.90 10035.0 973.20 10045.0 983.80 10062.0 
GR985.80 10187.0 986.00 10307.0 990.00 10497.0 
RD 55 10. 9931 10062 
X1 58.0 22. 9912.0 10015.0 1097. 1012. 1462. 0. 0. 0. 
GR1006.0 3542.0 1004.00 8952.0 1000.00 9702.0 997.20 9812.0 996.30 9912.0 
GR976.20 9944.0 975.40 9974.0 978.20 9991.0 990.40 10015.0 988.30 10062.0 
GR988.80 10065.0 988.30 10065.0 989.30 10169.0 990.00 10172.0 992.00 10242.0 
GR982.00 10492.0 988.00 10642.0 986.70 108S2.0 988.00 11022.0 986.00 11097.0 
GR986.00 11137.0 988.00 11192.0 
HD 53 3.4 9912 10015 
EJ 
T 4 MAIN STEP. 1. SOUTH FORK ZUMBRO RIVER, ROCHESTER. EM 
75 LOAD CUR';; FROn USGS DATA AT USGS GAGE: 5 PERCENT ADDED FOR BED LOAD 
T6 BED GRADATIONS FROM INTERPOUTION OF SAMPLES TAKEN 10 JUNE 1980 
T7 ENCODED BY DAVID W I U I M ,  WES. SEPT 1982 
T8 SEDIHENT W S W R T  BY STRUM POWER: SEE ASCE JOURNAL ( Y A K  1971) 
I1 0 5 
14 SAND 4 1 10 
I5 . 5  .5 .25 . 5  .25 0 1.0 
LO 1 50 1000 5800 90000 
LT TOTAL .0110 1.5 320 4500. 400000 
LF VFS 119 ,119 ,498 ,511 .582 
LF FS ,328 228 ,331 ,306 .28O 



LF ?!S 
LF C S  
LF VCS 
LF VFG 
LF FG 
LF K; 
LF CG 
LF VCG 
PFMANP 
PFC 2.0 
PFC. 0625 
PF MAW 
PFC 6.0 
PIT ,125 
PFmAHP 
PFC 4.0 
SLOCAt 
LQL 
LTLTOTAL 
LFL VFS 
LFL FS 
LFL MS 
LFL cs 
LFL VCS 
LFL VFG 
LFL FG 
LFL PG 
LFL CG 
LFL VCG 
LQL 
LTLrnM. 
LFL VFS 
LFL FS 
LFL MS 
LFL CS 
LFL VCS 
LFL VFG 
LFL FG 
LFL m; 
LFL CG 
LFL VCG 
LQL 
LTLTOTAL 
LFL VFS 
LFL F S  
LFL W 
LFL CS 
LFL VCS 
LFL VFG 
LFL 'G 
LFL M3 
LFL CO 
LFL 'JCG 
SHYD 

AB 
Q 500 
R 956. 
T 65 
W 2 

B 
Q 2500.0 
R 965. 
W 50 
* B  
0 1250. 
R 960. 
W 1. 
" C 
Q 500. 
R 965. 
W 1. 
SSEND 

FLOW 1 = BASE FU3W OF 500 CFS 
61 29 128 

FLOW 2 = 50 DAYS AT BANK FULL DISCHARGE 
300. 150. 650. 

FLOW 3 = NEAR BANK FULL DISQURGE 
3 0 < 78. 340. 

FLOH 4 = BASE FLOW OF 500 CFS 
6 1 29 128 



6.3.1 Movable Bed Limits 

The HD records contain information regarding the mwable bed for each cross section. For 
example, at section 1.0. only that ponlon of the cross section between stations 10081 and 10250 ft. is 
the 'rnovaole bed'. The 'fixed' GR polrns are those or, either side of t-: movable bed stations; that is, 
should a limit of the movable bed coincide with a GR po~nt, that point IS movable and the next polnt 
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 thatweg. 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 thatweg. 

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 transpon rates and selection of grain sizes 
are enterea on the 1 records. For problem 3, the number of times that the bed naterial gradation is to 
be recalculated within a time step is set to five (see section 2.3.4.1) on the I1 record. Default values 
for the other parameters on this record will be used. Only sands and gravels are analyzed in problem 
3. Since there are no clays or silts in either the bed or the inflowing load. there are no I2 or 13 
records. All sand and gravel sizes are being analyzed (which is the default) as seen by the 1 in field 3 
and 10 in field 4 of the 14 record. The transport computation method chosen is that of Yang (4 in field 
2 of the 14 record). Default values for the other parameters were selected, by not providing data. It is 
imponant to remember that the range of gram sizes selected on the I 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 e~ther the bed or inflowing materials. 

The 'most stable' weighting scneme lor the hydraulic parameters has been selected via the 15 
record (see section 2.2.4). 

6.3.4 lnflowinq 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 LO, LT, and LF 
records. The LO record contains the water discharges and the LT record contains the corresponding 
total inflowing sediment loaas. The emlre 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 0.01 1 to 400,000 
tonstday. 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 ! coarse and 
must correspond ts the size ranges selected with the 12 to 14 data 

There are three local inflows cf water ana sediment in this problem; their locations are defined 
by the OT 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. 



6.3.5 Bed Material Gradation 

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

6.3.6 Flow Data 

The flow data input structure is similar to that shown in the previous examples with the 
exception of the selection of a '8-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 resufts of a mwable bed 
simulat~on. Particular care must be taken when selecting the penod of record or hypothetical went to 
be simulated and time step sizes to be used. Water temperature may also be important in some 
instances. See Thomas, et al. (1 981) and Gee (1 984) for informatian regarding preparation of flow 
data. 

EXHIBIT 6.7 Output - Mwabk Bed 

.*oo*oo***~*o*o***o*o*oo********o******************************************************* 

INPUT FILE: M3.0AT 
o OWPUT FILE: EX3.OUT 
o o ~ ~ ~ ~ ~ * ~ ~ ~ ~ o * * o t * * * * * * * * * I * * * * * * * * * C * * * * * * * * * * * * * * * * ~ ~ ( . . r ~ ~ ~ . r * * ~ t * * H ~ * * * * ~ ( . . ~ * ~ * ~ * t ~ ~ ~ ~ ~ . n  

T 4 .WIN STEM. SEGNENT 1. SOUlB FORX ZUMBRO RIVER, R-TLR, M 
i 5 LOM CLrRVE mM USGS DATA AT USGS GAGE: 5 MOEO FOR BED LOAD 
T6 SED GRMATIONS FRm INTERPOLATION OF SAHPLES TAKEW 10 JUNE 1980 
T 7 ENCODED BY DAVID WILLIN. WES. SEPT 1982 
T8 SEDIMENT M S P O R T  BY STRUM KWER: SEE ASCE JOURNAL (YANG 1971) 
EXAMPLE PROBLEM NO 3. L m  SOUTH FORK ZUnaRO RIVER, ROCBLSTZR, MR 
EASIC SEDIKENT RUN. 3 LOCAL INFLOWS: CASCADE. SILVER AN0 BEAR CREEKS 
ORIGINAL WORK BY DAVID T. WILLIAMS. WES. 1982: ADAPTED 1989. DTW 

SEDIt5tlT PAMMETER DATA 
SPI 1% I"HQ SPGF AC(iR i i F U  I B S m  

-, - - 5 .  0 1 1.000 32.170 2 1 

SAND AND/OR GRAVEL ARE PRESENT 

M C  IASA LASA S # i S  GSF BSAE 
i 4 4 1 10 2.650 ,667 ,500 

FOLLOUING GRAIN SIZES UTILIZED 
SAND: :00288 000580 301160 ,002319 ,001639 

,009279 ,018560 ,037120 .07b216 ,118596 

***+*T?.ANSPORT CAPACITY RELATIONSHIP IS YANG***** 

COEFFICIENTS FOR CCMPUTATION S m  WERt SPECIFIED 
DBI DBN XID XIN XIU UBI UBN JSL 

I5 500 ,500 ,250 ,500 .250 ,000 1.000 1 



SEDIMENT LOAD TABLE FOR SrrruM SE- + 1 
LOAD BY GRAIN SIZE CLASS (TONSIDAY) 

LQ ' 
LF VFS* 
LF FS* 
LF MS* 
LF CS* 
LF VCS* 
LF VFG* 
LF FG* 
LF M;* 
LF CG* 
LF VCG* 

VOLUME VS DEPfa OF DEmITS 
SEC NO. REACH m3VABLE INITIAL BED-ELEVATIONS ACCIIPIIUTED CBANWa DISTMCE 

LENGIA BED LEFT SIDE TEALWEG RIGET SIDE FRCn DOWNSTREAM 
WIDTH FEET MILES 

00 
1 .000  163.50 359.30 944 .70  958.90 . O O  . O O  

8268.00 
15.000 242 .00  361.00 954.00 962.00 8268 .00  1 . 5 7  

8240.00 
32 .000  219 .50  968.60 356.50 978.50 16508.00 3 . 1 3  

320.00 

ED MATERIAL GRADATION ( a s  cornputad from PF-records) 
SECID S A E  DHAX DXPI XPI TOTAL BED BED HATERIAL FRACTIONS Pm W I N  SIZE (FINE TO COARSE) 

N 1 . 0 0 0  1 . 0 0 0  105 i J 5  1 .000  1 .000  .010  , 0 7 0  , 2 9 0  , 3 6 0  , 1 2 0  
, 0 6 0  , 0 4 0  1 5  , 3 3 5  900 





STREAM S E m N T  (I 1: EXAMPLE PROBLM NO 3. LCWER SOUTH FORK ZUNBRO RIVER. RCCHESTER. mi 
3IMENSIONS OF BED SEDIMENT CONTROL VOLUNES, FEET. 
SEC. NO. * LENGTH * WIDTH ' 3EPIR * V O L U M E  . . CU. FT. CU. YO. 

:.000* 1131.00 203.000 " 10.0000 .839202E+07* 310816. * 
15.000' 8254.00 ' 228.490 " 10.0000 * .168596E+08* 698502. * 
32.000' 4280.00 * 227.710 * 10.0000 .974600E+07* 360863. 
33.200'247.500 O281.869 *.OOOOOO *.OOOOOO *.OOOOOO 
33.300' 87.5000 299.000 000000 * .OOOOOO .OOOOOO * 
35.000' 1502.50 ' 235.500 * .OOOOOO .OOOOOO .OOOOOO * 
42.100' 1750.00 * 197.899 .000000 .OOOOOO ' .OOOOOO ' 
44.000' 1718.00 l 288.055 ' 10.0000 * .494879E+07* 183288. * 
53.000' 1855.50 233.267 10.0000 .432826E+07* 160306. 
55.000' 1116.00 196.961 * 10.0000 l .219808L+07* 81410.4 * 
58.000' 731.0CC * 185.667 3.40000 * 461456. 17091.0 

NO. OF INPUT DATA KESSAGES- 0 
END OF SEDIMENT DATA 

AE FLOW 1 - BASE FLW OF 500 CFS 
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1 

SE(;HENT ZNFLOWQINCFS ... 
1 500.0 61.0 29.0 128.0 

TIME STEP NO. 1 
WATER 3ISGiARGE- 500.00 

ELEVATION= 356.000 
TPIPERATW- 65.000 

PLOW DLIRATION(DAYS) 2.000 

**** !I DISCHARGE NATER VELOCITY hiP lU  TOP AVG AVG VZL (by rubsection) 
:CFS) S'VRFACE L:NE XEAD WIDTE 3ED 1 2 3 

SEC NO. 1.000 
to** 1 500.0 356.00 956.00 3 0 : 00 154.50 949.52 .30 .50 .OO 

PLW DISTRIBUTION ( 2 )  - . O  100.0 .O 

SEC NO. 15.000 

SUPERCRITICAL 
SEC NO. L5.000 TIME - 2.00 DAYS. 
TRIAL ZIAL CCPWrm CRITICAL 
NO. WS WS WS 
0. 957.23 956.49 
1. 957.33 356.55 957.28 

**++ 1 500.0 957.33 958.06 7 3 1.00 46.55 955.76 .OO 6.86 .00 
FLW DISTRIBUTION (2) = .O 100.0 .O 

. .LOCAL INFLOW POINT NO. 1. P 51.00 

CONTINUING ON SEGHENT NO 1 
TENPERATURE- 64.027 

SEC NO. 32.000 
****1 439.0 962.97 362.98 .O1 1.00 126.98 958.75 .OO .82 .OO 

now DISIRIBWTION (2 )  = .O 100.0 .O 

SEC NO. 33.200 
1 439.0 963.03 963.05 0 2 1.00 210.65 961.07 .OO 1.06 .OO 

FLCW DISTRIBUTION (2) - 0 100.0 .O 



SEC NO. 33.300 
'.** 1 439.0 963.12 963.14 .02 1.00 211.16 961.08 .OO 1.02 .OO 

FLOW DISTRIBUTION (I) - .O 100.0 .O 

SECNO. 35.000 
OPEXATICN RULE SPECIFIED 
UPPER PCUL ELEVATION (UPE) - 971.00 READ LOSS - .50 
**** ? 639.0 974.00 970.00 .OO 1.00 221.75 967.05 .OO .29 .OO 

FLOW DISTRIBUTIOR (1) - .O 100.0 .O 

SEC NO. 42.100 
1 $39.0 Z74.04 974.04 . 00 1.00 242.42 969.84 .OO .43 .OO 

FLCW DISTRIBUTIOR ( 2 )  - .O 100.0 .O 

. . . .  LOCAL INPLCW POINT NO. 2, pl 29.00 

CONIINUING ON SEGMENT NO 1 
TDPERATURE- 63.605 

SEC NO. 44.000 
* * * * I  410.0 970.05 976.05 . 00 1.00 261.36 969.85 .OO .37 .OO 

FL(MDISTRfBUTIO)S(1)= .0100.0 .o 

SEC NO. 53.000 
"*** 1 410.0 974.14 974.50 .36 1.00 66.12 972.85 .OO 4.80 .OO 

FLOW DISTRIBUTION (1) - .O 100.0 .O 

.LXAL INFLCW WIN1 NO. 3 .  QI 128.00 

CONTINUING ON SE-NT NO 1 
TEMPERATURE- 52.064 

SEC NO. 55.000 
**** t 282.0 976.18 976.22 .04 1.00 83.11 974.10 .OO 1.63 .OO 

FLOW DISTRIBUTION (1) - .O 100.0 .O 

SEC NO. 58.000 
**** 1 282.0 978.28 978.39 .11 1.00 50.53 976.22 .OO 2.72 .OO 

W DISTRIBUTION (I) - .O 100.0 .O 

TABLE SA-1. TRAP EFFICIENCY ON S W  SE-T # 1 
V-XAMPLE PROBLM NO 3. LOWER SOUTH FORK ZOFQIRO RIVER. ROCRESTER. m 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS S T R U M  SE-T 

............................................................. 
* . 

TINE ENTRY SAND * 
ZAYS 3INT :!;FLCU OUTFLOW TRAP EFF 

2 .  '20 58.000 * J3 • 
53.000 * .04 . 
42.100 .OO 

TOTAL- 35.000 .07 . 00 1.00 

............................................................. 
T IHE ENTRY SAND -* 
2.00 35.000 .OO e 

15.000 . 00 . 
TOTAL= 1.000 * .OO .00 .29 

* 4 

*a** t...***...*********..**.ff****.****..******.************** 

TABLE S3- 1. TOTAL AND LOAD BY GRAIN SIZEIN TOlSlDAY 
VF F H C 

5EDIMENT IXFLOW 
SANDS & GRAVELS 28.81 9.03 10.94 8.84 .OO 

.oo .oo . 00 .oo 
SEDIMNT OUTFLOW 
SANDS & GRAVELS 3.07 ,05 .21 .67 .85 

.34 .43 .lo .oo 

SECTION BED CHANGE WS ELN THALWEG 0 S E D m  LOAD (TOlKlDAY 



FEET 
-.23 
-.lo 

3 0 
.07 
.oo 
0 0 
00 
.oo 

-.02 
-.Ol 
.03 

FEET 
978.28 
376.18 
374.14 
974.05 
S74.04 
574.00 
963.12 
963.03 
962.97 
957.33 
956.00 

+L FEET 
975.17 
972.80 
972.20 
967.17 
969.80 
963.30 
961.00 
961.00 
956.48 
953.99 
944.73 

CIS 
282. 
282. 
4 10. 
- 10. 
.39. 
"39. 
439. 
439. 
43s. 
500. 
500. 

SAND 
346. 
562. 
615. 

6. 
0. 
0. 
0. 
3. 

178. 
399. 

3. 

B F L W  3 - NEAR BANK FULL DISCHARGE 
BOUNDARY CONDITION DATA. CONTROL POINT NO. 1 
Tim STEP NO. 3 

WATER DISCHARGE- 1250.00 
EL&VATION= 960.000 

TPIPEPATUXE= 55.000 
FLW DLIRATION(DAYS) 1.000 

TABLE SA-1. TRAP EFFICIENCY '3N STREAM SEmNT b 1 
EXAMPLE PIlOBLM NO 3. LOWER SOUTH FORK ZIJMBRO RIVER. ROCBESTZ?. HN 
ACCUMlUTED AC-FT ENTERING AND LEAVING THIS STRUH SEQ4ENT 

*******************t***~*****C******************************* 

* 
TIME ENIRY SAND 
DAYS ?OINT * INFLW OUTFLOW TRAP EIF + 

53.00 58.000' 13.18 0 

53.000" 16.13 0 

r2.100 .36 
TOTAL- 25.000 29.68 6.03 .80 * 

* * 
............................................................. 

TIHE ENTRY * SAND 0 

53.00 35.000 * 6.03 
15.000 * 1.00 

TOTAL- :.000 • 7 03 0 4 . 09 

............................................................. 
:ABLE SB - 1. TOTAL AND LOAD BY GRAIN SIZEIN TONSlDAY 

VF F M C 
SEDIMENT IYFLOH 
SANDS h GRAVELS 149.81 66.90 53.32 29.58 .01 

.oo .oo .oo .oo 
SEDIMENT ouTrLw 
SANDS h GRAVELS 4.13 .47 .45 1.30 1.37 

.oo . 30 .oo .oo 

SECT ION 
ID NO 
58,000 
55.000 
53.000 
44.000 
42.100 
35.COO 
33.300 
33.200 
32.000 
15.000 
1.000 

9ED CHANGE 
FEET 
-1.86- 
- .24 
- 10 

52 
2.35 

79 
02 
.32 

- 23 
.12 
.23 

WS ELEV 
FEET 

979.31 
977.92 
075.33 
374.48 
974.37 
974.00 
365.08 
965.00 
964.92 
961.00 
960.00 

TFWWEG 
EL FEET 
973.54 
972.66 
972.10 
967.62 
972.15 
C64.09 
961.02 
961.32 
956.27 
354.12 
944.93 

0 
CFS 
682. 
682. 
1022. 
1022. 
1100. 
1100. 
1100. 
;loo. 
1100. 
1250. 
1250. 

SEDfMNT LOAD (TONSIDAY) 
SAWD 
1408. 
2549. 
9500. 
904. 
39. 
10. 

507. 
575. 
311. 
292. 

6 .  



Exhibit 6.7 shows a portion of the output file generated from execution of Example Problem 3. 
The geometric data output is the same as in the previous example so is not repeated here. This is 
followed by sediment data; at this point no computations are being performed, the input data are 
being read and manipulated in preparation for the computations which begin when the flow data are 
read. The sediment title records are echoed followed by the information on the I 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 DEPOSTTS* depicts the status of the bed sediment 
reservoir at the beginning of the simulation, as described by the input data Note that the mwable 
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 potnts. The width used for computations extends halfway to the next, fixed, GR points 
(1 0077 & 10275 ft.), which is a distance of 183.5 ft. [= ((1 0275+ 10250)/2) - ((1 0081 + 10077)/2)]. See 
Figure 2.9. 

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

The next section contains the load tables for the local infiows, 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-lever 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-outftow)/inflow] of 
80%. 

Table SB-1 shows the instantaneous ('snap shot') sediment inflows and outflows by grain size 
in tonstday. 

The following table is activated by a '6' in column 6 of the record. It contains both 
cumulative and instantaneous information. The 6ED 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 ucistream to downstream which reflects 
the sequence in which the sediment computations are performed. 

EXHIBIT 6.8 

* C FLOW 4 BASE FLOW OF 500 CFS 

.............................................................................................................. 
THE FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION 1.000 ------------------------------------------------------------ 



TAU USTAW FROUDE 

,00039 ,01416 

HYDRAULIC PARAPIETEM : 
VEL SLO EFD ERJ N-VALUE 

NO. 
,279 .000001 11.321 166.989 0400 

,015 
BED SEDIMENT RESERVOIR CCHPUTATIONS: 
NEW SURFACE AREA (SO FT 1 : TOTAL K-PORTION S-PORTION 

954954.00 954954.00 . 00 
GRADATION OF ACTIVE PLUS I N m I n  DEPOSITS 
BED MATERIAL BY GRAIN SIZE FRACTION ,012375 .071094 ,291352 ,358970 .119513 

.056660 .039121 .014669 ,034226 .OOOOOO 
BED MATERIAL BY PERCENT FINER1100 .012375 ,083469 ,374821 .733790 ,853304 

.a11983 .951104 ,985774 1.000000 1.000000 

SAND 
** ARM3R LAYER '+ 
STABILITY C O S F I C I ~ =  .85000 
MIN.GRAIN D I M  I .000288 
BED SURFACE EXFUSED .OOOOO 

INACTIVE LAYER ACTIVE LAYER 
Z DEPTH Z DEPTB 

CLAY .300000 .OO .000000 .OO 
SILT 900000 .OO .OOOOOO .OO 
SAND 1.000000 9.70 1.000000 .52 
TOTAL 1.000000 9.70 1.000000 .52 

AVG. UNIT AVG. UNIT 
WEIGHT WEIGHT 

c m S 1 T E  UNIT WT OF ACTIVE LAYER TICF= 
WEIGHT IN SURFACE UYER(MNS). wrst- 
DEHB OF NEH ACTIVE UYER(FT). DSE- 
WEIGHT IN m ACTIVE LAYER, WTmU-  
WEIGHT IN OLD A C T I ~  urn. HAL- 
USEABLE WEIGHT. OLD INACTIVE LAY, WIL- 

BED MATERIAL BY GRAIN SIZE FRACTION .010000 
.060000 

BED MATERIAL BY PERCENT FINER1100 010000 
.910000 

+* ACTIVE LAYER ** 
aED MATERIAL BY GRAIN SIZE FRACTION 356418 

,034195 
BED MATERIAL BY PERCENT FINERllOO ,056418 

.948756 

C FINES. COEF(CF~). MX POTENTIAL- .000000E+OO .lO0000E+01 .108000E+07 

POTENTIAL TRANSPORT BY SIZE CUSS- .100000E-06 .100000E-06 ,100000E-08 .100000E-06 .100000E-06 
.100000E-06 .100000E-06 .100000E-06 .100000E-06 ,100000E-06 

TOTAL? AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONSlDAY 
CALCULATED SEDIMZNT LOAD. TONSlDAY 
SANDS h. GRAVELS .OO 00 .OO . 00 .OO .OO 

.oo .oo .oo .oo .oo 

TABLE SA-1. TRAP EFFICIENCY ON STEAM S E W N T  # 1 
EXAMPLE PROBLEM NO 3. LOWER SOUTH FORK Z m R O  RIVER. ROCMSTER. n?r 
AClXlMUUTED AC-FT ENTERING AND LEAVING THIS STREAM SE-T 

...***' *t***...t'**'*****'**t*'***********t'***".*.t'**t.*.t 

TIME ENTRY l SAND 4 

DAYS WINT l INFLOW CUTFLOW  RAP EFF l 
* 

54.00 58.000 13.20 t 

53.000' 16.15 t 

42.100 .36 4 

TOTAL- 35.000. 29.72 6.03 .80 • 
4 l 



~ t t r r o ~ ~ ~ t ~ t ~ o o ~ o ~ o o ~ ~ * o ~ t o ~ o ~ o O O ~ o ~ * O o + * * O O o ~ o ~ o ~ o ~ ~ ~ o ~ ~ o ~ o o  

7 IK€ ENTRY SAND 
54.00 35.000 6.03 

15.000 0 1.00 t 

:OTAL= 1.000 7.03 .04 .99 
* 

~ h t ~ ~ t 0 0 t t ~ t l 0 0 ~ * ~ O O ~ O * O * * I t t ~ Z * O O * O O O ~ ~ * * ~ ~ ~ * ~ * * ~ * O ~ ~ ~ ~ ~ t ~ O ~  

TMLE SB-1. TOTAL AND LOAD BY GRAIN SIZEIN TOtC3IDAY 
VF F H C 

SEDIMENT INFLOW 
SANDS & GRAVELS 28.81 9.03 10.94 8.84 .OO 

.oo .oo .oo . 00 
SEDIMENT OUTFLOw 
SANDS & GRAVELS .OO .OO .OO . 00 . 00 

.oo . 00 . oo . 00 

SECTION BED CHANGE 
ID NO FEET 
58.000 -1.86 
55. 000 -.24 
53.000 -.I5 
44.000 .56 
42.100 2.35 
35.000 7 9  
33.300 02 
33.200 3 2 
22.000 - 23 
15.000 I2 
:. 000 .23 

WS E L N  THALWEG 
FEET EL FELT 
977.23 973.54 
975.87 972.66 
974.36 972.05 
974.10 967.66 
974.07 972.15 
974 .OO 964.09 
965.18 961.02 
965.17 961.32 
965.16 956.27 
965.02 354.12 
965.00 944.93 

0 
CFS 
282. 
282. 
410. 
410. 
439. 
439. 
439. 
439. 
439. 
500. 
500. 

s E D m  LOAD (rnIDAY) 
s m  
29. 
27. 

676. 
15. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

ACCUMULATED WATER DISCHARGE FRCM DAY ZERO(SF0) 
.%IN TRIB 1.1 TRIB 1.2 TRIB 1.3 ....EX 

127750.0000 

.............................................................................................. 

6.3.8 Detailed Sediment Outout 

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 
: .O for the last flow of Examole Problem 3 is shown in Exhibit 6.8. The 'HYDRAULIC PARAM€IERSa table 
:ontams the velocity, energy slope, effective depth, effective width, Manning's n, TAU (the average bed shear 
irress. r j ,  USTARM (the shear velocity, u.), and the Froude number. See Vanoni (1975) for definitions of these 
,~ydraulic variables. The 'GRADATION OF ACTIVE PLUS INACTlVE DEPOSITS' table shows the gradation of the 
3ed mater~al at this cross section at this time. The first data are the contents of the bed by grain size, as 
Fractions, from fine to coarse. In this example there is 1.2% of very fine sand, 7.1 % of fine sand, etc. These size 
-;!asses were specified on the I records. The next items are cumulative: i.e. fraction finer of any particular grain 
size. 

The armor layer STABlUPl COEFFICIENT is described in section 23.3.3 and the MIN. GRAIN DlAM (ft.) is 
tne minimum stable grain size as described in section 2.3.22. The following table shows that there are 9.70 ft. of 
sands and gravels in the inactive layer and 0.52 ft. in the active layer. This corresponds to the 0.23 ft. of 
deposition shown in the '8-level' print for this section. Note that the bed sediment resewoir is 10 ft. deep at this 
section (HD data) and arithmetic round-off explains the 0.01 ft. difference. 

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



6.4 Problem 4 - Some Sediment Options 

- Section 35 GR data 
x-*u-*u Movable bed limits 
..-------- Dredging template 

I Distance in feet I 
L I 

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 identrfy 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 $DREDGE records in the flow data 
and deactivated by SNODREDGE records in the flow data. 

EXHIBIT 6.9 Input - Sediment Optlons 

T 1 EXAMPLE PROBLM NO 1. LOWER SOUTH FORK ZUHBRO RIVER.  R O C E S T E R .  M?i 
12 SEDIMENT RUN WIOPTIONS, 3 LOCAL INFLCCIS: CASCADE. SILVER. BEAR CWHS 
T3 ORIGINAL WORK BY DAVID T .  WILLIAMS. WES. 1982: MAmD 1989, DTW 
NC .I00 ,100 ,040 .1 . 3  
XI 1.0 31.10077.010275.0 0. 0. 0. 0. 0. 0. 
GR1004.0 9915.0 978.40 10002.0 956.00 10060.0 959.20 10077.0 959.30 10081.0 
GR950.00 10092.0 948.48 10108.0 946.60 10138.0 944.70 101S8.0 955.20 1022S.O 





GR1002.0 10470.0 1004.00 10700.0 
ED 53 10. ;OOOO 10136 
QT 
X l  55.0 18. 9931.0 10062.0 275. 1430. 770. 0 .  0 .  0 .  
GR1004.0 7592.0 1000.00 7947.0 996.00 8627.0 990.00 9052.0 986.00 9337.0 
GR984.30 9737.0 984.70 9837.0 985.50 9910.0 987.20 9931.0 378.10 :S5.0 
GR974.80 9975.0 374.20 10005.0 972.90 10035.0 973.20 10045.0 3.80 1 .62.0 
W985.80 10 187.0 386.00 10307.0 990.00 10497.0 
HD 55 10. 9931 10062 
X l  58 .0  22. 9912.0 10015.0 1097. 1012. 1462. 0. 0 .  0 .  
GR1006.0 8542.0 lOO4.00 8952.0 1000.00 9702.0 997.20 9812.0 996.30 9912.0 
GR976.20 9944.0 975.40 9974.0 978.20 9991.0 990.40 10015.0 988.30 10062.0 
GR088.80 10065.0 988.30 10065.0 989.30 10169.0 990.00 10172.0 992.00 10242.0 
GR992.00 10492.0 988.00 10642.0 986.70 10852.0 988.00 11022.0 986.00 11097.0 
GR986.00 11137.0 988.00 11192.0 
HD 58 3 . 4  9912 10015 
EJ 
T4 MAIN STM. SE- 1, SOUTB FORX 2- RIVeR. R O C B E S m .  FQ4 
T5 LOAD CURVE FRU4 USGS DATA AT USGS GAGE: 5 PERCePI ADDED FOR B&D LOAD 
T6 BED GRADATIONS FRDn I N m U T I O N  OF SdMPLES 10  JUNE 1980 
77 ENCODED BY DAVID W I L L I M ,  WES. SEPT lg82  
1 8  S E D m  TRANSPORT BY SIREM POWER: SEE A X E  JOURNAL (YANG 1971) 
11 0 5 
: 4  s m  4 1 10 
I 5  5 . 2 5  . 5  . 2 5  0 1 . 0  
LO 1 50 1000 5800 90000 
LT TOTAL .a110 1 . 5  320 4500. 400000 
LF VFS . 1 9  1 ,498  , 5 1 1  ,582  
LF FS ,328  ,328  , 3 3 1  ,306 .280 
LF MS , 553  ,553 ,156  ,154 ,110 
LF CS ,000 . O O O  1 ,016 ,020 
LF VCS ,000 .OOO .L:4 .008 ,005  
LF VFG .OOO ,000 .<30  ,004 .002 
LF FG ,000  ,200 ,300  ,001  , 0 0 1  
LF HG ,000 ,000 100 ,000 ,000 
LF CG ,000 SO0 ?O ,000 .OOO 
LF VCG 0 . O  0 ,000 ,000 
?F MAMP 1 . 0  1 . 0  0 16.0 96 .5  8 .0  95.0 4 .0  91.0 
PFC 2 . 0  e 5 . o  ; . o  ' J .O  . 5  37 .0  . 2 5  8 .0  , 1 2 5  1.0 
PFC.0625 0 . 0  
PFEXAMP 32.0 1 . 0  64.0 32.0 93.5 16.0 99.0 8 . 0  98.5 
PFC 4 . 0  96.0 2.0 93.5 1.0 83.0 .50 45.5 ,250 8 . 0  
PFC . I 2 5  1.0 ,0625 0.0 
P F W  53.0 : .a 64.0 32.0 97.0 16.0 94.0 8 .0  94 .0  
PFC 4 . 0  90.0 2.2 '9.0 1 . 0  56.0 . 5 0  4 .0  . i 2 5  0 . 0  
S LOCN. 
'.?L 1 :90 L300 10000 
-;LTOTAL . I040  10 500 30000 
LFL VFS ,664 ,664 1 5  ,198 
LFL FS ,207 .207 ,245  , 1 8 1  
LFL MS . C86 .C86 .60S . l o 7  
LFL CS .031 0 1  ,352  .098 
LFL VCS ,008  .008 ,039  ,127 
LFL VFG ,0030 9030 ,0200 ,1160 
LFL F9 ,0010 ,0010 .0110 ,0910 
L6L HG .OOOO ,2000 .0110 ,0530 
LFL CG .OOOO .SO00 .0000 ,0220 
LFL VCG .OOOO COO0 .COO0 .0060 
LOL 1 100 1000 10000 
L I L r O T N  ,3040 10 500 30000 
L F L  '.-S ,664 664 0 198 
LFL 'S , 207  ,207  245 . :31 
LFL MS , 986  086 ,605  .:27 
LFL CS , 0 3 1  331 .052  . j 3 8  
LFL 'JCS 008 208 ,639 ,127 
LTL VFG .003O 3030 ,0200 . :I60 
LFL FG ,0010 OD10 .'I110 ,0910 
LFL . O O O O  .3000 .0110 ,0530 
LFL CG .oooo .9000 .3000 .0220 
tn vcc .oooo ,3000 .oooo ,0060 
L'aL 1. 100. 500. 1000. 30000. 
LTLIOTAL ,0020 30.0 500. i t 0 0  22500 
LFL VFS , 2 0 1  201 ,078  078 ,137 



LFL FS 
Ln MS 
t n  cs 
LFL VCS 
LFL VFG 
LFL FG 
LFL M; 

LFL CG 
LFL VCG 
S a m  
SB 
SKI. 

AB 
Q 500 
R 956. 
T 6 5  
W 2 
$DREDGE 

Q 2500.0 
R 965. 
X 

Q 1250. 
R 960. 
W 1 .  
SSED 
LP 
LQ 
LT TOTAL 
LF VFS 
LF FS 
LF MS 
LF CS 
LF VCS 
LF VFG 
LF FG 
LF HO 
LF CG 
LF VCG 
SLOCU 
LP 
LQL 
LTLTOTAL 
LFL VFS 
LFL FS 
LFL MS 
LFL CS 
LFL VCS 
LFL VFG 
LFL FG 
LFL M; 

LFL CC 
LFL VCG 
END 
SRATING 
RC 
RC 
RC 
RC 
RC 
sm 
PN 
END 
SHODREDS 
* AC 
0 500. 
R 965. 
W 1 .  
SVOL A 
SSEND 

FLOW 1 
6 1 

= BASE FLOW OF 500 CFS 
29 128 

FLOW 2 = 50 DAYS AT BARY FUU DISCBAROE 
300. 0 650. 

FLOW 4 - BASE FLOW OF 500 CFS 
6 1 29 128 



This example prooiem uses a transmissive boundary condition ($8) at the downstream 
boundary. This merely passes all inflowing sediment through the downstream-most cross section 
w~thout interaction with the bed. 

The Limer~nos (1970) function for bed form roughness is used in this example ($KL record). 
The value of Mann~ng's n resulting from this computation can be found in the 'C-level' sediment 
output. This computation overndes the roughness data (N records) in the geometric data 

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

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

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

The output from problem 4, as shown in Exhibit 6.10, reflects the transmissive boundary 
condition In that no scour or deposition was computed at section 1.0 (the downstream boundary). 
The output for the second f l ~ w  shows that the 50 day duration of that flow was broken into 20 
computational time steps (X record). Dredging was initiated at the second flow and terminated after 
the third flow. The table labelled TONS OF SEDIMENT DREDGED FROM THIS REACH* indicates that 
5040 tons (4014 yds3) were dredged between sections 42.1 and 44.0 during this time step. 

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

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

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

EXHIBIT 6.1 0 

*****************to***********.. 

• 1nm FILE: EXI.DAT t 

OUTPUT FILE: EX4.0UT 
.*t********************t************************************************************t***** 



- - 

B FLOW 2 - 50 DAYS AT BANK FULL DISCBARGE 

CCHPVTING FRCt4 TIHE- 2.000000 DAYS TO T m -  52.000000 DAYS IN 20 CCMPUTATIOR STZPS 

BOUNDARY CONDITION DATA. CONTROL WIN1 NO. 1 
TIHE STEP NO. 2 

WATER DISCBARGE- 2500.00 
ELEVATION- 965.000 

iDlPERA1UR.E- 65.000 
FLOW DUIUTION(DAYS) 2.500 

TABLE SA-1. TRAP EFFICIENCY ON STRUH SE- i 1 
MAWLE PROBLM NO 4. LOWER SOUTB FORK ZUMSRO RIVER. W T E R .  EPI 
ACCUMULATED AC-FT ENTERING AND LEAVING TEIS STReAn S E M  

************.'**************+***'************************+*** 
* ' 

iIHE ENTRY ' SAWD 
DAYS WINT IHFLdW OUfiLOW TRAP EFF ' 

0 

52.00 58.000 '  13.11 4 

53 .000 '  16.03 z 
TOTAL- 53.000 29.14 37.71 - .29  

............................................................. 
i 1% ENTRY SAND 

52.00 53.000 4 37.71 
62.100 .36 ' 

TOTAL- 35.000 38.06 13.86 .64 8 

............................................................. 
TIME E m  SA)(D 

52.00 35.000 13.86 
15.000 .99 

TOTAL- 1.000 • 14.86 .62 .96 
* 

.............................................................. 
TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZEIN TONS/DAY 

VF F fl C 
SEDIMENT INFLOW 
SANDS & GRAVELS 529.98 265.63 173.06 82.59 6.27 

.oo .oo . 00 .oo 
SEDIKENT OUTFLOW 
SANDS 6 GRAVELS 16 .O1 2.59 1.67 5.02 4.85 

. 0 1  .oo .oo .oo 

SECTION 
ID NO 

59.000 
55.000 
53.000 
44.000 
42.100 
25.000 
33.300 
33.200 
32.000 
15.000 

? . O O O  

3ED CIMGE 
FEET 

-3 .22 
-1.77 

.oo 
2.61 
2.46 

.oo 
1.22 
1.22 

.27 

.18 
.oo 

HS &LEV 
FEET 

978.82 
977.99 
976.37 
97k. 24 
974.07 
974.00 
965.46 
965.39 
965.39 
965.03 
965.00 

Q 
CFS 
1400. 
1400. 
2050. 
2050. 
2200. 
2200. 
2200. 
2200. 
2200. 
2500. 
2500. 

SEDIMSI LOAD (TONSIDAY) 
SAM) 

403. 
1051. 

0. 
1879. 
1053. 

0. 
928. 
813. 
300. 

16. 
16. 

STRJM SEMNT t 1: EXAMPLE PROBLM NO 4. LaWER SOU= FORK ZZMBRO RIVER. ROCBLSTER. t4N 

SECNO. 42.100 
ELEVATION OF DREDGED CHANNEL INCLUDING 1.00 FEET OF OVER DRLw1m;l 969.00 



SEC NO. 44.000 
ELEVATION OF DXEMiEO CWNEL INCLUDING 1.00 FEET OF OVER DREDGINt+ 368.00 
TONS OF SEDIMZNI DREDGED FRCN THIS REACA- 5040.0 ACCUMVUTED FRCH OWNSTREAM END= 5040. 

CUBIC YARDS- 4014.3 4014. 

* 9 FLOW 3 - NEAR BANK FULL DISCBARGE 
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1 
TINE STEP NO. 3 

WATER DISCBARGE- 1250.00 
ELEVATION- 360.000 

TPlPERATURE- 55.000 
FLOW DURATION(0AYS) 1.000 

TABLE SA-1.  TRAP EFFICIENCY ON STRUM SE-T # 1 
MAEIPLE PROBLM NO 4. LCHER SOU= FORK ZUHBRO RIVER. ROCKESTER. HW 
ACCUMULATE0 AC-FT ENTERING AND LUVING THIS STREAH SE- 

.**** ........................................................ 

TIME ENTRY SAND t 

DAYS WINT * INFLOW CL'TFLOW T;UP EFF 
* 

53.00 58.000 * 13.18 
53.000* 16.13 • 

TOTAL- 53.000 * 29.32 37.91 - 29 
* 

............................................................. 
T IHE ENTRY * SAND * 
53.00 53.000 * 37.91 

42. 100 * .36 
TOTAL= 35.000 38.27 13.86 64 

............................................................. 
TIME ENTRY SARD 
53.00 35.000 13.86 . 

15.000 * 1.00 
TOTAL- 1.000 • 14.86 7 2 .95 . 

********************C******.**********+*********************~ 

TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZEIN TONSIDAY 
VF F M C 

SEDIMENT INFLOW 
SANDS b GRAVELS 149 81 56.90 53.32 29.58 0 1 

03 00 J 0 20 
SEDIMENT OUTFLOW 
SANDS h GZAVELS 204.33 67.74 26.17 51.88 42.76 

.29 .18 .OO .OO 

SECTION EED CHANGE 
ID NO FEET 

58.000 -3.26 
55.000 -1.76 
53.000 .OO 
44.000 -3.26 
42.100 .OO 
35.000 .OO 
33.300 .OO 
33.200 .OO 
32.000 -.38 
15.000 .56 
1.000 .oo 

WS ELEV 
FEET 
976.98 
976.37 
274.83 
374. 05 
374.02 
374 .OO 
963.74 
963.26 
962.21 
359.99 
260.00 

. . , .  

???WEG 
ZL FEET 
972.14 
971.14 
'3.72.23 
267 C: 
972.25 
963.30 
361.00 
361.0C 
356.12 
350.56 
344.70 

. . . .  

Q 
CFS 
682. 
582. 
:022. 
:322. 
1100. 
1100. 
1100. 
1100. 
1100. 
1250. 
L250. 

. . .  

SEDIW?NT LOAD (TONSIDAY) 
SAnD 
260. 
209. 

0. 
32. 
2. 
0. 

1230. 
4358. 

21668. 
204. 
204. 

STRUM SEM9fT # 1: EXAHPLE PROBLEM NO 4. LCHER SOUTH FORK ZUnaRO RIVER. ROCFESTER. MW 

. . . . . .  



iNFLOWING SEDIbENT LOAD TABLE HDDIPIED BY: 
LP 10.000 ,000 ,000 

SEDIMENT LOAD TABLE FOR STREAM SEGMENT + 1 
LOAD BY GRAIN SIZE CLASS (TONSIDAY) 

VFS* 
FS* 
!Is 
CS 
VCS* 
VFG* 
FG* 
HG* 
CG* 
VCG* 

SEDIMENT LOAD TABLE FOR STRUH SEGMENT + 1 
AT L E A L  INFLOW WINT d 2 

LOAD BY GRAIN SIZE CLASS (TONSIDAY) 

LOL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 

VFS* 
FS* 
MS. 
CS* 
VCS * 
VFG* 
FG* 
MG* 
CG* 
VCG* 

SRATING 

3 m s m  BOUNDARY CONDITION SPECIFIED BY A RATING CURVE 

LLEVATION OF GAGE ZERO 
DISCHARGE CORRESPONDING TO L M S T  ELEVATION IN TABLE 
3ISCBARGE INTERVAL 
NO. OF WINTS IN RATING TABLE 
ELEVATIONS 

950.00 955.10 958.00 960.00 962.00 
968.30 968.90 369.40 969.80 970.20 
972.40 972.70 972.90 973.10 973.30 
974.10 974.20 974.30 974.40 974.50 

S PRT 

PRINT AT SELECTIYE X-SECTIONS ONLY 
PN 1 .000  7.000 ,000 ,000  ,000 .OOO . 000 ,000 ,000 
END .OOO ,000 . O O O  . 000 ,000 . 000 . 000 .OOO .OOO 

SNODREDG 



AC .?LOH 4 - BASE FLOW OF 500 CFS 
SOUNDARY CONDITION DATA. COA'ITIOL WIN1 NO. i 

SEWNT :NFLOW 0 IN CFS.. 
1 500.0 61.0 29.0 i28.0 

TIME STEP NO. 4 
WATER 31SCBAI(GE- 500.00 

ELEVATION- 965.000 
TDQERATURE- 65.000 

FLCW DURATION(DAYS) 1.000 

**** N DISCBARGE WATER EHERGY VELOCIIY &PEA TOP AVG AVO VEL (by aubsoction) 
(CFS) SURFACE LINE AEAO WIDIR BED 1 2 3 

SECNO. 1.000 
**** 1 500.0 965.00 965.00 .OO 4.47 1330.15 951.52 .02 .17 .01 

FLOWDISIRIBUIION(Z)- .8 90.0 9.3 

SECNO. 42.100 
* 1 k39.0 974.00 374.01 0 0 1.00 242.95 970.70 .OO .55 .OO 

FLOW DISTRIBUTION ( 2 )  - . O  100.0 .O 

EXAHPLE PROBLM NO k LOWER SOUTH FORK ZUHBRO RIVER. ROCHESTER. MN 
FLOWY(N)- 1 
FL OW... Q(N)- 282.0 
TIKESTEP DUXATION (DAYS) = 1.0000 
ACCUMULATED TIME (YRS) - ,1479 
WATER TEHPERATURE (DEG F)- 62.0638 
t**.lt******t*****t*****l**** FML VELOCITY BY ETAOD 2*(.*f(..lf*f*f(.**f***.lf(.f*f.1*.).) 

DIAMETER VELOCITY REY. NO. CD 

SEDIMENT INFLOW (TONSfDAY) 
3TAL AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONSlDAY 

SANDS h GRAVELS 30.66 9.03 10.94 8.84 1.57 .29 
.oo .oo .oo .oo .oo 

THE FOLLOWING IS A LOCAL INFLOW 
L 0 C A L IN- POINT . NO. ; Q(CFS) :TMP(DEG-F): 

: 2 :  
LOCAL IHFWki . 3 : 29.0000000 : 70.00: 
MAINSTEn INFLOW : 1 : 410.000000 . 63.60: 
TOTAL OUTFLOW . 1 :439.000000 . 64.03: 

DIAMETER .*TLOCITY REY. NO. CD 



SEDIHENT INFLCW FRCn LCCN IHFtOW m1NI 
TOTAL AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN rONSlDAY 

SANDS h tRAnLS 1 .22  . 8 1  .25 .10 .04 .Of 
.oo . 00 -00  . 00 .oo 

******t**tt********************************************************t******t*******t**************t************ 

TIE FOLLOWING TaLE IS PRINTOUT FOR CROSS SECTION 42.100 ------------------------------------------------------------ 

TAU USTARH 

.00097 .OW3 

HYDRAULIC PARME'IERS : 
Vn. SU) EFD EEW N-VALUE 

50. 
,420 .000003 5.956 195.948 ,0153 

030 
BED SEDIMENT RESERVOIR CCXFVTATIONS: 
NEW SURFACE AREA (SO FT): TOTAL K-PORTION S-PORTION 

324607.08 324607.08 . 00 
GRADATION OF ACTIVE PLUS INACTm DEPOSITS 
BED MATERIN BY GRAXN SIZE FRACTION . lo4572 .208994 .369921 ,233720 .0534$7 

.017827 .000123 .000139 .002245 .000001 
BED MATERIN BY PER- FIHeallOO . lob572 .313567 .863488 .917207 .970665 

.988492 .997615 .997754 .999999 1.000000 

SAND 
*' . W R  UYER ** 
STABILITY COEFFICIENT= .94788 
3IN.CRAIN CIAM - ,001184 
ZED SURFACE MPOSED = 1.00000 

INACTIVE LAYER ACTIVE LAYER 
X DEPIB 2 DEPTB 

CLAY .000000 . o o  .000000 . 00 
SILT .000000 .oo  .000000 .oo  
SAND 300000 . O O  1.000000 2.46 
TOTAL 300000 .OO 1.000000 2.46 

AVG. UNIT AVG. UNIT 
WEIGHT WEIGBT 

CmPOSITE UNIT WT OF ACTIn LAYER T/CF= 
!-EIGHT IN SUWACE LAYER(TONS), WSL= 
X?TH OF NEW ACTIVE LAYER(FT1. DSE- 
;;EIGHT IN NEW ACTIVE LAYER. 'rFIW[AL= 

WEIGHT IN OLD ACTIVE LAYER, WAL- 
USEABLE WEIGHT. OLD INACTIVE U Y .  WIL- 

?ED MATERIAL BY GRAIN SIZE FRACTION .084731 
,101697 

EED PATERIAL BY PERCENT FINER1100 ,084731 
.593214 

* *  ACTIVE U Y E R  ** 
BED MATERIAL BY GRAIN SIZE FRACTION 104572 

.017827 
EED MATERIAL BY PERC&NT FINER1100 . lo4572 

,988192 

C FINES, COEF(CFFtU). MX POTENTIAL= .000000E+00 .100000E+01 .948240E+O6 

POTENTIAL TRANSFURT BY SIZE CLASS- . 
:ED MATERIAL BY GRAIN SIZE FRACTION 

BED MATERIAL BY PERCENT FINER1100 

TOTAL 
CALCULATED SEDIMENT LOAD, IONSlDAY 
SANDS 6 GRAVELS . 00 

104591 ,208994 ,369912 .233713 ,053456 
.017826 ,009123 ,000139 .002245 .000001 
,104591 ,313585 ,683497 .917210 ,970686 
.988492 ,997615 ,997754 .999999 1.000000 

AND LOAD BY GRAIN SIZE (FINE TO COARSEI) IN TONSlDAY 



- - - - - .. .. .. - - - - - - - - - - - - - - - .. . - - - - . - - - .. . - - - -  

THE FOLLCWING TABLE IS PRINTOUT FOR CROSS SECTION 1.000 ------------------------------------------------------------ 

!iYDRAULIC PARAMETERS : 
'JEL S LO EFD EFW N-VALUE 

NO. 
,302 .OOOOOO 11.243 167.384 .Or82 

,016 
BED SEDIMENT RESERVOIR COMPVTATIONS: 
KEW SURFACE AREA (SO FT): TOTAL K-EORfION S- FORTION 

954854 .OO 954854.00 .OO 

TAU USTAW FROUDE 

.00010 .00705 

rrUHsMIssIn BOUNDARY CONDITION - TYPE 2 
BED MATERIAL BY GRAIN SIZE FRACTION .010000 .070000 ,280000 .360000 ,120000 

.060000 .040000 .OlSOOO .035000 .OOOOOO 
BED MATERIAL BY PEWXNT FIMRllOO .010000 .080000 .370000 .730000 .850000 

.910000 .950000 .965000 1.000000 1.000000 
TOIL AND L M D  BY GRAIN SIZE (PINE TO COARSE) IN TONSlDAY 

CALCULATED SEDIMENT LOAD. TONSlDAY 
SANDS h GUVELS 0 0 .30 . O O  .OO 0 0 .OO 

I0  0 0 00 0 0 .oo 

TABLE. SA-1. TRAP EFFICIENCY ON STREAM S E W N 1  # 1 
EXAMPLE PROBLEM NO 4. iOUER SOUTH FORI: ZUHBRO RIVER. ROCHESTER. HH 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS S?RUn S E W N 1  

*****.** ..................................................... 
* 

TIHE ENTRY * SAND 
DAYS POINT INFLOW OUTFLCW TRAP EFF 

* 
54.00 58.000 * 13.20 

53.000 * 16.15 
TOTAL= 53.000 29.35 27.95 -.29 

............................................................. 
T IME ENTRY * SAND 
54.00 53.000° 37.95 

42.100 .36 
TOTAL= 35.000 38.31 13.86 64 

............................................................. 
TIME ENTRY * SAND 
54.00 35.000 l3.86 

15.000 1.00 
TOTAL= 1.000 L4.87 .72 .95 

**** ......................................................... 
TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZEIN IOWSIDAY 

vF F M C 
SEDIMENT INFLOW 
SANDS & GUVELS 30.66 9.03 10.94 8.84 1.57 

.oo . 00 00 .oo 

SECTION 
ID NO 
58.000 
55.000 
53.000 
44.000 
42.100 
35.000 
33.300 
33.200 
32.000 
15.000 

BED CHANGE 
FEET 
-3.26 
-1.77 

.oo 
-3.22 

. 00 
0 0 
.oo 
.oo 

- .  38 
.56 

US ELEV 
F r n  
375.48 
974.86 
973.88 
974.01 
974.00 
974.00 
965.04 
965.04 
965.04 
965.00 

T W W E G  
EL FEET 
372.14 
271.13 
372.20 
G64.78 
968.80 
963.30 
961.00 
961.00 
256.12 
354.56 

Q 
CFS 
282. 
282. 
4 10. 
410. 
439. 
439. 
439. 
439. 
439. 
500. 

SED-T LOM (TONSIDAY) 
SAND 
20. 
42. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



ACCUMULATED WATER DISCHARGE FRW DAY ZERO(SFD) 
MAIN 'rRIB 11 TRIB 12 TRIB 13 . . . . ETC 

2750 .OOOO 

SVOL A 

SUWARY TABLE: MASS AND V O L m  OF s E D m  .............................................................................................................. 
SECTION S E D ~  PASSING SECTION IN rons ~ED- DEPOSITED IN ~ u c a  IN CUBIC YARDS 

TOTAL SAND SILT CLAY TUML XCWJUZm SAm) SILT CLAY 

LOCAL 32721. 32721. 0. 0. 26062. 

L O W  733. 733. 0. 0. 583. 

ACCUMULATED LOAD BY SIZE CUSS (fino to coats., in MlOS 
I NFtW 

SAND 13375. 8739. 4186. 
0. 0. 0. 

RIVER XILE - 58.000 
SAND 13404. 8933. 4334. 

1008. 364. 0. 
RIVER MILE = 55.000 

SAND 13337. 9190. 5091. 
1351. 608. 10. 

RIVER MILE = 53.000 
SAND 16102. 15314. 22849. 

1351. 608. 10. 
RIVER MILE = 44.000 

SAND 15348. 13538. 19465. 
671. 342. 5. 

RIVER MILE = 42.100 
SAND 11798. 5993. 5857. 

14. 5. 0. 
RIVER MILE = 35.000 

SAND iL798. 5993. 5857. 
14. 5. 0. 

RIVER MILE = 33.300 
SAND 11798. 5993. 5857. 

14. 5. 0. 
RIVER MILE = 33.200 

SAND 11798. 5993. 5857. 
13. 4. 0. 

RIVER MILE - 32.000 
SAND 9833. 5774. 8892. 



16. 14. 2 .  0. 0. 
aIVER MILE = !5.000 

SAND 158. 176. 503. 455. 163. '. . 3. 1. 0. 
RIVER MILE - 1.000 

SAND 158. 176. 503. 455. :53. 
4 .  3. 1. 0. 0. 

0 DATA ERRORS DETECTED. 

TOTAL NO. OF TIHeSTEPS R E A P  4 
TOTAL NO. OF WS PROFILES- 23 
ITERATIONS IN DQlER EQ - 920. 
END OF JOB 

JOB CWLETED 
RUN TIME - 0 BOURS. 0 MINUTES h 57.23 SECONDS 

6.5 Problem 5 - Reservoirs 

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

6.5.1 Reservoir Data 

Problem 5 input is shown in Exhibit 6.1 1 and illustrates the data for a problem with two 
reservoirs; one at the downstream boundary (section 1.0) and one at section 35.0 (Silver Lake - the 
backwater from which extends much farther upstream than is illustrated in Figure 6.1). The reservoir 
at the downstream end is simulated simply by giving the time history of pool elevations on the R 
records in the flow data. The reservoir at section 35.0 is aefined with an X5 record which indicates 
that the pool elevations will be in field 2 of the R record. The X5 record at section 33.3 causes 
sediment information to be computed between sections 1.0 and 33.3. Similarly the X5 at section 53.0 
causes ~nformation for the reach between sect~ons 53.0 and 35.0 to be computed. Section 33.3 is at 
the approximate upstream extent of the pool for the downstream reservoir and section 53.0 is at the 
upstream end of Silver Lake. Thus tne information produced can be used to analyze the behavior of 
the two reservoirs. 

EXHIBIT 6.1 1 Input Reservoir Model 

T l  EXAMPLE FilOBLM NO 5. LOWER SOVlg FORK Z W R O  RIVER. ROCHESTER. HN 
72 2 RESERVOIRS. 3 LOCAL INFLOWS: CASCME. SILVER AND BEAR CRmCS 
T3 ORIGINAL WORK BY DAVID T. W I L L I ~ .  WES. 1982: ADAPTED 1989, DTW 
NC ,100 . 100 ,040 1 . 3  
XI 1.0 31.10077.010275.0 0. 0. 0. 0. 0. 0. 
GR1004.0 9915.0 978.40 10002.0 956.00 10060.0 959.20 10077.0 959.30 10081.0 
GR950.00 10092.0 948.48 10108.0 946.60 10138.0 944.70 10156.0 955.20 10225.0 
GR956.20 10243.0 958.90 10250.0 959.80 10275.0 959.80 10300.0 959.90 10325.0 
X958.80 :3350.0 957.40 10400.0 970.00 10700.0 966.00 10960.0 970.00 11060.0 
SR968.OJ 11385.0 968.00 11240.0 970.00 11365.0 970.00 1':YO.O 970.00 11615.0 
GR962.00 11665.0 962.00 12400.0 976.00 12550.0 980.00 1L~70.0 982.00 12730.0 
GR984.00 12735.0 
HD L 10. '0081 i2250 
HV 22 045 965.6 ,364 988.8 
HV 12 .,I80 965.6 . 130 988.8 
NV 33 10 965.6 .11 982.0 .12 988.8 
X1 15.0 27.1066S.0108S0.0 8565. 7535. 8268. 0. 0. 0. 
X3 10700 961 11000 970 
GR892.00 9570.0 982.00 10110.0 976.00 10300.0 976.00 10490.0 966.00 10610.0 
GR964.70 10665.0 956.00 10673.0 953.00 10693.0 954.00 10703.0 955.60 10723.0 





GR988.80 10065.0 988.30 10085.0 989.30 10169.0 990.00 10172.0 992.00 10242.0 
GX992.00 lC492.0 388.00 10642.0 986.70 10852.0 988.00 11022.0 986.00 11097.0 
GR386.00 11137.0 988.00 11192.0 
9D 58 3.4 3912 10015 
EJ 
T 4 MAIN STM. SEWNT 1. SOUTH FORK ZUHBRO RIVER. ROCRESTEX. m 
T 5 LOAD CURVE F R m  USGS DATA AT 'JSGS GAGE: 5 PERCENT ADDED FOE LZD LOAD 
T6 BED GRADATIONS ma INTERPOUTION OF SAMPLES ~ A ~ E E N  10 JUNE :a80 
T7 ENCODED BY DAVID WILLIAEIS. WES. SEPT 1982 
T8 SEDIMNT TRAWSPORT BY STRUM PCWER: SEE ASCE JOURNAL (YANG 1971) 
I1 0 5 
I4 SAND 4 
15 .5 .5 .25 .5 .25 0 1.0 
LQ 1 50 1000 5800 90000 
LT TOTAL 0 1.5 320 4500. 400000 
LF M S  :19 1 9  ,098 1 1  ,582 
LF FS ,328 .328 ,331 ,306 ,280 
LF HS ,553 .553 5 1 .I10 
LF CS ,900 ,000 0 .016 ,020 
LF VCS ,300 ,000 ,004 008 ,005 
LF VFG ,000 . ilOO ,000 ,004 ,002 
LF FG .GOO 000 ,000 ,001 ,001 
LF W 300 ,000 .000 ,000 ,000 
LF CG 100 330 .000 ,000 ,300 
LF VCG ., .0 ,000 300 ,000 
PP DWlP 1.3 1.0 32.0 16.0 96.5 8.0 35.0 b.0 91.0 
PFC 2.0 a5.0 1.0 73.0 .5 37.0 .25 9.0 i 1.0 
PFC.0625 0.0 
PF E X W  32.0 1.0 64.0 32.0 99.5 16.0 99.0 8.0 98.5 
PFC 4.0 5.0 2.0 93.5 1.0 83.0 .50 45.5 .25O 8.0 
PFC .I25 -.O .0625 0.0 
PFEXAMP 58.0 1.0 64.0 32.0 97.0 16.0 94.0 8.0 94.0 
PFC 4.0 90.0 2.0 79.0 1.0 56.0 .50 4.0 ,125 0.0 
SLCCAL 
LQL 1 1C3 1000 10000 
LTLTOTAL . 0 0 4 0 10 500 30000 
LFL VFS ,664 ,564 ,015 ,198 
LFL FS .207 ,207 4 ,181 
LFL MS ,086 ,086 .605 . LO7 
LFL CS ,031 ,071 ,052 ,098 
LFL VCS ,308 .008 ,039 .I27 
LFL M G  ,0030 ,0030 ,0200 . il6O 
LFL FG .0010 .0010 ,0110 ,0910 
LPL ?1; ?OOO 0000 Oil0 3530 
LFL CG 3000 ,3000 .OOOO ,0220 
LPL 'JCG 3000 jOOO ,9000 3060 
LQL i LOO LO00 13000 
LILTOTAL ;C40 10 500 30000 
LFL E S  564 ,564 ,015 ,198 
LFL FS 207 .207 ,245 ,181 
LFL b S  ,386 ,086 ,605 ,107 
LFL CS .:31 ,031 .052 ,398 
LFL VCS ,308 ,208 ,339 127 
LFL VFG ,0030 ,0030 ,0200 . i160 
LFL FG ,0010 .0010 .Or10 ,0910 
LrX EX; ,0000 ,9000 1 1 0  ,0530 
L R  CG ,5000 .5000 .0000 ,3220 
LFL VCG .OOOO .OCOO .DO00 ,0060 
LQL 1. '30. 500. 1000. 30000. 
LTLTOTAL .3020 !.O 500. 1200 22500 
LFL M S  201 :Ol .078 ,378 :37 
LFL F3 342 i42 :72 175 218 
LFL !4S -51 251 ,454 .EOl ,:,76 
LFL t; 301 301 .I97 .142 . -58 
LFL VCS .COO 200 300 ,503 .GO8 
LFL VFG .2000 300 3000 .OOOO .go20 
LFL FG ,2000 :00 0000 .OOOO .OOlO 
LFL MG LO00 000 .0000 .3000 ,0000 
LFL CG ,2000 000 ,2000 ,0000 ,5000 
LFL VCG .OOOO ,000 .OOOO .OOOO .OOOO 
sm 
S W L  X 0 
VJ i6 



946 948 950 952 954 956 956 960 962 
966 968 970 972 974 

FLOW I - BASE now OF soo n s  
61 29 128 

974.0 
72 70 67 

FLOW 2 - 50 DAYS AT BANK FULL DI- 
300. 150. 650. 
975.0 
2.5 50. 

FLOW 3 - NEAR BANK FULL DISCHARGE 
150. 78. 340. 

975.0 

FLOW 4 - BASE FLOW OF 500 CFS 
6 1 29 128 

974.5 

6.5.2 Data for Elevation-Surface Area and ElevationStoraae Tables 

Output tables of elevation-surface area and elevation-storage can be obtained by use of the 
$VOL. VJ, and VR records in the flow data For this example we are requesting that this information 
be computed for a series of horizontal planes extending from elevation 944 ft. (the approximate 
thahveg of section 1.0) to elevation 974 ft. (the approximate thalweg of section 53.0) in 2 foot 
increments. One should take care that the endpoints of each cross section are higher than these 
elevations; otherwise, the program will extend the ends of the sections vertically and the surface areas 
and volumes will be too small. 

6.5.3 Output Elevation-Area and Elevation-Volume for Reservoirs 

Portions of the output file for example 5 are shown in Exhibit 6.12 Much of the output is 
similar to that of prevlous examples. Tables are presented containing areas and volumes below each 
elevation specified on the VR records from each section to the downstream boundary. For example at 
section 33.2, which is at the upstream end of the downstream reservoir, the initial storage volume at 
elevat~on 968 ft. is 1582 acre-ft.; at the end it is 1575 acre-ft. This means that 7 acre-ft was deposited 
between sections 33.2 and 1.0 below elevation 968 ft. Similarly, this information could be found for 
Silver Lake by computing the differences m e e n  values at sections 35.0 and 53.0. One only needs 
to use information in the table for elevations above the thahrveg of the section at the dam of interest. 
These tables can be used to construct elevation-deposition and deposition-distance relations. 

EXHIBIT 6.12 Output - Resowolr Model 

.......................................................................................... 
INPUT FILE: M5.DAT 

h OUTPUT FILE: EX5.OUT 
.......................................................................................... 

BEGIN CCMPUTATIONS. 
SHYD 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SVOL X 0 



STREAM SE- # 1: m E  PROBLM NO 5. L m  SOUTH FORK ZUHBRO RIVER. ROCESTER. MW 

SUmhRY TABLE: %US AND VOLUHE OF SEDIElENT ______-__-_______-_------------------------------------------------------------------------------------------- 
SECTION SEDIMENT PASSING SECTION IN TONS SEDIMENT DEPOSITED IN RUCH IN CUBIC YARDS 

TOTAL SAND SILT CLAY TOTAL ACCWULATED SAM) S ILT C U Y  

INFLOW 0. 0. 0. 0. 0. 

ELEV SURFACE V O L M  VOLUME, 
AREA AC-FT CY 

RIVER MILE 1.000 
974.00 0. 0. 0 

RIVER MILL 15.000 
944.00 
946.00 
948.00 
950.00 
952.00 
954.00 
956.00 
958.00 
960.00 
962.00 
964.00 
966.00 
968.00 
970.00 
972.00 
974.00 

aIVER MILE 32.000 
944.00 
946.00 
948.00 
950.00 
952.00 
954.00 
956.00 
958.00 
960 .OO 
962.00 
964.00 
966.00 
968.00 
970.00 
972.00 
974.00 

ZIVER MILE 33.200 
944.00 
946.00 
948.00 
950.00 
952.00 
951.00 
956.00 
958.00 
360.00 



RIVER MILE 33.300 
944.00 
946.00 
918.00 
950.00 
952.00 
954.00 
956.00 
958.00 
960.00 
962.00 
964.00 
966.00 
968.00 

ZND AREA . UIS 0 .  
END AREA . 31s 582. 

974.00 
WIDTH , UlS 0. 
WIDTH . D/S 151. 
REACH LENGTH 7429. 
IND AREA . U/S 0. 
END AREA . D/S 860. 

RIVER MILE 33.200 
944.00 

WIDTH . U/S 0. 
WIDTH . DIS 0. 
RUCIi LENGTH 130. 
END AREA , U/S 0 .  
END AREA . DIS 0. 

946.00 
WIDTH . UIS 0. 
WIDTH , 31s 0. 
REACH LENGTH 130. 
END AREA . UiS 0 .  
END AREA . 3 / S  0. 

948.00 
KIDiH , V/S 0. 
WIDTH . 51s  0. 
REACH LENGTH 139. 
END AREA . UIS 0 .  
END AREA . 31s 0 .  

950.00 
WIDTH . 'J/S 0. 
WIDTH . D/S 0. 
REACH LENGTH 130. 
END AREA . UlS 0. 
END AREA . D/S 0 .  

952.00 
WIDTH . UIS 0. 
WIDTH , DIS 0. 
?.EACH LENGTH 130. 
END AREA . U:S 0 .  
END AREA . CIS 0 .  

954.00 
XIDTH . !J/S 0. 
WIDTH . 31.5 0. 
?.EACH LENGTH 130. 
END AREA , UIS 0 .  
END AREA . D/S 0. 

956.00 
UIDTR . UIS 0. 



WIDTH . DIS 
P.&ACH LENGTH 
END AREA . ills 
END AREA . 21s 

958.00 
WIDTH . U/S 
WIDTA . 3/S 
REACH LENGTH 
END AREA . U/S 
END AREA . DIS 

960.00 
WIDTH . 'JIS 
WIDTH . 3/S 
REACH LENGTH 
END AREA . U/S 
END AREA . S/S 

962.00 
WIDTH , U/S 
WIDTH , D/S 
REACH LENGTH 
END AREA . U/S 
END AREA . 31s 

964.00 
WIDTH , ?IS 
XIDTH . 31s 
W H  LENGTH 
END AREA . UIS 
END AREA . DIS 

366.00 
WIDTH . 'J/S 
WIDTH . 31s 
RUCII LENGTH 
END AREA , U/S 
END AREA , D/S 

968.00 
WIDTR .U/S 
WIDTH , D/S 
RUCM LENGTH 
END AREA . 31s 
END Ai(EA . 31s 

970.00 
WIDTH , 31s 
WIDTH . 31s 
REACH LENGTH 
END AREA . y;S 
SNDAREA. ; s  

372.00 
WIDTH ';IS 
WIDTH 31s  
RUCH LENGTH 
END AREA . 'JiS 
END AREA . 31s 

574.00 
WIDTH . UIS 
WIDTH . ;IS 
RUCH LENGTH 
END A R U  , LilS 
END A'XA . 31s 
aIvm MILE j3.300 

364.00 
WIDTH . UlS 0. 
WIDTR . :IS 0. 
REACH LENGTH 155. 
END AREA . 31s 0 .  
END AREA . ;IS 0. 

946.00 
WIDTH . U/S 0. 
UIDTH , 2IS 0. 
REACH LENGTH 155. 
ENU AREA , UIS 0. 
END AREA . D/S 0 .  



0 DAIA ERRORS DETECTED. 

TOTAL NO. OF TIMESTEPS READ- 4 
TOTAL NO. OF WS PROFILES= 23 
ITERATIONS IN D(HER EO - 1265. 
EHD OF JOB 

JOB CCMKETED 
RUN TIME - 0 BOURS, 0 MINUTES & 57.07 SECONDS 

6.5.4 T r a ~  Efficiency 

The computation of trap efficiency and interpretation of Table SA-1 was presented in section 
6.4.7 for problem 3. Note that here the XS records were used to delineate the uparearn and 
downstream extent of the reservoirs causing trap efficiency to be computed for them. For example, 
Silver Lake extends from downstream of section 53.0 to section 35.0. So, from table SA-1 at the end 
of the simulation, 32.22 acre-ft. has entered Sihrer Lake from upstream, 0.34 acre-ft. from Silver Creek 
and 6.91 acre-ft have passed through Silver Lake giving it a trap efficiency of 79% at that time. The 
downstream reservoir has a trap efficiency of 100%. Negative trap efficiencies indicate scour. 



6.6 Problem 6 - River Network Svstem 

Takeo Creek Upstream 
Seg. 4 End o f  Project 

1-4 I- 1 

Cross Section 2.1 

-- Cross Section 55.0 
Cross Section 4.0 

CP3 - - Cross Section 53.0 

s Section 44.0 

Cross Section 42.1 

s Section 35.0 

/ 1-2 
Cross Section 32.0 Cascade Creek 

Seg. 2 
Cross Section 15.0 -- 

S. Fork Zumbro River 
Seg. 1 

CP1 
Downstream 

End o f  Project 

I 1 
Figure 6.4 Schematic of Network System 

This example problem adds tributaries to the existing problem. Tributaries are described with 
cross section and sediment data; therefore, sediment transport and bed mwement is calculated for 
the tributaries as well as for the main stem. See section 3.6 for a detailed description of data 
preparation for network systems. It is suggested that the data for each segment of the system be 
tested and corrected separately so that any subsequent errors are due to the construction of the 
network system data and not due to errors in any individual segments. A schematic of the system is 



shown on Figure 6.4. Silver Creek is treated as a local inflow, all other segments are tributaries. Note 
that Takeo Creek is tributary to Bear Creek. 

6.6.1 Network Lavout and Numbering 

The numbering of stream segments and control points must follow the scheme presented in 
section 3.6. This is shown for problem 6 in Figure 6.4. The stream segments, control points (CP), 
and inflows are numbered from downstream to upstream. The control points are numbered first, then 
each tributary is given a segment number that corresponds to the control point at its confluence with 
another segment or the main Stem. The inflow points of each segment are then numbered 
corresponding to the segment number, e.g. the inflow to Bear Creek is designated 13. Silver Creek is 
the only local inflow, so it is designated L-l,l, with the first number being the segment into which it 
flows and the second being which local it is on that segment. 

EXHIBIT 6.13 Input - Network Sydem 

T 1 EX. PB. Is., NETWRK. MAIN STIM: LWER S. FCIRX. ZlRQUIO R.. ROCBES'IER, M( 
T2 CASCADE AND BEAR CKS ARl? TRIES. TAKE0 CK IS TRIB OF B U R  CK, SILVER CK 
T3 IS LOCAL, ORIG. WORK BY DAVID T.  W I U W S ,  WES. 1982: ADAPTED 1989, DIW 
NC .lo0 ,100 ,040 .1 .3 
X1 1.0 31.10077.010275.0 0. 0. 0. 0. 0. 0. 
GR1004.0 9915.0 978.40 10002.0 956.00 10060.0 959.20 10077.0 959.30 10081.0 
GR950.00 10092.0 948.48 10108.0 946.60 10138.0 944.70 10158.0 955.20 10225.0 
GR956.20 10243.0 958.90 10250.0 959.80 10275.0 959.80 10300.0 959.90 10325.0 
GR958.80 10350.0 957.40 10400.0 970.00 10700.0 966.00 10960.0 970.00 11060.0 
GR968.00 11085.0 968.00 11240.0 970.00 11365.0 970.00 11500.0 970.00 11615.0 
GR962.00 11665.0 962.00 12400.0 976.00 12550.0 980.00 12670.0 982.00 12730.0 
GR984.00 12735.0 
HD 1 10. 10081 10250 
NV 12 ,080 965.6 ,130 988.8 
HV 22 0 965.6 ,064 988.8 
NV 33 .10 965.6 .ll 982.0 .12 988.8 
X1 15.0 27. 10665.0 10850.0 8565. 7535. 8268. 0. 0. 0. 
X 3  10700 961 11000 970 
GR992.00 9570.0 982.00 10110.0 976.00 10300.0 976.00 10490.0 966.00 10610.0 
GR964.70 10665.0 956.00 10673.0 953.00 10693.0 954.00 10703.0 955.80 10723.0 
GR958.60 10750.0 959.30 10800.0 957.00 10822.0 957.30 10825.0 961.50 10850.0 
GR962.00 10852.0 964.00 10970.0 966.00 11015.0 961.00 11090.0 962.00 11150.0 
GR970.00 11190.0 972.00 11310.0 980.00 11410.0 984.00 11570.0 990.00 11770.0 
GR990.00 11865.0 1000.00 12150.0 
HD 15 10. 10673 10852 
QT 2 
HC 10 .10 .05 
Xl 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 10097.0 
GR956.80 10117.0 957.80 10137.0 959.40 10157.0 959.60 10177.0 959.82 10196.0 
GR966.50 10225.0 971.20 10250.0 978.50 10271.0 978.50 10300.0 978.60 10350.0 
GR978.91 10370.0 978.96 10387.0 980.00 10610.0 982.00 10745.0 982.00 11145.0 
GR984.00 11150.0 992.00 11240.0 1000.00 11330.0 1008.0 11425.0 
HD 32 10. 10075 10275 
Xl 33.2 21. 1850.0 2150.0 130. 250. 320. 0. 0. 0. 
XL 250 
GR1000.0 980.0 990.00 1060.0 980.00 1150.0 982.00 1180.0 982.00 1215.0 
GR980.00 1260.0 982.00 1300.0 982.00 1350.0 980.00 1420.0 980.00 1540.0 
GR982.00 1730.0 982.00 1830.0 984.41 1850.0 979.19 1851.0 961.00 1900.8 
GR961.00 2099.2 976.00 2149.0 984.50 2150.0 982.00 2800.0 990.00 3100.0 
GR1000.0 3170.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 
RD 33.2 0 1851 2149 
X1 33.3 0 1850.0 2150.0 155. 175. 175. 0. 0. 0. 
HD 33.3 0 1851 2149 
X1 35.0 22. 9894.0 10155.0 105. 0 .  105. 0. 0. 0. 
X3 10 
X5 2 
GR984.00 9035.0 980.00 9070.0 978.00 9135.0 980.00 9185.0 982.00 9270.0 
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 9974.0 967.40 10004.0 988.20 10044.0 967.80 10054.0 
GR973.40 10115.0 977.40 10120.0 983.70 10155.0 984.00 10245.0 982.00 10695.0 



GR982.00 10895.0 1004.00 11085.0 
HD 35 0 9954 10155 
NC .06 .06 ,045 
Xl 42.1 32. 9880.0 10130.0 2070. 3965. 3005. 0. 0. 0. 
GR996.00 7130.0 998.00 7310.0 998.00 7930.0 992.00 8205.0 990.00 8495.0 
GR988.00 8780.0 986.00 8990.0 985.70 9570.0 986.45 9707.0 989.44 9857.0 
GR990.00 9880.0 969.80 9881.0 969.80 9941.0 985.80 9941.0 985.80 9943.0 
GR969.80 9943.0 969.80 10001.0 886.70 10001.0 986.70 10003.0 969.80 10003.0 
W969.80 10067.0 985.80 10067.0 985.80 10069.0 969.80 10069.0 969.80 10129.0 
GR989.90 10130.0 989.50 10180.0 988.80 10230.0 987.60 10280.0 985.20 10430.0 
GR988.80 11720.0 989.90 12310.0 
BD 42.10 0 9881 10021 
QT 
XI 44.0 28. 9845.0 10127.0 290. 795. 495. 0. 0. 0. 
XL 9850 10200 
GR1002.0 8035.0 992.00 8150.0 990.00 8305.0 990.00 8735.0 988.00 8835.0 
GR996.00 9285.0 1017.6 9425.0 990.00 9505.0 986.00 9650.0 984.10 9788.0 
GR980.60 9845.0 970.90 9868.0 972.20 9898.0 970.50 9968.0 967.50 9998.0 
GR968.90 10028.0 967.40 10058.0 967.10 10078.0 971.90 10118.0 976.80 10127.0 
GX977.80 10150.0 976.90 10193.0 982.00 10206.0 981.20 10300.0 979.20 10325.0 
GR983.10 10400.0 999.80 10h50.0 1002.50 10464.0 
RD 44 lo. 9868 10193 
XI 53.0 22. 10000.0 10136.0 3366. 2831. 2941. 0. 0. 0. 
X5 
GR1004.0 7550.0 1000.00 7760.0 998.00 8440.0 996.00 8640.0 996.00 8780.0 
GR994.00 8940.0 986.00 9245.0 986.30 9555.0 986.30 9825.0 983.80 9900.0 
GR982.80 10000.0 978.20 10011.0 974.00 10041.0 972.20 10071.0 972.60 10101.0 
GR978.20 10121.0 988.70 10136.0 989.30 10154.0 999.20 10200.0 1000.1 10320.0 
GR1002.0 10470.0 1004.00 10700.0 
AD 53 10. 10000 10136 
QT 3 
X1 55.0 18. 9931.0 10062.0 275. 1430. 770. 0. 0. 0. 
GR1004.0 7592.0 1000.00 7947.0 996.00 8627.0 990.00 9052.0 986.00 9337.0 
GR984.30 9737.0 984.70 9837.0 985.50 9910.0 987.20 9931.0 978.10 9955.0 
GR974.80 9975.0 974.20 10005.0 972.90 10035.0 973.20 10045.0 983.80 10062.0 
GR985.80 10187.0 986.00 10307.0 990.00 10497.0 
HD 55 10. 9931 10062 
Xl 58.0 22. 9912.0 10015.0 1097. 1012. 1462. 0. 0. 0. 
GR1006.0 8542.0 1004.00 8952.0 1000.00 9702.0 997.20 9812.0 996.30 9912.0 
GR976.20 9944.0 975.40 9974.0 978.20 9991.0 990.40 10015.0 988.30 10062.0 
GR988.80 10065.0 988.30 10065.0 989.30 10169.0 990.00 10172.0 992.00 10242.0 
GR902.00 10492.0 988.00 10642.0 986.70 10852.0 988.00 11022.0 986.00 11097.0 
GR986.00 11137.0 988.00 11192.0 
W 58 3.4 9912 10015 
EJ 
STRIB CASCADE GEOMETRY. S E W T  2. CONTROL POINT 2 
CP 2 
Tl MAMPLE 6 (CONTINUED) CASCADE CREEK GECWeTRY. SEG. 2. CP2 
T 2  EXISTING CONDITIONS 
T3 DAVID WILLIAEIS, a s ,  K T  1982. ADAPTED 1989 BY DAVID T. WILLIAM 
NC .I20 ,120 045 .1 . 3  
XI 1.0 25. 5000.0 5100.0 0. 0. 0. 0. 0. 0. 
GR995.00 4570.0 980.00 4600.0 970.00 4690.0 968.00 4740.0 968.00 4850.0 
GR965.24 4900.0 964.60 4950.0 964.00 4975.0 963.70 5000.0 961.50 5003.0 
GR959.80 5014.0 960.20 5025.0 959.90 5038.0 960.10 5068.0 960.40 5073.0 
GR962.50 5075.0 963.10 5083.0 968.90 5094.0 969.60 5100.0 970.30 5150.0 
GR970.00 5260.0 972.00 5280.0 972.00 5400.0 980.00 5460.0 982.0 5780. 
B 1 4925 5121 
XI 3.0 24. 4942.0 5050.0 460. 280. 537. 0. 0. 0. 
GRlOOO.0 4715 983.9 4897 982.90 4942.0 973.20 4959.0 973.00 6967.0 
GR970.20 5000.0 964.78 5007.0 964.30 5017.0 965.10 5027.0 965.17 5027.0 
GR968.70 5042.0 969.90 5050.0 969.40 5067.0 971.10 5092.0 970.30 5103.0 
GR 972.7 5180.0 970 5207 972.8 5217 971.1 5242 970.7 5287 
GR 975.2 5277. 976.56 5300 980 5360 982 5690 
H 3 964.3 4942 5103 
Xl 4.0 18. 4950.0 5045.0 300. 280. 240. 0. 0. 0. 
GRl000.0 4775.0 991.30 4875.0 988.10 4931.0 981.60 4941.0 981.70 4950.0 
GR975.40 4961.0 972.90 4975.0 970.60 5004.0 968.30 5015.0 969.20 5025.0 
GR989.40 5040.0 981.20 5045.0 981.20 5075.0 985.70 5082.0 985.90 5100.0 
GR 960. 5270 982 5330 982 5700 
E 4 968.3 4950 5047 
XI 6.2 17. 5000.0 5130.0 405. 350. 474. 0. 0. 0. 
X3 10. 



GR994.00 4700.0 990.00 4720.0 986.00 4750.0 986.00 4940.0 987.40 5000.0 
GR983.10 5000.0 979.00 5016.0 972.00 5032.0 972.00 5092.0 974.00 5100.0 
GR978.00 5109.0 982.70 5126.0 987.50 5130.0 866.00 5210.0 980.00 5420.0 
GR980.00 5830.0 982.00 5900.0 0.00 0.0 0.00 0.0 0.00 0.0 
B 6.20 972 5000 5130 
EJ 
STRIB BEAR CRM GECWZTRY, S E m  3 CONTROL POIm 3 
CP 3 
T 1 EXAWLE 6 (CONTINUED) BEAR CREM GECMITRY. SEG. 3, CP3 
T2 MISTING CONDITIONS 
T3 DAVID WIUIAELS, WES. OCT 1982, AD- 1989. DAVID T. W I U W  
NC .090 .090 .Oh8 .3 .5 
X1 1.0 19. 10115.0 10250.0 0. 0. 0. 0. 0. 0. 
GR 996. 9020. 990. 9420. 988. 9550. 994. 9780. 985.30 10055.0 
GR985.00 10115.0 978.18 10137.0 977.20 10147.0 977.00 10157.0 977.10 10200.0 
GR978.20 10209.0 981.60 10216.0 982.80 10225.0 984.70 10250.0 985.90 10273.0 
GR987.10 10300.0 988.0 10380. 990.0 10560. 1000. 10890. 
ii 1 10115 10275 
X1 2.1 21. 1511.0 1629.0 210. 310. 260. 0. 0. 0. 
GR895.2 600. 992. 790. 990. 970. 990. 971. 990. 972. 
GR 989 1000 988 1080 988 1290 990 1450 990.8 1490 
GR 989.8 1493 988.7 1511 977.3 1518 977.3 1620 986.7 1620 
GR990.7 1650 988 1840 992 2000 994 2100 998 2450 
GR 1002 2580 
H 2.10 1511 1629 
QT 4 
Xl 4 0  30.10537.010660.0 1053. 533. 708. 0. 0. 0. 
GR998 00 8370.0 997.00 8860.0 998.30 9100.0 994.50 9350.0 996.00 9480.0 
GR999.00 9560.0 996.00 9640.0 994.00 9900.0 992.00 9980.0 993.90 10400.0 
GR994.00 10425.0 995.20 10506.0 993.10 10523.0 986.30 10537.0 986.00 10550.0 
GR985.80 10561.0 980.90 10570.0 978.70 10585.0 978.30 10595.0 978.40 10600.0 
GR980.50 10625.0 980.80 10636.0 991.77 10657.0 992.30 10660.0 991.30 10675.0 
GR891.40 10700.0 998.00 10970.0 998.00 11120.0 1000.00 11290.0 1006.0 11400.0 
B 4 978.3 10537 10660 
Xl 6.0 29. 10100.0 10222.0 330. 570. 665. 0. 0. 0. 
X3 10 
GR998.00 8500.0 997.10 8650 .O 1000.00 8900.0 1002.00 9110.0 1001.00 9400.0 
GR999.80 9525.0 1002.00 9610.0 1002.00 9730.0 1000.00 9840.0 995.16 10000.0 
GR995.60 10100.0 994.20 10109.0 990.80 10125.0 987.30 10140.0 985.80 10150.0 
GR986.20 10161.0 985.24 10162.0 983.30 10172.0 983.30 10182.0 982.80 10202.0 
GR985.24 10210.0 992.00 10222.0 992.20 10250.0 993.50 10300.0 994.20 10325.0 
GR1000.0 10470.0 997.80 10640.0 998.00 10770.0 1004.60 10910.0 
B 6 982.7 10100 10325 
EJ 
STRIB TAKE0 CREM GEWTRY, SEWENT 4, CONTROL POINT 4 
CP 4 
T 1 ZXAMPLE 6 (CONTINUED) TAKE0 CREEK GEWETRY. SZG. 4. CP4 
T2 EXISTING CONDITIONS 
T3 DAVID WILLIAMS. WES, OCT 1982. ADAPTED 1989 BY DAVID T. WILLfAMS 
NC 030 ,090 046 .3 .5 
XI 1 0 19. 10115.0 10250.0 0. 0. 0. 0. 2. 0. 
GR 996. 9020. 990. 9420. 988. 9550. 994. 9780. 985.30 10055.0 
GR985.00 10115.0 978.18 10137.0 977.20 10147.0 977.00 10157.0 977.10 10200.0 
GR978.20 10209.0 981.60 10216.0 982.80 10225.0 984.70 10250.0 985.90 10275.0 
GR987.10 10300.0 988.0 10380. 990.0 10560. 1000. 10890. 
H 1 10115 10275 
XI 2.1 21. 1511.0 1629.0 210. 310. 260. 0. 2. 0. 
GR995.2 600. 992. 790. 990. 970. 990. 971. 990. 972. 
GR 989 1000 988 1080 988 1290 990 1450 990.8 1490 
GR 989.8 1493 986.7 1511 977.3 6 977.3 1629 986.7 1629 
GR 990.7 1650 988 1840 992 2000 994 2100 998 2450 
GR 1002 2580 
A 2.10 1511 1629 
Xl 4 0 30. 10537.0 10660.0 1053. 533. 708. 0. 2. 0. 
GR998.00 8370.0 997.00 8860.0 998.30 9100.0 994.50 9350.0 998.00 9480.0 
GR999.00 9560.0 996.00 9640.0 994.00 9900.0 992.00 9980.0 993.90 10400.0 
GR994.00 10425.0 995.20 10508.0 993.10 10523.0 986.30 10537.0 986.00 10550.0 
GR985.80 10561.0 980.90 10570.0 978.70 10585.0 978.30 10595.0 978.40 10600.0 
GR980.50 10625.0 980.80 10636.0 991.77 10657.0 992.30 10660.0 991.30 10875.0 
GR991.40 10700.0 998.00 10970.0 998.00 11120.0 1000.00 11290.0 1006.0 11400.0 
H 4 978.3 10537 10660 
X1 6.0 29. 10100.0 10222.0 330. 570. 66s. 0. 2. 0. 
X3 10 



GR908.00 8500.0 997.10 8650.0 1000.00 8900.0 1002.00 9110.0 1001.00 9400.0 
GRgQ9.80 9525.0 1002.00 9610.0 1002.00 9730.0 1000.00 9840.0 995.16 10000.0 
GR995.60 10100.0 994.20 10109.0 990.80 10125.0 987.30 10140.0 985.80 10150.0 
GR086.20 10161.0 985.24 10162.0 983.30 10172.0 983.30 10182.0 982.80 10202.0 
GR985.24 10210.0 992.00 10222.0 992.20 10250.0 993.50 10300.0 994.20 10325.0 
GRl000.0 10470.0 997.80 10640.0 998.00 10770.0 1004.60 10910.0 
B 6 982.7 10100 10325 
EJ 
1 4  MAIN S m .  S m  1 ,  POINT 1 ,  S .  Port ZtmaRO R., ROCRESTER. W 
T5 LOAD CURVE FRCH USGS DATA AT USGS GAGE: 5 PERCENT ADDED FOR BED LOAD 
1 6  BED W A T I O N S  FRDn 1NIZRH)UTION OF SAMPLES TAKEN 10 JUNE 1980 
T7 ENCODED BY DAVID WIUUMS. WES. SEPT 1982 
1 8  SEDIMENT TRANSFORT BY STREAM R)WER: SEE  AS^ JOURNAL (YMG 1971) 
I1 0 5 
I 4  SAND 4 
1 5  . 5  5 . 2 5  . 5  . 2 5  0 1 . 0  
LQ 1 50 1000 5800 90000 
LT TOTAL .0110 1 . 5  320 4500. 400000 
LF VFS ,118  ,119  ,408 .511 ,582  
LF FS ,328  .328 ,331  ,306  .280 
LF MS .553 ,553  . I 5 6  ,154 . I 1 0  
LF CS .a00 ,000 .011 ,016  ,020 
LF VCS ,000  ,000 ,004 ,008 , 0 0 5  
LF VFG ,000 .000 ,000 ,004 ,002  
LF FG ,000 ,000 .000 ,001  , 0 0 1  
LF MG ,000 . O O O  ,000 ,000 ,000  
LF CG .OOO ,000 ,000 .OOO . O O O  
LF VCG . o  . o  ,000 ,000 ,000 
P F W  1 . 0  1 . 0  32.0 16 .0  96 .5  8 . 0  95.0 4 . 0  91.0 
PFC 2 .0  85.0 1 . 0  73.0 . 5  37.0 . 2 5  8 .0  . I 2 5  1.0 
PFC.0625 0 . 0  
PFEXAW 32.0 1 .0  64 .0  32.0 99 .5  16 .0  99 .0  8 . 0  98.5 
PFC 4 . 0  9 6 . 0  2.0 93 .5  1 . 0  83.0 .50 45.5 .250 8 .0  
PFC . I 2 5  1 .0  .0625 0.0 
FTWICIP 58.0 1 . 0  64.0 32.0 97.0 16.0 94.0 8 . 0  94 .0  
PFC 4 . 0  90.0 2.0 79.0 1.0 56.0 .50  4 .0  2 0 .0  
BLOCAL 
LQ 1 100 1000 10000 
LT TOTAL .0040 10 500 30000 
LF VFS ,664 ,664 0 5  ,198 
LF FS ,207  ,207 ,245 , 1 8 1  
LF MS , 0 8 6  ,086  , 6 0 5  ,107 
LF C S  ,031  .031 ,052  ,098 
LF VCS ,008  ,008 ,039  ,127 
LF VFG ,0030 ,0030 .O200 ,1160 
LF FG ,0010 .0010 .0110 .0910 
LF HG . O O O O  .OOOO .0110 ,0530 
LF CG ,0000 .0000 ,0300 ,0220 
LF VCG .0000 .0000 ,0000 ,0060 
STRIB 
1 4  CASCADE CREEK, S m  2 ,  AT CONTROL POIPIT 2 
1 5  FIRST TRIB ON MAIN STBl. LOAD CURVE I S  FRCM USGS DATA WITH 5 PERCEHT 
1 6  FOR BED LOAD. BED GRADATIONS FRM I N ~ U T I O U  OF SAWLES 1- 
T7 10 .JUNE 1980. DAVID WIUIMS,  WES, SEPT 1982 
1 8  ADAPTED BY DAVID WILLIAEIS. 1989 
WL 1 100 1000 10000 
L ~ ~ O I U  ,0040 10 500 JOOOO 
LFL VFS ,664 ,664 ,015  ,198  
LFL FS ,207  .207 2 4  181 
LFL MS .086 ,086  ,605  ,107 
LFL CS .031  , 0 3 1  ,052  ,098  
LFL VCS ,008  .008 ,039  ,127 
LFL VFG ,0030 ,0030 .0200 ,1160 
LFL FG ,0010 .0010 ,0110 ,0910 
LFL Ki .OOOO .OOOO .0110 .053U 
LR, CG .0000 .0000 ,0000 ,0220 
LPL VCG .0000 .0000 ,0000 ,0060 
PF CASC 1 . 0  1 . 0  64. 32. 94. 16. 85. 8 .  70. 
PFC 6 .  50. 2. 32. 1. 18. . 5  9 .  . 2 5  5. 
PFC.125 2 . 5  .062S 0.  
STRIB 
T4 BW1 CREEK. SEQlENI 3 ,  AT CONTROL POINT 3 .  
T5 SECOND UPSTREAM TRIB ON WIN STM 



T6 LOAD CURVE IS FRCM USGS DATA WITH 5 PERCENT FOR BED LOAD 
T7 BED GRADATIONS FRCM INIPCPOUTION OF SAMPLES TAMgl 10 JUHe 1980 
T8 DAVID WILLIAM. HZS. SEPT 1982 
La. 1 100 500 I000 30000 
LTLTOTAL ,0020 30.0 500. 1200 22500 
LFL VFS ,201 ,201 .078 .078 .I37 
Ln FS .342 .342 .I72 1 7  .218 
LFL HS .451 1 .454 ,601 .478 
LFL CS .001 ,001 .I97 ,142 .I56 
LFL VCS .OOO ,000 .OOO .003 .008 
LFL VFG .0000 .OD00 .0000 .0000 .0020 
LFL FG .0000 .000 .0000 .0000 .0010 
LFL K; .oooo ,000 .oooo .oooo .oooo 
LFL CG .OOOO .OOO .OOOO .OOOO .OOOO 
LFL VCG .0000 .000 .0000 .0000 .0000 
PF BEAR 1. 1. 4. 2. 99.5 1. 99. .5 93. 
PFC .25 27 ,125 3. ,0625 0. 
PF BEAR 6. 1. 4. 2. 99.5 1. 99. 5 89.5 
PFC .25 22.5 ,125 2.5 .0625 0. 
STRIB 
14 TAMO CREEK. SE- 4, AT CONlROL POINT 4 
15 FIRST TRIBUTARY ON BEAR CREEK 
16 LOAD CURVE IS FROn USGS DATA WITH 5 PEFCZUT FOR BED IMD 
T7 BED GRADATIONS FRCn 1NTeRH)UTION OF SAMPLES TAMgl 10 JlME 1960 
18 DAVID WILLIAM. WES, SEH 1982 
LOL 1 100 500 1000 30000 
LTLTOTAL ,0020 30.0 500. 1200 22500 
LFL VFS ,201 ,201 ,078 .078 ,137 
LFL FS ,342 .342 .I72 1 7  ,218 
LFL HS ,451 4 5  .454 ,601 .476 
LFL CS ,001 ,001 ,197 ,142 .I58 
LFL VCS ,000 ,000 ,000 ,003 .008 
LFL M G  .0000 .0000 .0000 ,0000 ,0020 
LFL FG .0000 ,000 .0000 .0000 .0010 
LFL MG .0000 ,000 .a000 .0000 .0000 
LFL CG .0000 ,000 .0000 .0000 .0000 
LFL VCG .0000 ,000 .0000 .0000 .0000 
PF TAKE0 1. 1. 4. 2. 99.5 1. 99. 5 93. 
PFC .25 27. ,125 3. .0625 0. 
PF TAKE0 6. 1. 4. 2. 99.5 1 99. .5 89.5 
PFC .Z5 22.5 ,125 2.5 ,0625 0. 
sm 

AB FLOW 1 = BASE FLCW OF 500 CFS 
Q 500 29 61 128 90 
R 956. 974. 
T 65 70 7 2 6 7 73 
W 2 
SPRT 
CP 1 
PN MAIN 7 11 
CP 4 
PN TAKE0 4 
END 

AC FLaW 2 = 50 DAYS AT BANK FULL DISCHARGE 
Q 2500.0 150 300 650 450 
R 965. 975.0 
X 5 50 

FLOW 3 = NEAR BANK FULL DISCHARGE 
Q 1250. 78 150 340. 250 
R 960. 975. 
W 1. 
SPRT 
CP 3 
PN BEAR 1 
END 

AC FLOW 4 - BASE F L W  OF 500 CFS 
Q 500 29 61 128 90 
R 955. 974.5 
W 2 
SSEND 



6.6.2 Geometric Data Structure 

The input data file for problem 6 is shown in Exhibit 6.13. The main stem data is first, with QT 
records indicating locations of the tributaries (see section 3.6.2); an EJ record ends this data. The 
number in field 1 of the QT record is the Control point associated with that tributary; thus, the first QT 
record encountered is for Cascade Creek which enters the main stem at control point 2. Another QT 
is between sections 42.1 and 44.0, since this is a local flow there is no control point on the record. 
The geometry for each tributary is entered in sequence by segment number following the main stem 
data. Therefore, the second set of cross section data is for Cascade Creek. Note the use of the QT 
record within the Bear Creek geometry to locate the confluence of Takeo Creek. 

6.6.3 Sediment Data Structure 

The sediment data are entered in a sequence similar to the geometric data Note, however, 
that the local inflow load table follows the main stem sediment data Thereafter the sediment data for 
each tributary follows in sequence of segment number. Each set of tributary data is begun with a 
STRIB record. 



6.6.4 Flow Data Structure 

The flows and temperatures for local and tributary flows must be entered in the proper 
sequence on the Q and T records. The flows entering this system for the last (fourth) time step are 
shown on Figure 6.5. The first flow on the 0 record is that leaving the downstream boundary of the 
main stem (500 cfs), the next is the local inflow (Silver Creek) to the main stem (29 cfs). Since there 
are no more local inflows on the main stem, field 3 contains the flow (61 cfs) for segment 2, Cascade 
Creek. Bear Creek flow (38 cis) is in field 4 and Takeo Creek flow (90 cfs) in field 5. 

Takeo Creek Upstream 

Seg. 4 End of Project 

Q=90 Q=282 

Cross Section 2.1 

Cross Section 55.0 
Cross Section 4.0 

- - Cross Section 53.0 

(2-410 

- - Cross Section 44.0 

Cross Section 42.1 

ss Section 35.0 

Q=6 1 
Cross Section 32.0 - Cascade Creek 

CP2 
Cross Section 15.0 -- 

S. Fork Zumbro River 
Seg. 1 

CPI Q=500 
Downstream 

End of Project 

I I 
Figure 6.5 Flows for Problem 6 



6.6.5 Selective Out~ut 

Output can be limited to specified cross sections on any stream segment. The type of output 
is governed by information on the * record. For example, for the third flow in problem 6, we are 
requesting A-level hydraulic and C-level sediment output at the seventh (42.1) and eleventh (58.0) 
sections on segment 1 and the fourth (6.0) section on segment 4 rake0 Creek). This is done via the 
SPRT, CP, and PN records. For the fourth flow, AC level output is to be provided only for the first 
(1 .O) section of the third segment (Bear Creek). 

6.6.6 Network Outout 

The output is very similar to that of a single stream problem. The output file for problem 6 is 
shown in Exhibi 6.14. The geometric data is output in increasing segment order. Sediment data are 
then given for the main stem, the local inflow (Silver Creek), and the tributaries. The user is advised to 
take advantage of the title records to annotate the output file. The information from the TI records is 
used throughout the output so they should contain the name of each stream segment. 

The A-level hydraulic data are output in the sequence in which the backwater computation is 
performed. Segment one is calculated first from downstream to upstream. The water surface 
elevation at each control point is printed; this then becomes the starting water surface elevation for 
the backwater computation for that tributary. The temperature in the main stem changes as differing 
water temperatures enter from the tributaries. For example, for the first flow, the inflow from Cascade 
creek is 61 cfs at 72 OF and the flow in the main stem below that confluence is 500 cfs at 65 OF (see 
Figure 6.5). Therefore, the flow in the main stem above the confluence is 439 cfs at 64.027 "F 
(439*64.027 + 61.72 = 500'65). Next, the hydraulics are calculated for segment 2 using as the 
stming water surface elevation the elevation calculated in segment 1 at the confluence. 

Sediment output contains the same types of information previously discussed; identified 
primarily by cross section and segment. 

EXHIBIT 6.14 Output - Network System 

...................................................... 

SCOUR AND DEFUSITION IN RIVERS AND RESERVOIRS 
* Version: 4.0.0 - September 1990 
* * 

* 
* RUN DATE 30NOV90 TIME 15:25:41 
...................................................... 

................................... 
U.S. ARm CORPS OF ENGINEERS 
THE HYDROLCGIC ENGINEERING CENTER 
609 SECOND STREET . 

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

.......................................................................................... 
MAXIMUM LIMITS FOR THIS VERSION ARE: 

t 

Stream Seyaents (Main Stem + Tributaries) = 10 Control Points = 10 
Cross Sections = 150 Grain Sizea - 15 

.......................................................................................... 

.......................................................................................... 
INPUT FILE: M6.DAT 
O V T ~  FILE: M~.OWI 



T 1 EX. PB. +6.. NETWORK. MAIN STPI: LOWER S. FORK ZUMBRO R.. ROCHESTm, t lN 
T2 CASCADE AND BFM CKS ARE TRIBS, TAXEO ClC IS TRIB OF BEAR CK, SILVER CK 
T3 IS LOCAL, ORIG. WORK BY DAVID 1. WILLIM. WES. 1982: ADAPTED 1989. DTW 

SECTION NO. 1 RIVER MILE- 1.000 
SET THE DEPIH(FEET1 OF BED SEDIMENT RESERVOIR TO 10.000 

SECTION NO. 2 RIVER MILE- 15.000 
SET THE DEPlT(FEET1 OF BED SEDIMENT RESERVOIR TO 10.000 

THIS IS JUNCTION NO 2 IN TEE STEN'! N E m .  
TRIBUTARY ENTRY POINT 1 OCCURS JUST DWNSIREM Eat24 X-SECTIOR NO. 3 

SECTION NO. 3 RIVER MILE- 32.000 
SET THE DEPTH(FEET1 OF BED SEDIMENT RESERVOIR M 10.000 

SECTION NO. 4 RIVER MILE- 33.200 
SET THE DEPTH(FEET1 OF BED SEDIMENT RESERVOIR M .000 

SECTION NO. 5 RIVER MILE- 33.300 
SET THE DEPlT(FEET) OF BED SEDIMENT RESERVOIR TO .000 

SECTION NO. 6 RIVER MILE- 35.000 
HYDRAULIC CON'IROL POINT # 1 
WATER SURFACE ELEVATION WILL BE RU9 FROn R-REcOaD..FIELD- 2 
INEFITCTIVE FLOW AREA REQUESTED BY X3-RECORD. LEFT OVERBANK RIOBT OVrJUU)sI( 

STA + 10 19 
INEFFECT'IVE ELEVATION 984.700 983.700 

SET THE DEPlH(FEE1) OF BED SEDIMENT RESERVOIR TO .000 

SECTION NO. 7 RIVER MILE- 42.100 
SET THE DEPTE(FEE1) OF BED SEDIMENT RESERVOIR TO ,000 

LOCAL INFLOW POINT 1 OCCURS JUST DOWNSIREM FRCn X-SECTION NO. 8 

SECTION NO. 8 RIVER MILE= 44.000 
SET THE DEPTH(FEET1 OF BED SEDIMENT RESERVDIR TO 10.000 

SECTION NO. 9 RIVER MILE- 53.000 
SET THE DEPTH(FEE1) OF BED SEDIMENT RESERVOIR TO 10.000 

THIS IS JUNCTION NO 3 IN TEE STREAM NETWRK. 
TRIBUTARY ENTRY POINT 2 OCCURS JUST DOWNSTRUn FROn X-SECTION NO. 10 

SECTION NO. 10 RIVER MILE- 55.000 
SET THE DEPW(EEET) OF BED smInmr RESERVOIR TO ro.ooo 

SECTION NO. 11 RIVER MILE- 58.000 
SET THE DEPl!3(FEET) OF BED SEDIMENT RESERVOIR TO 3.400 

NO. OF CROSS SECTIONS READ IN FOR THIS S T E M  SEENT- 11 
NO. OF INPUT DATA MESSAGES = 0 

CP 2 ,000 ,000 000 ,000 .ooo ,000 ,000 
T 1 EXAMPLE 6 (CONTINUED) CASCADE CREM GEMTRY, SEG. 2, CP2 
12 MISTING CONDITIONS 
T3 DAVID WIl,LIM, WES. OCT 1982. ADAPTED 1989 BY DAVID 1. HILLUPS 



SECTION NO. 1 RIVER MILE- 1.000 

SECTION NO. 2 RIVER MILE- 3.000 

SECTION NO. 3 RIVER MILE- 4.000 

SECTION NO. 4 RIVER MILE- 6.200 
INEFFECTIE FLOW AREA REQUESTED BY X3-RECORD. LEFT OVERBANK RIGHT OVERBANK 

STA + 6 14 
INEFFECTIVE ELEVATION 987.400 987.500 

NO. OF CROSS SECTIONS REM IN FOR THIS STRUn SE-T- 4 
NO. OF INPUT DATA MESSAGES = 0 

CP 3 ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000 . 000 
TI EXAMPLE 6 (CONTINUED) BEAR CREEK GECMZTRY. SEG. 3. CP3 
12 EXISTING CONDITIONS 
13 DAVID W I U I M .  WES. CCT 1982. ADAPTED 1989, DAVID 1. WILLIAM 

SECTION NO. 1 RIVER MILE= :. 000 
SECTION NO. 2 RIVER MILE- 2.100 

THIS IS JUNCTION NO 4 IN TKE STREAM NEIWRK. 
TRIBUTARY ENTRY POINT 1 CCCVRS JUST DOWNSTEAM FRW X-SECTION NO. 3 

SECTION NO. 3 RIVER MILE= k ,000 

SECTION NO. 4 RIVER MILE= 6.000 
INEFFECTIVE FLOW ARU REQUESTED BY X3-RECORD. LEFT OVERBANK RIGHT OVERBANK 

STA # 12 23 
INESTECTIVE ELEVATION 995.600 982.000 

NO. OF CROSS SECTIONS READ IN FOR THIS STRUn SEmNT- 4 
NO. OF INPUT DATA MESSAGES - 0 

CP 4 ,000 . 000 .ooo ,000 .ooo .ooo ,000 .ooo ,000 
TI EXAMPLE 6 (CONTINUED) TAKE0 CREEK GECBETRY, SEG. 4, CPb 
T2 MISTING CONDITIONS 
13 DAVID WILLIAMS. WES. CCT 1982, ADAPnD 1989 BY DAVID 1. WILLIAMS 

SECTION NO. 1 RIVER MILE= 1.000 
. . .  ADD 2.00 TO EACH ELEVATION(Y) 

SECTION NO. 2 RIVER MILE- 2.100 
. . .  ADD 2.00 TO UCR ELEVATION(Y) 

SECTION NO. 3 RIVER MILE- 4.000 
. . .  ADD 2.00 To EACH ELEVATION(Y) 

SECTION NO. 4 RIVER MILE= 6.000 
. . .  ADD 2.00 TO EACB ELEVATION(Y) 
INEFFECTIVE FLCW ARU REQUESTED BY X3-RECORD. LEFT OMUMK RIGHT OVERBAHK 

STA + 12 23 
INEFFECTIVE ELEVATION 997.600 996.000 

NO. OF CROSS SECTIONS REM IN FOR IRIS STREAM SEC;HENT- 4 
NO. OF INPUT DATA ESSAGES - 0 

TOTAL NO. OF CROSS SECTIONS IN TRE NEWOIX = 23 
END OF GECHETRIC DATA 

14 WIN S m ,  SECEIENl 1, CONTROL POINT 1, S. FORK ZUHBRD R., ROCBESIER. MN 
T 5 LOAD CURVE FFDI USGS DATA AT USGS GAGE: 5 PERCENT ADDED FOR BED LOAD 
16 BED GRADATIONS FROH INTERPOUTION OF SAMPLES TA);ER 10 JUNE 1980 
T7 ENCODED BY DAVID WILLIAMS. WES. SEW 1982 



18 SEDIMENT TRANSPORT BY STREAM PO(JER: SEE ASCE JOURNAL (YARO 1971) 
EX. PB. #6., NEWJRK, MAIN STM: LOWW S. FORK ZUneRD R.. RfXWESm. PIW 
CASCADE AND BEAR CKS ARE TRIES, T M E O  CK IS TRIB OF BEAR CK. S I L m  CK 
IS LEN..  ORIG. WORll BY DAVID T. WILLINS, WES. 1982: ADAPTED 1989. D'1W 

SEDIMENT PARAMET= DATA 
SPI IBG HNQ SPGF K G R  WALL IBS- 

I1 5. 0 1 1.000 32.174 2 1 

SAND AND/OR GRAVEL ARE PRESENT 

?ITC IASA U S A  S K S  G W  B S U  PSI IN)LB 
I4 4 1 10 2.650 ,667 ,500 30.000 93.000 

FOLLOWING GRAIN SIZES UTILIZED 
SAND: .000288 ,000580 .001160 .002319 ,001639 

.009279 .018560 ,037120 ,074216 ,148596 

*****TRANSPORT CAPACITY RELATIONSHIP IS YANG***** *** WTC - 4 

COEFFICIENTS FOR C W T A T I O N  SC- WERE SPECIFIED 
DBI DBN XID xIn XIU UBI UBI JSL 

I5 ,500 ,500 ,250 ,500 .250 .000 1.000 1 

SEDIMENT LOAD TABLE FOR STREAM SEGMENT # 1 
LOAD BY GRAIN SIZE CUSS (TONSIDAYI 

1.00000 * 50.0000 * 1000.00 * 5800.00 
VFS* .13G900E-02* ,178500 159.360 2298.50 
PS* ,360800E-02- ,492000 * 105.920 ' 1377.00 
HS* ,608300E-02* ,829500 49.9200 693.000 
CS* ,100000E-19* .100000E-19. 3.52000 72.0000 
VCS* ,100000E-19* .100000E-19' 1.28000 * 36.0000 
VFG* .10OOOOE-19* .100000E-19* .100000E-19. 18.0000 
FG* .150000E-19* .100000E-19. .100000E-19* 0.50000 
%* .100000E-19' ,100000E-19. .100000E-19' .100000E- 

LF C;* ,100000E-19. .100000E-19' .100000E-19. .100000E-19. .100000E-19' 
LF VCG* ,100000E-19' ,100000E-19. .100000E-19' ,100000E-19' .100000E-19* 

VOLUME VS DEPTH OF DEPOSITS 
SEC NO. RUCB m3VABl.E 

LENGTE BED 
WIDTE 

.oo 
1.000 183.50 

8268.00 
15.000 242.00 

8240.00 
32.000 219.50 

320.00 
33.200 299.00 

175.00 
33.300 299.00 

105.00 
35.000 276.00 

3005.00 
42.100 154.50 

495.00 

INITIAL BED-ELEVATIONS 
LEFT SIDE TWLWEG RIG= SIDE 

ACCLWLAl'ED CBAWWEL DISTANCE , 
m a  D a w n s m  
FEET MILES 

. 00 .oo 

8268.00 1.57 

18508.00 3.13 

16828.00 3.19 

17003.00 3.22 

17108.00 3.24 

20113.00 3.81 



ED MATERIAL GRADATION (as computed Zrom 3F-records) 
SECID SAE CMAX DXPI XPI TOTAL BED BED MATERIAL FRACTIONS PER GRAIN SIZE (FINE TO COARSE) 

N 1.000 1.000 . l o 5  ,105  1.000 1.000 . O l O  ,070 ,290 ,360  ,120 
.O6O ,040 .015 ,035  ,000 

.LOCAL INFLW DATA.. 

SEDIMENT LOAD TABLE FOR SIREM SE- # 1 
AT LOCAL INFLW POINT + 1 

LOAD BY GRAIN SIZE CLASS (TONSIDAY) 

VFS* 
FS* 
NS 
CS* 

VCS* 
VFG* 
FG* 
MG* 
CG* 

VCG* 

s w *  

14 CASCADE CREEK, SE- 2 ,  AT CONTROL POINT 2 
15 FIRST TRIB ON MAIN SfM. LOAD CURVE IS FRM USGS DATA WITX 5 PERCENT 
16 FOR BED LOAD. BED GRADATIOW FRU4 I N ~ I I O H  OF SAHPL&S TAKEII 
17 10 JUNE 1980. DAVID W I U W .  mS. S E H  1982 
T8 ADAPIED BY DAVID W I L L W ,  1989 
EXAWLE 6 (COlOtINUED) CASCADE CRmE GE-Y. SEG. 2.  CP2 



M I S T I N G  CONDITIONS 
DAVID W I L L I N .  WES. OCT 1982. ADAPTED 198g BY DAVID 2 .  W I U I M  

FOUDHING GRAIN SIZES UTILIZED 
SAND: ,000288 .000580 .001160 .002319 .004639 

.009279 ,018560 ,037120 ,074216 ,148596 

*****TRANSPORT CAPACITY REUTIONSHIP I S  YANG***"* *to 1 4 

SEDIMNT LOAD TABLE FOR STRUM S E W 1  # 2 
LOAD BY GRAIN S I Z E  CLASS (TONSIDAY) 

LQL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 

VFS* 
FS* 
MS* 
CS* 

VCS* 
VFG* 

FG* 
MG* 
CG * 

L'CG* 

VOLUME VS DEPTH OF DEPOSITS 
SEC NO. REACH MOVABLE INITIAL BED-ELNATIONS GCUWLATED CEANNEL DISTMKI! 

LENGTH BED LEFT SIDE THALWEG RIGHT SIDE FRUl DCWZOSTRLAn 
WIDTH F E Z I  MILES 

.oo 
1.000 200 .OO 964.60 959.80 969.60 . O O  . 00 

537.00 
3.000 222.00 982.90 964.30 970.30 537.00 . l o  

240.00 
4.000 114.50 981.70 968.30 981.20 777.00 .15  

474 .OO 
6 .200 200.00 987.40 972.00 987.50 1251.00 .24 

ED MATERIAL GRADATION ( a s  c o m p u t e d  from P F - r e c o r d s )  
SECID SAE DMAX DXPI XPI TOTAL BED BED MATERIAL FRACTIONS KR GRAIN S I Z E  (FINE TO COARSE) 

N 1. SO0 1.000 210 ,210 1.000 1.000 ,025 ,025  ,040 ,090  ,140 
,180 ,200 0 ,090  ,060 

T 4 B U R  CRLM. SECMZNT 3 ,  AT CONTROL W I N 1  3 ,  
TS SECOND UPSTREAM TRIB ON MAIN STEM 
T6 LOAD CURVE I S  FROM USGS DATA WITH 5 PERCENT FOR BED LOAD 
T? BED GRADATIONS FRCN INTERKIUTION OF SAMFLES TAKEN 10 ,JUNE 1980 
T8 DAVID WILLIAMS. WES. S E F I  1982 
W H P L E  6 (CONTINUED) BEAR CWK G E M T R Y .  SEG. 3 .  CP3 
M I S T I N G  CONDITIONS 
DAVID W I L L M ,  UES, CCT 1982. ADAPIED 1989, DAVID 1. WILLUEIS 

FOLLOWING GRAIN SIZES U r I L I z m  
SAND: ,000288 .000580 .001160 ,002319 ,004639 



*****TRANSWRT CAPACITY RELATIONSHIP IS YANG***** **+ - 4 

SEDIMENT LOAD TABLE FOR SZRUM S E W N 1  # 3 
LOAD BY GRAIN SIZE CLASS (TONS/DAY) 

LQL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 
LFL 

* 1.00000 * 
VFS* ,402000E-03. 
?S* ,584000E-03* 
MS* .902000E-O3* 
CS* .200000E-05' 
VCS* .100000E-19* 
VFG* .100000E-19" 
FG* ,100000E-19. 
.%* .100000E-19* 
CG* ,100000E-19* 
VCG* .100000E-19. ------------ . 

jW* ,199OOOE-02* 

VOLUME VS 3EPTH OF DEWSITS 
SEC NO. .EACH :MVABLE : NITIAL BED-EL~ATIONS ACCUMULATED CHANNEL DISTANCE 

LENGTH BED LEFT SIDE THhLHEG RIGHT SIDE FROH M m S T R U M  
WIDTH FEET MILES 

.oo 
1.000 202.50 985.00 977.00 385.90 . 00 .OO 

260.00 
2.100 137.50 986.70 977.30 986.70 260.00 .05 

708.00 
4.000 137.50 986.30 978.30 992.30 968.00 .18 

665.00 
6.000 347.50 995.60 932.80 994.20 1633.00 .31 

ED MATERIAL GRADATION (as computed from PF-records) 
SECID SAE DMAX CXPI XPI TOTAL BED BED MATERIAL. FRACTIONS PER GRAIN SIZE (FINE TO COARSE) 

N 1.000 1.000 013 213 1.000 1.000 ,030 ,240 ,560 ,060 ,005 
,005 ,000 ,000 ,000 ,000 

T 4 TAKE0 CRFM. S E W N 1  4, AT CONTROL WINT 4 
T 5 FIRST TRIBUTARY ON BEAR CREEK 
T6 LOAD CVRVE IS FRU4 USGS DATA WITH 5 PERCENT FOR BED LOAD 
T7 BED GRADATIONS FRU4 INTERPOUTION OF SAMPLES TAKEN 10 JUNE 1980 
T8 DAVID WILLIAMS. WES, SEPT 1982 
EXAMFLE 6 (CONTINUED) TAKEO CREEK GECHETRY, SEG. 6. CP4 
MISTING CONDITIONS 
DAVID WILLIAMS. WES, CCT 1982. ~DAPTED lges BY DAVID T. WILLIN 

FOLLMJING GRAIN SIZES UTILIZED 
SAND: ,000288 .900580 .GO1160 902319 .004639 

,009279 ,018560 ,037120 .074216 ,148596 

*****TFANSFQRT CAPACITY RELATIONSRIP IS YANG***** *** HIC = 4 



SEDIMNT LOAD TABLE FOR STRUn S E W N T  1 4 
LOAD BY GRAIN SIZE CLASS (TORSIDAY) 

LQL 4 1.00000 * 100.000 500.000 l 1000.00 4 30000.0 
LFL VFS* .402000E-03* 6.03000 39.0000 l 93.6000 3082.50 
LFL FS* ,684000E-03* 10.2600 l 86.0000 4 210.000 l 4905.00 l 

LFL MS4 ,902000E-03* 13.5300 * 227.000 4 721.200 4 10710.0 
LFL CS* .200000E-05* .300000E-01. 98.5000 4 170.400 l 3555.00 
LFL VCS* .100000E-19* .100000E-19. .100000E-19* 3.60000 180.000 
LFL VFG* .100000E-19' ,100000E-19' .100000E-19" .100000E-19. 45.0000 l 

LFL FG* .100000E-19* .100000E-19. .100000E-19. .100000E-19. 22.5000 
LFL ffi* .100000E-19" .100000E-19* .100000E-19' .100000E-14. .100000t-10* 
LFL CG* .100000E-19. .100000E-19. .100000E-19. .100000E-19. .100000E-19. 
LFL VCG* ,100000E-19* .100000E-19. .100000E-19. .100000E-19. .100000E-19. ------------ ------------ ------------ ------------ ------------ 

S W *  ,199000E-02* 29.8500 450.500 * 1198.80 22500.0 

VOLUME VS DEPTE OF DEPOSITS 
SEC NO. RUCB M3VABLE INITIAL BED-ELEVATIONS XCXEWUTED CBARllLL DISTANCE 

LENGTH BED LEFT SIDE IEALWEG RIGET SIDt ~ W M t S R V A n  
WIDm FEET MILES 

.oo 
1.000 202.50 987.00 979.00 987.90 .OO . 00 

260.00 
2.100 137.50 988.70 979.30 988.70 260.00 .05 

708.00 
4.000 137.50 988.30 980.30 994.30 968.00 .18 

665.00 
6.000 347.50 997.60 984.80 996.20 1633.00 .31 

ED MATERIAL GRADATION (as computed from PF-records) 
SECID SAE D W  DXPI XPI TOTAL BED BED MATERIAL FRACTIOKS PER GRAIN SIZE (FIR2 TO COARSE) 

N 1.000 1.000 ,013 ,013 1.000 1.000 ,030 ,240 ,660 .060 ,005 
,005 .OOO .OOO ,000 ,000 

STREAM SEGMEWT t 1: EX. PB. # 6 . ,  NETWORI(. MAIN S m :  LOWER S. FORlC Z m R O  R., ROCBESTLR, 
DIMENSIONS OF BED SEDIMENT CONTROL VOLUMES. FEET. 
SEC. NO. * LENGTH * MAX. WIDTH DEPRI l V O L U M E  * 

a 4 CU. FT. CU. YD. l 

:.000* 4134.00 * 203.000 l 10.0000 * .839202E+07* 310816. 
15.000* 8254.00 * 228.490 * 10.0000 * .188596E+08* 698502. 4 

32.000* 0280.00 * 227.710 10.0000 .974600E+07* 360963. * 
33.200* 247.500 * 281.869 * .OOOOOO l .OOOOOO .OOOOOO 
33.300. 87.5000 * 299.000 l .000000 l .000000 * .000000 
35.000* 1502.50 235.500 l .000000 .000000 .000000 * 
42.100" 1750.00 * 197.899 * .OOOOOO ' .OOOOOO 4 ,000000 * 
44.000* 1718.00 288.055 l 10.0000 * .494879E+07* 183288. * 
53.000* 1855.50 * 233.267 10.0000 .432826E+07* 160306. 
55.000' 1116.00 * 196.961 * 10.0000 * .219808E+07* 81410.4 
58.000* 731.000 * 185.667 4 3.40000 l 461456. 17091.0 

STREAM S E W N T  1 2: EXAMPLE 6 (CONTINUED) CASCADE CREM GECWZRY, SUi. 2. CPZ 
DIMNSICNS OF BED SEDIFENT CONTROL VOLUMES, FEET. 
SEC. NO. LENGTH W. WIDTH DEPTE V O L U M E  4 

t CU. FT. CU. YD. 
1.000* 268.500 * 207.333 10.0000 556690. * 20618.1 
3.000* 388.500 4 205.866 .OOOOOO .OOOOOO .OOOOOO 
4.000*357.000 *145.465 *.OOOOOO 4.000000 *.OOOOOO 
6.200*237.000 *171.500 *.OOOOOO *.OOOOOO *.OOOOOO * 



STRWM SEGMEHT + 3: MAMPLE 6 (CONTINUED) BEAR CREEK GECNETRY. SEG. 3, CP3 
DIMENSIONS OF BED SEDIMENT CONTROL VOLUMES, FEET. 
SEC. NO. * LENGTE MAX. WIDTH D E m  * V O L U M E  * 

* CU. FT. CU. YD. 
1.000* 130.000 180.833 * 10.0000 * 235083. 8706.79 * 
2.1000 484.000 143.320 10.0000 * 693667. * 25691.4 * 
4.000* 686.500 * 171.404 ' .000000 .000000 .OOOOOO * 
6.000* 332.500 * 277.500 * .100000E+00* 9226.87 341.736 * 

STREM SEGMENT ;1 4: EXAMPLE 6 (CONTINUED) TAlCEO CREEK CEOEIETRY, SEO. 4 ,  CPS 
DIMENSIONS OF BED SEDIMENT CONTROL VOLUMES. FEET. 
SEC. NO. * LENGTE W. WIDTH DEPlg V O L U M E  

CU. FT. * CU. YD. 
1.000* 130.000 180.833 * 10.0000 * 235083. * 8706.79 * 
2.100* 484.000 * 143.320 10.0000 * 693667. 25691.4 
4.000* 686.500 171.404 .OOOOOO .OOOOOO .OOOOOO 
6.000' 332.500 277.500 * .100000E+00* 9226.87 341.736 * 

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

BEGIN CCMPUTATIONS. 
sm 

hB FLCW 1 - BASE F L W  OF 500 CFS 
BOUNDARY CONDITION DATA. CONTROL WINT NO. 1 

SE-NT INFtOW Q IN CFS. . . 
1 500.0 29.0 

TIM? STEP NO. 1 
WATER DISCBARGE- 500.00 

ELEVATION- 956.000 
TPIPERATURE- 65.000 

FLOW DLIRATION(DAYS) 2.000 

*"* N DISCRARGE WATER ENERGY VELOCITY ALPBA TOP AVG AVG VEL (by subsection) 
(CFS) SLWACE LINE BEAD WIDTH BED 1 2 3 

SEC NO. 1.000 
**** 1 500.0 956.00 956.00 .OO 1.00 154.50 949.52 .OO .50 .OO 

FLOn DISTRIBUTION ( I )  = .O 100.0 .O 

SEC NO. 15.000 

SUPERCRITICAL 
SEC NO. 15.000 TIME - 2.00 DAYS. 
TRIAL TRIAL f33PWED CRITICAL 
NO. WS WS WS 
0. 957.23 956.49 
1. 957.33 956.55 957.28 

**** 1 500.0 957.33 958.06 .73 1.00 46.55 955.76 .OO 6.86 .OO 
FLU4 DISTRIBUTION ( I )  - .O 100.0 .O 

JUNCTION . . .  CONTROL WIN1 NO.- 2 
TRIBUTARY DISCHARGE- 61.0 
WATER SURFACE ELEV- 957.326 

CONTINUING ON SEGHENT NO. 1 
WATER D I ~ G E -  439.00 

ELEVATION- 957.326 
TENPERATURE- 64.027 

F L W  DURATION(DAYS) 2.000 

**** N DISCBARGE WAfER ENERGY V E E I T Y  ALPHA TOP AVG 
(CFS) SURFACE LINE BEAD WIDTE BED 

AVO VEL (by subsection) 



SEC NO. 32.000 
.*** 1 439.0 962.97 962.98 . 0 1  1.00 128.98 958.75 . O O  .82 .OO 

FLOW DISTRIBUTION ( X I  - .O 100.0 . O  

SECNO. 33.200 
**** 1 439.0 963.03 963.05 .02 1.00 210.85 961.07 . O O  1.06 .OO 

FLOW DISTRIBUTION (XI - . O  100.0 . O  

SEC NO. 33.300 
*"* 1 k39.0 963.12 963.14 .02 1.00 211.16 961.08 . O O  1.02 .OO 

FLOW DISTRIBUTIOlf (XI - . o  100.0 . O  

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEC;EIETn + 4 
EXAMPLE 6 (CONTINUED) TAKE0 CREEK GE-Y, SEG. 4, CPb 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM S m  

............................................................. 

TIME ENTRY SAND 
DAYS POINT INFLOW OUTFLOW TRAP EFF 

t 

2.00 6.000 .02 
TOTAL- 1.000 • .02 .97 -40.21 

............................................................. 
TABLE SB-1. TOTAL AND LOAD BY GRAIN SIBIN TONSIDAY 

VF F M C 
SEDIREYT INFLOW 
SANDS & GRAVELS 23.96 4.84 8.23 10.86 .02 

. 00 .oo .oo .oo 
SEDIMENT OUTFLOW 
SANDS 6 GRAVELS 987.24 33.00 244.47 648.68 55.24 

1.46 . O O  .OO .OO 

SECTION BED CHANGE WS ELEV THALWUi 0 SED- LOAD (TONSIDAY) 
ID NO FEET FEET EL FEET CFS SAND 

6.000 0 986.41 984.70 90. 53. 
0 .000 . O l  981.50 980.31 90. 42. 
2.100 - .26  980.33 979.04 90. 307. 
1.000 -2 .81  979.50 976.19 90. 987. 

TABLE SA-1. TRAP EFFICIENCY ON SIREAM S E W N 1  I 3 
EXAIYPLE 6 (CONTINUED) BEAR CRZM GEMTRY. SEG. 3, CP3 
ACCUMlLATED AC-FT ENTERING AND LUVING TEIS STRUn SE-lT 

............................................................. 
t 

TIME ENTRY * SAND * 
DAYS WINT * INFLOW OUTFLOW TRAP EFF 

2.30 5.000 * . O O  
2.100 .97 

TOTAL- 1.000 • .98 1.32 - . 3 5  

............................................................. 
TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZEIN TONSlDAY 

VF F M C 
fEDIMFNT INFLOW 
SANDS & GRAVELS 3.96 .80 1.36 1.79 . O O  

.oo .oo .oo . 00 
;EDIENT ournow 
SANDS & GRAVELS 1334.14 59.22 373.42 826.29 67.93 

1.89 . O O  .OO . O O  

SECTION BED CHANGE WS ELEV THALWEG 0 SEDIUENI LOAD (TONSIDAY I 
ID NO FEET FEET EL FEET CFS SAND 

6.000 - . l o  983.95 982.70 38. 33. 
0 .000 . 0 1  979.02 978.31 38. 26. 
2.100 .54 978.59 977.84 128. 463. 
1.000 -3.59 977.61 973.41 128. 1334. 



TABLE SA-1. TRAP EFFICIENCY ON STREAM S-NT # 2 
EXAMPLE 6 (CONTINUED) CASCADE CREEK GEWTRY. SEG. 2 .  CP2 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SE-T 

t************************************************************ 

TIHE ENTRY SAUD 
DAYS WINT * INFLOW OUTFLOW TRAP EFF 

* 
2.00 6.200 0 0 

TOTAL- 1.000 . 00 .04 -7.90 
* 

**************************+**************************+***+*** 
TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZEIN MWSlDAY 

VF F M C 
SEDIMENT INFLOW 
SANDS & GRAVELS 4.32 2.87 .89  .37 .13  

. 0 1  .oo  . 00 .oo  
SEDIKWI O U T W  
SANDS 6 GRAVELS 38.44 3.86 2 .85  4.02 8 . 7 0  

3 .25  2 . 3 1  . 00 . O O  

SECTION BED CHANGE WS ELEV TKALWEG 0 SEDIHENT LOAD (TONS/DAY) 
ZD NO FEET FEET EL FEET CFS SAND 

6 .200  . O O  972.74 972.00 61. 3 .  
4.000 . O O  969.60 968.30 61.  3 .  
3.000 . O O  965.96 964.30 61.  2. 
1 .000 - . I 1  960.34 959.69 61.  38. 

TABLE SA-1. TRAP EFFICIbNCY ON STREAM SEGHENT # 1 
EX. PB. # 6 . .  NEIWORK. MAIN STPI: LOWER S. FORK ZUHBRO R.. ROCHESTER. MN 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGHENT 

............................................................. 
* 

T IHE ENTRY * SAND 
DAYS POINT INnOW OUTFLOW TRAP EFF 

2.00 58.000 .03 • 

53.000 1 .32  
TOTAL- 5 3 . 0 0 0 *  1 .35  . 0 6  .96 

* 
............................................................. 

TIME ENTRY SAND 
2 .00  53.000 * .06 * 

42.100 .OO * 
TOTAL= 3 5 . 0 0 0 *  . 0 6  .OO 1.00 

t * 
............................... 

T IME ENTRY SAND 
2.00 35.000 * .OO t 

15.000 .04 
TOTAL= 1 .000  .04 . 00 .92  

* 
............................................................. 
TABLE SB- 1. TOTAL AND LOAD BY GRAIN SIZEIN TONS/DAY 

VF f M C 
SEDIMENT INFLCW 
SANDS & GRAVELS 28.81 9 .03  10.95 8.84 .OO 

.oo .oo  .oo .oo  
SEDIMENT OUTFLOW 
SANDS & GRAVELS 3 . 0 7  . 0 5  . 2 1  .67 . 8 5  

.34  . 4 3  . l o  . oo  

SECTION BED CHANGE WS ELEV T W W E G  Q SEDIkENT LOAD (TONSIDAY) 
ID NO F?ZT FEET EL FEET CFS SAW0 

58.000 - . 2 3  978.28 975.17 262. 346. 
55.000 - . l o  976.18 972.80 282. 562. 
53.000 2.38 974.14 974.58 410. 60. 
44.000 .04 974.05 967.14 410. 0 .  
42.100 . O O  974.04 969.80 439. 0 .  



TABLE SA-1. EFFICIENCY ON STRUM SE(IMERT I 1 
M. PB. #6.. NETWORK. MAIN S m :  L- S. FORK 2- R., ROCKESTER. MN 
ACCUWLATED AC-FT ENTERING AND LEAVING TEIS STREAM S- 

**++*+**+*++*.+++*+++*+*+++*+*o+++**ooo+*o+++o+***+o*o+*o+o+* 

+ t 

TIME ENTRY SAND 
DAYS WINT l INFLW O U W  TRAP EFF + 

t 

55.00 58.000" 13.21 t 

53.000 + 25.88 
TOTAL- 53.000 + 39.10 44.94 -.I5 • 

+ l 

**++****0**+.+**++0+++*+*0+.00+*+00*+*0*++**++0*0++00+*00+*0+ 

TIME ENTRY l SMD 
55.00 53.000. 44.94 + 

42.100 .36 
TOTAL- 35.0000 45.30 11.56 .74 + 

+ + 
**t**t***+*+++*+++o++*+.+**++++*++++o.*++o++++.o**++++o+*++++ 

TIHE m y  SAND + 
55.00 35.000 + 11.56 + 

15.000 .95 t 

TOTAL- 1.000. 12.51 .05 1.00 
+ + ............................................................. 

TABLE SB-1. TOTAL AM) LOAD BY GRAIN SIZZIN TONSlDAY 
VF F M C VC 

SEDIMENT INFLOW 
SANDS & GRAVELS 28.81 9.03 10.04 8.84 . 00 . 00 

.oo . 00 . 00 . 00 .oo 
SEDIMENT OUIFLCW 
SANDS & GRAVELS 6.97 1.04 .61 1.64 1.81 .83 

.41 .4@ .13 .OO . 00 

SECTION BED CHANGE 
ID NO FEET 
58.000 -2.62 
55.000 -.I7 
53.000 -. 88 
44.000 2.61 
42.100 1.39 
35.000 2.95 
33.300 .08 
33.200 .58 
32.000 -.06 
15.000 .13 
1.000 .3l 

WS ELEV TWWEG 
FEET EL FEET 
977.01 972.78 
975.58 972.73 
975.26 971.32 
974.59 969.71 
974.57 971.19 
974.50 966.25 
963.26 961.08 
963.07 961.58 
962.98 956.44 
957.47 954.13 
955.00 945.01 

Q 
CFS 
282. 
282. 
410. 
410. 
439. 
439. 
439. 
439. 
439. 
500. 
500. 

SEDDENT LOAD (TONSIDAY) 
SAllD 
71. 
76. 
53. 
2. 
0. 
0. 

183. 
191. 
392. 
717. 
7. 

ACCUMULATED WATm DISCHARGE FRCE( DAY ZERO(SFD) 
MAIN IRIB +l IRIB +2 IlUB +3 .. ..EX 

3250.0000 

SSEND 

0 DATA ERRORS DETECTED. 

TOTAL NO. OF TIE&STLPS R I  4 
TOTAL NO. OF US PROFILES- 13 
ITERATIONS IN EXNER EQ - 1495. 



END OF JOB 

JOB CCHPLETED 
RUN TIKZ = 0 HOURS, 1 MINUTES br 2.94 SECONDS 

6.7 Problem 7 - Cohesive Sediment 

This problem illustrates the deposition of clays and sitts in an impoundment at the 
downstream end of a single stream segment. Subsequent lowering of the pool level in that 
impoundment causes erosion of the cohesive deposits. Exhibit 6.15 shows the input data file for this 
problem and Exhibit 6.16 the output file. 

EXHIBIT 6.1 5 Input - Coheshre Sedlment 

T 1 EXAMPLE PROBLM NO 7. LOWER SOUra FORK ZUPIBRO RIVPI. ROCHESTER. MN 
T2 COESIVE SEDIMENT RUN. LCCAL INFL(MS ARE OUT, WILLIAkS LAKE IS 
T3 ORIGINAL WORK BY DAVID T. WILLUEIS. WES, 1982: ADAPTED 1989, DTW 
NC ,100 ,100 ,040 .1 . 3  
X 1  1.0 31. 10077.0 10275.0 0.  0 .  0. 0. 0. 0. 
GR1004.0 9915.0 978.40 10002.0 956.00 10060.0 959.20 10077.0 959.30 10081.0 
GR950.00 10092.0 948.48 10108.0 946.60 10138.0 944.70 10158.0 955.20 10225.0 
GR956.20 10243.0 958.90 10250.0 959.80 10275.0 959.80 10300.0 959.90 10325.0 
GR958.80 10350.0 957.40 10400.0 970.00 10700.0 966.00 10960.0 970.00 11060.0 
GR968.00 11085.0 968.00 11240.0 970.00 11365.0 970.00 11500.0 970.00 11615.0 
GR962.00 11665.0 962.00 12400.0 976.00 12550.0 980.00 12670.0 982.00 12730.0 
GR984 .OO 12735.0 
HD 1 10. 10081 10250 
NV 22 ,045 965.6 ,064 988.8 
NV 12 ,080 965.6 ,130 988.8 
NV 33 .10 965.6 1 982.0 .12 988.8 
X I  15.0 27. 10665.0 10850.0 8565. 7535. 8268. 0. 0. 0. 
X3 10700 961 11000 970 
GRS02.00 9570.0 982.00 10110.0 976.00 10300.0 976.00 10490.0 966.00 10610.0 
GR964.70 10665.0 956.00 10673.0 953.00 10693.0 954.00 10703.0 955.60 10723.0 
GR958.60 10750.0 959.30 10800.0 957.00 10822.0 957.30 10825.0 961.50 10850.0 
GR962.00 10852.0 964.00 10970.0 966.00 11015.0 961.00 11090.0 962.00 11150.0 
GR970.00 11190.0 972.00 11310.0 980.00 11410.0 984.00 11570.0 990.00 11770.0 
GR990.00 11865.0 1000.00 12150.0 
XD 15 10. 10673 10852 
NC . l o  . l o  .05  
X 1  32.0 29. 10057.0 10271.0 7429. 5654. 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 10097.0 
GR956.80 10117.0 957.80 10137.0 959.40 10157.0 959.60 10177.0 959.82 10196.0 
GR966.50 10225.0 971.20 10250.0 978.50 10271.0 978.50 10300.0 978.60 10350.0 
GR978.91 10370.0 978.96 10387.0 980.00 10610.0 982.00 10745.0 982.00 11145.0 
GR984.00 11150.0 992.00 11240.0 1000.00 11330.0 1008.0 11425.0 
W 32 10. 10075 10275 
NC .06 .06 .045 
X 1  42.1 32. 9880.0 10130.0 2460 4495 3605 0. 0. 0. 
GR006.00 7130.0 998.00 7310.0 998.00 7930.0 992.00 8205.0 990.00 8495.0 
GR088.00 8780.0 986.00 8990.0 985.70 9570.0 986.45 9707.0 989.44 9857.0 
GROOO.OO 9880.0 969.80 9881.0 969.80 9941.0 985.80 9941.0 985.80 9943.0 
GR960.80 9943.0 969.80 10001.0 986.70 10001.0 988.70 10003.0 969.80 10003.0 
GR969.80 10067.0 985.80 10067.0 985.80 10069.0 969.80 10069.0 969.80 10129.0 
GR989.90 10130.0 989.50 10180.0 988.60 10230.0 987.60 10280.0 985.20 10430.0 
GRS88.80 11720.0 989.90 12310.0 
W 42.10 0 9881 10021 
X 1  44.0 28. 9815.0 10127.0 290. 795. 495. 0. 0. 0.  
XL 9850 10200 
GR1002.0 8035.0 992.00 8150.0 990.00 8305.0 990.00 8735.0 988.00 8835.0 
GR996.00 9285.0 1017.8 9425.0 990.00 9505.0 986.00 9650.0 984.10 9788.0 
GR980.60 9845.0 970.90 9868.0 972.20 9898.0 970.50 9968.0 967.50 9998.0 
GR968.90 10028.0 967.40 10058.0 967.10 10078.0 971.90 10118.0 976.80 10127.0 
GR977.80 10150.0 978.90 10193.0 982.00 10206.0 981.20 10300.0 979.20 10325.0 
GR083.10 10400.0 999.80 10450.0 1002.40 10064.0 
ED 44 10. 9868 10193 
X 1  53.0 22. 10000.0 10136.0 3366. 2831. 2941. 0. 0. 0. 
GR1004.0 7550.0 1000.00 7760.0 998.00 8440.0 996.00 8640.0 996.00 8780.0 



GR994.00 8940.0 986.00 9245.0 986.30 9555.0 986.30 9825.0 983.80 9900.0 
GR982.80 10000.0 978.20 10011.0 974.00 10041.0 972.20 10071.0 972.80 10101.0 
GR978.20 10121.0 988.70 10138.0 989.30 10154.0 999.20 10200.0 1000.1 10320.0 
GR1002.0 10470.0 1004.00 10700.0 
KD 53 10. 10000 10136 
X1 55.0 18. 9931.0 10062.0 275. 1430. 770. 0. 0. 0. 
GR1004.0 7592.0 1000.00 7947.0 996.00 8627.0 890.00 9052.0 986.00 9337.0 
GR984.30 9737.0 964.70 9837.0 985.50 9910.0 987.20 9931.0 978.10 9955.0 
GR974.80 9975.0 974.20 10005.0 972.90 10035.0 973.20 10045.0 983.80 10082.0 
GR985.80 10187.0 986.00 10307.0 990.00 10497.0 
HD 55 10. 9931 10062 
XI 58.0 22. 9912.0 10015.0 1097. 1012. 1462. 0. 0. 0. 
GR1006.0 8542.0 1004.00 8952.0 1000.00 9702.0 997.20 9812.0 996.30 9912.0 
GR976.20 9944.0 875.40 9974.0 978.20 9991.0 890.40 10025.0 988.30 10082.0 
GR988.80 10065.0 988.30 10065.0 989.30 10169.0 990.00 10172.0 992.00 10242.0 
GR992.00 10492.0 988.00 10642.0 986.70 10852.0 988.00 11022.0 986.00 11097.0 
GR986.00 11137.0 988.00 11192.0 
KD 58 3.4 9912 10015 
EJ 
T4 HAIN STM. SEQUXT 1. SOUfB FORK ZUWRO RIVrJL. ROCSUTRt, 
T 5 LOM CURVE FRM USGS DATA AT USGS GAGt: 5 ADDED KIR BED LOAD 
T6 BED QUMTIONS FRDn I ~ U T I O W  OF SAKPLES TAIIPI 10 JUM 1980 
17 SILT~CUY ARBITRARILY MD~D. m c ~ m  BY D. WILL=. WWT ~ ~ ~ S U L T =  
18 SEDIMENT TRANSPORT BY STRWn PQIER: SEE MIX JOURRAL ( Y M  1971) 
I1 0 5 
I2 CLAY 2 
12 CLAY 1 .02 .05 .I 1.5 60. 
I2 CLAY 2 .02 ,125 .25 2.0 32. 
13 SILT 2 1 4 
14 SAM) 4 
I5 .5 .5 .25 -5 .25 0 1.0 
LQ 1 50 1000 5800 90000 
LT TOTAL .0220 3 .O 640 9000. ~ O O O O O  
LF CLAY .10 .lo .lo .10 .15 
LP SILT1 0 , O  0 0 0 
LF SILT2 0 0 0 0 0 
IS SILT3 .30 .30 .20 .20 .25 
LF SILT4 0 0 0 0 0 
LF VFS ,019 .019 ,298 ,311 .332 
LF FS ,228 ,228 .231 .206 .l3O 
LF MS .353 .353 .I56 .I54 -110 
LF CS ,000 .OOO ,011 .Ole ,020 
LF VCS ,000 ,000 '004 .008 .005 
LF W G  ,000 .000 .000 ,004 .002 
LF FG ,000 .000 ,000 .001 .001 
LF ffi ,000 ,000 ,000 ,000 ,000 
LF CG .000 ,000 ,000 ,000 ,000 
LF VCG . O  .O ,000 .OOO ,000 
P F W  1.0 1.0 32.0 16.0 96.5 8.0 95.0 4.0 91.0 
PFC 2.0 85.0 1.0 73.0 .5 37.0 .25 8.0 ,125 1.0 
PFC.0625 0.0 
P F W  32.0 1.0 64.0 32.0 99.5 16.0 99.0 8.0 98.5 
PFC 4.0 96.0 2.0 93.5 1.0 83.0 .50 45.5 .250 8.0 
PFC .I25 1.0 .0625 0.0 
PFEXAMP 58.0 1.0 64.0 32.0 97.0 16.0 94.0 8.0 94.0 
PFC 4.0 90.0 2.0 79.0 1.0 56.0 .SO 4.0 2 0.0 
sm 

B FLOW 1 - WARM-UP BASE FLCW OF 500 CFS, WIUUEZS LAKE IMK)(IKDED 
Q 500 
R 985 
T 65 
W 1 
SPR 
PN 3 
END 
* C FLOW 2 = 100 DAYS AT BANK PULL 9, WILLIAM LAKE IMPOUNDED 
Q 1250. 
R 985 
X 10 100 
$RATING 
RC 40 2000 0 0 950.0 955.1 958.0 960.0 962.0 
RC 963.6 965.1 966.2 967.0 967.7 968.3 968.9 969.4 969.8 
RC 970.2 970.6 971.0 971.4 971.8 972.1 972.4 972.7 972.9 



RC 
RC 
SPR 
PN 
END 
+ C 
Q 1250. 
W . 2  

B 
Q 1250. 
X 

B 
Q 500. 
X 
SSEND 

3 

FLOW 3 - NEAR BANK FULL Q, WILLIANS LAKE LC53aCFD TO NATURAL CONDITION 

FLOW 4 = NLAR BANK FULL Q. WILLIAM LAKE LCWV(ED TO NATURAL CONDITION 

6.7.1 Cohesive Sediment Data 

This problem uses Method 2 (see sections 23.9, 3.3.4.2, and the I2 record in Appendix A) to 
compute the deposition and erosion rates for clay and sib. This method requires the addition of two 
SPECIAL 12 records to provide the data; in this case, one for the active layer and one for the inactive 
layer. The data for the active layer is described below. 

The shear stress threshold abwe which clays and silts will not deposit is 0.02 1bfft2. The 
shear stress at which deposited cohesive material will scour is 0.05 IbIft2. The shear stress above 
which mass erosion occurs is 0.10 lb/ft2. The erosion rate at that shear stress is 1.5 Ib/ft2/hr. The 
slope of the mass erosion rate curve is 60hr. These values are depicted in Figure 6.6 for both the 
active and inactive layers. Note that the shear strength of the inactive layer is larger than that of the 
active layer and it erodes more slowly. This represents, perhaps, the effect of consolidation. The 13 
record indicates that only one size of silt will be used in the computations. 

Cohesive Sediment Characteristics Cohesive Sediment Characteristics for 
for Material Found in the Active Layer Material Found in the Inactive Layer 



Caution, the cohesive sediment values given in example 7 are not factual and should not be 
used under any circumstances without field verification. To determine these values, laboratory tests - 
must be performed on the sediments to be simulated. These tests must be done under the same 
physical and chemical conditions as in the prototype, see section 2.3.9. 

The geometric and hydraulic output contains the same information as in previous examples. 
When the sediment data is read, the program produces tables of cohesive sediment properties under 
the headings 'CLAY IS PRESENT' and 'SILT IS PRESENT'. The remainder of the input sediment data 
is output as before. 

The first time step was for one day with the pod elevation at section 1.0 of 985 ft. The trap 
efficiency for clay was 1 1 % and silt and sands 100%. From table SB-1, (under the heading 
'SEDIMENT LOAD') we see that clay begins to d e w  at seaion 15.0 and silt at section 55.0. No silt 
is transported beyond section 32.0 for this flow and lake stage. Sands and gravels are immediately 
deposited at the upstream-most section (58.0). 

The second time step was for 100 days at 10 day increments with the pod elevation also at 
985 ft. A C-level sediment output was requested for cross section 320. Under the heading 
'POTENTIAL TRANSPORT BY SIZE CLASS' we see that 88.2 tondday of clay and 71.5 tonslday of 
class 3 sit could potentially be transported (refer to data on the 12 and 13 records). Above this table 
is one labelled 'SEDIMENT INFLOW (TONS/DAY)' which indicates that the rates at which clay and silt 
enter the control volume associated with section 32.0 are greater than the transport potential; 
therefore deposition occurs. The active and inactive layers now contain clay and silt since they have 
been deposited. 

The third time step is preceded by a rating curve that represents channel control at the 
downstream-most section. The higher velocity at section 320 results in a bed shear stress of 0.3276 
Ib/ff, which, from Figure 6.6, results in mass erosion of both layers. The computed potential erosion 
rates for both clay and silt are 147790 and 43740 tons/day for the active and inactive layers 
respectively. The actual erosion rates will be limited by the availability of these materials. 

EXHIBIT 6.1 6 Output - Cohesive Sedlmenl 

+******************************.. 
INPUI FILE: M 7 . D A T  
OUTPUT FILE:  M 7 . 0 U T  

.......................................................................................... 

T4 MAIN S m .  SE-T 1,  SOUTB FORK ZUM0RO RIVFX, RCCEESZLR. rn 
TS LOAD CURn FROM USGS DATA AT USGS GAGE: 5 PERCENT ADDED FOR B!D MAD 
T6 BED (r;RADAIIONS FRCW INTERPOLATION OF SAMPLES TAKEN 10 JURE 1980 
1 7  SILTICLAY A R B I M I L Y  ADDED. ENCODED BY D .  W I L L I N S .  WE41 CONSULTMTS 
T 8 S E D I W l f  TRAIISFURT BY STRUM POWLR: SEE ASCE JOURNAL (YAW3 1 9 7 1 )  
W L E  PROBLM NO 7 .  LOWeR SOIlIE FOIU( ZlJ tEW RIVER, RoCEESIFX. Mi 
C o n E s I n  SEDIMERT RUW. LOW IHFLOHS m OUT. WIUINS LAKE IS ~ o m m  
ORIGINAL WOM BY DAVID T .  HILLIAkS,  WES. 1982: ADAPTED 1989. DTW 

SEDIMENT P W T E R  DATA 
S P I  IBG HNQ SPGP ACGR N F U  I B S E R  

I 1  5 .  0 1 1 .000 3 2 . 1 7 4  2 1 



CLAY IS PRESENT. 

DEPOSITION COEFFICIENTS BY LAYER 
DEWSITION 
TNSROLD 
SBEAR 

LAYER STRESS 
NO. LB/SQ.FT. 

ACTIVE LAYER 1 ,0200 
INACTIVE LAYER 2 .0200 

EROSION COEFFICIENTS BY UYER 
PARTICLE NASS MASS SLOPE OF SLOPE OF 
EROSION EROSION EROSION PARTICLE &ASS 
SHEAR SHEAR F'.ATE -ION ERDSION 

LAYER STRESS STRESS LINE-ERl LINZ-CW 
NO LB/SQ.FT. LB/SQ.FT. LBlSFlRR 1/BR I/= 

ACTIVE 'UrW 1 ,0500 ,1000 1.5000 30.0000 60.0000 
INACTI;? LAYER 2 .I250 ,2500 2.0000 16.0000 32.0000 

SILT IS PRESENT 

I M L  LASL SGSL PUSDLB UWSDLB CCSDLB 
I3 2 1 6 2.650 82.000 65.000 5.700 

DEPOSITION COEFFICIENTS BY LAYER 
DEPOSITION 
TBReSHOLD 
SWEAR 

LAYER STRESS 
NO. ~BISQ.FT. 

ACTIVE LAYER 1 ,0200 
INACTIVE LAYER 2 ,0200 

EROSION COEFFICIENTS BY LAYER 
PARTICLE MASS EMSS S U E  OF SLOPE OF 
EROSION EROSION EXOSION PARTICLE MASS 
SHEAR SHUR M E  EROSION EROSION 

LAYER STRESS STRESS LINE-ER1 LINE-ERZ 
NO LBISQ.FT. LB/SQ.FT. LBlSFlaR 1/HR llm 

ACTIVE LAYER 1 ,0500 .lo00 1.5000 30.0000 60.0000 
INACTIVE LAYER 2 .I250 .2500 2.0000 16.0000 32.0000 

FINE-GRAIN SEDIMENT TYPES BY CROSS SECTION (XSEC,TYPEl 
1.000 1 15.000 1 32.000 1 42.100 1 44.000 1 

53.000 1 55.000 1 58.000 1 

SAND AND/OR GRAVEL ARE PRESENT 

MIC IASA LASA SPGS GSF BSAE PSI UWDLB 
I4 6 1 10 2.650 ,667 ,500 30.000 93.000 

FOLLOWING GRAIN SIZES UTILIZED 
CLAY: ,000009 
SILT: .000018 .000036 .000072 .000144 
SAND: ,000288 .000580 .001160 .002319 ,004639 

.009279 .01856O .O37120 ,074216 .I48596 

*****'TRAWSKRT CAPACITY RELATIONSHIP IS YANG***** 



BEGIN COMPUTATIONS. 
s m  

B FLW 1 - WARM-UP BASE FLOW OF 500 CFS, WILLINS LAlCE IkQcUfDLI) 
BOUNDARY CONDITION DATA, CONTROL POINT NO. 1 
TIM; STEP NO. 1 

WATER D1SCBMU;E- 500.00 
ELEVATION- 985.000 

T-TURE- 6 5.000 
FLOW DUMTION(DAYS1 1.000 

TABLE SA-1. TRAP EFFICIENCY ON STREAM SE- I ,  1 
EXAWLE PROBLM NO 7. L- SOUTH FORK flMBRD RIVER. ROCHESTER, 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS SlRUn S E M  

*t.t+*t*.**tt*tt**t*+t****t*********n**t**t*tt******t***********W***tt**.r.r.1)ttt*t*****tt***at***+**t*******tt***.*tttt 

*tot** 
l t 

TIME ENTRY CLAY t SILT SAIID 
DAYS POINT IN- ournw w EFF o m  n w  EFF l INFUM nw E- l 

* * 
1.00 58.000 * .03 .03 t .05 

TOTAL- 1.000 • .03 .03 .I1 .03 .OO 1.00 l .05 .OO 1.00 
t 

****t********t*ttt*tt*t*ttt**t**t****t*tt*tt*+*****tt*+t*tt**tt*t*ttt*t*t*t*********t**t**tt**tt***ttt*tttCtt*t*++fftt.t 

****** 

TABLE SB-1. TOTAL AND LOAD BY GRAIN SIZELN TONSIDAY 
VF F H C VC 

SEDIWT INFLOW 
CLAY 18.50 
SILT 40.65 .OO . 00 40.65 .OO 

SANDS & GRAVELS 106.66 29.17 42.62 34.87 .OO .OO 
.oo . 00 . 00 .oo . 00 ------------ 

TOTAL LOAD 165.81 

SEDIMENT OUTFLOW 
CLAY 
SILT 

SANDS & GRAVELS 

-- - 
TOTAL LOAD 

SECTION BED CHANGE 
ID NO FEET 
58.000 .04 
55.000 . 00 
53.000 .OO 
44.000 .OO 
42.100 .OO 
32.000 . 00 
15.000 . 00 
1.000 .oo 

WS ELEV 
FEET 
985.03 
985.01 
985.00 
985.00 
985.00 
985.00 
985.00 
985.00 

TAALWEC 
EL FEET 
975. 44 
972. SO 
972.20 
967.10 
969.80 
956. 50 
954.00 
944.70 

Q 
CFS 
500. 
500. 
500. 
500. 
500. 
500. 
500. 
500. 

SEDIkENT LOAD (TONSIDAY) 
CLAY SILT s m  

18. 40. 0. 
18. 38. 0. 
18. 30. 0. 
18. 21. 0. 
18. 12. 0. 
18. 2. 0. 
17. 0. 0. 
16. 0. 0. 

SPR 

PRINT AT s m c r 1 n  X-SECTIONS ONLY 
PN 3.000 .OOO ,000 ,000 . 000 .OOO .OOO . 000 .OOO 
END .OOO ,000 . 000 .OOO . 000 . 000 ,000 .OOO .OOO 



C FLOW 2 - 100 DAYS AT BANK FULL 3 .  WILLIAMS LAKE IMPOUNDED 

CCHPVTING FROM TIME- 1.000000 DAYS TO TIME- 101.000000 DAYS IN 10 CCNPVTATION STEPS 

BOUNDARY CONDITION DATA. CONTROL WIN1 NO. 1 
TIME STEP NO. 2 

WATER 3ISCHARGE- 1250.00 
ELEVATION- 985.000 

TMPEXATVRE- 65.000 
FLCU DURATION(DAYS) 10.00 

EXAMPLE PP.OBLM NO 7.  LOWER SOUTH FORK ZUHBRO RIVER. ROCHESTER. MN 
FLW#(N)= 1 
FLW . . .  Q(N)= 1250.0 
TIKESTEP DURATION (DAYS) - 10.0000 
ACCUMIUTED TIME (YRS) = ,2767 
WATER TPlPERATURE (DEG F)= 65.0000 
*+*r+****r+***++r*rr+rr++**- FALL m O C I n  By m.IETAOD 2******"************'*r******* 

DIAMETER WLOCITY REY. NO. CD 

SEDIMENT INFLOW (TONSIDAY) 
TOTAL AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONS/DAY 

CLAY 89 .52  
SILT 179.04 . G O  . 00 179.04 .OO 

SANDS 6 GRAVELS 625.68 268.22 203.80 139.42 10.33 3 . 9 1  
.oo  . o o  . 00 .oo  . D O  

****t.************************************t***************************t.)**t**********************************~ 

THE F3LLOWING TABLE IS PRINTOUT FOR CROSS SECTION 32.000 ------------------------------------------------------------ 

TAU 

.OOlSl 

HYDRAULIC PARAMETERS : 
Vn SLO E m  EFW N-VALUE 

NO. 
226 .000001 22.481 201.866 .0500 

,008  
BED SEDIMENT RESERVOIR CCMPUTATIONS: 
NEW SURFACE AREA (SO FT : TOTAL K-PORTION S-PORTION 

1332433.75 1332433.75 . O O  
GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS 
BED MATERIAL BY GRAIN SIZE FRACTION .000125 .000000 .000000 .006748 ,000000 

.009911 ,069379 ,371673 ,371673 ,104068 
,024778 024778 .004956 ,004956 ,004956 

BED MATERIAL BY PERCENT FINER1100 .OgO125 ,000125 ,000125 ,008873 ,008873 
.!3 18784 088163 .459836 ,831508 ,935577 
,960355 ,985133 ,990089 ,995044 1.000000 

FROUDE 

cur TRANSFURT CAPACITY: 
BED SHEAR STRESS. #/SO FT = ,0015 
FINE GRAIN SEDIMENT TYPE = 1 

LAYERTYPE = 1 2 
DEPOSITION T-BOLD #/SF = ,0200 ,0200 
HASSEROSIONTHRESBOLD, #/SF= . I000  .2500 



SIZE FALL DECAY TRANSPORT 
CLASS RATIO RATIO POTRITIAL 

TONS 

SILT IRANSKIRr CAPACITY: 
BED SHEAR STRESS, #/SO FT - ,0015 
FINE GRAIN SEDIMENT TYPE - 1 

LAYER TYPE - 1 2 
DEPOSITION THRESHOLD +/SF - ,0200 .0200 
EROSION TBRESHOLD. #/SF = . ,1000 ,2500 

SIZE FALL DECAY TRMISHIaT FALL 
CUSS RATIO RATIO POTENTIAL VELOCITY 

TONS FPS 

SAND 
** ARPIlR LAYER ** 
STABILITY COEFFICIENT- ,94947 
MIN.GRAIN DIM - .000288 
BED SURFACE EXPOSED - 1.00000 

INACTIY'E LAYER ACTIVE LAYER 
X DEPTH X DEHg 

CLAY .OOOOOO .OO .003270 .OO 
SILT .000000 .OO .228226 .13 
SAND 1.OODOOO 9.70 768504 .30 
TOTAL 1.000000 9.70 1.000000 .43 

AVO. UNIT AVG. UNIT 
WEIGEI WEIGHT 

CCHPOSITE UNIT WT OF ACTIVE LAYER TICF- 
WEIGHT IN SURFACE LAYEX(T0NS). WTSL- 
DEPTH OF NEW ACTIVE LAYEX(FT), DSE- 
WEIGHT IN NEW ACTIVE LAYER, W'MUL= 
WEIGHT IN OLD ACTIVE LAYER. WAL- 
USEABLE WEIGHT, OLD INACTIVE LAY, WIL- 

BED MATERIAL BY GRAIN SIZE FRACTION ,000000 
.010000 
.025000 

BED MATERIAL BY PERCENT FINER1100 .OOOOOO 
.010000 
.960000 

** ACTIVE UYER ** 
BED MATERIAL BY GRAIN SIZE FRACTION .003270 

.00768S 
,019213 

BED MATERIAL BY PERCENT FINEXI100 .003270 
,239181 
,969260 

C FINES. COEF(CFR4L). M( POTENTIAL= .656707E+02 .100000E+01 .269970E+07 

?OIEt?TIAt TRANSPORT BY SIZE CLASS- .882178E+02 .943202E-20 .7926071-20 .715250E+02 .2840293-21 

TOTAL AND IOM BY GRAIN SIZE (FINE TO COARSE) IN TONSIDAY 
CALCULATED SEDIMENT LOAD. TONSIDAY 

CLAY 88.22 
SILT 71.52 . 00 . 00 71.52 . 00 

SANDS & GRAVELS . 00 .OO .OO . 00 . 00 .OO 
.oo . 00 .oo . 00 . 00 



TABLE SA-1. IRAP EFFICIENCY ON STRUN SEf3Z3VT # 1 
EXAMPLE FROBLW NO 7. LOWER SOUTH FORK ZWBRO RIVER. ROCBESTER. MN 
ACCUMlUTED AC-FT ENTERING AND LEAVING THIS STREAM S E W N 7  

nt*tt****t*.r*t*t**t..***n*******t******t****tttn*t*****************t**********t*+*******tt*t**t*~ttt~.~*t~**~*~**~~**~~*.. . 
TIPS, ENTXY CLAY SILT SAND * * 
DAYS POINT INFLOW OUTFLOW TRAP EFF INFLOW OUTFLOW TRAP EFF I M M W  OUTFLOW V EFF 

* 
101.00 58.000 * 13.73 12.68 30.94 
TOTAL- 1 . 0 0 0 *  13.73 13.11 .04 12.68 .70 . 9 4 *  30.94 .OO 1.00 

* * 
....................................................................................................................... 

SRATING 

D O W N S W  BOUNDARY CONDITION SPECIFIED BY A RATING CURVE 

ELEVATION OF GAGE ZERO 
DISCHARGE CORRLSFUNDING TO LOWEST ELEVATION IN TABLE 
DISCHARGE INTERVAL 
NO. OF WINTS IN RATING TABLE 
ELEVATIONS 

950.00 955.10 958.00 960.00 962.00 
968.30 968.90 969.40 969.80 970.20 
972.40 972.70 972.90 273.10 973.30 
974.10 974.20 974.30 974.40 974.50 

SPR 

PRINT AT SELECTIVE X-SECTIONS ONLY 
PN 3.000 .OOO ,000 .OOO ,000 .OOO .OOO .OOO . O O O  
END ,000 ,000 . 000 ,000 ,000 .ooo .ooo .ooo ,000 

C FLOW 3 - NFAR BANK FULL Q. WILLIM LAKE LOWERED TO NATUSWL CONOITION 

BOUNDARY CONDITION DATA. CONTROL POINT NO. 1 
TIME STEP NO. 3 

WATER DISCHARGE= 1250.00 
ELEVATION- 953.188 

TEMPERATLlRE= 65.000 
FLOW DURATION(DAYS) ,2000 

EXAMPLE PROBLM NO 7. UIWER SOUTB MRK ZUMlRD RIVER. ROCBESTER, HN 
FLOWI(N)' 1 
FL OW... Q(N)- 1250.0 
TIMESTEP DURATION (DAYS) = .ZOO0 
ACCUMULATED TIME (YRS) = ,2773 
WATER TPIPERATURE (Dm F)- 65.0000 
n*+*+*+***+**+*+*+*t*H+++.r* p U  BY W D  2***I*f***f*II+I*+.)+.r(.**++t** 

DUEIEIER VELOCITY REY. NO. CD 



SEDIMENT 1- (TONSIDAY) 
TOTAL AND LOAD BY GRAIN SIZE (FINE tb COARSE) IN TORSIDAY 

CLAY 89.52 
SILT 179.04 .OO .OO 179.04 .OO 

SANDS 6 GRAVELS 625.68 268.22 203.80 139.42 10.33 3. Bl 
.oo .oo .oo . 00 .oo 

*~*~t****Ctt*t*******a** . )*eet*t t********O******************t t******H******ee*****H*~**~+.)a~t*~.re**e+e~~~~* 

T E  FOLLOWING TABLE IS PRINTOUT FOR CROSS SECTION 32.000 _--___--__-------------------------------------------------- 

TAU USTAIW FROUDE 

.32782 .4 1084 

HYDRAULIC PARAHEIZRS: 
Vn SLO EFD EEW N-VALUE 

NO. 
2.770 .001081 4.851 146.829 .0500 

,222 
BED SEDIMENT RESERVOIR CCMPWATIONS: 
NEW SURFACE AREA (SQ FTI : TOIAL K-RJRTIOR S-PORfIOII 

812541.25 812541.25 . 00 
GRADATION OF ACTIVE PLUS INACIIVE DEPOSITS 
BED MATERIAL BY GUIN SIZE FRACTION .000139 .000000 .000000 .009714 .000000 

.009901 .069310 .371305 .371305 .I03965 

.024754 .024754 .004951 .004951 .004051 
BED MATERIAL BY PERCENT FINER1100 .000139 .000139 .000139 .009853 .009853 

.019755 .08B065 .460370 .831675 .935640 

.960394 .985148 .990099 .995049 1.000000 

CLAY TRAWSFURT CAPACITY: 
BED SIiEAR STRESS. #/SQ FT - ,3278 
FINE GRAIN SEDIMENT TYPE = 1 

LAYER TYPE - 1 2 
DEPOSITION THRZSBOLD #/SF - .0200 ,0200 
MASS EROSION THRESHOLD, #/SF- .lo00 ,2500 

SIZE EROSION RATE TONSIDAY 
CLASS ACTIVE INACTIVE 

LAYER LAYER 

SILT TRANSPORT CAPACITY: 
BED SHEAR STRESS, #/SQ FT = ,3276 
FINE GRAIN SEDIMENT TYPE = 1 

LAXER TYPE = 1 2 
DEPOSITION THRESHOLD #/SF - .O200 ,0200 
&ROSION THRESHOLD, #/SF = .lo00 ,2500 

SIZE EROSION RATE TONSIDAY 
CLASS ACTIVE: INACTIVE 

LAYER urn 

SAND 
** ARHDR LAYER ** 
STABILITY CCEFFICIENT- ,70824 
HIN.GRAIN DIM - ,000288 
BED SURFACE EXPOSED = 1.00000 

INACTIVE LAYER ACTIVE LAYER 
X DEPIR X DEPTH 

CLAY .OOOOOO .OO ,003543 .OO 
SILT ,000000 . 00 .247306 .14 
SAND 1.000000 9.70 .749151 .30 
TOTAL 1.000000 9.70 1.000000 .44 

AVG. UNIT AVG. UNIT 
WEIGm WEIGm 



CCNPOSITE UNIT KT OF ACTIVE LAYER TICF- 
WEIGHT IN SURFACE UYER(TONS), hTSL- 
DEPTH OF NEW ACTIVE LAYER(FT), DSE- 
WEIGHT IN NEW A c T m  LAYER. WTMXAL- 
WEIGAT IN OLD ACTIVE LAYER, WAL- 
USEABLE WEIGET, OLD INACTIVE LAY. WIL- 

BED MATERIAL BY GRAIN SIZE FRACTION .000000 
.010000 
.025000 

BED MATERIAL BY PERCENT FINER1100 .OOOOOO 
.010000 
.960000 

** ACTIVE LAYER '* 
BED MATERIAL BY GRAIN SIZE FRACTION ,003543 

,007492 
.018729 

BED MATERIAL BY PERCENT FINER1100 ,003543 
.258340 
,970034 

C FINES. COEF(CFFML), MX POTENTIAL= .58703lE+04 .100000E+01 .268019E+07 

WTENTIAL TRANSFORT BY SIZE CLASS- .148060E+06 .147790E+06 .1477903+06 .167333E+06 .147790E+06 
.164320E+05 .471873E+04 .252230E+04 .178181E+04 .166995E+04 
.15314lE+02 .106668E+02 .100000E-06 .100000E-06 .100000E-06 

TOTAL AND LOAD BY GRAIN SIZE (FINE TO COARSE) IN TONSIDAY 
CALCULATED SEDIMENT LOAD. TONSIDAY 

CLAY 535.13 
SILT 38076.74 . 00 .OO 38076.74 .OO 

SANDS h GRAVELS 2825.62 846.16 322.95 874.47 618.95 162.49 
.35 .25 .OO .OO .OO 

0 DATA ERRORS DETECTED. 

TOTAL NO. OF TIMSTEPS READ= 5 
TOTAL NO. OF WS PROFILES- 4 2 
ITERATIONS IN MHER EQ = 1680. 
END OF JOB 

JOB CCNPLETED 
RUN TIME = 0 HOURS. 1 MINUTES h 22.27 SECONDS 
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Appendix A 

Input Description 



Section I 

Geometry and Channel Properties 



Summary 

Summary of Geometry Records 

The records described in this section are used to define the geometry of the river system being 
modeled. The tlle records ('TI -13) are required at the beginning of each aream segment. Each set 
of X I  through H (or HD) records are used to describe the geometry and spectal features d a ctoss 
section along a stream segment. The QT, STRIB, and CP records are used to combine single stream 
segments into a river network. 

COMMAND DESCRIPTION PAGE 

11 -13 Tile Records. A 3  

NC Manning's N-values. A4 ' 

Vary N-values by elevation of discharge. 

Tributary or local inflow/outflow. 

Cross section location. 

Encroachments. 

A-a 

A-1 0 

Hydraulic control point. 

Conveyance limls. 

Cross section coordinates. 

Limits of movable bed. 

Bed sediment reservoir. 

End of geometric data 

Tributary inflow point. 

Control point identification. 



I - 

TITLE Records - 3 Required v1, T2, T3) 

Three title records are required to precede the geometry data for each aream segment in the 
network. The program expects a T in column 1. Additional printout of Geometric Data can be 
requested by specdying a B or C in Column 3 on the TI  record. 

FIELD VARIABLE VALUE DESCRIPTION 

Cdumn 3 lSl(1) Blank 
of TI, (zero not 
record allowed) 
onry 

B 

Comments 

- - - 

Record identification in Cdwnns 1 and 2 is TI, T2 and T3 
for the first, second and third title records, mpe~tivdy. 

Normal printout lists data from title records and the NC 
record. Onty the cross seaiorr khWxtbn number is 
listed for records X I  through EJ. 

This printout option prints the initial geomeby d the 
model and causes a data edit' to be made. 

This printout option activates a trac8 printout through 
sukoutine GMOO. 

Fields 1 through 10 (Columns 3-80) may be used for 
identification pwposes such 8s W m g  the data set, 
noting the date of the nm, or other relevant intormation. 

Spmc(ying a B in Column 3 invokr a Data Edit command. This mur# the input records to be whod in th. output enabling 
the user to ver* the ~nmd geometry of the model. The &level pnntout m normdly not rrcommandod but it m y  provide wrhrl 
addrlional ~nformatton when tnttially dm(optng a data a&. 

Specltying a C in Column 3 invokr a trace printout to occur. U u  of thh print option is not mommendmi. Glml tram 
printout is intended only for program debugging purpoaen. 

Input Description A3  



NC Record - Required for First Cross Section 

Mannlng'a N-Value8 

The NC record specifies the Manning's 
n-values and the expansion and contraction 
coefficients for transition losses. An NC is 
required prior to the first cross section de(inition 'U "73 
(chi first XI record). when changing p r e v m s ~ ~  
specified values a d d i t i i  NC records are .- - i R O ~  

P CH.WNU /c. 
required at those cross sections where n-values 2 
change. The NC record values are constant a 

with depth and will be used until changed by >- I - 
X - O~stance ~n feet 

the next NC record. NC records may be 
insened before any X I  record. The n-values Figure A-1. 
apply over the reach, and will be used starting 
in the reach in which the record appears in the data set. Expansion and/or contraction coefficients 
apply to the next upstream reach. 

NOTE: HEC-6 applies n-values to the upstream reach whereas HEC-2 applies them 
halfway to the cross section on either side of the one for which they appear in 
the data set. However, results using either method are usually in close 
agreement without changing the n-values. 

I I - 

FIELD VARIABLE VALUE DESCRIPTION 

Record identification (in columns 1 and 2). 

Manning's n-value for the left overbank. 

No change from previous n-value for the left overbank. 

Manning's n-value for the rlght overbank. 

No change from previous n-value for the rlght overbank. 

Manning's 'n' value for the channel. 

No change from previous n-value for the channel. 

Conttactlon coefficient used in computing transition losses. 

No change in contraction coefficient. 

Expmdon coefficient used in computing transition losses. 

No change n expansion coefficient. 

Leave blank. 



FIELD VARIABLE VALUE DESCRIPTION 

. * NV 
d 8 

NV Record - optionai3 

Vary N-Values by Elevation or Discharge 

I A table of Mann~ng's n-values versus either elevations or discharges is entered on the NV record. 
- J The left overbank, the channel, and the right werbank are the three subsections in the model. A 

separate NV record must be entered for each subsection. Code values in order d lmrurlng 
elwatlon or discharge. The values on this record will be used until changed by the next NC or NV 
record. 

The program linearly interpolates when elevations or discharges are between values specified in 
the table. When elevations or discharges are outside the range of values specified in the table the 
extreme values are used. i.e., no extrawlation occurs. 

I 
I 

0 ICG,IDT NV Record identification. 

NPAR,NCH ++ Enter subsection number in Column 7 and number of n- 
values in Column 8. Subsection numbers are: 

1 = left werbank 
2 = channel 
3 = right werbank 

One to five n-values are permitted per subsection. (For 
example, 13 denotes that three n-values are coded for 
subsection #I, the left werbank.) 

VALN(1) + Manning's n-value tor lowest elevation in the table. A poslive 
(+) n-value denotes that a 'n versus elevatiorr table is being 
WBd. 

Manning's n-value for smallest discharge in the table. Enter 
the n-value on the record as a negative value for a 'n versus 
discharge* table. 

Note: The (-) sign preceding the value denotes that an 'n 
versus discharge* table is coded. A (+) sign or no 
sign denot88 an 'n versus elevation* table. Do not 
mix d i r g e s  and elevations at the same cross 
section. 

3 ELQ(1) -,O, + Enter the elevation for +VALN(l) or the discharge for - 
VALN(1). 

This record is diierent from the HEG2 program's NV record. 

Input Description 





QT Record - Optional 

Tributary or Local lntlow/OutHow Location 

This record identifies the location of a tributary or a diversion point. It should be placed 
immediately before the X1 record for the first cross section upstream from the tributary or local 
Inflow/Oulflow location. See Section 3.6.2. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,lOT QT Record identification. . . 

1 KOCH A local inffow/diversion point. 

2-1 0 A tributary junction (control) point. 

Leave blank. 

a) When definina a local inflowlot~tfim point, leave fmld 1 blank. Any value greater than 
1 entered for CH will ind e a tribraary junction point. 

b.) When defining a tributary ju ion point, a vdue mu# be entered in fieM 1. This value 
should be within the range , ..rough 10. 

Input Description 



X1 Record - Required for Each Cross Section 

Cr- Sectlon LocatJon 

This record is wed to identify the cross section and define its location relative to its downstream 
neighbor. 

FIEU) VARIABLE VALUE DESCRIPTION 

3 STCHL -, + 

0 

4 STCHR -,O,+ 

5 RLL + 

0 

Record identification. 

Cross section identification number. 

Total number of coordinate points used to describe the cross 
section's geometry on the GR records which follow. (5 r NXY s 
1 00) 

Repeat Cross Sectlon Option. The geometry of the previous 
(downstream) cross section (OR records) will be repeated for the 
present cross section. Therefore, no GR records will be entered 
for this section. Do not code a zero for the first cross section. 

Station of the loft bank of the channel. Use topbank when the 
bank roughness is included in channel n-values. Toe of bank is 
recommended when channel bank roughness is inctuded in 
overbank n-values. STCHL does not need to equal one of the 
station values entered on the GR records for this cross-section. 

Omit when no GR records are present (is., enter blank or zero 
when NXY (X1.2) is 0). 

Station of the rlgM bank of the channel. Same rules as for 
STCHL above. 

Reach length of the left overbank between current cross section 
and the (previous) downstream cross section. 

Enter zero or leave blank for the first cross section or when there 
is no left werbank subsection. 

6 RLR 0, + Reach length of the rlgM werbank. Same rules apply as for 
RLL above. 

7 RLC 0, + Channel reach length. The same rules apply as for werbank 
reach lengths above. 

Cross Sectlon Wldth AdJustment Factor. Each station value 
defined in the GR data for this cross section will be multiplied by 
RX. For a repeat cross section, station values from the previous 
cross section w~ll be changed before they are reused. For 
example, an RX value of 1.1 would increase each station by ten 
percent. and thereby effectively widen the entire cross section by 
ten percent. 

Input Description 



X I  Record - Continued 

FIELD VARIABLE VALUE DESCRIPTION 

Note The left and right channel stations, conveyance 
limits, ineffective area limits, movaMe bed limits, 
and limits of the dredged channel will all be 

+ Use a value for RX between 0.0 and 1.0 to narrow the cross 
section. Use a value greater than 1.0 to widen the cross 
section. 

0 No change to cross section stations. 

Crou SectJon Elovrtlon Adjustment Factor. The constant 
DH will be addad to each elevation value defined in the OR 
data for the cross section. For a repeat cross section, 
elevation values from the prevlous cross section will be 
changed before they are reused. For example, to code a 
4000-foot tong flume having a one-foot/thousand slope, just 
code the first GR data set and insert four repeat cross 
sections spaced 1000 feet apaR with DH = 1. Note: If NV 
records are present, ekvrtlons will be changed, but the 
dredging template elevation, EDC, (H or HD record) is not 
changed. 

+ Constant will be added to all elevations. 

Constant will be subtracted from elevations. 

0 No change to cross seaion elevations. 

Downstream 
X-Section 

I .I 

Figure A-3. Example Specdying the Main Channel RL(2), Right RL(3) and Left RL(1) Overbank 
Lengths Between Consecutive Cross Sections. 

Input Description 



X3 Record - Optional- 

Encroachments 

The X3 record provides three methods for defining encroachments to a cross section. These 
methods are: (1) Ineffective flw area, defined using Field 1; (2) Effective width, defined using Field 3; 
and (3) Encroachment stations, defined using Fields 4-7. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT X3 Record identification. 

1 MEIQ . . . Method 1. Ineffective flow area option. 
i, Iy . - 

1 A All water is confined to the channel, as defined by variables 
STCHL and STCHR on the X I  record, until the calculated 
water surface elevation exceeds the channel bank elevation 
(the elevations corresponding to STCHL and STCHR on the X I  
record). The rest of this record may be left blank. 

0 No ineffective Row area Total area of the cross section 
described on OR records below the water surface elevation IS 

used in the computations. 

2 

3 ENCFP 

Leave blank. 

Mothod 2 Effective width for all flow. 

The program confines all flow to the width specified by 
ENCFP. It will be centered between the left and right bank 
stations of the channel (STCHL and STCHR on X I  record). 
Side boundaries will be vertical and frictionless. Method 2 may 
be used in conjunction wlth Method 1. 

0 The width option is not being used or is not changed from 
previous value. 

4 5 b 
10 
- 

X = Distance in feet 
* 

I i 
Figure A-4. Example of Method 1 Encroachment to Keep Flow in the Main Channel up to the 

Designated Bank Elevations. 

The H E W  X3 record is ditluertI from the HEG2 X3 record. 

A-10 Input Description 



X3 Record - Continued 

FIELD VARIABLE VALUE DESCRIPTION 

4 STENCL 

5 ELENCL 

Method 3. Encroachment station len. Mathod 3 m y  not ba 
usod In conlunctlon with Mothod. 1 and/or 2 

-, + STENCL sets a limit for flw on the loft side of the channel. 
The side will be vertical and frictionless unless ELENCL is 
also used (see Field 5 below). 

Note: Do not enter a station value of zero since it will be 
treated as if no value was entered. Enter a small 
positii number like 0.01 instead. 

Mothod 3. Encroachment elevation I& 

Enter the elevation at the top of the loft encroachment. All 
cross section elevations for stations to the left d STENCL are 
raised to this elevation. 

Note: Do not enter a value of z m  since it will be treated 
as if no value was entered as cautioned.abave. 

6 STENCR Method 3. Encroachment station right. 

-, + Same rules and purpose as STENCL but for use on the rlght 
side of the channel. 

7 ELENCR Mothod 3. Encroachment elevation right. 

-, + Same rules and purpose as ELENCL but for use on the rlgM 
side of the channel. 

'ell 'm X = Distance in feet 

-*-, ---- - 
.!I - Figure A-5. Example of Method 3 Encroachment Using Prescribed Stations and Elevations - (STENCL, ELENCL). 

Input Description 



X5 Record - Optional' 

Hydraullc Control Polnt 

This record invokes two features: (1) a aKnrvs the water surface elevation to be prescribed at tnis 
section; (2) It establishes a control volume in which the program calculates trap efficiency. 

Feature 1 provides two methods for specifying the water surface elevation. Method 1 is used to 
initially establish a stating water surface elevation at dams, weirs, bridges, etc. or to establish a 
control volume for trap efficiency computations by prescribing zero head loss and locating two 
sections very close together (e.g., one foot apart). It was originated for a system of nav~gation dams 
on the Trinity River so that hydraulic and sediment computations could start at the downstream end of 
the river and proceed all the way to the upstream end without staning and stopping at each dam. 

Method 2 enables the user to prescribe the water surface elevation at a control point at any time 
step during the hydraulic computations. This is accomplished by specdying the field on the R record, 
where the water surface elwation for this control point can be found. Fields 2 through 10 are 
available on the R record for this purpose, therefore the user may not specify a value less than two 
nor greater than ten In Field 4 of the X5 record. The effect of this R record field specficatton occurs 
each time an R record is encountered in the hydraulic data set with new values in any of the specified 
fieMs. When a new water surface elevation value is found in any of the specfied fields, of the R 
rkord, then the initial water sudace elevation for the associated cross sectton will be set to the new 
value at that time step. 

Feature 2 provides a mechanism for obtaining trap efficiency at internal cross sections. This 
feature is invoked simply by the existence of the XS record in the cross section definition. If it is not 
desired to spec* the water surface elevation but trap efficiency values are of interest, simply use an 
X5 record with Fields 1-10 blank. 

FIELD VARIABLE VALUE DESCRIPTION 
?*>mx w ~ ; w & ~ ~ ~ 2 m ~  

0 ICG,IDT X5 Record identification. 

1 Leave blank. 

2 UP€ -, + Mothod 1 - specifid water surface elevation. The water 
surface elevation at this cross sectron wrll be UPE unless the 
water surface at the downstream section + HLOS exceeds 
UP€. (HLOS is coded in fieid 3). 

0 Zero indicates that Method 1 is not used. If the desired water 
surface elevation k zero, enter a small positive value (e.g., 
0.001). 

' The HE- XS rocord is different from the HEC2 X5 record. 

A-1 2 Input Description 



X5 Record - Continued 

FIEU) VARIABLE VALUE DESCRIPTION 

3 HLOS 0, + Haad l o u  between this section and the cross section 
immediately downstream. The specified water wrface 
elevation is overridden when the tailwater elevatbn plus 
HLOS is higher. 

4 ICSH 2-1 0 Mothod 2 - R r-rd flald whare lnitkl watar rurtrca 
elomtlon will be 8p~clti.d. Allows user specification of 
variable water surface elevation on R records in the 
hydrologic data set 

Not.: DonotuseICSH-1. F i i 1 i s m w e d f o r  
specltyi the water surface elevation at the 
downstream boundary control point. See the R 
record for a more detailed description. 

0 Zero indicates that Method 2 is not used. When using 
Method 2, allowable values are in the range from 2 to 10. 

Input Description 



XL Record - Optional 

Two methods are available for speclfying conveyance Hmns. In ~evloa 1, only a w a n  IS 

specified which is centered between the left and right bank stations specified on the X I  record. Use 
Field 3 to specify this width and leave Fields 4 and 5 blank. In the second method both a left and 
right station must be specffied to define the conveyance portion of the channel. Enter the left and 
right stations for the conveyance limits in Fields 4 and 5 and enter a zero in Field 3 or simply leave n 
blank. 

FIELO VARIABLE VALUE DESCRIPTION 

0 IC0,IDT XL Record iden t i i on .  

1 Leave blank. 

Leave blank. 

3 CLC : ,! :.it 
i k . 4  

Method 1. Enter the width of the conveyance channel. It will 
be centered between left and right bank stations (STCHL and 

f14a STCHR on X1 record). 

0 Use Method 2. 

4 CLL -, + Method 2. Enter the cross section station for the left side of 
the conveyance channel. It does not have to coincide with a 
GR station point. It can be any place in the cross section, 
but it must be less than CLA. 

5 CLR 

Note: Do not enter a value of zero since it will be 
interpreted as though no value was entered. Enter 
a small positive value (e.g., 0.001) when a value of 
zero is desired. .- . - 

- . - 
Method 2. Enter the cross section station on th$ r a i 8 e  
of the conveyance channel. It does not have to colncide wlth 
a coordinate point. It can be any place in the cross section, 
but it must be greater than CLL 

Not.: Do not enter a value of zero since it will be 
interpreted as though no value was entered. Enter 
a small positive value (e.g., 0.001) when a value of 
zero is desired. 

Leave blank. 

Input Description 



GR Record - Required 

Cross Sectlon Coordlnater 

The data entered on the GR records is 
used to specdy the cross section's two 4 

(m I& I.) 

dimensional geometry in terms of a set of Y-X r 
coordinate points. These coordinate points 
correspond to the elevation C/) and station (X) 
along the cross section's ground profile. A set 
unless of GR records NUMST is (X1.2) required is zero for (or each blank) cross section a 3 ':( (mI,.cL,) 

indicating a repeat cross section. Code stations + (mP3 10 
X = Di.(Cncm In hat b 

~n increasing order. Enter five elevationlstatiocr 
pairs per OR record. A maximum of one Figure A-S. Ewmple of OR SWon and 
hundred points (or twenty GR records) per Elevation P a h  Ddhhg a Channel 
cross section is perrnrtted. Crogs Seakn. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT GR Record identification. 

1 EL(1) -,O, + Elevation of first coordinate point. 

2 STA(1) -,O,+ Station of first cooidinate point. 

3 EL@) -,01 + Eleivation d second coordinate point. 

4 STA(21 -.On + Stadion of second coordinate point. 

Input Description 

Etc. Continue for up to one hundred coordinate point pairs. 
Each continuation record is identified with OR in Field 0, and 
the format is identical for all records. 



I 

H 
H Record - Required If Not Using HD Record 

MovaM. Bed U m b  

This record prescribes the width and depth of the bed sediment reservoir and the dredging 
template at a cross section. The program computes the depth of sediment in the bed from the 
elevation of the model bottom, EMB defined in Field 2 of this record. The HD record allows the user 
to directly prescribe the depth of the bed sediment resewoir in Field 2 Other data on this record is 
the same as the HD record and either record is acceptable to the program. 

FIELO VARIABLE VALUE DESCRIPTION 

C r o u  Sectlon ldentfflcrtlon Number. Use the same value 
.. I as previously entered in X I  .1 for this cross section. 

2 EMB Elevation of Model Bottom (EMB) is used to calculate the 
depth of sediment material in the bed sediment reservoir at 
this cross section. EMB can be used to prescribe the 
elevation of geologic or concrete channel controls. 

Enter the desired elevation. Program will not scour bed 
below this elevation. Beware, a large depth of sediment can 
cause calculated volumes to be too large for computer word 
lengths, resulting in program failure. 

0 Program assigns EMB at 10 feet below the thalweg. 

r XSM Movable Bed Boundary, Left. Cross section station at 
fl change from fixed to movable bed boundary; counterpart to 

XFM (H.4). Elevations at cross section coordinates between 
I 

XSM and XFM will be adjusted vert~cally up or down for scour 
and deposrtion. 

-, + Enter the station, left side of channel, where the fixed bed 
stops and the movable bed begins. This station need not 
coinc~de with an existing OR station point. 

0 Program will automatically set the movable bed limits 
according to the location of the water surface. 

I 

Input Description 



H Record - Continued 

FIELD VARIABLE VALUE DESCRIPTION 

4 XFM 

5 DLYR 

-~ 

Mwablo Bed Boundary, Right. Cross section station at 
, counterpart to 

XSM (H.3). 

-, + Enter the station of the last movable bed point on the rlgM 
side of channel. 

0 Program will automatically set the movable bed limits 
according to the focation of the water surface. 

ElwrUon correction for movable bed at restart. 

-, + In restarting a run it is desirable to enter a value for DLYR, 
causing program to correct all OR elevations within the 
movable bed limits by adding this value to the Y-coordinate. 

O,b In most cases, leave this field blank. 

6 EDC -, + E lw l lon  ot Bottom ot Drodgod Chmnel. Do not include 
overdredging here. (see H.lO). This value should always be 
above the model bottom. (EMS in Field H.2) 

0 Dredging is not desired at this cross section. If the desired 
elevation of the dredged channel bottom is zero, enter a 
small positive value (e.g. 0.001). 

7 XSD Dredged Chmnel Boundary, Ledt. The cross section station 
where dredging will begin if this value equals a station coded 
on the GR recorcls. If it does not coincide with a OR station, 
dredging wiH begin at the next OR station after the value 
coded here. This value should be equal to or greater than 
XSM. No new cross section station is interpolated. 

-, + Enter the station of the cross section coordinate point on the 
left side of the dredged channel, so that the elevation of 
coordinate points within the dredge channel (from XSD to 
XFD) can be corrected for dredging. XSD should always be 
greater than or equal to XSM. 

Input Description 

b,O XSD is set equal to XSM, (HD.3). 



9 XDM 

H 
H Record - Continued 

FIELD VARIABLE VALUE DESCRIPTION 
. .> . ... ., ....... 

8 XFD Dredged Ch8nnd Boundary, RlgM. Cross section station 
beyond which no dredging is performed. counterpart to XSD. 

+ Enter the station of the cross section coordinate point at the 
right of dredged channel, so that the elevation coordinates of 
points outside the dredged channel boundaries will not be 
corrected for dredging. XFD should always be IOU than or 
equal to XFM. 

Either no dredging is required or XFD=XFM, (H.4). . 

Cross section atation of high- elevation inside the $ridge 
template. It is used to test the elevation of that point against 
the elevation of dredged channel to determine whether or not 
dredging is required. 

+ Enter the X-coordinate of the coordinate point having the 
highest elevation within the portion of channel to be dredged. 

0 Program uses the first (leftmost) station within the dredged 
channel portion of the cross section. 

Depth of Ovordrodglng. Used to establish some extra depth 
below the required bottom elevation. 

+ Enter the amount of werdredging desired at this cross 
section. Do not allow overdepth dredging below the bottom 
of the bed-sediment reservoir. 

0,b Lewe blank il overdredging is not rquired. 

Input Description 



HD Record - Required If Not Using H Record 

Movable Bed UmRs 
I .' 

,, . . .- . ' ,,A $g- , .P,d , 4 1 .  . ;y;'[~&-.-~ 
. , ,  - .< m. - -:I; 

This record prescribes the widlh and depth of the bed sediment resewoir and the dredging 
template at a cross section. It replaces the H record and allows the depth of sediment in the bed to 
be prescr~bed directly with the variable DLY (HD.2) instead of implying it through the elevation of the 
model bottom, using EMB (H.2). All other fiekls of the HD record are the same as those on the H 
record and either record is acceptable to the program. Do not uso both H and HD at the same cross 
section. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT HD Record identifiiion. 

1 SEClD -, + C r o u  Sectlon Identlflcatlon Number. Use the same value 
as prewously entered in X l  .l on the X I  record for this cross 
section. 

XSM 

Input Description 

DLY 0, + Depth of the Bed Sedlment Reservoir at this cross section. 
Negative values are not permitted. There is no default. Blank 
is the same as zero. 

Mwrbb Bed Boundary, Left. Cross section station at 
change from fixed to mwable bed boundary; counterpart to 
XFM (H.4). Elevations at cross section coordinates will be 
adjusted vertically up or down for scour and deposition when 
the GR station falls between XSM and XFM. 

-, + Enter the station, left side of channel, where the fixed bed 
stops and the mwable bed begins. This station need not 
coincide with an existing GR station point. 

0 Program will automatically set the movable bed limits 
accoraing to the location of the water surface. 



HD Record - Continued 

FIELD VARIABLE VALUE DESCRlPTlON 

4 XFM 

5 DLYR 

Mwable Bed Boundary, RlgM. Cross section station at 
change from movable to fied bed boundary, counterpart to 
XSM (H.3). 

-, + Enter the station of the last movable bed point on the right 
side of channel. 

0 Program will automatically set the movable bed limits 
according to the location d the water surface. 

Elwrtlon correction for movable bed at restart. 

-, + In restarting a run it is desirable to enter a value for DLYR. 
causing program to correct all GR elevations within the 
movable bed limits by adding this value to the Y-coordinate. 

O,b In most cases, leave this field blank. 

6 EDC -, + Elwrtlon of Bottom of Dredged Channel. Do not include 
werdredging here. (see H. 10). This value should always be 
above the model bottom. (EM6 in Field H.2.) 

Note: The bottom of the bed sediment reservoir is EM0 = 
YMN - DLY, where YMN is the lowest elevation in 

7 XSD 

the mwable bed portion of the GR data and DLY is 
(HD.2) above. 

fl Dredsins is not desired at this cross section. If the desired 
--ion of the dredged channel bottom is zero, enter a 
small positive value (e.g. 0.001). 

Dredged Channel Boundary, Left. The cross sectlon station 
where dredging wtll beg~n ~f this value equals a station coded 
on the GR records. If it does not colncide with a GR statlon, 
dredging will beg~n at the next GR station after the value 
coded here. This value should be equal to or greater than 
XSM. No new cross sectton statron IS interpolated. 

-, + Enter the station of the cross section coordinate point on the 
left side of the dredged channel, so that the elevation of 
coordinate points within the dredge channel (from XSD to 
XFD) can be corrected for dredging. XSD should always be 
greater than or equal to XSM. 

b,O XSD is set equal to XSM, (HD.3). 

Input Description 



HD Record - Continued 

FIEU) VARIABLE VALUE DESCRIPTION 

8 XFD Dredged Channd Boundary, RIgM. Cross section st- 
beyond which no dredging is performed, counterpart to XSD. 

-, + Dredging will stop at the OR station equal to, or to the left of 
this station. This value should be less than or equal to XFM. 

b,O XFD is set equal to WM, (HD.4). 

9 XDM -, + The station d the cross section coordinate point having the 
highest elevation within the dredged channel. Thb is the . 
nation used to test whether or not dredging is required. 

0 The program uses the leftmost point inside the dredging 
template. 

Input Description 

Depth of overdredglng. Used to establish some extra depth 
belaw required bottom elevation. 

+ Enter the amount of overdredging desired at this cross 
section. Do not allow overdepth dredging below the bottom 
of the bed-sediment reservoir. 

0,b There is no defautt, zero or blan dredging is 
required. 



Input Description 

EJ 
EJ Record - Required 

I 

End of geometric model data IS established by an EJ record. This record must be the lasr 
geometry record entered for each stream Segment described In the geometry sectlon. 

I 

FIELD VARIABLE VALUE DESCRIPTION 

I 
0 ICG EJ Record identification. 

1-10"- '- Leave blank. 

<- 

'I 
I :;.i 1 

L 1 -  

I 
1 
I 

I 



$TRIB 
$TRIB Record - Optional 

Tributary inflow Polnt 

This is the HECS record which identifies the beginning of the geometry or sediment data set for 
each tr~butary in the stream network. The dierence between a tributary and a local inflaw is that the 
tributary is a branch in the network geometry data set whereas a local inflow point has no geomeny. 
Refer to Section 3.6 for instructions on assembling data for tributary systems. 

Place a STRIB command in front of each tributary geometry data set and in front of each 
tributary sediment data set. 

Important Not.: A STRIB record for this of HECS has a different 
meaning than a STRIB record for prior versions. A STRIB 
record from a data file setup to tun under the prior veRion (all 
versions dated prior to October 1986) shoold be changed to a 
$LOCAL record in order to nm the identical data file using this 
version. 

FIELD VARIABLE VALUE DESCRIPTION 
..,..... "-,< .i:b. ... n. 

0 ICG,IDT $TR18 Record identification (Columns 1 - 5). 

2-1 0 Leave blank. 

Input Description 



CP Record - Optionai 

4 .  ,A,, - 
Control Point ldentlflcatlon 

The CP record is used to associate each tributary data set with the cross section where it enters 
the network. The value entered in Field 1 should equal that given on the Q record associated with the 
tributary. 

A CP record must follow each STRIB record used in the geometry data set. The appropriate 
records (described previously in this section) needed to detail the geometry of the tributary* should 
follow the CP record. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG.IDT CP Record identification. 

JPNUM + Junction (control) point number. 

Leave blank. 



Section II 

Sediment Properties 

and 

Transport Functions 



Summary 

Summary of Sediment Properties and Transport Functions 

The initial sediment properties and quantities for the model are defined using the records in this 
section. Each stream segment in the river network must be described wrth a separate set of T4-N (or 

- PF) records. Local inflow data ($LOCAL and LQL-LFL records) are entered after the complete set of 
records has been entered for the stream segment in which they are located and before the records for 
the next stream segment. 

T4-18 Title Records. A-27 

Sediment properties. 

Parameters required for clay transport. 

Special 12 

13 

Clay transport method 2 - supplemental parameters. 

Parameters required for silt transport. 

Parameters required for sand transport. 

Weighting factors for numerical integration scheme. 

User specified transpon function. A-39 

User specified transport function. A 4  

N 

PF 

SLOCAL 

LQL 

LTL 

LFL 

Water discharge for the water discharge-sediment load relationship. A 4 1  

Total sediment load for the water discharge-sediment load A 4 2  
relationship. 

Fraction of load for the water discharge-sediment load relationship. A 4 3  

Bed materlal gradation - fractions of total bed load. 

Bed material gradation - percent finer. 

Local inflow. 

Water discharge for the local inflow/outftow specification. 

Total sediment load for local inflow/outflow specification. 

Sediment grain size distribution for local inflowfoutflow. 



TITLE Records - Five Required (T4, TS, T6, T7, T8) 

Comments 

Five Title Records are required to precede the sediment data for each segment in the network. 
They each have a T in Column 1 and the sequence number in Column 2. The number four is 
suggested for the first sequence number. A Data Echo print option is available; see below for details. 

Note: Column 4 of T4 record reserved for program use. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT T4 Record i d e n t i  in Columns 1 and 2 T4, TS, T6,T7, 
and T8 for the first through fiih title records, respectively. 

Column 4 ISl(2) 
of T4 
record 
only 

B D l 8  Echo. Each input record is echoed in the output file 
as it is read. This is available to help the user verrfy the 
initial conditions of the model and is not recommended 
for normal use. To exercise this option, enter B in 
Column 4 of the first title record (T4) of this group. 

Fields 1 through 10 (Columns 5-80) may be used for 
identifying the stream segment, project date, or any other 
relevant information. 

Column 4 of the first trtle record (74) is rese~ed for requoating a pnntout option tk.1 whoor the input and should b. blank if 
a data who is not requ~red. 

Input Description A-27 



I1 Record - Required 

Sediment Propertlea 

The I1 record contains sediment properties for the ink 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT I1 Record identification. 

1 IS1 Comment Any alphanumeric characters or comments. 

2 SPI Spoctty tter.tlona of the Exner computations. 

+ Specdy the number of times during each time step for the 
program to recalculate the composition of material in the bed. 

Note: More than any other Input variable, SPI affects 
computation time. When poss~ble, speclfy one. If 
too small of a value is used, calculations may 
display oscillations n the amount of sediment 
being transported and in the bed prof~le. The 
value can be increased to twenty, fifty, etc., until 
values are essentially the same as those 
calculated with SPI left blank or zero. 

0 Program calculates the value. 

Note: The value of SPI computed by the program if the 
user does not specdy a value for SPI can become 
very large for some problems. We suggest that 
users avoid using values greater than SPI = 50. A 
message will appear in your output if the 
computed SPI value is greater than f i i .  If the 
user chooses to use the larger values; they must 
enter the desired SPI in Field 2 (11.2) and re- 
execute the program. Refer to Training Document 
No. 13 (HEC 1981) for further discussion. 

Input Description 
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' I1 Record - Continued 
I I 

FIELD VARIABLE VALUE DESCRIPTION 

3 IBG Speclty grrdrtlon crlculrtlon method. Instructs program to 
calculate gradation in surface layer based upon wimpart 
capacity required to just transpm the inflomng load with no 
scour or deposltim if possible. 

0 Program uses gradation on N records to calculate transport 
capacity. 

t3 Program calculates gradation d surface layer based on 
inllowing load and s e d i i  t m q m t  theory. Iterative 
process performed in three Yemiom (i.e., '180. iterations). 

4 MNQ N u m b  of parallel dkchrrg.1. (This option is rarely wed.) 

+ Maximum number of discharges that will be analyzed in 
parallel. Any number up to ten is permissible when 
tributaries or diversions are not present. Otherwise use one. 

0 Program assigns one. 

5 SPGF + Spoclflc gravity ot flu. It is used with density and 
accekrathn of gravdy to calculate unit weight. 

0 Program assigns 1.0000 (Fresh water at 39.2 degrees F). 

6 ACGR + Acwl.rrUon durn to gr.vtty. 

0 Program assigns 32174 Wse$ (standard at 45 degrees 
latitude, sea level). 

Fall Veloclty Computrtlon Method. Refer to Section 2.3.6, 
' S e d i  Particle Properties' for a discussion of the available 
methods. 

0 Program defaults to Method 2. 

1 Original (TOFF) fall velocities. 

2 Federal Interagency Sedimentation Project (FISP) method for 
computing fall velocities. 

8 IBSHER Bed ahear stre- comput8tlon method. 

0,1 Program calculates bed shear stress as yDS for daylsilt 
erosion and deposition. 

2 Program uses U. from smooth wall law to calculate bed shear 
stress for claylsiit erosion and depostion. 

Input Description 



12 Record - Optional 

Parameters Required for Clay Transport 
- 7 1 h -  

The presence of an I2 record instructs the program to calculate transport of clay. The data ,- ' i 
included on this record provides parameters and guidelines within which to structure the computations 
for clay transport. Note: The following clay transi>ort instructions were derived from experiments 
where the suspended sediment concentrations were less than 300 mg/l (see Krone, 1962). 
Applications to field situations where suspended sediment concentrations may be greater than 300 
mg/l may exceed the intended range of applicab~lity of the relationships. Also note that the 
relationships for clay depoation were derived frm one-dimensional channels where the velocity and 
sediment concentration profiles are reasonably uniform. Users may experience difficulty with clay 
deposition rates in deep reservoirs. 

If the 12 record is used by itself, the program will compute deposition of clay only. However, if 
two Speclal 12 records are used in addition to the first 12, both erosion deposition of cohesive 
sediment (clay and silt) will be calculated. 

FIELD VARIABLE VALUE DESCRlPnON 

0 ICG,IDT 12 Record ident i f ic l i .  

1 IS1 Comment Any alphanumeric characters or comments. 

2 MTCL Cky Tramport Method. 

0,1 Depodtlon of clay using the original method is computed 
only. No cky erosion is computed. 

2 Depoaltlon and Erosion of Cohesive Sediments are 
computed. Deposnion is computed by the Krone equation 
and erosion by the Ariathurai method. Note: This method 
requires the addition of two Special 12 records. as described 
on page A-32. 

ICS b, 1 Initial size class interval for clay - there is only one clay size . 

avaiiable, so enter 1 or leave blank. 

4 LCS b, 1 Last size class interval for clay - there is only one clay size 
available, so enter 1 or leave blank. 

5 SPOC + Sp@c#lc grrvity of clay particles. 

0 L: * The defauk is 2.65. 
d c .  . I *  

6 DTCL + The shear threshold for clay deposition. This is the 
average bed shear stress in Ibslsq ft above which clay will 
not be deposited. This value is ignored when the Special 12 
records are used. 

0 The defauk is 0.02 Iblsq. ft. 

Input Oescription 



FIELD VARIABLE VALUE DESCRIPTION 

- 
' , C 7  

.. . - 
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12 Record - Continued 

7 

8 PUCD 

0 The default is 78 Ibtcu. ft. 

9 UWCL + The initial (before compaaion) unit weight for clay deposits, 
IWcu. ft. 

0 The default is 30 lWcu ft. 

10 CCCD + Compacrioncoelfiderrtfordaydeposasfortheequation: 

- . . . . . where Time is in vears. See s8ction 2.3.5.3. 

+-5 The default is 16 Iblcu. Wyr. 

Input bescnptlon 



Special 12 
Special 12 Records - Optional 

The Speclal I2 records are used to code the deposition4 and erosional shear stress thresholds 
for fine grained cohesive sediment (clay and silt) to be used by Clay and Silt Transport Method 2 
(MTCL-12.2. MTSL-13.2). Refer to Section 2.3.9. If used, Special 12 records must be employed (in 
addition to the first 12 record described on the preceding pages): one to describe the active layer and 
one to describe the inactive layer. Note: The following clay transport instructions were derived from 
experrments where the suspended sediment concentrations were less than 300 mgll (see Krone, 
1962). Applications to field situations where suspended sediment concentrations may be greater than 
300 mg/l may exceed the ~ntended range of applicability of the relationships. Also note that the 
relationships for clay deposition were derived from one-dimensional channels where the velocity and 
sediment concentration profiles are reasonably uniform. Users may experience difficulty with clay 
deposition rates in deep reservoirs. 

The erosion parameters defined on the Speclal I2 records apply to silt as well as clay sediments. 
If eroslon of silt sizes is desired then an 13 record must follow the I2 record. 

FIELD VARIABLE VALUE DESCRIPTION 
: p ~ ~ T s ; ~ * r ' x ~ ~ ? ~ > ~ : > ~ $ ~ *  

0 ICG,IDT 12 Record identification. 

IS1 Comment Any alphanumeric characters or comments. 

1 Data on this record applies to the active layer (the first 
Special 12 record). 

2 Data on this record applies the inactive layer (the second 
Speclal I2 record). 

3 DTCL + The shear threshold for clay and silt deposition. This is the 
average bed shear stress in Ibs/sq. ft. above which clay and 
silt will not be deposited. 

0 The default is 0.02 Ib/sq. ft. 

STCD + Shear 8tresa threshold for erosion of clay and SIR 
particles, Ib/sq. ft. This is the shear stress abave which clay 
and silt material will be scoured from the b d .  

STME + Shear stre88 threshold for maw erosion, IbJsq. ft.' ' 

6 ERME + Erosion rate of clay and SIR at STME, IbJsq. ft.1hr.l 

+ Slope of the eroslon rate curve for mass eros!on, ~Jhr.' 

There ia no default, u r r  musl enter r vdue. 

A32 Input Description 



13 Record - Optionai 

Parameters Requlred tor Silt Transport 

The presence of an 13 record instructs the program that the mixture d sediment to be analyzed 
contains SILT size particles. The data included on this record provides parametem and guMellnes 
within which to structure the computations for silt transport. 

When modeling erosion of silts, you must prwide an I2 and two Sped81 I2 records to define 
erosion parameters of silt grains. If no clay is present in the system, enter zero for day in the LF and 
N (PF) records. 

L -..'-:I - A'.. .- 
FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT 13 Record identification. 

' 1  IS1 Comment Any alphanumeric characters or comments. 
-- 1 

- l2 MTSL Silt T r a m p a  Method 
. . 

1- .L 1 Original method for calculating deposition of silt. 
. .. , 

2 Method for including scour and deposlion of silt. Note: This 
method requires the use of an 12 record and two Spoclal12 
records, as described on page A-30 and A 3 2  

3 IASL + ID number of the amrl lut grrln aka clurlflcatlon of silt to 
be transported (see Table A-2). IASL must always be kws 
than LASL 

0 Default IASL = 1. 

4 LASL + ID number of the largeat grain site claulflcrtion of silt to be 
transponed (see Table A-2). 

0 Default LASL = 4. 

Table A-2. 

ID# Classification Grain Sue (mm) Geometric Mean (mm) 

1 Very fine silt .004 - ,008 .005 

2 Fine ,008 - ,016 .011 

3 Medium .016 - .031 ,022 

4 Coarse .031 - .0625 ,044 

Input Description 



13 Record - Continued 

The data in Table A-2 is bulk into HECS; IASL and LASL must be selected from this table. The 
program automatically includes all sizes between IASL and LASL if the 13 record is present in the 
input. If transport of clay is to be computed as well as silts, IASL should equal one to provide a 
continuous representation of grain classes from clay size to silt size classes. If transport of 
sands is to be computed as well as sib, LASL should equal four for the same reason. Grain 
sizes which are not found in the bed may be so noted (with zero values) in the bed material 
gradation s words. 

FIELD VARIABLE VALUE DESCRIPTION 

5 SGSL + Specific grwlty of silt particles. 

0 Default = 2.65 

6 DTSL Deposition threshold for silt. 

+ The average bed shear stress in Iblsq. ft. above which silt 
material will not be deposited. This value is ignored i f  
Special 12 records are used. 

0 Default = 0.02 Iblsq. ft. (for lack of better data). 

7 Leave blank. 

8 PUSD + Unlt weight of fully consolidated silt deposits in Iblcu. ft. 

0 Default = 82 Iblcu. ft. 

9 UWSL Unlt weight of silt material at the moment it is deposited on 
the stream bed. 

Default = 65 Iblcu. ft. 

10 CCSD Compaction coefficient for silt deposrts for the equation 

y,,, = UWSL + [CCSD(log,,(llme)] 

where time is the accumulated simulation time expressed in 
Ye- 

0 Default = 5.7 Iblcu. ft./yr. 

Input Description 



14 Record - Optional 

Parameters Required for Sand Transport 

The presence of an 14 record instructs the program that sand sizes are present in the mixture d 
sediment to be analyzed. The data included on this record provides parameters and guidelines within 
which to structure the computations for sand transport. 

FIEU) VARIABLE VALUE DESCRIPTION 
. . : : : : :~~*>~.$o?~.m ,,., ..,*,,,4Qi...)l ~ ~ ~ $ ' ~ ; , ~ i ~ $ ~ ~ & y  

0 ICG,IDT 14 Record identificatian 

1 IS1 Comment Any alphanumeric characters or comments. 

Transport capacity relatlorwhlp to be used by program to 
compute sediment load for a given water discharge. 

0,l Toffaleti Method (1 969). 

2 User Specified Transport Function. User must supply his 
own transport relationship in the form of DS versus transport 
coefficients (on records J and K), where OS is depth times 
slope. See instructions far the J and K records for a more 
complete description. 

4 Yang's streampower (1 

5 Duboys (Brown, 1950). 

6 Einstein ... not yet availabk 

7 Ackers-White (1 973). 

9 Toffaleti and Schoklitsch. 

10 Meyer-feter and Muller (1 948). 

11 Not used. 

12 Toffaleti (1 969) - Meyer-Peter and Muller (1 948) combination. 

13 Madden's (1 985) modification of Laursen's (1 958) 
relationship. 

14 Copeland-Laursen ... not yet available. 

' Users should refer to Chapter 2 of Vanonl's SedimenI@ton Engineering (1975), for informdon regarding the boat lrnnaport function 
to use for specific types ot rivers and bed matend typos. 

Input Description 



14 Record - Continued 

FIEU) VARIABLE VALUE DESCRIPTION 

3 IASA + ID number of the smalk.t grain slze claulficrtion of sand 
to be transported in the calculations (see table below). IASA 
must always be less than LASA. 

0 Default IASA = 1. 

4 LASA + ID number of the largest graln size clamlfica!ion of sand to 
be transponed in the calculations (see table below). 

n Default LASA = 10. 

The following table of grain sizes is built into HEC-6. IASA and LASA must be selected from this 
table. All sizes between, and including, IASA and USA will be transported. If transpon of silts is 
to be computed as well as sands, IASA should equal one to prov~de a continuous representation 
of grain classes from s~lt to sand sizes even if the very fine sand sizes are not found in the bed. 
Grain sizes which are not found in the bed may be so noted in the bed material gradation 
specified on the N or PF records. 

Table A-3. Grain Sizes. 

ID# Classification Grain Size (mm) Geometric Mean (mm) 

1 Very fine sand .062 - .I25 .088 

2 Fine sand .I25 - .250 .I 77 

3 Medium sand .250 - .500 .354 

4 Coarse sand ,500 - 1.000 ,707 

5 Very coarse sand 1.000 - 2.000 1.414 

6 Very fine gravel 2.000 - 4.000 2.828 

7 Fine gravel 4.000 - 8.000 5.657 

8 Medium Gravel 8.000 - 16.000 11.314 

9 Coarse Gravel 16.000 - 32.000 22.627 

10 Very Coarse Gravel 1 32.000 - 64.000 45.255 

Input Description 



14 Record - Continued A 4 ' '  . 12 
.L ,I 4 

' r  

' . ;2 R+ 

FIELD VARIABLE VALUE DESCRIPTION 
- : >=r y,IL 

. . ...>:.,w.<.<p~x~ . . ,,. 
: +:L,,.& 

..... 

5 SPGS + Specfflc gravity of und partlcle8. (NU the unit weight of 
deposited material,) 

? * ? I P . ~ (  J I C - ~ >  * F f i  *T4- 
0 . . Defaut = 265, - . -U L . -. . - - .e ...- L.--*LA- 

6 GSF + Graln rhap. factor. 

0 Default = 0.667. 

7 BSAE + B coefflclent In surface area exposed function. Equation is 
as follows: 

FSAE = A S A E ( S A ~  + CSAE. 

0 Default = 0.5. 

8 PSI + The parameter V from Eindeln'r method, used to 
approximate V* for calculating equilibrium bed elevation. 

0 Default = 30. 

9 UWD Unn welght of deposited redlment. Specify in Iblcu. ft. 

Default UWD = 93 Wcu. ft., a reasonable value for sand. 
Program does not change this value with time. 

Input Description 



7 UBI 

8 UBN 

15 
15 Record - Optional 

Welghtlng Factors tor Numerlcal Integration Metnod 

Use this record to enter the user selected hydraulic parameter weighting factors. Section 2.2.4 
of the user's manual presents two sets or schemes of wetghting factors for the numerical integration 
method used by the program. If the IS record is omitted, the program defaults to the Scheme 2 
weighting factors. If an 15 record is entered with fields 2 through 6 blank, the program will assume the 
desired weighting factors equal zero. There are no defaults. 

FIELD VARIABLE VALUE DESCRIPTION 
..::3;z$A ~ ~ p w ~ ~  "0 y;.. 

ICG,IDT IS Record identification. 

1 IS1 #, qomment Any alphanumeric characters or comments. 

2 w t T 4 ' k  + Weight assigned to hydraulic properties at second cross 
section when calculating at downstream boundaty. 

3 DBN + Weight assigned to hydraulic properties at downstream 
boundary for downstream boundary calculations. 

Not.: if values are entered for DBI and DBN then DBI + 
DBN must equal 1 .O. 

4 XID + Weight assigned to hydraulic properties at cross section 
downstream of section of interest - interior point calculations. 

5 XIN + Weight assigned to hydraulic properties at cross section of 
interest - interior point calculations. 

6 XIU Weight assigned to hydraulic properties at cross section 
upstream of section of interest - interior point calculations. 

Note: if values are entered for XID, XIN and XIU then 
XID + XIN + XIU must equal 1.0. 

+ Weight assigned to hydraulic properties at next to last cross 
section for calculation at upstream boundary. 

+ Weight assigned to hydraulic properties at upstream 
boundary. 

Note: if values are entered for UBI and UBN then UBI + 
UBN must equal 1 .O. 

1 

I 
I. 

L 



J Record - optional4 

. ". . 
User Specified Transport Function . . - , ,  

Use the J record to define the coefficients of the User Specified Transport Function. This 
funct~on is expressed by the equation: 

where DS is depth times slope and A, B and C are coefficients in tons/day/foot of width . A separate 
J record is required for each grain size fraction being evaluated. Enter data from fine to coarse. The 
data contained on the J and K records is relevant to the program only if the selected transport 
capaclty relationship MTC (Field 2 of 14 record) equals two. H MTC is nU equal to two, the program 
will simply ignore the data contained on these records. Secth  unknown contains a complete 
descr~ption of the user speded transport function option. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT J Record identification in Column 1. 

1 omment Comment informatbn such as the name of the grain size 
classification to which the data on this record relates. 

2 DSCO(1) + Coefficient corresponding to A in above equation. 

3 DSCO(2) + Coefficient corresponding to B in above equatiw. 

4 DSCO(3) + Coefficient corresponding to C in above equation. 

If the user decides to use the special transport function option, then he nodo to provide both a set of J r o w &  u wl u r K 
record in order to speedy the required information cienta to u u  thm option. 

Input Description 



K Record - Optionai5 

User Speclfled Transport Function 

Use the K record to define the coefficients of the function which is used to correct the User 
Specified Transpon Function for variation in n-value. This correcting function is express-gd- bd the 
equation: 

The data contained on the J and K records is relevant to the program only if the selected 
transport capaclty relationship, MTC (Field 2 of 14 record), equals two. If MTC is not equal to two, the 
program will simply ignore the data contained on these records. Please see section UNKNOWN. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG K Record ident~fication in Column 1. 

1 IS1 Comment Comment information such as the name of the grain size 
classification to which the data on this record relates. 

Coefficient corresponding to D in above equation. 

Coeffkient corresponding to E in above equation. 

5 If the user decidor to use the special tranrpon function option, then ha needs to provide r set of J records u w.11 u a K 
record in ordw to spec* the required information end c o ~ i e n t s  to urw this option. 

A-40 Input Description 



LQ Record - Required 

Water Discharge for the Water Dlscharge-Sedlment Load Relrtionshlp 

The inflowing sediment load is related to water discharge by prescribing the discharge in cfs on 
the LQ record, total sediment load in tons per day on the LT record and the fraction of the sediment 
load in each grain size class on LF records. Each LF record will describe one grain size fraction and 
they should be entered from fine to coarse. Enter the water discharge in cfs on the LQ record as 
follows. 

FIELO VARIABLE VALUE DESCRIPTION 

ICG,IDT LQ Record identffication. 

IS1 Comment Any alphanumeric characters or comments. 

OWATER + W8ter discharge in cfs. Enter the first discharge value8 for ' 

the water discharge versus sediment load table. If the range 
of water discharges in the inflow hydrograph is beyond that 
specified in this table, the extreme values of sediment load 
from the table will be used (i.e. the program will not 
extrapolate beyond the ends of the table). 

QWATER + The second water discharge for the water d i i g e  versus 
sediment load tab&. Each consecutive water discharge must 

wm be greater in value than the previous one. 

QWATER "-+ Continue to enter increasing water discharge values in Fields 
I-: , . - . ,  - , 4 through 10. A maximum of nine water discharge values is 

I I- ..- permitted. 

' QWATER cannot be zero or negative. 

Input Description 



LT 
LT Record - Required 

I 

Total Sediment Load for the Water DIscharg~Sediment Load Rdatlonsh p p 
I 

The inflowing sediment load is related to water discharge by prescribing the discharge in cfs on 
the LQ record, total sediment load in tons per day on the LT record and the fraction of the sediment 
load in each grain sue class on LF records. Each LF record will describe one grain sue fraction and 

I: 
they should be entered from fine to coarse. Enter the total sediment load in tons per day on the LT 
record as follows. I 
FIELD VARIABLE VALUE DESCRIPTION .,.. ,... ..... . , , , , < ~ ~ q ~ ~ ~ p x ? v  

"A*+... 

0 ICG,IDT LT Record identification. 

I 
1 IS1 Comment Any alphanumeric characters or comments. I 
2 QS + ,O Total sediment load in tons per day. This value corresponds 

to the water discharge entered in Field 2 of the LQ record. 

' ,- 

a Id: k,O 

Total sediment load in tons per day. This value corresponds 
to the water discharge entered in Field 3 of the i Q  record. 

t-1 a Continue to enter the total sediment load values for each 
subsequent water discharge entered on the LQ record. A 
maximum of nine values is permitted. 

I 
L 

Input Oescription 



' LF Record - Required 

Fraction of Load for the Water DischargeSediment Lord Relationship 

The inflowing sediment load is related to water discharge by prescribing the di iarge in cfs on 
the LO record, total sediment load in tons per day on the LT record and the fraction of the sediment 
load in each grain size class on LF records. 

describe the sediment load d one grain size fraction. There must be one LF 
record for each grain size classification selected on records k through I4 wen if the traaion of the 
load for any grain size equals zero. LF records should be entered from fine to coarse. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT LF Record identiftcation. 

1 IS1 Comment Any alphanumeric characters or comments. (It is 
recommended that the grain size class be entered in the 
comment field, i.e. CLAY, SILT1, SlLT2, VFS, FS, ... VCG). 

2 QSED +,O The frrctlon for thk grrln s i u  of thm tot81 u d l m n t  lord 
corresponding to the water discharge in Field 2 of the LQ 
record. 

3 QSED +,O The fraction for the grain size of the total sediment load 
corresponding to the water discharge in Field 3 of the LQ 
record. 

4-1 n QSED +,O Continue to enter the fraction of the total sediment load 
corresponding to each subsequent water discharge entered 
on the LQ record. A maximum of nine values is permitted. 

Input Description 



N Record - Required if Not Using PF Records 

Bed Materlal Gradatlon - Fractions of Total Bed Load 

Initial bed material composition by grain size fraction is required for each cross section. Up to 
four size fractions can be entered on the first record. If more than four grain sizes are present, use a 
continuation N record to finish coding sue fractions. A fraction of the total load must be given for 
each grain size classification previously prescribed on the I2 - I4 records even if that traction is zero. 
Do not skip grain size classes that are prescribed on the 12 - 14 records. Enter data for each cross 
section (even if the bed material gradation does not change between cross sections) from 
downstream to upstream. 

FIELD VARIABLE VALUE DESCRIPTION 
:':;;$~p~~%::::t~.~:F;i8&<~~~~W:?:$::::::W$:;@~j<:?:X~X;,?j:;ti<<?~~ . ... ...................... . ............ .. .. .<<.>..>...r.,. ...... ;...; ...... .. .......... -..,..+A:* 

0 .  ICG N Record identification (Column 1). 

IS1 Comment Comment field (recommend cross section ID number always 
be used here). 

2 SAE 

3 DMAX 

4 DXPl 

The fraction of rurfaw area of the bed that is not covered by 
armor layer at this cross section. Divide the surface area 
exposed to scour by the total surface area to obtain this 
value. This parameter is used to describe initial bed 
annoring conditions. 

Blank Program uses 1.0 for initial value. 

.001-1.0 Program uses the value entered as the initial value rather 
than 1.0. 

Mulmum grrln ske at this cross section. Obtain from the 
gradation curve the diameter for which one hundred percent 
(100%) is finer. 

+ Enter grain size in feet. 

0 Program uses the diameter of the largest grain size defined 
on the 12 - 14 records. 

Graln slze in eighty (80%) to ninety-five percent (95%) finer 
range. 

+ Enter grain size in feet that is approximately ninety-fie 
percent (95%) size on gradation curve. It should define the 
upper breakpoint in the gradation curve. Must be less than 
or equal to OMAX (N.3). 

0 Program uses OMAX (N.3). 

Input Description 



N Record - Continued 

FIEU) VARIABLE VALUE DESCRIPTION 

5 XPI 

+ 
0 

6 SFKOT + 

~- 

Percent finer for OXPl (N.4) expressed as a decimal. 

Range is from 0 to 1.00. 

Program uses 0.95. 

Totri of grain riw frrctlona in the bed at this particular 
cross section. 

Program sums all values that fdlow for indiiual grain sizes. 

Program considers SFKOT to equal one hundred percent of 
inactive deposits regardless of what the sum d individual 
values equals. 

The fraction of the total amount of bed material composing 
the smallest size classification present in the bed at this 
part~cular cross sect~on. 

If this grain size is not present in bed, enter zero. 

If more than one grain size is present in the bed, enter 
fractions across this record, from finest to coarsest, for each 
size classification. Continue in Field 2 d a second N record 
if needed. 

To determ~ne how many records m~ght be required, let's say that there are sucty cross 
sections, with one clay, four sifts and four sands defined on the 12 - 14 records (e.g., nine 
different size classifications). Since only four grain sizes will fit on the first N record, a 
second N record is be needed to provide the data required for the remaining grain size 
classifications. Thus, a total of one hundred and twenty N records (two N records per 
cross section) will be needed to fully define the bed material gradation for this stream 
network. 

Input Description7 . -: 



PF Record - Required if Not Using N Records 

Bed Materlal Grrdalon - Percent Flner 

The PF record prescribes the gradation of the bed sediment reservorr (in percent finer) at each 
cross section. PF records may be used instead of N records to define the bed matenal gradation as 
a grain size distribution curve. The sediment computations expect gradation ~nformation for each 
cross sectron; however, rt is not necessary to enter PF records for every cross section in the network. 
Specific rules are: . - -. - 

a There must be iXle& on6 PF record for each stream segment in the network. If only one 
PF record is present, that gradation is used for all cross sections on that stream segment. 

b. The cross section ID number (i.e. river mile) is coded in Field 2 to tell the program where 
that PF-data applies. The cross section ID number on each PF record should correspond 
to one used prev~ously on an X I  record. H more than one PF record is present, but not 
one for each cross secticn on the stream segment, a linear inte201ation..is made to fill in 

. ,.-,.,- - <,,.. ...7=-.+b.-..,., 

the missing data. 1 . .  , 
. _ I  . =,> 7 1 , . I ,  :'. ,,, - 

c. If the cross section ID number is omMed from a PF record, it will be assigned to the last 
cross section (i.e. the one most upstream), and values to the previous PF record will be 
interpolated. 

d. The gradation for any cmss sections after the final PF record will be assigned the values on 
that record. 

e. Do not skip grain sizes when entering the data (i.e. set LASL = 4 (13.4) and IGS = 1 (14.3) if 
silts as well as sands are being transponed). It is not necessary to calculate all fifteen 
sizes. 

FIELD VARIABLE VALUE DESCRIPTION 
: . ~ ~ ; ~ ~ & ~ ~ ~ # * 3 ~ ; ~ ~ ~ ~ ~ . ~ j . $ : ~ . ~ : : : ~ . - : : ? ~ : : i : : ; ~ ~ ~ ~ ~ ~ : Y . ? ~ : ? ! ~ : ; : ~ ~ ~ ~ : ~ ~ ~ ~ # ~ ~ ~ ~ ; ~ ~ ~ & ~ , ~ ~ ~ y v y ~ * ~ , ~ ~ ~ ~ ~ : ~ : ~ ? ~ : ~ $ ~ ~ ~ ~ ~ ~ ~ ~ ~ @ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ :  

0 ICG,IDT PF Record identification. 

PFC Record identification, continuation records. 

1 IS1 Comment Comment on PF record; data on PFC records. 

2 SECID -,4+ Cross section 10 number (i.e. river mile). There is no default. 
Do n d  leave this field blank. 

3 SAE b,O The frrctlon of the bed surface that is exposed to erosion. 
That is, a portion of the bed may be armored or pattially 
covered with bed rock. Usually SAE is left blank in which 
case the program wtll default to 1 .O. 

.001-1.0 The normal range. 

Input Description 
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3 , I  

PF Record - Continued 

FIELD VARIABLE VALUE DESCRIPTION 
. - -  .yM . . . .  .:::i:;: ;$.3?3%;$< 

4 DMAX + The dlrmeter of the murlmum prrtlck 8lu. Code all 
diameters in millimeters7. Always code a value. The 
program assigns a percent finer (PFXIS(l)= 100) to 
correspond with DMAX. Although not required for the 
program to execute, it is best if DMAX corresponds to a class 
interval boundary. DMAX is also known as DAXIS(1). 

5 DAXIS(2) + The grrln .i# dl8motu at the first coordinate point down 
the percent finer curve from DMAX. If this pattide size is 
larger than 64 mm, choose a point that will approximate the 
PFCurve with two straight line segments from DMAX to 64 
mm. 

Nute: it is not necessry that this or any PFcoordinate 
correspond to a grain size class interval boundary - 
although they can. Semi-log interpdaskrt is used 
to calculate the percent finer at each class intenral 
boundary and these are subtracted to calculate the 
fraction of sediment in each size class. 

6 PFXIS(2) 0, + The percent flner corresponding to DAXIS(2). Code as a 
percent' (e.g., enter ten for lo%, twenty for 20%, etc.). 

7-1 0 DAXIS- 0, + Continue to code points from the percent finer curve in (grain 
PFAXIS size diameter, percent finer) pairs. Use up to three 

continuation PFC records to code a maximum d sixteen 
points. Begin coding data in Field 1 of continuation records. 

Millimeters and percent finer ere requ~red by the PF records rather than toot and hadon aa raqu~red by the N record.. 

Input Description A 4 7  



$LOCAL Record - Optional 

Local Inflow 

This is the HECd record which indicates that a water-sediment discharge table comes next in 
the data stream. It is used to separate inflowldiversion data from other data ln the data stream. 

Place the $LOCAL record after the N or PF records in the sediment data to separate the 
sediment data for the current stream segment from the water-sediment discharge table information 
needed for the local inflow(s) on the same stream segment. Use only one SLOCAL record per branch 
of the network even though several sediment inRowld'iersion data sets may be present on that stream 
segment. 

A separate set of LQL, LTL and LFL records are required to spec* each local inflow and/or 
diversion. Enter each set of CQL, LTL and LFL records in the same order as the local inflow points 
appear in the stream segments' geometry (downstream to upstream). The range of water discharges 
are specified on the LQL records, with corresponding sediment loads (for each water discharge) on 
the LTL records. Each LFL record specrfies the sediment load fraction associated with each gain - . .- . . . . - 
size defined by the 12-14 records. . a n  

** . , I8 
I I 

Note: The SLOCAL record replaces the STRIB record in old data sets. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT $LOCAL Record identification (Columns 1 through 6). 

Input Description 



LQL 
LQL Record - optionai 

Water Discharge for the Local Inflow/Outflow SpecMcatlon 

The d~scharge and related sediment load assocrated wrth local ~nflows and outflows are specdied 
on LQL, LTL, and LFL records. The LQL record specdies the water discharge ponlon of the load 
curve assoc~ated wrth inflows and outflows. If only local Inflow occurs, the data values on the LQL 
record are all p0sdive and have the same format as specdied on the LO record. If an oufflow 
(diversion) IS to be modeled, two negatwe values must be entered that brackot the maximum and 
rnlnlmurn diversron values in the hydrograph. These values are entered as negative numbers in Fields 
2 and 3. Fields 4-10 are left blank. If the local flows are muced wRh divers~ons and inflarm at various 
times. then speclfy the range of the diversion flows with negative QWATER values in Fields 2 and 3 
and posdive QWATER values in fields 4 through 10 to spec* the flow curve for the positive inflows. 

FIELD VARIABLE VALUE DESCRIPTION 

0. ICG LQL Record identificasi in Columns 1 through 3. 

1 IS1 Comment Any alphanumeric character comment. 

Inflows 

2 QWATER + Wator Okchargo - Enter a positive discharge whose value is 
less than the smallest inflow value in the local hydrograph. 

+ Water Ohchargo - Enter increasing water discharges for the 
local inflow curve. 

Note: No continuation record is permitted. If flow values in the hydrograph are above the 
maximum (or minimum) discharge on the LQL record, the program will use the maximum 
(or minrmum) discharge defined for the local discharge-sediment load table. When no 
diversions are entered, the program will use the mrnimum discharge in the table. However, 
if diversions are entered, they must fall between LQL2 and LQL3. 

.:; -7 
Outflows - 1 

2 O WATER Water Olscharge - Enter a number that lies just above the 
maximum diversion value here. For example, if the maximum 
diversron value was 10, then one might enter -1 0.1. Note that 
the values entered in fields 2 and 3 must be negatlve to 
denote o m s .  

Enter a number which lies just below the minimum diversion 
value. For example, i f  the minimum diversion value was 1, 
one might enter -0.9. 

Leave blank. 

Input Description 



LQL 
LQL Record - Continued 

FIELD VARIABLE VALUE DESCRIPTION 

23 QWATER Enter negative values that lie on either side of the maximum 
and minimum divergence discharges (as in Outflows, above.) 

+ Water Dkch.rge - Enter a positive discharge whose value is 
less than the smallest inflow value in the local hydrograph (as 
in Inflows, above.) 

Water DI.ch8rg0 - Continue entering increasing water 
discharges for the local inflow curve. Note that a maximum of 
seven values may be entered. 

Note: No continuation record is permitted. If flow values in the hydrograph are above the 
maximum (or minimum) discharge on the LQL record, the program will use the maximum 
(or minimum) discharge in the rating table. When no diversions are entered, the program 
will use the minimum discharge defined for the local discharge-sediment load table. 
However, if diversions are entered, they mwt fall between LQL2 and LOL3. 

Input Description 



LTL 
LTL Record - Optional 

Total Sedlment Lord for Local Inflow/Outflow Specltlcatlon 

The water discharge and sediment load associated with local inflows and outflows (dimions) 
are specified through the use of a set of LQL, LTL, and LFL records for each local flow. The total 
sediment load corresponding to discharges entered on the LQL record is entered on the LTC record 
in units of tons/day. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT LTL Record identification in Columns 1 through 3. 

1 IS1 Comment Any alphanumeric characters or comments. 

Total sediment lord (tons/day) corresponding to each water 
discharge given on the LQL record, for the local 
flow-sediment load table. A maximum of nine values is 
permitted. 

2.3 QS 1 .O If only outflows make up the local hydrograph, enter 1.0 in 
Fields 2 and 3 and leave Fields 410 blank. 

Leave blank. 

Combined Diversions and Inflows 

2,3 QS 1 .O If outflows are included in the local hydrograph, enter 1.0 in 
Fields 2 and 3. 

4-1 0 QS Total sedlment lord (tonslday) corresponding to each water 
discharge given on the LQL record, for the local 
flow-sediment load table. A maximum of seven values is 
permitted. 

Input Description 



LFL 
LFL Record - Optional 

I 

Sediment Grain Slze Dlstributlon for Local Inflow/Outtlow 
I - 

The water discharge and sediment load associated with local inflows and outflows (diversions) 
are specified through the use of a set of LQL, LTL, and LFL records for each local flow. The LFL 
records should be entered from fine to coarse with one LFL record for each of the sediment size 

I 
classes specified on the I2 - 14 records. Diversion points and combination inflowdiversion points 
require a slight variation from the upstream inflowing sediment load table. All diversions are 
prescribed by a ratio of the concentration of sediment in diverted water to that in the main channel 

I 
just upstream from the diversion point. I 
FIELD VARIABLE VALUE DESCRIPTION . . , .-..A,--..:+:.:<.:p, .<::q:$:.:A>;*::::..:>:. .:.:...:.mRmp*%m;~;:s : : : p ~ ? < ~ ~ ~ ~ g ~ ~ ~ ~ , m ~ : ~ y & p $ & ~ ~ ~ ~ ~ ~ + p : ~  

0 ICG,IDT LFL Record identification. I 
1 IS1 Comment Any alphanumeric character comment. (It is recommended 

that the grain size class be entered in the comnient field, i.e. 
CLAY, SILT1, SILT2 VFS. FS, ... VCG). 

I 
Inflows 

2-1 0 QSED +,O Enter the fradon of the total sediment load for this 
;I 

sediment size class corresponding to each water discharge 
specified on the LQL record. I 

Outflows/Dlverslons 

2,3 QSED Enter the diversion coefflclent (ratio of diverted sediment 
concentration to the ambient channel concentration) for the 
corresponding diversion (negative) discharge specified on the 
LQL record. 

+ When field data is available, calculate the ratio of 
C d C , , ,  and use that value. 

1 .O When field data is not available, use 1.0 for the diversion 
coefficient. 

Leave blank. 

I 
A 
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LFL 
, . - _  , bFL . 

Record - Continued 
I .  

; I?-; -rl: -'. , '3 ,. - 
. - I-.' - . .- I ,  

FIELD VARIABLE VALUE DESCRIPTION 
.r.:.::,y.;.: ...'". , ........ C~.~x.:.:.:.>:.:.~:*:.>*:,.. 
,...v, ~,~m,.i,,,,,,,~,+)r~; ' sit'$:-9. 

Combined Diversions and Inflows 

2,3 QSED Enter the dhrerslon coefflclent (ratio of diverted sediment 
concentration to the ambient channel concentration) for the 
corresponding diversion (negative) discharge specrfied on the 
LQL record. 

+ When field data is available, calculate the ratio of 
C d C -  and use that value. 

1 .O When field data is not available, use 1.0 for the diversion 
coeff iciem. 

4-1 0 QSED +,O Enter the tractlon of the.total sediment load or this sediment 
size class corresponding to each water discharge specified 
on the LQL record. 

!nput Description 
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SHYD Hydrologic model. A-57 

* Comment and print control. A-58 

X 

SSEND 

Water discharges in cfs. 

Downstream water surface elevation boundary condition. 

Rating shift. 

Water temperature. 

Duration. 

Alternate format for coding duration data 

Last record in data file. 

Summary 
r 
I Summary of Hydrologic Data Records 

The SHYD record IS used only once to lndlcate the beglnnlng of the hydrologic data sectlon In 
the Input file. The *, Q, and W records are entered as a set for each tlmestep/discharge to be 
modelled In the hydrology data. The T record is required wrth the first tlmestepldischarge and is 
optlonal thereafter. All other records are optlonal and are to be added to the appropriate t~mestep(s). 
The SSEND record should be entered as the last record of the Input file and may also occur only 
once. 

#- 



$HYD Record - Required 

The SHYD record marks the beginning of the hydrologic data ord is required to 
precede discharge data records described on the following pages. 

FIELD VARIABLE VALUE D 

0 ICG,IDT $HYD Record identification (Columns 1 through 4). 

Input Description 



* Record - Required 

Comment and Prlnt Control 

One comment record is required for each 0 record in the hydrologic data This record provides 
title information for each timestep defined in the hydrologic data It also allows the user to specify 
various output printing options. 

FIELD VARIABLE VALUE DESCRlPTlON 

0 ICG Record identification (Column 1). 

Print Control for Hydraulic InformatJon 

Column 5 ISl(3) Optional output from the hydraulic computations (water 
surface profiles) is obtained by specifying one of the 
following codes in Column 5 on the record. 

blank Discharge, starting water surface elevation, water 
temperature and flow duration in days is printed. For 
this option, leave Column 5 blank, not zero. This is the 
standard hydraulic output option. 

A Water surface and energy line elevations, velocity head, 
alpha, top width, average bed elevation, and velocity in 
each subsection are printed for each discharge at each 
cross section. 

B Cross section coordinates at the current time and 
distribution of hydraulic data across the section for the 
final calculated water surface are printed. 

D Trace information. (Not recommended for most users.) 

E Detailed Trace Information. All of the above information 
plus coordinates, area and wetted perimeter for each 
trapezoidal area in each cross section and for each trial 
elevation at each cross sectlon. (Not recommended for 
most u=r~a r . .  

, i~ ''.TI' -r?,4 , y '  , a  
2 I .  I 

NOTE: Printout levels D and E produce a very large amount of output. This output was 
designed primarily for debugging purposes. Execution time will increase if any of 
these options are used. 

Input Description 



* Record - Continued 

FIELD VARIABLE VALUE DESCRIPTION 

Prlnt Control for Sediment Transport lnformation 

Column 6 ISl(4) Optional output from udhent tramport computrtlonr. 

blank No printout except summary at end of job. For this option 
leave Column 6 blank, not zero. 

A A table showcng the volume of sediment entering and 
leaving each segment and the computed trap efficiency for 
each segment. 

8 In addition to A, the bed change from the initial elevation in 
feet, water surface elevation in feet, bed thatweg elevation 
in feet, sediment load passing in tonslday for clay, sitt and 
sand. This and all higher level selections cause a 'solution 
file' to be written at this time step for post-processing 
Purposes. 

C A detailed printout of calculations (in addition to the 
above). 

D In addition to the above values from Toffaleti's procedure 
showing the detailed distribution by grain size fraction for 
the bed surface material at each cross section before the 
vdues are corrected by percentage present in the bed. 
(Not recommended for most users.) 

E Detailed trace for debugging purposes (in addition to the 
above). (Not recommended for most users.) 

limestep Tltle Information 

Comment Comment data for discharge-elevationduration data that 
follows. Use the remainder of this record to provide 
titWwmment information for this timestep. 

NOTE: Printout IeveQ C, D and E produce a very large amount of output. This output 
was designed primarily for debugging purposes. Execution time will increase rf 
any of these options are used. 

Input Description 



Q Record - Required 

Water 01.ch8rgw In ct. 

A 0 record is required for each timestep defined in the hydrologic data set. The 0 record 
provides the program with the outflow at the downstream boundary as well as flow conditions at each 
of the control points in the aream network. See Sections 3.4.1, 3.6 and 6.1 - 6.3 for a complete 
description of how to enter data on the 0 record for a stream network. 

FIEU) VARIABLE VALUE DESCRIPTION 
. . ~ M . m  

0 ICG Q Record identification (Column 1). 

1 o(1) + Outflow from downstream boundary of geometric model for 
this time step. 

If Tributaries, Local Inflows or Dlverslons 
are Present In the Geometrlc Data - 

. Qd2$ - 0, + Tributary discharge of first local inflow (diversion) point on 
main stem. If no local flows, enter discharge from stream - +ST: *A segment at Control Point 2. 

lllG* I 

Diversion flows are identrfied by a negative discharge. 
Otherwise, d i i i o n s  and tributaries are subject to the same 
coding rules. They may be mixed but they both may not 
occur at the same time at the same cross section. 

The discharge, inflow, or outflow of the next controVjunction 
point defined in the network (see Sections 3.6 and 6.1 - 6.3 
for details). 

- .  
-~b-rr . ee4-T 
H Trlbutrrkr, Local Inflows, and Dhrlsions 
m a Present In the Geometric Data I 

' 1 ; -  
2-10 Q(2)9(10) to MNa * 4  w+fle"C 3&&-w * gii + 

the 0 record. 



R Record - Required' 

Downstream Wder Surface Elevatlon Boundary Condttlon 

A startrng water surface elevation must be specified at the downstream boundary d the model 
for every tlme step. HEC-6 provides three methods for prescribing this downstream boundary 
conditron: using (1) a ratlng curve, (2) R records. or (31 a combination of a rating curve and R 
records. 

The first method involves the use of a rating curve which can be specified using a $RATING 
record followed by a set of RC records containing the water surface elevation data as a funct~on of 
discharge. The rating curve need only be specified once at the start of the hydrologic data 
(immediately following the SHYD record) and a water surface elevation will be determined by 
rnterpolation uslng the discharge given on the 0 record for each time step. The rating curve mav be 
temporarily modified using  the^ r - a d  or re a new &t of SRATING and RC ' 
records before any * record in the hydrolog 

In Method 2, R records are used Instead of a rating curve to define the water surface elevation. 
To use this method, an R record is requlred for the first time step. The elevation entered in Field 1 of 
this record w~ll be used for each succeeding time step until another R record is found with a non-zero 
value in Field 1 to change d .  In this way, you need only insert R records to change the water surface 
elevatron to a new value. 

Method 3 is a combinatlon of the first two methods. This method makes it possible to use the 
ratlng 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. On the next time step, the program will go back to using the rating curve unless another R 
record is found with a non-zero value in Field 1. 

Water Surface Elevatlon at Internal Hydraulic Control Points 

R records have a secondary purpose. They are used to define the water surface elevation at 
certain internal control points In the geometry. The location of internal control points is defined using 
X5 records. R records are necessary to define the water surface at those internal control points 
where the UPE option on the X5 record has not been set (X5.2) and the active field value is 
prescnbed. The water surface elevation (UPE) for that timestep will be read from the R record at the 
field prescribed on the XS record (X5.4). Note that if a value is given for HLOS (head loss) on the X5 
record, that value will be used in conjunction with the water surface elevation (UPE) value found on 
the R record. 

' An R record is required only if a Rating Table is not used, and then it's only required for the firat timestop. 

Input Description 



R Record - Continued 

If Internal Contrd Sealon8 are Present In the Goomet i h  
FIELD VARIABLE VALUE DESCRIPTION 

0 ICG R Record identification (Column 1 ). 

1 Ws(1) + Enter the value for the prescribed water surhco elwatlon 
that corresponds to the outflow entered on the Q record in 
F i i  1. 

0 When no internal control sections are present, then a zero in 
Field 1 should not bo uud. To define a water surface 
elevation at zero, input a small positive value (e.g. 0.001) 

2-1 0 Leave blank. 

If Internal Control Sectlons rro Preaent In the Geometry 

FIELD VARIABLE VALUE DESCRIPTION *,. 
0 ICO R Record identification (column 1). 

1 m(1)  + Enter the value for the orescribed water surface eiwatlon 
that corresponds to & outHow entered on the O record in 
Field I. 

'I:' When internal control sections are present (i.e.. weirs or 
dams which are entered on XS records) and a rating curve 
exists, the water surface will be determined from the rating 
curve ($RATING and RC records). If a rating curve does not 
exist, the water surface from the previous timestep wiil be 
reLwBd. 

2-10 ws(n) + Enter the water surface elevation for the control point (weir or 
dam) for which CSH (X5.4) = n, where n equals the current 
field. The program will set UPE = WS(n) at the control 
section defined by the XS record whose ICSH-n. 

0 Use the previous water surface value. To define a water 
surface elevation at zero, enter a small positive value (e.g., 
0.001). 

Input Description 



S Record - Optional 

Ratlng Shift . 

This record allows the user to alter the starting water sudace elevation by a constant value. 
This alteration will remain in effect for succeeding timeaeps until another S record is read with a new 
shift value. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG S Record identification (Column 1). 

1 SHIFT +,- Enter the shii for starting water surface elevatians in Reid 1. 
All starting elevations will be shifted by this amount for this 
and subsequent Q's until a new s h i  value is read from an S 
record. To return to zero shift, enter an S record with Field 1 
blank or zero. 

b, 0 Use original water surface elevation. No alteration. 

Leave blank. 

Input Description 



T Record - Optional 

Water Temperatur8 

The T record provides water temperature data (refer to Section 3.4.2). This record is required 
only in the first timestep. Include subsequent T records only if the water temperature changes. The 
water temperature(s) entered on this record will remain in effect until another T record is entered to 
change it. Water temperature is important for computing sediment settling velocity (especially for fine 
materials). 

FIELD VARIABLE VALUE DESCRlPTlON 

0 ICG T Record identification (Column 1). 

1-10 WT(l)..WT(lO) + Water temperature, in degrees Fahrenheit, corresponding 
to each Q that exists on the 0 record. T. 1 corresponas to 
0.1, etc. Enter new values only if the water temperature 
changes from the values entered on the previous T record. 

Input Description 



. , 
, . . . . .  

I . .  . . . . W Record - Required 
, n b  . 

I 

The W record defines the duration of the flow for the present timestep. A W record is required 
for each timestep in the hydrologic data set (refer to Section 3.4 and Figure 3.7). 

FIEUI VARIABLE VALUE DESCRIPTION 

0 ICG W Record identlficat~on (Column 1 ). 

1-10 DD(l)..DD(lO) + Tha flow duratlon in days or fractions of days, corresponding 
to each Q on the Q record. 

Input Description 



X Record - Optional 

Alternate Formal tor Coding Duratlon Data 

The X record may be used in place of the W record to define the flow duration. The purpose, 
however, is to decrease the total flow duration timestep prescribed by the W record into shorter 
timestaps. This need arises when unstable computation steps are not detected until after the 
hydrologic data has been assembled using the traditional W record approach. The X record allows 
the computation time fnterval to be shortened without requiring additional timestep data sets (*, 0, W 
record sets) to be inserted into the hydrologic data To use this capability, replace the W reco-rx-of 

I I the unstable timestep with an X record coded in one of the following two ways. - 1 
I I 

Coding Option #I 

FIEU) VARIABLE VALUE DESCRIPTION 
, .. .. .... ......, * ~ & y g q & q : & $ : ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ & * ~ ~ ; ~  

0 ICG X Record identification. 

Leave blank. 

Time Duration increment in days. Must be less than the 
total duration of the original timestep (from W record). 

The Total Duration of the original timestep. This is the value 
previously coded in the W record: 

eCqUalS the number of cpm$@atjon.+ $m,es!eps that will be 

Coding Option #2 

used. - . -  - L  . 
I ;  i c, -. , 

Leave blank. : * I  - - I  3, '4:: ) 

FIELD VARIABLE VALUE DESCRlPTlON 
. ; : ~ J ~ , ~ & , ~ ~ . ~ ~ ~ > ~ ~ ~ ~ + > ~ : ~ f l ~ ; ~ $ $ ~ , ~ * ; ~ < ~ ~ & ~ ; $ ~ ~ ~ ~ , ~ ~ : ~ $ ~ < ~ ~ ~ & $ ~ ~ ~ ~ ~ $ $ $ ; ~ ~ . ~ ~ ~ ; ~ ~ ~ ? & ~ ~ ~ ~ ; ~ ~ < ; < ~ ; : ~ ~ ; ; $ ~ $ ~ ~ ~ $ $ $ ~ $ ~ ~ ~ ; ~ : ; * ~ ~ f i : ~ * ~ $ $ ~ f i ~ ; * ~ ~ ~ $ ; $ <  

0 ICG X Record identification 

1 TCH + The Total Accumulated Tlme n days to be reached at the 
completion of this composde timestep. This value must be 
accurate and can be obtained from the output of the onginal 
data set uslng the W records. 

The total duration of this timestep equals TCH minus the 
accumulated time at the end of the previous timestep. 

Tlme Ourrtlon Increment in days. Must be less than the 
total durat~on of the onginal timestep. 

Total duration divided by DT equals the number of 
computational timesteps that w~ll be used. 

Leave blank. 

Input Description 



$$END Record - Required 

Last record in the data file. 

FIELD VARIABLE VALUE DESCRlPTlON 

0 ICG-IDT $$END Record identification (Columns 1-5). 

Input Description 



Section IV 

Special Commands 

and 

Program Options 
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Summary 

Summary of Special Program Commands 

These commands are inserted into the HYDROLOGIC data after the EHYD command and 
rmmediately before any * record. They are entered one after another, inserted singularly, or used as 
many times as desired. Some require additional data as explained in the detailed instructions that 
follow this summary. 

COMMAND DESCRIPTION 
< , : ; : ~ < ~ : : : ~ ~ : $ : $ z : ~ < * ~ < : ~ @ # ~ ~ " ~ & * & # $ ~ ~ $ : z $ * : ~ : ~ $ * ~ : : : ~ < : ~ ~ @ & $ @ & * ~ ~ ~ g $ : * ~ ~ * ~ , y ; ; $ $ ~ ~ m $ ~  

PAGE 
?%L5' 

Boundary condition. Use to spec* transmissive boundary A-71 
condition type. 

SDREDGE Initiates the dredging option. 

$NODREDGE Turns off dredging calculations. A-73 

SKL 

SKI 

SPRT 

Exner option. Allows access to original method for sdving the A-74 
Exner equation. 

Cross section shape option. A-75 

Calculate hydraulic roughness (Manning's n-value) using A-76 
Limerinos method. 

Use Manning's n-values as read from input file. A-76 

Select cross section(s) at which to print results. Use with CP, PN, A-77 
and END records. 

A tailwater rating curve follows. Use with RC records. A 4 1  

Water Discharge-Sediment Load table(s) follow. Use with A-83 
$LOCAL, LP, LO, LT, LF, LR, and END records. 

Prints the accumulated sediment discharge passing each cross A-87 
section and the accumulated volume of deposits (or scour) at 
each cross sectlon since DAY 0. Use with VJ and VR records. 



Input Description 

- 

T 

- 
, -, 

I; , . 

I $8 Record - Optional 
. .  . 

Transmistlve Boundary Condition 

The EB record is used to change the sediment discharge crossing the downstream boundary 
from a calculated rate to the rate approaching from the next upstream section. Use this option when 
sediment deposits at the downstream boundary and there is no physical explanation for A (e.g., as in 

r 
a supercritical flow reach when the sediment concentration is very high). 

FIELD 
.........., A.,W.W, 

VARIABLE VALUE DESCRIPION 
.,.,,:.:.:,>; ,:.>,*<.,,,,, ~ ~ ~ $ ~ ~ p ~ $ ~ ~ $ ~ $ ~ ~ ~ ~ ; * g . $ ~ * ; ~ ~ ~ ~ ; : ~ < : , . ; . ; : < * : ~ ~ . < ; > ~ : ~ ; ~ ~ ~ : ~ ; ; ~ ~ q < , ~ @ & ~ ; ~ ~ ~ ~ ~ ~ : $ ; < : ~ ~ ~ $ ~ ~ ~ ~ j ~ ~ ~ ~  

0 ICG,IDT $8 Record identification. 

2 ISBT 1 Sediment discharge is calculated at the outflow 
boundacy. 

2 Approaching sediment discharge is transmitted 
past the outflow boundary section without 

- I change. 

.= 

1 

T ,\ - 4 1 -  

, - 
b 



$DREDGE Record - Optionai 

This command record initiates dredging calculations to be performed at all cross sections where 
dredging parameters have beerr specified (H.6 - H.10 or HD.6 - HD.lO). When the depth of water 
required for navigation (draft) specified in Field 2 is not available, the program will determine dredging 
elevations and compute the volume of dredged material remwed during dredging. The dredging 
option is initiated at the end of the timesteps (computational sequence) where the SDREDGE record 
occurs. It continues to operate until turned off by a SNODREDGE record later in the hydrologic data. 
(See Example -.) 

FIELD VARIABLE VALUE 
: ~ : ~ ~ ~ $ ~ , & ~ ~ ~ = I : y & ~ ~ ~ f ' ' & Q ~ . ~ ~ < $ ~ & ~ ~ , * ~ ~ ~ ~ ~ ~  

DESCRIPTION 
.. ' .?&$$rnW$* 

0 IC0,IDT $DREDGE Record identification (Columns 1 through 7). 

2 DFT f Depth of water requ~red for navigation. 

O,b Program will compute dredging elevations. 

Input Description 
7 I.!-- 1 ' 



$NODREDGE Record - Optionai 

Dredging Optlon 

The presence of a SNODREDGE record stops the dredging option triggered prebiously by the 
$DREDGE record. 

.. :.:+... 
FIELD VARIABLE 

.. . 
VALUE DESCRIPTION 

...... ~ y $ g b ~ ~ p ~ ~ * W ~ : % ~ . 1 .  . .... 

0 ICG,IDT $NODREDGE Record identification (Columns 1 through 9). 

Input Description 



$EX Record - optional 

This command allows the user access to the original method for soking the Exner equation. All 
restrictions on the original method still apply. To exercise this option, place the SEX record 
immediately after the SHYD record. Otherwise, the program will default to the most current method. 

.... FIELD VARIABLE 
, . : , , . ~ * ~ w 3 s ~ ~ & ~ I ' : . :  ... ..." ".'..'"" 

VALUE 
.>..,,r , %<. , * ,+>*>&<&..$&~@&~;?*g~$~~ 

DESCRIPTION 
: ~ ~ & y & > ~ g g $ ~ g g ;  

0 ICG,IDT $EX Record identification in Columns 1 through 3. 

Column 8 ISl(6) 1 Original method (used from 1972 - 1984). 

3 Current option for solving the Exner Equation. 
Used in all versions dated after November 
1987. 

Input Description 



$GR Record - optional 

Cross Sectlon Shape Option 

The original HEC-6 code retained the cross section sham coded on OR records and mwed the 
Y-coordinates vertically by a constant amount after each timestep. 

. C 
The SGR record allows the user to i " 1st the depth of deposit in a cr 

according to the depth of flow. Therefore, ,%per portions of a cross secti 
deposited material rather than a uniform depth of deposit. The Y-coordinates still move vertically but 
the amount of deposnion depends on the depth of flow in the cross sections. Erosion is still a uniform 
value. 

FIEU) VARIABLE VALUE DESCRIPTION 

0 ICG,IDT $GR Record identification (Columns 1 through 3). 

Column 8 2 Vary the amount of deposition depending on 
depth. 

0 Move Y-coordinates by a constant amount after 
each computation. 

Input Description 



$KL-$KI Records - Optional 

Channel N Values by Relrtlve Roughness 

The model ignores the prescribed Manning's n-values for the channel (NC or NV records) when 
a SKL record is encountered and calculates bed roughness as a function of the bed m a t m  
gradation via Limerinos' (1970) relative roughness method (see Section 3.7.1). To return to standard 
n-values insert a SKI record. 

FIELD VARIABLE VALUE DESCRlPllON 
!??>?!&@ 

0 ICG,IDT $KL Record identification (Columns 1 through 3). 
$KI 

Input Description 



$PRT Record - Optional 

Selective Prlntout Option 

The SPRT command record is used alone to turn printout on or off for all cross sections. It is 
also used preceding CP and PN records to generate output at specified cross sections. An END 
record is required at the end of the CP - PN record set to mark the end of this optional printout 
request. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG $P#T Record identification (Cdumns 1 through 4). 

Column 8 lSl(6) 

Input Description 

N Turn output oft at all sections. 

A Turn output on at all sections. 

blank Directs program to look for CP and PN records 
to determine selected sections. 



CP Record - See $PRT - Optional 

The CP record defines the stream segment for which the cross sections given on the PN 
record(s) apply. Each CP record must be followed by one or more PN records. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG CP Record identification (Columns 1 and 2). 

2 NGDS + Stream segment number. 

Input Description 



PN Record - See $PRT - Optional 

Selective Prlntout 

Use the PN record to spectfy the cross sections where output is desired. Eac IF!! set PN 
records applies to the stream segment defined on the CP record immediately preceding it. Additional 
PN records may be used if more than nine cross sections per stream segment are requested. When 
specdying the desired cross sections for printing, use its index number, n u  its ID number. Index 
numbering of the cross sections begins at 1 for the downstream-most cross section on each stream 
segment. 

0 ICG,IDT PN Record identification. 

1 IS1 Comment Any alphanumeric characters or comments. 

+ Enter the index number of the desired cross 
section. The program generates output for the 
IPXSth cross section on segment NODS 
(CP.2). 

Note: Do not enter the section ID number or 
river mile (SECNO) as given in Field 1 

. of the X I  record). 

Input Description - .  
1 

+- . - . - - 
r-- 

' I .  



END 
END Record - See $PRT - Optional 

Selective Printout 

The END record is required at the end of the CP - PN record sets. Place an END record in the 
data file after the last PN record. 

FIELD VARIABLE VALUE 
.w 

DESCRlPTlON 
.w 

0 ICG,IDT END Record identification ( C O I ~ ~ ~ S  13). 

Input Description 



$RATING Record - Optional- . .' 

I. . . : \ , -  - 
Tallwater Rating 

. - 
, ,  ' , -, , <  . ,;, p. I ! -  .L' ' - , I h h i j  b 

A startlng water surface elevation must be specdied at the downstream boundary of the model 
for every trmestep. HEC-6 prov~des several methods for prescribing thrs downstream boundary 
condition. Specification of a tailwater rating curve is one of these methods. (Please refer to the 
R record description on page A-61 for a complete description of these methods.) 

The rating curve is specffied using a $RATING record followed by a set of RC records. The 
$RATING record indicates to the program that a set of RC records follows containing rating curve 
information. The rating curve can be input immediately after the SHYD record or before any record 
In the hydrologic data. Once a rating curve has been input it can be changed by inputting a new 
rating curve (a new set of $RATING and RC records) before any * record later in the hydrologic data 

.... ....... 
FIELD VARIABLE VALUE DESCRIPTION 

,A,.... 

0 ICG $RATING Record identification. 

Input Description 



RC Record 

Tallwater Rllng 

The RC (rating curve) records prescribe the tailwater elevation as a Rating Curve. These records 
must be preceded by a SRATlNG command record. The set of SRATlNG and RC records may be 
located immediately before any record in the hydrologic data 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT RC Record identification (Columns 1 and 2). 

Leave blank. 

MNI 

TINT 

+ The number of water surface values that will be 
read. (May not exceed forty). 

--- 

' 1'1 + The discharge Intenral between water surfacei - - 
values in cfs. Use as small an interval as 
desired, but it must be a constant for the full 
range of water surface elevations that follow. 

4 QBASE 

5 GZRO 

+ If the flnt dkcharge in the table is not zero 
enter its value here in cfs. 

+ If the rating table is a stagedischarge curve 
rather than elevation-discharge, enter gaga 
zero here. 

+ Lowest water surface devatlon or stage goes 
here. 

Continue entering water surface elevation or 
stage values defining the rating curve using 
Fields 7-10 on this record and Fields 2-10 on 
continuation RC records. A maximum of forty 
points can be entered to define the curve. 

Input Description 



, b ,  . 

$SED Record - optional 

Water OWhargo-Sedlment Load Table 

This program command option allows the user to change a sediment load table during a 
simulation. A change to a sediment load table can be made by either entering a new sediment load 
table definition on LP, LO, LT and LF records or by altering the existing table with a ratio defined on 
LP and LR records. 

A SSED command precedes a LP, LQ, LT, LF record combination that defines the discharge- 
sediment load rating cunre. It can also precede a LP, LR record combination (see LR record). The LP 
record is used to spec@ the location where the modified sediment load tabk applies. It is required 
with either the LO, LT and LF records or with the LR record. An END record is required as the last 
record to close the SSED option. 

If the sediment load table for the mainstem or a tributary is to be replaced, see the input 
descriptions for the La, LT and LF records given on pages A41 through A-43. However, if the 
sediment load table for a local inflow or outflow is to be replaced, refer to the input description for the 
LQL, LTL, and LFL on pages A49 through A-53 instead (i.e. LQ, LT, LF records are used for the main 
channel and tributaries. The LQL, LTL and LFL records are used for local inflows and oulflow). 

Example Record Sequence - Replaces the Existing Table 

SSED 
SLOCAL 
LP MAIN 10 
LO 
LT 
LF CLAY 

LF VCS 
END 

Example Record Sequence - Using the Ratio Option 

The following set of records are required to enter a change in the sediment discharge table using 
a ratio. 

SSED 
LP 
LR 
END 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG $SED Record identification. 

Input Description 



LP Record - Optional 

Inflow Polnt Identtflcatlon for the Water Discharge-Sodlmant Load Table A I ~ I  

The LP record' defines the stream segment and/or inflow pant whose sediment load table w~ll 
be modified by the succeeding LQ, LT, LF, or LR records. 

% 
FIELD VARIABLE VALUE DESCRIPTION 

0 ICG,IDT LP Record identification (Cdumns 1 and 2). 

1 iSI Comment Any alphanumeric character comment. 

NODS, NLOC Enter a two-digit number which indicates the 
stream segment number in the first digit and 
the local inflow point number in the second 
digit. The man flow on a stream segment is 
considered inflow polnt zero. For example, a 
~alue of 10 would indicate the discharge- 
sediment load table change, defined on 
succeeding records, penains to the main 
upstream flow (0) on the main stem (stream 
segment 1) of the netwark; 22 would indicate a 
change for the load table for local inflow po~nt 
2 on stream segyem 2: and so pn. 

Leave blank. - - ~ j i ~ w ~ ~ '  

Uw LP records only whon changing the redlment discharge table in the Hydrdogic 0.1. (i.8.. after the SHY0 command). Do 
not uu LP rocor& in tho Sediment 0.1.. 

A-84 Input Description 



LR Record - Optional 

Ratlo for the Water 01acharge-Sodlment Load Tabla 

When changing the sediment discharge with the SSED option, the existing sediment-alscnarge 
load table can be modified by entering an LR record rather than by entering 
a whole new table. 

FIELD VARIABLE VALUE ESCRlPTlON 

0 ICG,IDT LR Record identification in Cdumns 1 and 2 

1 IS1 Comment Any alphanumeric character commm. 

2 NGOS 

3 RATIO 

+ Stream segment number. This value should 
be the same as that used for the first digit 
(NGOS) of the code value given in Field 2 of 
the LP record. 

+ Existing sediment-discharge rating curve will 
be multiplied by RATIO. 

Input Description 



END 
END Record 

Termlnatlon Record for the SSED Optlon 

An END record is used to indicate the end of the changes made to the sediment load table(s). 
This record should be inserted after the last LR or LF record. If changes are to be made to more than 
one sediment load table sets of LP, LR or LP, LQ, LT, LF records may be stacked one after another. 
Insert the END record only after the last set of change records. 

FIELD VARIABLE VALUE DESCRlPTlON 
*:*: p ~ f i p & ' i i ' i @ y ~ > * ~ ~ > ~ ~ * $ ~ * i ~ : * : . , " : j * j : ~ ; : i ' <  

0 ICG $END Record identification. 

Input Description 



$VOL Record - Optional 

Compute C u m u ~ e  Volume and Deposb at all Sectlons 

The SVOL command causes the program to calculate the cumulative bed change and load 
passing each cross section. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICOJDT WOL Record identification (Columns 1 through 4). 

Column 7 ISl(5) X Causes the program to look for a VJ record 
immediately after the SVOL command and 
compute the storage vdume for a table of 
elevations specified on succeeding VR 
records. 

Column 8 ISl(6) A Additional printout showing cumulative weight 
of sediment passing each cross section by 
size class. 

B 'A' level printout plus extra trace information 
from the PRTVOL and STOVOL routines. (Not 
recommend for normal applications.) 

Input Description 



VJ Record - See $VOL - Optional 

Elevation Table for Curnulathre Volume Computatlonr 

FIELD 
... .. VARIABLE VALUE DESCRIPTION 

: ~ ~ ? & ~ ~ ~ ~ @ m % ~ ~ > w x ~ % ~ % ? ~ ~ ~ ~ ~ ~ & ~ ~ ~ ~ + ~ * ~ ; ~ ~ ~ ; : * ~ ~ @ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ $ ~ ~ ~ ~ & ~ ~ ~ : ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ ~ ~ $ $ ~ a 3 m ~ : ; : ~ , ~  
0 ICG,IDT VJ Record identification. 

1 JM 1-30 The number of elevation values which are 
listed on the following VR records. Limited to 
thirty values. 

2 AVGSLO 0 Compute volumes based on planes with no 
slope. 

+ Compute volumes based on planes having 
slope AVGSLO. 

Input Description 



. . 

VR Record - See $VOL - optional 

Elevation Tabla for Cumuiative Volume Computatlona 

FIEU) VARIABLE VALUE 
. . . , ; ; ; : : : : : ; : . : r : . : ;  ;.;. ;.::..:::::::::::,::::>:;>:: .:*.: ,,.,: ::;::.<2:*: ..:.:.: :y-...,>>:...: , :  :. ..:+:.-.-.:.:.:.:.:*:..:.: .;.:.:p . . .- .,.--. 

DESCRIPTION 
. . . . . . . . . . . . . . . . . .. ... .......... ....................... ....;.,.,,,,,L .,..,,A, .,,., : ,~ :~ ,X .~ i .~ ,~  ..... ,L,:<&.+!.> ,.,& <,;.., * ~ . ~ ~ f . g @ ~ & $ $ i 8 3 ~ $ ) . ' ; 3 & i $ i ; # 5 @ S : v ~ ~ : . : < ~ > Z : ~ ~ : ?  A,x.!.,y.A, ~ ~ $ ~ $ ~ $ ~ ~  

0 ICG,IDT VR Record identification. 

1 ELSTO(1) -,Ow+ Enter up to thirty elevations in Fields 1-1 0 on 
this and succeeding VR records. 

Input Description 
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GLOSSARY 

ACCURACY Degree of conformny of a measure to a standard or true value. 

ACTIVE BED The active bed is the layer of material 
between the bed surface and a hypothetical depth 
at which no transport will occur for the given 
gradation of bed material and flow conditions. 
See also, ACTNE LAYER. 

ACTlVE LAYER The depth of material from bed 
surface to equilibrium depth continually mixed by 
the flow, but it can have a surface of slow moving 
particles that shield the finer particles from being 
entrained by the flow. See FIGURE 8-1. 

I i 
Acttve 1 Cover Layer 

Sub-Surface 

t b I Lover 

Figure 8-1. Composition of the Active Layer 

AGGRADAnON The geologic process by which 
stream beds, floodplains, and the bottoms of other water bodies are raised in elevation by the 
deposition of material eroded and transponed from other areas. It is the opposite of degradation. 

ALGORITHM A procedure for solving a mathematical problem in a finite number of steps that frequently 
involves repetrtion of an operation. A step by step procedure for solving a problem or accomplishing 
an end. A set of numerical steps or routines to obtain a numerical output from a numerical input 

ALLUVIAL Pertains to alluvium deposited by a stream or flowing water. 

ALLUVIAL CHANNEL See ALLUVIAL STREAM 

ALLUVIAL DEPOSIT Clay, sit, sand, gravel, or other sediment deposited by the action of running or 
receding water. 

ALLUVIAL REACH A reach of river with a sediment bed composed of the same type of sediment material 
as that moving in the stream. 

ALLUVIAL STREAM A stream whose channel boundary is composed of appreciable quantities of the 
sediments transponed by the flow, and which generally changes its bed forms as the rate of flow 
changes. 

ALLUVIUM A general term for all detrital deposits resulting directly or indirectly from the sediment 
transponed by (modem) streams, thus including the sediments laid down in river beds, floodplains, 
lakes, fans. and estuaries. 

ANOMALY A deviation from a norm for which an explanation is not apparent on the basis of available 
data. 

ARMOR LAYER See ARMORING. 

ARMORING The process of progressive coarsening of the bed layer by remwal of fine particles until 
it becomes resistant to scour. The coarse layer that remans on the surface is termed the 'armor 
layer'. Armonng is a temporaly condition; higher flows may destroy an armor layer and it may re-form 
as flows decrease. Or simply, the formation of a resistant layer of relatively large particles resulting 
from remwal of finer panicles by erosion. 
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AVERAGE END CONCEPT The averaging of the two end cross sections of a reach in order to smooth 
the numerical resub. 

BACKWATER PROFILE Longnudinal profile of the water surface in a stream where the water surface 
is raised above its normal level by a natural or artificial Obst~~tiOn. 

BANK MIGRATION Lateral or horizontal movement of the banks of a streamcourse. 

BANK SEDIMENT RESERVOIR The portion of the alluvium on the sides of a channel. See FIGURE 
8-2. (Note: HEC-6 only uses the BED SEDIMENT RESERVOIR as the source-sink of material.) 

BED FORMS Irregularities found on the bottom (bed) of a stream that are related to flow characteristics. 
They are given names such as 'dunes', 'ripples', and 'antidunes', They are related to the transport 
of sediment and interact with the flow because they change the roughness of the stream bed. An 
analog to stream bed forms are desert sand dunes (atthough the physical mechanisms for their 
creatlon and movement may be different). 

BED LAYER An arbitrary term used in various procedures for computation of sediment transport. From 
observation of slow motion movies of laboratory flume experiments, H. Einstein defined the 'bed layer 
as: 'A flow layer, 2 grain diameters thick, immediately above the bed. The thickness of the bed layer 
varies with the particle size: 

BED LOAD Material moving on or near the stream bed by rolling, sliding, and sometimes making brief 
excursions into the flow a few diameters above the bed, i.e. jumping. The term 'saltation' is 
sometimes used in place of 'jumping'. Bed load is bed material that moves in continuous contact with 
the bed; contrast with SUSPENDED LOAD. 

BED LOAD DISCHARGE The quantrty of bed load passing a cross section in a unit of time, i.e. the rate. 
Usually presented in units of tons per day. May be measured or computed. See BED LOAD. 

BED MATERIAL The sediment mixture of which the moving bed is composed. In alluvial streams, bed 
material particles are likely to be moved at any moment or during some future flow condition. Bed 
material conslsts of both bed load and suspended load. Contrast with WASH LOAD. 

BED MATERIAL DISCHARGE The total rate (tonslday) at which bed material (see BED MATERIAL) is 
transponed by a given flow at a given location on a stream. 

BED MATERIAL LOAD The total rate LOB I MCH I ROB 

(tonslday) at which bed material is I L I ~ I ~ S  01 Movable Bed 

transported by a given locatton on a .*?, 
stream. It comists of bed material 5~~~~ \ /  

7 

jed~ment  
moving both as bed load and suspended Reservo~r 

load. Contrast with WASH LOAD. 
5 e d  Sed~rnent 

Model Bottom - Qeservotr 
BED ROCK A general term for the rock, 

usually solid, that underlies so11 or other 
unconsoiidated, surficial material. Figure 8-2. Sediment Matenal in the Streambed 

BED SEDIMENT RESERVOIR The poction of 
the alluvium directly below the channel bed. See FIGURE 8-2. (Note: HECS only uses the BED 
SEDIMENT RESERVOIR as the source-sink of material.) 

BOUNDARY CONDITIONS Definition or statement of conditions or phenomena at the boundaries. 
Water levels, flows, concentrations, etc., that are specified at the boundaries of the area being 
modeled. A specified tail water elevation and incoming upstream discharge are typical boundary 
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BOUNDARY ROUGHNESS The roughness of the bed and banks of a stream or river. The greater 
the roughness, the greater the frictional resistance to flows; and, hence, the greater the water surface 
elevation for any given discharge. 

BRAIDED CHANNEL A stream that is characterized by random interconnected channels divided by 
islands or bars. Bars which divide the stream into separate channels at low flows are often 
submerged at high flow. 

CHANNEL A natural or artificial waterway which periodically or continuously contains moving water. 

CHANNEL INVERT The lowest point in the channel. 

.(ANNEL STABILIIATION A stable channel is neither progressively aggrading nor degrading, or 
changing its cross sectional area through time. It could aggrade or degrade slightiy, but wer the 
period of a year, the channel would remain similar in shape and dimensions and positii to previous 
times. Unstable channels are depositing or eroding in response to some exterior conditions. 
Stabilization techniques consist of bank protection and other measures that work to transform an 
unstable channel into a stable one. 

CLAY See TABLE 8-1. 

COBBLES See TABLE 8-1. 

COHESIVE SEDIMENTS Sediments whose resistance to initial movement or erosion is affected mostly 
by cohesive bonds between partrcles. 

where K is a correction factor. 

COMPUTATIONAL HYDROGRAPH A continuous 

CONCEPTUAL MODEL A simplification of prototype behavior used to demonstrate concepts. 

discharge hydrograph treated as a sequence of 
discrete steady flow events, each having a 
specified duration in days. The reason for doing 
this is to anempt to minimize the number of time 
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COMPUTATIONAL 
HISTOGRAPH -,, 

.?I"r" 

steps needed to simulate a given time permd, . Y- ' 
7 - -+; and, thus minimize computer time. See FIGURE - ACTUAL 

r t  AJ-~L- 
8-3. 'C IJ%> HYDROCRAPH 

a 
- 1  

CONCENTRATION OF SEDIMENT Thedryweght 
of sediment per unit volume of water-sediment 
mixture, i.e. mgll. (Note: In earlier writings, 
fi 

Time In Days 

concentration was calculated as the ratio of the 
dry weight of sediment in a water-sediment Figure 8-3. Computational Hydrograph 
mixture to the total weight of the mixture muhiplied 
by 1,000,000. It was expressed as parts per 
million, i.e. ppm. Either method gives the same result, within 1 percent. for concentrations up to 
16,000 mg/l. A correction is needed for concentrations in excess of that value.) The conversion to 
mg/l (miligrams per liter) from ppm (pans per million) is as follows: 



CONSOLIDATION The compaction of deposited sediments caused by grain reorientation and by the 
squeezing out of water trapped in the pores. 

/ Segment 3 
CONTROL POINT For a main stem: its downstream end and any 

junction wnh a tributary. For a tributary: its junction with a higher 
order tributary. Each control point is designated by a circled 
number as in Figure 04. 

CONVERGENCE The state of tending to a unique solution. A given 
scheme is convergent if an increasingty finer computational grid 
leads to a more accurate solution. ~ 1 . 1 -  

CONVEYANCE A measure of the carrying capaclty of the channel 
section. Flow is directly proportional to conveyance for steady 

Segment 2 
flow. From Manning's equation, the proponionallty factor is the 
square root of the energy slope. Mom F Stem 

Segment 1 

COVER LAYER One of the two sublayers of the active layer. It lies 
above the sub-surface layer (the second sublayer In the active Figure 04. Example of Control 
layer). See FIGURE 6-1. Point Numbering 

CRITICAL BED SHEAR STRESS See CRITICALTRACTIVE FORCE. 

CRITICAL DEPTH If discharge is held constant and the water depth allowed to decrease, as in the case 
of water approaching a free werfall, velocny head will increase, pressure head will decrease, and total 
energy will decrease toward a minimum value where the rate of decrease in the pressure head is just 
counterbalanced by the rate of increase in velocity head. This is the cntical depth. More generally, 
the crnical depth is the depth of flow that would produce the minimum total energy head, and it 
depends on cross sealon geometry and water discharge. 

CRITICAL FLOW The state of flow where the water depth is at the critical depth and when the inertial 
and gravitational forces are equal. 

CRITICAL TRACTIVE FORCE The crnical tractlve force is the maxrmum unit tractive force that w~il not 
cause serious erosion of the materlal formlng the channel bed on a level surface. 

CROSS SECTION Depicts the shape of the channel in which a stream flows. Measured by surveying 
the stream bed elevation across the stream on a line perpendicular to the flow. Necessary data for 
the computation of hydraulic and sediment transport information. 

CROSS-SECTIONAL AREA The cross-sectional area is the area of a cross section of the flow normal 
to the direction of flow. 

DEGRADATION The geologic process by which stream beds, floodplains, and the bottoms of other 
water bodies are lowered in elevation by the remwal of material from the boundary. It is the opposite 
of aggradation. 

DEPTH OF FLOW The depth of flow is the vertical distance from the bed of a stream to the water 
surface. 

DEPOSITION The mechanical or chemical processes through which sediments accumulate in a 
(temporary) resting place. The raising of the stream bed by settlement of moving sediment that may 
be due to local changes in the flow, or during a single flood went. 
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DISCHARGE The discharge Q is the volume of a fluid or solid passing a cross section of a stream per 
unit time. 

DISTRIBUTARIES Diverg~ng streams which do not return to the main stream, but discharge into another 
stream or the ocean. 

DOMINANT DISCHARGE A panlcular magnitude of flow which is sometimes referred to as the 'channel 
forrn~ng' discharge. Empirical relations have been developed between 'equilibrium' stream wldth, 
depth, and slope and dominant discharge. It has been variously defined as the bank full flow, mean 
annual discharge, etc. 

DRAFT DEPTH The depth measured perpendicularly from the water surface to the bottom of a boat, 
ship, etc. (i.e.. a 'clearance' depth). 

DROP A structure in an open conduit or canal installed for the purpose of dropping the water to a lower 
level and dissipating its energy. It may be vertical or inclined; in the latter case it is usually called a 
chute. 

EFFECTIVE (GRAIN) SIZE The diameter of the particles in an assumed rock or soil that would transmit 
water at the same rate as the rock or soil under consideration, and that is composed of spherical 
panicles of equal size and arranged in a specific manner. The effective grain size IS that single 
panicle diameter that best depicts the bed material properties. The 050 grain size is often used as 
the effective gram size. 

EFFECTIVE TRANSPORT DIAMETER See EFFECTIVE (GRAIN) SIZE. 

EQUILIBRIUM DEPTH The minimum water depth for the condition of no sediment transport. 

ENTRAINMENT The carrying away of the material produced by erosive action from bed and banks. 

EQUILIBRIUM LOAD The amount of sediment that a system can carry for a given discharge without an 
overall accumulation (deposit) or scour (degradation). 

EROSION The wearing away of the land surface by detachment and movement of soil and rock 
fragments through the action of mwing water and other geological agents. 

FALL VELOCITY The falling or settling rate of a particle in a given medium. 

FINE MATERIAL See WASH LOAD. 

FIXED BED MODEL Model in which the bed and side materials are nonerodible. Deposition does not 
occur as well. 

FLOOD ROUTlNG The process of tracing, by calculation, the course and character of a flood as it 
progresses through a fiver reach or a reservoir. 

FLOW DURATION CURVE A measure of the range and variability of a stream's flow. The flow 
duration curve represents the percent of time during which specified flow rates are exceeded at a 
given location. This is usually presented as a graph of flow rate (discharge) vs. percent of time that 
flows are greater than, or equ l  to, that flow. 

FORMS See BED FORMS. 

FREQUENCY The number of repetdions of a periodic process in a certain time period. 

Glossary 



GEOLOGIC CONTROL A local rock formation or clay layer that limits (within the engineering time 
frame) the vertical andlor lateral movement of a stream at a particular point. Note that man-made 
controls such as drop structures also exist. 

GEOLOGIC STRUCTURE See GEOLOGIC CONTROL 

GEOLOGY A science that deals with the history of the earth and its life, especially as recorded in rocks. 

GEOPMORPHOLOGY The study of landform development under processes associated with running 
water. 

GRADATION The proportion of material of each particle size, or the frequency distribution of various 
sizes, constituting a particulate material such as a soil, sediment, or sedimentary rock. The limits of 
each size are chosen arbitrarily. Four different gradations are significant: the gradation of the 
suspended load, the gradation of the bed load, the gradation of the material comprising the bed 
surface, and the gradation of material beneath the bed surface. 

Figure 8-5. Sample Gradation Curve 

GRADATION CURVE Sediment samples usually contain a range of grain sizes. and it is customary to 
break this range into classes of percentages of the total sample weight contained in each class. After 
the individual percentages are accumulated, a graph, the 'gradation curve', shows the grain size vs. 
the accumulated percent of material that is finer than that grain size. These curves are used by 
movable boundary models to depict the bed sediment material properties (e.g., grain size distribution 
of the bed material). See FIGURE 8-5. 

GRAIN SHAPE FACTOR See PARTICLE SHAPE FACTOR. 

GRAIN SIZE See PARTICLE SIZE. 



GRAIN SIZE DISTRIBUTION (GRADATION) A measure of the variation in grain (panicle) sizes within 
a mmure. Usually presented as a graph of gram diameter vs. percent of the mixture that is finer than 
that diameter. See FIGURE 8-5. 

GRAVEL See TABLE 8-1. 

HISTORIC FLOWS The collection of recorded flow data for a stream during the period of time in 
which steam gages were in operation. 

HYDRAULIC MODEL A physical scale model of a river used for engineering studies. 

HYDRAUUCS The study and computation of the characteristics. e.g. depth (water surface elevation), 
velocity and slope, of water flowing in a stream or river. 

HYDROGRAPH A graph showing, for a given point on a stream or condul, the diarge.water 
surface elevation, stage, velocrty, available power, or other property of water with respect to time. 

HYDROLOGY The study of the properties, distribution, and circulation of water on the surface of the 
land, in the soll, and in the atmosphere. 

INACTIVE LAYER The depth of material beneath the active layer. See FIGURE 8-1. 

INCIPIENT MOTION The flow condition at which a given size bed particle just begins to mwe. Usually 
related to a 'threshold' shear stress. 

INEFFECTIVE FLOW When high ground or some other 0 b ~ t ~ C t i o n  such as a levee prevents water from 
flowing into a subsection, the area up to that point is ineffective for conveying flow and is not used 
for hydraulic computations until the water surface exceeds the top elevation of the obstruction. The 
barrier can be a natural levee, man-made levee or some other structure. 

INFLOWING LOAD CURVE See SEDIMENT RATING CURVE. 

INITIAL CONDITIONS The value of water levels, velocities, concentrations, etc.. that are specified 
everywhere in the mesh at the beginning of a model run. For an iterative solution. the initial 
conditions represent the first estimate of the variables the model is ttying to sotve. 

IN SlTU in (its original) place. 

LEFT OVERBANK See OVERBANK. 

LINEAR MODEL Mathematical model based entirely on 
linear equations. 

LOCAL INFLOW/OUTFLOW POINT Points along any river 
segment at which water and sediment enter or exit that 
segment as a local flow. Each local inflow/outflow point is 
designated by an arrow and &,, where n is the segment 
number and m is the sequence number (going upstream) 
of the local inflow/outflow polnts located along segment n, ualn Stem 

Seqment 1 
Seqmen! 5 

as shown in Figure 0-6. 

LOCAL SCOUR Erosion caused by an abrupt change in Figure 6-6. ~oca l  ~nflow/oufflow Points 
flow direction or velocity. Examples include erosion 
around bridge piers, downstream of stilling basins, at the 
ends of dikes, and near snags. 
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MI  AND M2 CURVES MI and M2 curves represent mild sloping water surface profiles. 

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

MANNING'S EQUATION The empirical Manning's equation commonly applied in water surface profile 
calculations defines the relationship between surface roughness, discharge, flow geometry, and rate 
of friction loss for a given stream location. 

MANNING'S N-VALUE N is the coefficient of roughness with the dimensions of T x L'". N accounts for 
energy loss due to the friction between the bed and the water. In fluvial hydraulics (movable boundary 
hydraulics), the Manning's n value includes the effects of all losses, such as grain roughness of the 
movable bed, form roughness of the movable bed, bank irregularities, vegetation, bend losses, and 
junction losses. Contraction and expansion losses are not included in Mann~ngs n, but are typically 
accounted for separately. 

MATHEMATICAL MODEL A model that uses mathematical expressions (i.e., a set of equations, usually 
based upon fundamental physical principles) to represent a physical process. 

MEANDERING STREAM An alluvial stream charactenzed in planform by a series of pronounced 
altematlng bends. The shape and existence of the bends in a meandering stream are a resutt of 
alluvial processes and not determined by the nature of the terrain (geology) through which the stream 
flows. 

MESH The network of computational points (nodes) linked together to form a digital representation of 
the modeled area's geometry. 

MITIGATION To make restitution for adverse project impacts. 

MODEL A representation of a physical process or thing that can be used to predict the process's or 
thing's behavior or state. 

Examples: 
A conceptual model: If I throw a rock harder, it will go faster. 
A mathematical model: F=ma 
A hydraulic model: Columbia River physical model. 

MOVABLE BED That pORlOn of a river channel cross section that is considered to be subject to 
erosion or deposition. 

MOVABLE BED LIMITS The lateral limits - -08 1 MCH 1 508 
of the movable bed that define where I L ~ I I Y  of M o v a ~ ~ e  Bea 
scour or deposrt~on occur. See FIGURE 9% f 
B-7. Bonk -4 

Sed!mcnt 

bye 
w 

Peservotr 

MOVABLE BED MODEL Model ~n whch - *, * 
the bed and/or slde materlal IS erodible 

T e  - Sed Sed~ment 
Ltodel Bottom - Reservo~r 

and transported ~n a manner slmllar to the 
prototype. 

NETWORK Same as MESH. 
Figure 0-7. Limits of Movable Bed 

NETWORK MODEL A network model is a network of main stem, tributary, and local inflaw/outflow 
points that can be simulated simuttaneously and in which tributary sediment transport can be 
calculated. 



NORMAL DEPTH The depth that would exist if the flow were uniform is called normal depth. 

NUMERICAL EXPERIMENTS Varying the input data, or internal parameters, of a numerical model to 
ascertain the impact on the output. 

NUMERICAL MODEL A numerical model is the representation of a mathematical model as a sequence 
of instructions (program) for a computer. Given approximate data, the execution of this sequence of 
instmaions yields an approximate solution to the set of equations that compnse the mathematical 
model. 

ONE-DIMENSIONAL ENERGY EQUATION This equation has the same form as the Bernoulli Equation 
and the same terms are present. In addition, an a term has been added to correct for velocrty 
distribution. 

OPERATING POUCY See OPERATING RULE. 

OPERATING RULE The rule that specifies how water is managed throughout a water resource system. 
Olten they are defined to include target system states, such as storage, above which one course of 
action is implemented and below which another course is taken. 

OVERBANK In a river reach, the surface area between the bank on the main channel and the limits 
of the floodplain. See FIGURE 6-8. 

LEFT O M W K  UIlN CHINNEC 

WEW LOOKING OOWNSTRW 

Figure 8-8. Examples of Overbanks 

OVERDREDGING The additional depth dredged beyond the minimum dredging depth used to provide 
sufficient navigational depth, to minimize redredging, and to help compensate for the sloughing off 
and resettling of sediment after dredging occurs 

PARAMETER Any set of physical properties whose values determine the characteristics or behavior of 
something. 

PARTICLE SHAPE FACTOR The panicle shape factor of a perfect sphere is 1.0 and can be as low as 
0.1 for very irregular shapes. It is defined by: 

where, 
a,b,c = the lengths of the longest, intermediate, and shortest, respectively, fnutuajl~ perpendicular 
axes on a sediment panicle. 
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PARTICLE SIZE A linear dimension, usually designated as 'diameter, used to characterize the size 
of a panicle. The dimension may be determined by any of several different techniques, including 
sedimentation sieving, rnlcrometrlc measurement, or direct measurement. 

PERMEABILITY The property of a soil that permits the passage of water under a gradient of force. 

PLANFORM The shape and size of channel and overbank features as viewed from directly above. 

PRIMARY TRIBUTARY A tributary that is directly connected to or that joins with the main stem. 

PROTONPE The full-sized structure, system process, or phenomenon being modeled. 

QUALITATIVE Relating to or involving quality or kind. 

QUANTITATIVE A relative measurement of a quanttty or amount. 

RATING CURVE See STAGE-DISCHARGE CURVE. 

REACH (1) The length of a channel, uniform with respect to discharge, depth, area, and slope, e.g., 
'study reach*, 'typical channel reach' or 'degrading reach*, etc. (2) The length of a stream between 
rwo specified gaging stations. 

REPLICATE To duplicate (a statistical experiment). 

RIGHT OVERBANK See OVERBANK. 

RIPPLE Small triangular-shaped bed forms that are similar to dunes but have much smaller heights 
and lengths of 0.3 m or less. They develop when the Froude number is less than approximately 0.3. 

RIVER SEGMENT See STREAM SEGMENT. 

ROUTING MODEL A model (see MATHEMATICAL MODEL and NUMERICAL MODEL) for performing flood 
routing (see FLOOD ROUTING). 

S1 AND S2 CURVES S1 and 52 curves represent steep sloplng water surface profiles. 

SAND See TABLE 8-1. 

SATURATION The degree to which voids in soil are filled with water. 

SCOUR The enlargement of a flow section by the removal of boundary material through the action of 
the fluid in motron. 

SECONDARY CURRENTS (OR FLOW) The movement of water panicles on a cross section normal 
to the longitudinal direction of the channel. 

SEDIMENT (1) Particles derived from rocks or biological materials that have been transported by a 
fluid. (2) Solid material (sludges) suspended in or settled from water. A collective term meaning an 
accumulation of soil, rock ana mineral particles transported or deposited by flowing water. 

SEDIMENTATION A broad term that p$%mm% to the ntal process responsible for the 
formatron of sedimentary, ~ ~ c ! s i ,  6;) 

t (2) r (3) transponatlon, (4) deposition 
(sedimentation), and ( 5 ) & e ~ g r a v i t a t i o n a l  settling of suspended particles that are 
heavler than water. ASTP' de f i  

%&? /95CE- $+ 54 
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SEDlMENTATlON DIAMETER The diameter of a sphere of the same specific weight and the same 
termlnal settling velocny as the given particle in the same fluid. 

SEDIMENT DISCHARGE The mass or volume of sediment (usually mass) passing a stream cross 
section in a unit of time. The term may be qualified, for example; as suspended-sediment discharge, 
bed load discharge, or total-sediment discharge. See SEDIMENT LOAD. 

SEDIMENT LOAD A general term that refers to material in suspension and/or in transport. It is not 
synonymous with either discharge or concentration. It may also refer to a particular type of load; e.g. 
total, suspended, wash, bed, or material. 

SEDIMENT PARTICLE Fragments of mineral or organic material in either a singular or aggregate state. 

SEDIMENT RATING TABLES Tables which relate inflowing sediment loads to water discharge for the 
upstream ends of the main stem, tributanes, and local inflow points. 

SEDIMENT TRANSPORT (RATE) See SEDIMENT DISCHARGE. 

SEDIMENT TRANSPORT FUNCTION A formula or algorithm for calculating the sediment transport rate 
given the hydraulics and bed material at a cross section. Most sediment transport functions compute 
the bed material load capacity. The actual transport may be less than the computed capacity due 
to armoring, geologic controls, etc. 

SEDIMENT TRANSPORT ROUTING The computation of sediment movement for a selected length of 
stream (reach) for a period of time with varying flows. Application of sediment continurty relations 
allow the computation of aggradation and deposition as functions of time. 

SEDIMENT TRAP EFFICIENCY See TRAP EFFICIENCY. 

SETTLING VELOCITY See FALL VELOCITY. 

SHAPE FACTOR See PARTICLE SHAPE FACTOR. 

SHEAR INTENSITY A dimensionless number that is taken from Einstein's bed load function. It is the 
inverse of Shield's parameter. 

SHEAR STRESS Frictional force per unit of bed area exerted on the bed by the flowing water. An 
imponant factor in the movement of bed material. 

SHIELD'S DETERMINISTIC CURVE A curve of the dimensionless tractive force plotted against the 
grain Reynolds number (ie., U.*DJv where, U. = turbulent shear velocity, D, = characteristic or 
effective size of the grains or roughness elements, v = kinematic viscos~ty) and which is used to help 
determine the CRITICAL TRACTIVE FORCE. 

SHIELD'S PARAMETER A dimensionless number referred to as a dimensionless shear stress. The 
beginning of motion of bed material is a function of this dimensionless number. 

where, 
5 ,  = critical tractive force 
y, = specific weight of the panicle 
y = specific weight of water 
D, = characteristic or effective size d the grains or roughness elements 
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SIEVE DIAMETER The smallest standard sieve opening size through which a given panicle of sediment 
will pass. 

SILT See TABLE 6-1. 

SILTATION An unacceptable term: Use sediment deposition, sediment discharge, or sediment yield 
as appropriate. 

SIMULATE To express a physical system in mathematical terms. 

SINUOSITY A measure of meander 'intensity'. Computed as the ratio of the length of a stream 
measured along its thalweg (or centerline) to the length of the valley through which the stream flows. 

SORTING The dynamic process by which sedimentary particles having some particular characteristic 
(such as similarrty of size, shape, or specific gravrty) are naturally selected and separated from 
associated but dissimilar panicles by the agents of transportation. Also, see GRADATION. 

SPLIT FLOW Flow that leaves the main river flow a," 

and takes a completery different path from the 
matn river [Case (a)]. split flow can also occur in 1 1 ;  
the case of flow btfurcatlon around an lsland I I 
[Case (b)]. See FIGURE B-9. 

STABLE CHANNEL A stream channel that does 
not change in planform or bed profile during a 
parlicular period of time. For purposes of this ,j-e,, 

glossary the time period is years to tens of years. 
n 

STAGE-DISCHARGE (RATING) CURVE Defines a 
relationship beween discharge and water surface 
elevation at a gtven location. 

! 
I 

STANDARD STEP METHOD Method where the Gout = 11 -- 3 re,, 

total dtstance IS d~vlded lnto reaches by cross I 5 \  

sections at flxed locations along the channel and, 
starting from one control. profile calculations 
proceed ~n steps from cross sectlon to cross Figure 0-9. Split Flow 
section to the next control. 

STEADY STATE MODEL Model in which the variables being investigated do not change with time. 

STREAM GAGE A device that measures and records flow characteristics such as water discharge and 
v:ater surface elevation at a specdic location on a stream. Sediment transport measurements are 
~sually made at stream gage snes. 

STREAM POWER The product of bed shear stress and mean cross-sectional velocity at a cross section 
for a given flow. 

STREAM PROFOLE A plot of the eievation of a stream bed vs. distance along the stream. 

STREAM SEGMENT A stream segment is a specified ponlon of a river with an upstream inflow point 
and with a downstream termination at a control point. Primary Inflow points are designated by I,, 
where n is the segment number. Primary Inflow points are always at the upstream most end of a 
tributary or main stem segment. See FIGURE 3.8 in document. 
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SUBCRITICAL FLOW The state of flow where the water depth is above the crrtical depth. Here, the 
influence of gravlty forces dominate the influences of inertial forces, and flow, having a low velocrty, 
is often described as tranquil. 

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 cwer 100% of the bed 
surface to a depth of 2 times the size of the largest particle in transport, a new sub-surface layer is 
brought up from the inactive layer. See FIGURE 8-1. 

SUPERCRITICAL FLOW The state of flow where the water depth is below the critical depth, inertial 
forces dominate the gravitational forces, and the flow is described as rapid or shooting. 

SUSPENDED BED MATERIAL LOAD That portion of the suspended load that is composed of particle 
sizes found in the bed material. 

SUSPENDED LOAD lnludes both suspended bed material load and wash load. Sediment that mwes 
in suspension is continuously supported in the water column by fluid turbulence. Contrast with BED 
LOAD. 

SUSPENDED-SEDIMENT DISCHARGE The quantrty of suspended sediment passing a cross section 
in a unit of time usually given in tons/day. See SUSPENDED LOAD. 

TAIL WATER The water surface elevation downstream from a structure, such as below a dam, weir or 
drop structure. 

THALWEG The line following the lowest pan of a valley, whether under water or not. Usually the line 
following the deepest pan or middle of the bed or channel of a river. 

TOTAL SEDIMENT DISCHARGE The total rate at which sediment passes a given point on the stream 
(tonstday). See TOTAL SEDIMENT LOAD. 

TOTAL-SEDIMENT LOAD (TOTAL LOAD) Includes bed load, suspended bed material load, and wash 
load. In general. total sedlment load cannot be calculated or directly measured. 

TRACTIVE FORCE When water flows in a channel, a force is developed that acts in the direction of 
flow on the channel bed. This force, which is simply the pull of water on the wetted area, is known 
as the tractive force. In a uniform flow, the equation for the unit tractive force (i.e., the average value 
to the tractive force per unit wetted area) is 

where, 
r, = unit tractive force 
w = unit weight of water 
R = the hydraulic radius 
S = the slope of the channel. 

TRANSMISSIVE BOUNDARY A boundary (cross section) that will allow sediment that reaches it to pass 
without chang~ng that cross section. 

TRANSPORTATION (SEDIMENT) The complex processes of moving sediment particles from place to 
place. The principal transporting agents are flowing water and wind. 
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TRANSPORT CAPACIN The abillty of the stream to transport a given volume or weight of sediment 
matertal of a specific size per time for a given flow condintion. The units of transport capacrty are 
usually given in Tons per day of sediment transported passed a given cross section for a given flow. 
Transport capacrty for each sediment grain size is the transport potential for that size material 
multiplied by the actual fraction of each size class present in the bed and bank material. 

TRANSPORT POTENTIAL Transport potential is the rate at which a stream could transport sediment of 
a given grain size for given hydraulic conditions if the bed and banks were composed entirely of 
matertal of that size. 

TRAP EFFICIENCY Proportion of sediment inflow to a stream reach (or reservoir) that is retained 
within that reach (or reservoir). Computed as inflowing sediment volume minus outflawing sediment 
volume divided by inflowing sediment volume. Positive values indicate aggradation; negative values, 
degradation. 

TRIBUTARY A river segment other than the main stem in which sediment transport is calculated. More 
generally, a stream or other body of water, surface or underground, that contributes its water to 
another and larger stream or body of water. 

TURBULENCE In general terms, the irregular motion of a flowing fluid. 

UNMEASURED LOAD Equipment used to measure sediment transport by sampling the concentration 
of suspended sediment cannot operate close to the stream bed. The material moving below the 
lowest point which the sampler can reach is termed 'unmeasured load'. 

WASH LOAD That pan of the suspended load that is finer than the bed material. Wash load is limited 
by supply rather than hydraulics. What grain sizes constitute wash load varies with flow and location 
in a stream. Sampling procedures that measure suspended load will include both wash load and 
suspended bed material load. Normally, that is of sediment particles smaller than 0.062 mm. 

WATER COLUMN An imaginary vertical column of water used as a control volume for computational 
purposes. Usually the size of a unn area and as deep as the depth of water at that location in the 
river. 

WATER DISCHARGE See STREAM DISCHARGE. 

WATERSHED A topographically defined area drained by a river/stream or system of connecting 
riverststreams such that all outflow is discharged through a single outlet. Also called a drainage area. 

WEIR A small dam in a stream. designed to raise the water level or to divert its flow through a desired 
channel. A diverston dam. 

WElTED PERIMETER The wetted perimeter is the length of the wetted contact between a stream of 
flowing water and its containing channel, measured in a direction normal to the flow. 
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' TABLE B.1 is taken from EM 11 10-2-4000, March 1988 

Scale for Size Classification of Sediment Particles 

256 - 64 
64 - 2 (5ycfi;+;...z, ) 

<.6:,0/ /b,32,2,64 

Very coarse sand 2.0 - 1.0 2000-1000 

1 .O - 0.50 1000-  500 

Medium sand 
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Fine sand 0.25 - 0.125 

/ 
/ 

>.\ 250 - 125 +2 to +3 

Very tine clay 0.0005 - 0.00024 0.5 - 0.24 + 1 1  to +12 

Collo!ds c 0.00024 < 0.24 7 +I2 

Very fine sand 0.1 25 - 0.062 125 - 62 +3 to +4 x 1 ;  
i 1 

Coarse silt 0.062 - 0.031 1 q 62 - 31 +4 to +5 

Medium sitt 0.031 - 0.016 1 i 31 - 16 +5 to +6 
i -- 

Fine silt 0.016 - 0.008 1 Q 16-8 +6 to +7 

Very fine silt 0.008 - 0.004 u 8 - 4  +7 to +8 
j "t . 
! 

Coarse clay 
; q 

0.004-0.0020 1 4 - 2 +8 to +9 

Medium clay 0.0020 - 0.0010 
Fine clay 0.0010 - 0.0005 

2-1 +9 to +10 

1 - 0.5 +I0 to +11 




